
ASSESSLNG THE EFFECTS OF INDUSTRIAL ACTIWTY 

ON CETACEANS IN TRINITY BAY, NEWFOUNDLAND 

Diane L. Borggaard, B A  

A tbesis submitted to the 

School of Graduate Studies 

in partial fulnllment of the 

requirements for the degree of 

Master of Science 

Biopsyciiology Programme 

Mernoriai University of Newfoundland 

September 1996 

St. John's Newfoundland 



National Library Bibliothèque nationale 
du Canada 

Acquisitions and Acquisitions et 
Bibliographie Services services bibliographiques 

The author has granted a non- 
exclusive licence dowing the 
National L i h u y  of Canada to 
reproduce, loan, disûiiute or sell 
copies of this thesis in microform, 
papa or electronic formats. 

The author tetains ownedip of the 
copyright in this thesis. Neither the 
thesis nor substantiaî extracts fiom it 
may be printed or otherwise 
reproduced without the author's 
permission. 

L'auteur a accordé une licence non 
exclusive permettant à la 
Biblîothèqye nationale du Canada de 
reproduire, preter, distriibua OU 

vendre des copies de cette thèse sous 
la forme de microfiche/nlm, de 
reproduction sur papier ou sur format 
électronique. 

L'auteur conserve la propriété du 
droit d'auteur qui protège cette thèse. 
Ni la thèse ni des extraits substantiels 
de celle-ci ne doivent être imprimés 
ou autrement reproduits sans son 
aut0nsation. 



The effects of indusaial activity on cetaceeris, ïncIiwling humpback whaies 

(Megcrpiera nnoaeangliue), minLe wfiales (Bàlaenoptera amtorostrata), and harbour 

porpoise (Phocoe~t~~phocoena), in B d  Am, Trinity Bay, NewfoundIand durhg 1992 

(Todd et al., 1996), 1994, and 1995 were assessed Within-year measures of population 

abundance and distribution, and individual respiration wuld not detect effects with 

certainty. These measures were often too variable, too few, or coafwnded by effects of 

season and prey distribution. 
a 

Tracking individuai animals within fears provided some evidenw of the short- 

term effects from industrial activity. In 1994, when dredging was the predominant 

activity, humpback whaies were less ükely to be resighted near the industrial activity and 

exhibited movement away h m  the site; no such changes were observed during blasting in 

1992 (Todd et al., 1996) or durhg vessel activity in 1995. Humpback resightings and 

residency were comparatively higher in 1995 than in other years. Furthemore, minke 

whale resightings o c c d  in an area of heavy vessel activity in 1995. Reactions by 

individual cetaceans appeared to depend on the type of industrial activity. 

Resightings of individually identifid animais between years suggested long-term 

effects of industrial activity on cetaceans. Humpback whales photo-identifieci in Trinity 

Bay in 1992 were observed less kquently in Newfoundland in 1993 than were whales 



identined in other inshore bays. in addition, a lower proportion of humpback whales 

identified in Trinity Bay in 1992 were resighted in Newfoundland in 1993 compared with 

animais identifiai in an undisturbed area Individuai minke whaies were resighted in the 

industrial area in a subsequent year. Individdy identified whales, monitored for severai 

years, were a more sensitive indicator of long-term impacts of anthropogenic activity than 

abundance, distn'bution, and respiration measures. 
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1. introduction 

1.1. increased ambient aoise levels in the ocean 

Noise leveis in the marine environment have increased with the increased use of 

technology (Green et al., 1994). AnthtopogeDic noise often dominates the underwater 

sound spectni at low fieciuencies (4000 Hz), producing higher energy levels than noise 

nom natural sources such as wind, waves, or precipitation (Wenz, 1962). Although hi&- 

fiequency sound components (~1000 Hz) attenuate rapidly in water, Iow-fiequency 

components can travel with fat less l o s  in energy (Spindel and Worcester, 1990). 

Industrial activity, geophysical research, ocean acoustics, and biologicai 

oceauography aU generate low-fkquency sounds (Green et al., 1994). These 

anthropogenic sounds are often describeâ as either continuous or transient (Greene and 

Moore, 1995). Marine dredging and construction are examples of continuous noises, 

usuaüy detectable within only 20-25 km (due to attenuation loss in shallow water); 

underwater explosions are examples of strong, transient noises sometimes detectable 

thousands of kilometers away (Greene and Moore, 1995). Thus, anthropogenic sounds 

are capable of altering the undenvater environment at great distances h m  the sound 

source (Greene and Moore, 1995). 



1.2. The importance of somd to marine mammah 

Little is known about the bearing abilities of marine mamrnals ( H a  and 

Tavolga, 1980), but it is assumeci they are d t i v e  to soumis in the fiequency range of 

theu vocahtions (Turl, 1982; Reeves, 1992). Odontocetes (toothed whaies) usually 

emit sounds above 2000 H z ,  and not below 500 Hz; whereas mysticetes (baieen whaies) 

mainly proâuce sounds below 2000 Hz (Payne and Webb, 1971). There are no direct 

measucements on the auditory sensitivities of mysticetes, but direct measurwents on 

odontocetes indicate they are particdarly sensitive to sounds above -10, 000 Hz 

(Richardson, 1995~). Stuciies of ear anatomy provide additional support as to the 

potentiai hearing ranges of odontocetes and mysticetes: odontocetes are more sensitive to 

high-fkquency sounds and mysticetes to low-fkquency sounds, including infhonics in 

some species (Ketten, 199 1, 1992). 

Audition is probably the most important sensory system for both odontocetes 

and mysticetes (Fobes and Smock, 1981). Marine mammais apparently use sound for 

communication, orientation, navigation, and foraging (e.g. H e m  and Tavolga, 1980; 

Watkîns and Wartzok, 1985; Clark, 19%). Ketten (1991,1992) suggests that differences 

in odontocete and mysticete ear anatomy and sensitivity are correlated with ciifferences in 

habitat and f*. For instance, odontocetes use high-muency sounds to find prey, 

while mysticetes may use low-fkquency sounds to commmicate over longer distances, 

and infi.aS0n.i~~ to map the ocean floor during migrations (Ketten, 1992; see for 



references). Marine mammals are dependent upon sound so they couid be vuherable to 

noise dishirbance (Reeves, 1992). 

Marine mammals evolved in a naturaily noisy environment (e.g. noise firom wind 

and waves; Green et al., 1994; Kettea, 1995), and hem could have features that enable 

them to tolerate cbaqgiqg undenvater noise leveis (Green et d., 19W; Ketten, 1995; 

Richardson and Wûrsig, 1995). Auditory features that prevent barotrauma could lessen 

impacts h m  high wise levels (Ketten, 1995). Odontocetes have been shown to alter the 

fiequency or sound level of their vocalizations in resporise to cbangjng ambient noise 

conditions (Richardson, 1995~). In addition, acoustic si@ of baieen whales may have 

evolved to occur below the frequencies generated by wind noise (Payne and Webb, 1971). 

However, antiuopogenic noise such as motorized shipping has only been present in the 

ocean siuce the early 1800's (Payne and Webb, 1971). Marine marnmai bs&g may be 

less well suited for some modem day wise levels (Ketten, 1995). 

f 3. Potential im~acts 

The impact of increased levels of low-fhquency sounâs on marine mammals is of 

concem, but is poorly understood at present (Cowles and imm, 1988; Clark, 1990b; 

Reeves, 1992; Green et al., 1994). Effects could be short-terni such as behavioural 

reactions, stress, disorientation, dismption in communication by masking, or long-temi 

such a s  physiological problems, displacement fiom important habitats, or population 



dal iw  (Noms and Reeves, 1978; Geraci a d  St Aubin, 1980; Turl, 1982; Myrberg, 

1990; Lien et al., 1995). 

Temporary hearing damage resuiting nOm short-tenn exposue to high noise bels 

muid lead to a dareased aôiiity to aavigate, or h d  prey and conspecific wtiales 

(Richardson and Maime, 1995). Continued exposure to high noise leveis, or short-term 

exposure to extremeiy high sound levels, couid cause de& or permanent k a h g  damage 

(Richardson and Malme, 1995). Marine mammai fidities associateci with undemater 

explosions have been documented (e.g. Fitch and Young, 1948). In addition, marine 

rnammals have shown signs of auditory damage when exposed to undmater blasts 

(Ketten et al., 1993; Ketten, 1995). Given the potential negative effects of mthpogenic 

soumis on marine mammals, it is important that they are adequately investigated (Green 

et al., 1994)- 

1.4. Investigations of effects of iow-freciueacv sounds on cetaceans 

1.4.1. Short-term effects 

Most studies on the effects of anthropogenic low-f'requency sound on cetacPaas 

have investigated short-tenn behaviourai responses (Richardson, 1995b). Although many 

are concerned with impacts of low-fhquency mise on baleen whales, studies have found 

that odontwetes may also respond if the anthropogenic activity occurs at high noise 

levels or contains high-fiequemy components (Richardson, 1995b). Short-term responses 



are u s d y  assessed using changes in measures such as abmdance, distribution, 

tespiration, and orientation (e-g. Richardson et al., 1986; Richardson et al., 1987; Cosens 

and Dueck, 1988; Ljmgblad et d,  1988; Malme et al., 1988; Bauer et al., 1993; Tyack, 

1 993; Mate et al., 1994; Richardson et al., 1995). 

Maime et al. (1983) studied bebaviour of migrating gray whaies (Eschrichtiw 

robzishr~) off the coast of Califomia, and found that whales chsnged direction of travel in 

response to playbacks of a diilling platform at distances of 2-3 km. Migrating bowhead 

whdes ( U e m  mystcetus) in the Beaufort Sea avoided drillships and their support 

vessels by distances of 9.5 lcm (LGL and Greeneridge, 1987). In addition, Richardson et 

a2. (198%) found that bowhead whales in the Beaufoa Sea moved away from vessels 

approaching within 1-4 km, and changed their respiration and dive patterns. Belugas 

(De@hinaptem leucas) and narwhals (Monodon monoceros) exhiiited a chaage in 

distribution in response to vesse1 activity (Fidey et al., 1990). BowIes et al. (1994) 

discovered that sperrn whdes (Physeter macrocepha1u.s) ceased vvocaliang when exposed 

to high energy, low-fiequency sound. Aithough short-term bebaviod responses to 

antivopogenic noise are sometimes detected in such studies, these impacts are of less 

concem than long-term impacts (Richardson, 1995a). 



1-4-2. Long-tem effects 

Few studies have been able to assess the long-term effects of antbropogeaic 

activity on marine mammals (Richardson, 1995b). It has been suggested that gmy whales 

abandoned a winter breedmg ground during a period of incRased vesse1 activity, but 

reoccupied the ares when the activity stopped (Gard, 1974; see Reeves, 1977 for 

additional tefmnces)). Biggs (1 99 1, in Reeves, 1 992) proposeci that killer whales (Orcinus 

orca) abandoned a beach area due to increased human activity. I i i d  entrapment of 

humpback whales (Megaptera novaeangliae) in i n h g  gear, due possibly to loss of 

orientation, was suggested as a long-term effect of underwater blasting (Todd et al., 1996). 

Reported effects of anthropogenic activity are sometunes anecdotal (Maime ef ai., 1983; 

Green et al., 1 994; Richardson, 1995b); d e s  that can adequately assess potential long- 

tenn effects are needed (Richardson, 1995a). 

Short-tenn responses to anthropogenic sounds do not necesdy indicacate long- 

term impacts (Richardson et al., 1 %Sa; Richardson et al., 1987; Reeves, 1992; Richardson 

and Würsig, 1995). For example, bowhead whales ceased feeding and moved away h m  

an area during dredging-sound playbacks (Richardson et al., 1990), but long-tenn 

consequences to individuais were unkwwn. Humpback whales have been shown to aiter 

their songs on the mating grounds in response to vesse1 tratnc (Noms, 1994). The 

reproductive success of individuals affecteci (Richardson and W M g ,  1995), is unknown 

(Noms, 1994). Richardson et al. (1985b) suggest thet, compared to migration costs, short 



intemptions of feeding or short displacement probably do not result in signifiant 

impacts, uniess there is repeated distubance to the same individuais. Long-tam studies 

are needed to detemine the consequences of the repetitive short-term changes observed in 

many snidies (Richardson and Wiirsig, 1995). 

1.43. h c k  of demonstrated effects 

Not all studies have detected behaviourai responses by cetaceam to antsvopogenic 

activity. Fraker et al. (198 1, in M a h e  et al.. 1983) found feediag bowhead whales close 

to a site with dredge, barge, and tug activity. In addition, Fitch and Young (1948) reported 

that gray whales dici not abandon an area during undenvater explosions. AIthough 

migrating bowheads in the Beaufort Sea respoad to d d h g  activity, they were reported 

less than 1 km h m  a dredge and 4 km h m  drillships (Richardson et al., 1985a). 

Richardson et (11. (1987) noted that bowheads continueci to occupy an area with 

anthropogenic activity over a number of years. Such redts indicate toleiance of, or 

habituation to, ankpogenic noise by marine mammals (Richardson, 1995b). 

Aitematively, these redts may indicate that measurements have not been sensitive 

enough to detect effects. 



1.5. Diniculties in interpretinpr soch studies 

niere are many factors that couid make detecting impacts difficuit. For instance, 

behaviourai responses Vary between individual whales, and rnay depend on the type of 

noise source, ongohg activity of the whale, and the anuiial's previous experïence 

(Mytberg, 1990; Richardson and Greene, 1993; Richardson and Malme, 1995). Wes 

could exhiait a lesser response to anthropogenic activity on their febding grounds, due to 

habituation, than on their migration routes (Richardson et al., 1990). Specific sound 

qualities could be important; continuous rounds may produce gceaûx reactions than 

transient sounds at similar pressure levels (Green et al., 1994). ln addition, whales may 

respond more to rapiâly changing sounds compaied with constant sounds (Richardson et 

al., 1985a, b; Richardson, 1995b). Thus, a lack of demonstrated short-term behavioural 

change does not necessarily indicate that there are no effects (Richardson and Würsig, 

1995; Todd et al., 1996). 

Studies that have not detected effects of antbropogenic noise on marine mammals 

should be treated with some degree of caution. A study on the distribution of humpbacks 

in response to playbacks of industrial activity in Alaska did not report significant changes 

in local populations, but individual animais were not tracked (Malme et al.. 1985). Todd 

et al. (1996) reported that individual humpback whaies showed no short-tenn behaviourai 

changes in response to industrial activity, but habituation and shifts in hearing thresholds 

were suggested as contributhg factors. Brodie (1981) suggested that marine mammals 



may remain in aa area with increased noise levels ifthey need to be in the area due to food 

or habitat requirements. Even if no behaviod cbanges are obmed in animais within a 

few kilometers of the anthropogenic sound source, long-term effects muid stül occm 

(Richanison et aï-, 1985a). 

It is oflen difncuit to distinguish effects of anthropogenic activity h m  natutal 

variation in whale behaviour (Richardson et aï.. 1995). For example, a study in the 

Beaufort Sea considemi food availabüity as a potentiai explanation for the decreased 

number of bowheads in the main industriai ana over subsequent years (Richardson et ai-, 

1987). Variability in respiration also rnakes it ditncult to attribute changes solely to 

anthpogenic activity (Watkùis, 1985; Dorsey et ai., 1989); respiration pattern c m  vary 

between individuais and different h e s  of the &y ( W i i  et al., 1995). in addition, Cosens 

and Dueck (1988) mentioned factors such as seasonai variation, which could contribute to 

variation in monitoring d t s .  

Many reviews on the impacts of anthropogenic activity on marine mammalz have 

iderWed the need for control studies so impacts can be properly assessed (Turl, 1982; 

Reeves et al., 1984; Green et al., 1994; Richardson et al., 1995; Richardson and Wmsi& 

1995). However, the hterpretation of resuits cm be  cuit. One study found that 

abundance of bowhead whaies cbanged in both the industrial and non-indusirial m a ,  so 

causation could not be attributed (Richardson et d., 1987). In another case, the control 

and experimental periods were separated by one year (Sorensen et al., 1984); temporal 



ciifferences between conml and experimental periods could affect results (Cosens and 

Dueck, 1988). When humpback whale movement varïed both during the wntrol and 

experimental conditions, it could wt be concluded that there was a response to the noise 

source (MaIme et aL. 1985). Malm et al. (1 983) urgeci m e r  control studies to assess 

long-term effects, and to make certain that the d t s  wem not dependent on the 

particular a r a  or event. Thus, control desigas may not be the most appropriate design to 

study the effects of anthpogenic noise. 

1.6. Tracking mommended for impact assessrnent 

Appropriate indicatm are needed to assess impacts to the individual, and the 

population. For example, long-term tracking of individuaiiy identified animais WU help 

determine the tnie impacts of anhpogenic noise (Richardson et al-, 198%; Reeves, 

1992; Green et al., 1994; Richardson and WWg, 1995). According to Richardson and 

Würsig (1995: 402), research is needed on "site tenacity, well-being, and reproductive 

success of known individuais, including some that r d  in preferred undisturbed 

('control') locations and others that are displaced." Thus, wmparing resighting, residency, 

and return rates of individually identifieci whales over many years may assist in 

detemiiaing impacts of disturbance (e.g. Davis et al., 1986; Weimich et al., 1991; von 

Ziegesar et al., 1994). 



Some studies have used individually identified animais to assess the eEects of 

mthropogenic activity. For example, Baker et al. (1983) found that humpback wnales 

exhiiited short-term behaviod responses to vessel M c ,  but four individuaüy 

identifhi whales were resighted in the area of disturbance over a long t h e  period; some 

identifid whales returned in subsequent years (Baker et al., 1988). Another study noted 

changes in resightings and residency of humpbacks among Yeats, and suggested that they 

were due to inmeased vessel tmflïc (Jurasz and Palma, 1981); other studies contend that 

changes were due to prey abundance (see Richardson, 199%). Aerial photo-identincation 

o f  bowheads showed that three were resighted over an interval of 9-14 days in an a ~ a  

with vessel tr&c (Richardson et al., 1987, bz Koski et al., 1988). A radio-tracked 

bowhead whale exhibited changes in its respiration rate during approaches fiom vessels on 

various days, but remainecl in the area (Wartzok et al., 1989, in Richardson, 1995b). 

Tracking individuai animais appears usefid to evaluate the effects of anthropogenic noise. 

To date there have been few long-tenn W e s  using tracked animals. 

1.7. Need for research 

The United States Natiod Research Council's report on the effects of noise on 

marine mammals expresses an urgent need for M e r  research on the effects of low- 

fiequency sounds (Green et al., 1994). Currently there is inadequate infiormation for 

industry to develop and evaiuate management plans in areas where cetaceans occur 



(Gera5 and St. Aubin, 1980; Lien et ai.. I995), or for scientists and managers to develop 

regdations on the use of Iow-kquency sounds in the ocean (Green et al., 1994). This 

lack o f  information has recently been highligbd in emotional responses to the proposed 

ATûC (The Acoustic Thennometry of Ouxm CIimate) sbudy that wiü use low-fkquency 

sounds to determme the extent of oceanic ami giobal wamiing (Green et ai., 1994). A 

criterion used by the United States National Marine Fisheries Mce, which considers 

noise Ievels harmful to merine mammais to be above 120 dB (referenced to 1 pPa at 1 m), 

has also caused debate since there is Little evidence to support this conclusion (Green et 

ai., 1994). To date there is iosutncient iaformation to ascertain or predict potential effects 

of anthropogenic sounds on any marine species (Green et al., 1994). 

1.8. Statement of parpose 

Increased numbers of collisions with fishing gear by humpback whales in Trinity 

Bay, Newfoundand were repoited by fisherpersons to be associated with undenivater 

explosions. Consequentiy, in 1992, the Whaie Research Group of Mernorial University of 

Newfodand began a monitoring program to assess impacts of this industrial activity on 

xnarine manmais in the bay (Todd et al,  1996). Trinity Bay is an important habitat for 

both mysticetes (Fig. 1) and odontocetes so monitoring continueci during periods of heavy 

industrial activity through 1995. Observable behaviours were meanned to test for the 

effects of noise. In addition, photo-identfication of individual animals enabled long-emi 



Figure 1. 
Humpback ( Megaptera novaeangliae) (A) and minLe (Balaenoptera acurorostratd 
(B) whaies in Buii Arm, Trinity Bay. 



impacts of indusûiai activity to be assessed. Results from some of this monitoring have 

been presented previously ( K e n  et al., 1993; Lien et al., 1993; Borggasrd and Lien, 

1995; Borggaard et a!., 1995; Lien et cil., 1995; Todd et aï., 19%). 



2. Projeet description 

2.1. Industriai a c t ~ t y  

2 m l m 1 . 1 9 9 1  ~d 1992 

In 1990, Hibernia Management and Development Company Ltd. began 

idkûucture development for constniction of an offshoresil-support platfom in Great 

Mosquito Cove, Bull Arm, Trinity Bay, Nedoundland (47"48.65'N, 53O53.30' W; Fig. 

2). On 3 Iuly 1991 the fint p h  of underwatet biasting and clrilling began in Great 

Mosquito Cove for m e r  Mastructure development and to ailow a Gravity Base 

Structure (GBS), the support for the platfom, to be moved outside the cove for M e r  

construction (Fig. 3). From 1991-1 992, blasting and Qillisg constituted the predomiilant 

underwater activiîy (Appendix A), with periodic clamsbeii Qedging and vesse1 trattic 

(Table 1). 

During 1992, blast charges flovex? occurred h m  one per day to one per seven 

days; sizes varied between 30-5500 kg, and avezaged 1055 kg (Todd et d, 1996). The 

sound merpies of these charges varied, but were typicaîiy between 140-150 dB 

(referenced to 1 pPa at 1 m) near 400 H z ,  m e a d  at a distance of 1 km (Todd et al., 

1996). The maximum charge ske of 5500 kg had a peak source level of 153 dB (Todd et 

al., 1996). In addition, dredging operations in Great Mosquito Cove dumped a total 

1 18,152 m3 blasted rock and 6218 m3 tiii. Seven vessels d v e d  and departed from the 

cove, including supply ships and tugs with barges (Table 1). 



C 

Control 
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t 

Figure 2. 

Southern Trinity Bay, Newfoundland study area including experimental and conml 
areas (divided by 53'42' W). vesse1 traff~c lane. hydrophone station, and transect 
routes ( - ) .  



Figure 3. 

The Gravity Based System (GBS), support for the oii production plaaonn, located 
in Bull Am, Triaity Bay (courtesy of Hibernia Management and Developmeat 
Company Ltd., 1995). 



Table 1, Industrial activities in Bull Am, Trinity Bay, 1991-1995. Averages are reported from June - September for dl years 
unless otherwise noted. The 1991 and 1992 values are based on available charge sizes (fiom Todd et al., 19%; sec 
Appendix A). 

Total m3/yr A v , a e  Total no.lyr Average Total no, Average no, Average no. Average 
m /mo (average sin) no,/mo arrivais& arrivalslmo d v a l s  and no,/day on site 

(average size) departwes/mo 

1 992 124,370 2,239 55 
(1055 kg) 

5,s 7 
(1254 kg) 

- not applicable 
" August - Septernber 
h July - September 



2.1.2.1993 

In 1993, the industrial activity in Great Mosquito Cove occinred in an area similar 

to previous years. There was no blasting or ch.edgmg. There was some vessel tratnc: 

meen vessels arrived, but not ail departed (Table 1). 

2.1.3.1994 

In 1994, dredging, blasting, drillhg and vessel activity occurred in Great Mosquito 

Cove (47O48.500' N, 53°53.500' W) for berm removal and to deepen the tow-out channel 

for the GBS (Fig. 2). Further construction of the platform and its Topsides production 

facilities increased vessel tmtnc to the site relative ta previous years (Table 1): 

Dredging. Clamsheil drec%mg occurred in water 14-24 m deep; the loads of rock 

and till removed and dumped reached a maximum of 9/day. Dredging operations (24 hr) 

increased in fkquency with time. During the first phase of clrwlgmg (5 Juiy - 23 

September) the amount of material removed and dumped totaled 239,581 m3 blasted rock 

and 145,765 m3 till (Table 1); the second phase (12 October - 17 November) totaied 

88,455 m3 blasted rock and 29,065 m3 tül. 

BIasrng and Dnlling. Charges (PoURVEX? EXTRA@DETALINE' Delay 

System) were placed in 4-9 m bore holes, and 10-15 m of water (Appendix A). Two small 



charges of Fishing Salutes (-38 g each) were detonated before blasts to scare fish h m  the 

area. DunDg the firsi set o f  blasts (9 August - 17 September), charges ranged h m  1-3 per 

&y, with a maximum break in activity of two days; sizes varied between 52-1705 kg, and 

averaged 690 kg (Table 1). During the second set of blasts (9 October - 2 November) 

charges ranged h 1-5 pei &y, with a maximum break in acîivity of fourteen days; sizes 

varied between 191-1697 kg, and averaged 730 kg. 

Vessel T~@c- Seventy-one vesseis d v e d  at Great Mosquito Cove; not ail 

departed (Table 1). Activities such as i a . g  of chah for the support platform nom 24 

Juiy - 10 August, and resuming fiom 16 September - 1 November, resulted in continuous 

vessel hatnc within Bull Am. Dredging operations required tugs to move barges to dump 

sites. In addition, the GBS was towed into a deeper area of Bull A .  for M e r  

construction on 1 1 November. 

2.1.4.1995 

In 1995, vessel activity was the ody industrial disturbance at the Bull Arm 

construction site (47O49.390' N, 53O52.218' W) (Fig. 2). Eighty-fou. vessels arrived in 

Great Mosquito Cove, with an incrrased number of vessels re&g on site as compared 

to previous years (Table 1). Continuous vessel activity inc1uded two f& mveling 



between the GBS and land throughout the day, as well as aig and boat transport 

activities. 

2.2. Monitoring 

2 0 2 m l m  1992 

In 1992, a monitoring program began in Trinity Bay, Newfoundiand to assess 

possible impacts of  industrial activity in BulI Arm on cetaceans in the area. For 9 days 

between 6 - 25 June (with some effort on 2 June), two bats monitored the occurrence of 

humpback whaies (Todd et al., 1996). Photographs of the underside of the fluke were 

used to track individual humpôack whales (see Katona et al., 1979). The total number of 

species sighted in 1992 are Listed in Table 2. During 1992, humpback whales were also 

individually identified during surveys throughout Newfoundland and Labrador, but 

primarily dong the eastem coasuuie of Newfoimdland, until 17 September, as part of 

YoNAH, Years of the North Atlantic Himipback W e  (Smith et al., 1997). 

Redts showed that when blasting and clrilling occurred in 1991 and 1992, 

entrapments of humpback whales in fishing gear o c c d  significantly closer to Bull Ami, 

and in greater number throughout Trinity Bay compared with previous years (Todd et aL, 

1996). In addition, two humpback whales that died in fishing gear near the blastiDg and 

drilliag activity were autopsied and exhited ear damage indicative of trauma h m  

underwater blasting as compared with two control animais (Ketten et al., 1993). 



Table 2. Minimum number of marine mammai sightings during the 1992 study in Trinity 
Bay, Newfoundland, without standardking by effort (data from Todd et al., 
19%). Some animais may be present on more than one &y. Seals were sighted 
but totais could not be calculateci. 



However, changes in the distribution, resîghting, residency, and overd behaviour of 

humpback whales feeding in the area were wt detected (Todd et al., 1996). 

23.2.1993 

In 1993, YoNAH surveys were again wnducted throughout Newfoundand and 

Labrador, but primarily dong the eastern coastiine of Newfomdland, including northem 

Trinity Bay. From 15 June - 29 August two bats conducted photo-identification of 

humpback whales. No specid monitoring m e y s  occurred in the Bull Ami area 

2.23.1994 and 1995 

Monitoring occurred in southem Trinity Bay fiom 5 July - 14 November 1994, 

and 17 June - 8 August 1995. Coastai surveys, foiiowhg YoNAH samphg protocols 

(Smith et al-, 1997), were conducted in 1994 primarily dong the eastem coastline of 

Newfoundland h m  16 June - 17 September. No coastal surveys were conducted in 1995. 

BlastUig, mg, dredgulg. and vessel activity occinred in 1994; ody vessel activity 

occurred in 1 995 (Table 1). 

23. Objective of present study 

The present study, conducted h m  1994-1995, was part of the ongoing 

monitoring program. The objective was to assess the effects of a variety of industrial 



activities on marine r n d s  in Trinity Bay, Newfoundland To accomplish this marine 

m a d  abundance, distribution, and respiration were measUrad, and the behaviour of 

individuaüy identifieci humpback and mialre whaies was observeci. Additionally, 

resighting information on individdy identifïed humpbacks h m  lm-1995 was wd to 

examine long-terni effects. 



3. Methods 

3.1. Study area 

The study ana in Trinity Bay occurred below 48" N (Le. southem Trinity Bay) 

(Fig. 2). The longihidinal line of 53O42' W, at the Beilewe Peninsula, divideci southem 

Trinity Bay into a control ama, and an Qcperimental area, including Bull Am. This 

arbitrary division attempts to separate impact h m  control anxi based on the aitemation 

of sound h m  BuJi Ann due to distance, and the presence of a land boundary. The 

experimental area was considered monitored by sweys that reached a minimum point of 

47"42' N; this h e  represents an area outside the protection of Bull Arm. 

3.2. Study periods 

For 49 days between 5 July - 14 November 1994, one 6-m boat monitored 

southeni Trinity Bay flable 3). Logistic problems and sighting few whaies on a 

preliminaiy survey (26 June) resulted in the study period beginning in early M y .  The 

main observation pend occurred between 5 Juiy - 10 September, effort decreased after 

10 September foUowing a period when few whaies were found. Monitoring occurred at 

the onset of 24-hr dredging operations (Fig. 4); before, during, and aiter the two blast 

periods (fint period in Fig. 5); and during vesse1 activity (Fig. 6). 

Preliminaiy boat sweys in 1995 indicated tbat whales were abundant and the 

study was started eadier than the previous year. Southem Trinity Bay was monitored by 



Table 3. Survey dates with area searched (Buii Arm, expaUaentai, and control) h m  the 
1994 and 1995 study. Buii Ann is Lisîed separately to indicate days when the 
entire experimental area was mt searchecl due to poor weather conditions. Dates 
h m  1995 when only opportunistic sightings were made (i.e. without searching 
effort) are not included 

Date - Siwey  area - Date  SUN^ area 

Bull Expeïimental Control Buii Experitnental Control 
Arm Ann 

17Jm 
18Jun 
20 Jun 
21 Jwi 
22 Jun 
23 Jun 
24 Sun 
25 Jun 
27 Jun 
29 Jun 
3 0 J u n  

1 Jul 
2 Jui 
4 Jul 
5 JUI 
6 Jui 
7 Jui 
8 J d  
9 Jul 
11 Jul 
12 Jul 
13 Jul 
15 Jul 
16 Jul 
18 Jui 
19Jul 
20 Jul 



Table 3. (continued) 

-- - 

1994 - - 1995 

Date - Survey afea Date - s w e y  area 

Bdi Elrperimental Control Bull E>qnrimental Control 
Arm Arm 

10 Aug 
i l  Aug 
12 Aug 
13 Aug 
14 Aug 
16 Aug 
19 Aug 
23 Aug 
24 Aug 
25 Aug 
26 Aug 
27 Aug 
28 Aug 
29 Aug 
30 Aug 
S Sep 
10 Sep 
22 Sep 
29 Sep 
6 Oct 
22 Oct 
29 Oct 



Date 

Figure 4. 

First phase of clamsheii dredging activity in Great Mosquito 
Cove in 1994. Cumulative number of dumps with the 
corresponding amount of rock and till removed are depicted No 
dredgirig occurred between 16 August aiid 7 September. Sbaded 
area indicates the main observation pend 





Date 
- - 

- - - 

Figure 6. 

Number of vessels pet day at Great Mosqriito Cove in 1994 (1) 
and 1995 (a); shsded area indicates the main observation 
period. In 1994, anchor chaui for the oil support platfam was 
layed nOm 24 Juiy - 10 August, and resumed on 16 September; 
this activity created continuous vesse1 activity. 



daily boat transects on 36 days between 17 Iune - 8 August 1995 (ie. the main 

observation period). Although equipment problems prevented f.urther sweys, the 1995 

survey period coincideci with peak wbaie abundance in southem Trinity Bay. 

Coastal surveys, following YoNAH sampling protocols (Smith et al., 1997), 

o c c d  prunarily dong the east coast of Newfoundland h m  16 June - 17 September 

1994. Although times were comparable to the Y O M  surveys h m  1992-1993, survey 

effort was not as high (see sections 2.2.1. and 2.2.2.). There were no coastai surveys dong 

the east coast of Ne&oundland in 1995. 

3.3. Sarvey transects 

Surveys departed nom Sunnyside, Iocated near Great Mosquito Cove, with two 

to tbtee observers aboard the boat The deparhue point e d  monitoring of the area 

closest to the industrial site. In the expimental area transects were conducted fiom Buii 

Arm to Tickle Bay then to Tickle Harbour Point In the control area transects began 

southward fIom Tickle Harbour Point off the coast and then headed northward and back 

into the experimental area (Fig. 2). The portion of the control area most fiequently 

monitored was south of the t&c lane. Boat speed usually ranged fiom 10-12 knots 

dong the survey route which was adeqyate to survey the entire study area. Transect 

completion dependeci on weather, the ,  and number of sightings. 



In 1994, intensive monitoring of the control acea occurred before blasting began 

However, poor weather conditions resulted in l e s  effort in the control area during 

blasting. In 1995, stonny weather conditions prevented regular monitoring of the contiol 

area. One report ofhigh w M e  abundance in the control a r e .  outside of the usual transect 

route, was d v e d  during this year (D. Pinsent, Biology, Mernorial University of 

Newfoundiand, NF, pers. cornia). Therefore, some trips began firom Old Shop afkr 13 

JuIy (Fig. 2). in 1995, the ocamence of whales off Sunnyside allowed land-based 

sightings when weather prevented boat sweys; these sightings were comidered 

oppommistic as they occurred without searchulg effort. 

3.4. Data 

3.4.1. Acoustic recordings 

To determine relative souad leveis, industriai activity and ambient noise recordings 

were made between 9 August - 22 October 1994, and 12 - 21 July 1995. A hydrophone 

station located within the experimental area (47O48.378' N, 53O5 1.166' W) was used for 

most recordings (Fig. 7). This position was approximately 2.9 km h m  the industrial site 

in 1994 and 2.3 km in 1995. Acoustic recordings were also made at oceanographic stations 

in both years (see section 3.4.3.). In 1994, a recording was made in the control area during 

blasting activity so sound levels could be compared to the experimental area (Appendix 



5S42' W 53'2 

- - -  - - *  .- - - 

5 Sept 1994 

Figure 7. 

Oceanographic stations used during 1994 (no. 1-16) and 1995 (no. 1,9, and 13), and the 
hydrophone station used for recordings. Three additional accustic recordhg stations are 
indicated. 



B). Recordings were made by an additionai vesse1 during the first set of blasts in 1994, 

and by the survey boat for aii other recordings made in 1994 and 1995. 

A Sony DAT TCD-Dl0 Pro II system with a flat ( f l  dB) respoase of 20 Hz - 22 

Wiz (Sony Corporation, Tokyo, Japan) and two hydrophones with a flat (it3 dB) 

respoose of 20 Hz - 19 lcHz (conshucted by Tecbnical Services, Memorial University of 

Newfoundland, S t  John's, NFy Canada) each with a 15 Hz - 25 lcNz bandwidth fïiter 

(constructed by Technical Services, Memorial University of Newfoundand, St. John's, 

NF, Canada) were used for recorclings. Hydrophones were placed at depths of 5 and 30 

m. Time, weather (mcluding wind speed and Beaufort scale), depth, and ocean 

temperatine profiles were coiîected for each ~cording. 

3.43, Piev 

Presence or absence of prey were assessed on a fine sale using the results of a 

colour Raystar V-820 echosounder (Raytheon Marine, Manchester, NH, USA) in 1994, 

and a Si-Tex FisMnder (Mode1 HE30B, Smiths Industries Inc., St. Petersburg, FL, USA) 

in 1995. Recordings were dependent on equipment; on some occasions observations d d  

not be made due to malfiuictions. Observations offeeding buds or feeding whales (section 

3.4.4.) wen also used to indicate the occurrence of prey in the ana. in addition, in 1994, 

the Hibernia Environment Department provided a list of fish species killed during blasting 

activity; capelin (MaZ10hi.s viZZostls) and herring (CZupea hmengus) were used as 



indicators of prey presence. Fisherpersons in Sunnyside were also consulted iegarding 

prey presence. 

Capelin presence was useà to construct a comparable t h e  fiame between 1994 

and 1995. Daily observations tbat began on 1 Jtme at Chance Cove were used to assess 

the time when capelin was present in the area each year (Fig. 8; Nakas- DFO, St 

John's, NF, unpubl. data). In addition, measurements of the relative abundance of capeün 

schools, obtained h m  a& m e y s  in the control and expeWental area, were used to 

indicate periods of peak abundance for each year (Fig. 9; see Nakashima, 1996). 

Indications of capeh in Chance Cove occurred on 5 M y  1994, and 4 Juiy 1995; 

and the peak in capelin abundance h m  aerial surveys o c c d  on 15 July in both years. 

Based on these hdings there were no seasonal adjustments d e  when the two years 

were compared. Thus, the time p e r d  at the omet of dredging activity, but before 

blasting in 1994 (5 July - August 9), was compared with the 1995 study (5 July - August 

8)- 

3.43. Oceanograpbic conditions 

Oceanograpbic conditions were sampled with a Seabird SBE-19 Conductivity, 

Temperature, and Depth recorder (CTD; Seabird Electronics, Inc., Beiievue, WA, USA), 

or SEALOG-TD temperaturddepth probe (VEMCO Ltd., Halifax County, Nova Scotia, 

Canada) at predetemiined stations in the experhental area (Fig. 7). The CTD measures 



Date 

Figure 8. 
p p p p - - - - - - - - - - - - - -  

- - - - 

Preseace (1) and absence ( 0 )  of capelin (Md20tu.s villmms) in 
1992, 1994, and 1995. Redis based on daily observations made 
at Chance Cove in the experimed area (Nakastiima, DFO, St. 
John's, NF, unpubl. data). 



Date 

Figure 9. 

Sraface area (m2) of capelin (MaZlloh~~ villaus) schools in 
soudiem Trinity Bay in 1992, 1994, and 1995 (fian 
Nakashima, 1996). Points with mows iiadicate &ys for which 
data have not been processed for 1995, but the number of 



temperature with 0.00 1 OC molution and 0.0 1 OC accuracy; the SEALOG-TD measures 

temperature with 0.1 O resolution and k03"C accuracy, and depth with 1 m resolution and 

25 m aceinacy. Both CTD and SEALOG-TD probe were caiiibrated, and within 

msnufiictiire specincations. The probe took rneasucemetlts every 30 seconds, and was 

lowered slowly in order to obtain readsigs at -1 m intervals. It was not possible to 

sample each station every &y. Oceanographic data are available in Borggaard (1996). 

CTD and SEALOG-TD data were edited such that only the downward casts, and 

initial measurement for each meter (to eliminate slow readings) were used. Robe casts 

were not used if the entire vertical temperature profle was not obtained (due to lowering 

the probe too fast). Stations 1, 9, and 13 were common between years and used for 

analyses. 

Cornparisons were made mong stations and between years as an indicator of 

seasonal change. Measurements fiom the upper 35 m (depth of the shaiiowest station) 

were averaged for each day a station was sampled in addition, daily temperature averages 

at 10 m in Chance Cove were calcdated for the years 1992, 1994, and 1995 (Nakashima, 

DFO, St. John's, NF, unpubl. data). 

3.4.4. Effort and siehtings 

Observation effort Summanes were produced for each day. S d e s  included 

times and positions for the start and nnish of each trip; cbanges in the vessel's speed, 



direction, or activity; changes in weather condition (e.g. visibility, Beaufort scde, or wind 

speed); and each whaie sighting. A Globai Positionkg System (GPS NAV 5000DP, 

Magellan System Corp., San Dimas, CA, USA, or EnsignXL GPS, Trimble Navigation, 

Austin, TX, USA) was used to detenniae sighting locations with accuracy mging h m  2- 

32 m. 

For each cetacean sighting (i.e. group) the species, m i . u m / h u m  nmber, 

and behaviour were also recorded. If an animal couid not be positively identified, the 

species was considend ïmknown" A group of humpbacks was considered one sightiag 

i f  two or more airimals were side by side, and appeared to coordinate their speed, 

direction of movement, and surfacing and diviug behaviour (Maîiila et al., 1990). A p u p  

of minke whales (Bulaenoptera acutorostruta) was considered one sighting if the whales 

appeared to be feeding cooperatively, or coordinating SUffacings (Dorsey et al., 1990). For 

d species, each sighting was counted udess it was positively determineci to be a 

resighting for that day either in the field, or later by photographie matchiug. Sighting data 

are available in Borggaard (1 9%). 

G e n d  activities were categorized as feediag, resting, ûaveling, or milling. 

Animals were considered to be feeding ifthey surfaced with the mouth open, or prey was 

present and the animais remained in the ma, cizmgiq directions often. Animais were 

considered milling ifthey were rapidiy chau&ing directions over a large area Resting was 

defineci as animals remalliiag at the d a c e  in one location, with long time intervals 



between breaths. Animais were considered traveliag if they kept the same course and 

speed. An 6Lunkn~wn'' category was used for animais *ch were pmbably feeding, but 

indicators of prey prwence codd not be ckcted (e.g. due ta equipment maifhctiions). 

Twenty minutes of observation were coiiected before photographing the animai, 

but was dependent on the, weather, and behaviouf of the animai. In 1994, an attempt 

was made to foUow animais for longer periods of the (-2 hr) diaiap blasting activity. 

Respiration tMes were recordeci each time the imunal surf- dives were considered to 

occur when the animal arched its tail stalk, or raised its flukes in the air. Behaviours such 

as breaching, lob-tailing, and flipper slapping were also noted (see Winn and Reichley, 

1985). Depending on the activity of the whaie(s), boat speed ranged h m  0-3 bots and 

the distance away ranged ficm 50-10 m. Animais were foiiowed nom behiad with no 

rapid change in speed. A note was ma& if changes in direction, speeâ, or dive pattern 

occurred that couid have been attributed to the research boat Identification by dorsai fin 

or fluke patterns e n d  observations were conducted on the same animal. 

Time for various activities varied within and between years so whde counts were 

standardized. The relative abundance (RA) of eafh species was caiculated as the total 

number of whales seen each &y per searchg effort (whales/br). Seaiching effort was 

dehed as time (hr) on the water actively lwlcing for mes; t h e  taken for photographs 

or behaviourai observations, oceanographic measurements, and acoustic measurements 

was not included. Minimum species numbers were used rather than maMmum since they 



provided a more cooservative estimate. Whaies were not inciuded if seen when 

oceawgraphic or acoustic measurements were taken since semhing was not as effective if 

the survey boat was stationary; few whales wen sighted duriag these times. Relative 

occumnce of whaies (RO= whaies/hr), the RA only for days when observations were 

made, measured how days when no whales were obmed affecteci the resuits of 

abundance d y s e s .  Results of analyses with RO are reported in tables, but are not 

discussed d e s s  Merent h m  those with RA. 

Global Positionhg System (GPS) positions were used to calculate distances @= 

km) between sightings and the industrial activity in Buli Am.  The following formula 

calculates g m t  circle distance in nauticai mües: 

distance= arccos[sin(latitude 1) sin (iaîitude 2) + cosoatitude 1) cos (latitude2) 

cos((iongitude2-longitude l ) v  

where latitude and longitude 1 correspond to the initial sightiog position, and latitude and 

longitude 2 correspond to the industrial site; values were subsequently converted into km. 

AU distances were calculateci as siraight lines, and do not compensate for the presence of 

Beiievue Penhda or any other land boundary (simüar to Todd et al., 1996). 

3.4 3. Photo-identification 

Humpback and minke whales sighted were individually identified by photographs. 

Humpback whales can be identified by the pigmentation patterns on the underside of 



their flukes (Fig. 10; Katona et d., 1979); rninke d e s  by pigmentation on the lateral 

side of the body, scars, and dorsal fin shape (Fig- 11; Dorsey, 1983). Success in 

photographing these traits was dependent on the whale's behaviom, as weii as weather 

and the. 

Humpbacks were the main focus for both photo-idenBcation and behaviourai 

observation similar to the 1992 saidy. In 1994, there was greater concentration on minke 

whales as humpbacks were not present throughout the main observation period- In 1995, 

photographie effort for minka was greater than in 1994. During 1995, three of four 

humpback whales which remaineci at the Hibernia site for an extended period of t h e  

became easily identifiable in the field; therefore, on a few occasions photographs were not 

taken. The 1995 animais which were opportmistic sightiags, or observed in the control 

area &er the personai communication (section 3.34, were used ody for photo- 

identification analyses. 

3.5. Data analysis 

3.5.1. Acoustic recordings 

Aithough absolute sound pressure levels wuid not be obtained due to lack of 

calibrateci equipment, dative sound pressure levels and fkquencies were compared for 

recordings made at similar gain settings at 30 m depth (due to additional noise sources 

heard at 5 m), and under similar weather conditions to control for ambient noise inDuences 



Figure 10. 

View of the underside of a humpback whale (Megaptera mvaeangliae) fluke as used 
for identification. 



Figure l i .  

View of the lateral side of a minke whale (Bulaenoptera ucutorostrata) as used for 
identification. 



(see Wenz, 1962) and masking effects (see m e ,  1995). Sound recordings were 

analyzed using a Macintosh sound analysis program ( C m  Version 1.2, Comeii 

Bioacoustics Workstation, Ithaca, N'Y, USA). Analyses wae performed at a sampîing 

rate of 223 kHz with a filter bandwidth of 88.24 24 Hz. addition, a Hammhg window 

fiiaction with a 5.572 ms, 21.73 Hz, md 1024 point FFT (fest Fourier transfomi) 

resolution grid was used. 

A 6 second non-random recordiiig sample (gain setting of 1; wiad speed of 5-10 

knots) o f  blast (491 kg; 14 August 1994), dredge (22 October 1994), and vesse1 activity 

(13 Juiy 1995) taken at the hydrophone station were compared quaiitatively (Fig. 7). in 

addition, a recordhg sample (gain setting of 1; wùid speed 10-1 5 knots) of a blast (1 545 

kg; 28 August 1994) taken near station 6 (4'7'44.426' N, 53'49.1 17' W); and recordhg 

sampie (gein setting of  2.5; wind speed O hot)  of a blast (904 kg; 5 September 1994) 

taken near station 9 (47"40.693' N, 53O45.680' W) were analyzed. The cecording sample 

(gain setting of 2; wind speed 2 knots) taken at the time of a blast (1524 kg; 24 August 

1994) in the control area (47038.366' N, 53O34.791' W) was examined; however, no 

analysis was performed as the blast signal couid not be discemecl h m  ambient noise 

(which included boat noise). 



3.5.2. Statistical analysis 

initiaily, statistical anaiyses involved an exploratory approach, but once rnodels 

were formed a connmiatory approach was taken. Analyses were performed on SAS (SAS 

Institute hc., Cary, NC, USA) and Minitab (Minitab Sîatïsticai Software, State College, 

PA., USA). Gewral Lin- Models (GLM) were used with distaoce (D= km), relative 

abundance (RA= whales/hr), and relative occurience ( R e  whales/hr) as the response 

variables. Interactions tmns were included in models except for those in which &y of  the 

year acted as a statistical control for season. G-tests were uswl for cornparisons of the 

number of hurnpback whales identified between years. The degrees of needom for ail 

statistics are noted in subscripts. A change (two-tailed) rather than a predicted direction 

of change (one-taiied) was tested because it wuld not be predicted how the industrial 

activity would e t  marine mammals. The signifiaince level (a) was set at <O.OS; 

however, repeated tests with RO used a sisnificance lm1 set at c0.025 (see Bonferroni 

technique in SOM and Rohlf, 1995). 

Data that produced residuals which appeared associated with the statistical &el 

were traasformed (removing any association) for the purpose of parametrk statistical 

analysis. Transformations are noted as L for nahiral logarithm, SQ for the square, INV for 

the inverse value, SR for the square-mt, and Pn for variables taken to a power (n) grrater 

than two (e.g. P3). If the response variable contained z m s  the value of  1 was added to al1 

observations More taking the logarithm, and the value -5 was added before any other 



transformation (Sokal and Rohlf, 1995). However, graphs use untraasformed data. Data 

for tests with non-normal residuals were randomized 1000 times (see Crowfey, 1992) to 

obtain probability values based on the distri'bution of the statistic, @en the data @J, 

rather than a theoreticai distribution of the statistic (PF). The average distance (D= km) 

and relative abundance (RA= whaies/hr) are teported I the standard emr (se). 

3.53. Envitonmental conditions 

Effects of wind (Beaufort scale) and visiiility on the sightabiity of each species in 

1994 and 1995 were tested separately. The number of sightings per searching hr in each 

Beaufort and visibility condition (0-20, 21-40, 41-60 km) per day were considered. 

Beaufort O, 1,2, and 3 were use& sightings and effort were combineci for Beaufort equal 

to or greater than 3 since these occurrences were rare. 

Analyses controlied for &y of the year. Days used rangeci h m  the first &y a 

species was sighted until the last for the entire study period, and only if the entire 

experimentai area was searcheci. This removed potential bias toward conditions when 

~eafching occurred only in Buil Ami, due to deteriorating weather conditions outside. 

Sightings were not used for this d y s i s  if made during ocea~lographic sampling, or during 

conditions in which searching effort did not occm 



3.5.4. Survey distance h m  the industrial site 

Semching effort at various distances h m  the indusfilcal site in the entire 

expeiimental ana (0-10 and 1 1-20 km) mis used to detemine if monitoring was 

comparable within each year and between years. The M y  activity 10s were used to 

deterInine the effort with the comsponding distance for each day. ûniy days when the 

experimentai area was searcheci were used. 

3.5.5. Abundance 

Changes in the RA and RO of M e s  were tested using days during the mais 

observation period, as weii as during Qedging (but before blasting), blasting, and before 

and during blasting where appropriate. To remove any bias towards Bdi Arm, only days 

when the experimental area was searched were considered. Cornparisons between the 

experimental and control areas were done for days when effort o c c d  in both, and 

contmlled for day of the year; the number of whales per searchg effort was calculateci 

for each area. When this analysis was m for 1995, abundance of humpbacks in the 

control area &et 13 Jdy was not considered since these numbers were potentially biased 

by a personai communication (see section 3.3 .). 

To enable cornparisons in the experimentai and contml areas to 1992, relative 

abundance was caiculated by standarcking the number of humpback whales by the total 

time the monitoring boat was on the water (including photographic tirne). In 1994 and 



1995, time taken for respiration, ocnogrgraphic, and acoustic measurements were 

deducted since these activities did not occur on days used for 1992. 

3.5.6. Distribution 

Changes in the distance of wMes h m  the industrial site were tested using days 

during the main observation period, as weii as during diedgmg (but before b l d g ) ,  

blasting, and before and diiring blasting where appropriate. To remove any bias towards 

Buil Ami, only days when the experimental area was ~eacched were considered (see 

AppendU< C for additional sightings). Positions for each sightiog were used includiog 

those in which no photographs were obtaiwd, and those obsewed during oceanographic 

or acoustic measurements. Positions were used even if the boat was stationary since 

distribution rather than abundance was considered. Ody initial sighting positions per day 

were used for each animal, although they may have been sighted on multiple days. 

3.5.7. BehavioumI &ta 

AU 20-minute observation trials on individualiy identified humpback whales were 

separated based on whether they were observed in the control or experimental area. Ody 

respiration of animals with simüar behaviom (e.g. ffeadiog vs. traveling) and group sizes 

(e.g. singie vs. group) were compareci (see Dorsey et al., 1989). Activities classifiecl as 

unknown were included in the feeding category since it was believed to be Likely that the 



whales were feeding- in addition, observations were not used if the whaies were sucface 

active, or ifit appeared that the boat might bave caused any disturbance in behaviour. The 

foilowiag tenns and definitions were taken h m  Baker et al. (1982): 

blow intervil: average blow interval measured during an observation trial. 

blow rate: number of blows in a trial divided by the duration of the trial. 

muimam dive intervak longest submergence recordeci in an observationai trial. 

totai dive time: total of the submergence t h e  foliowing all fluke-up or fluke- 
down dives in an observational trial and expressed as a percentage of the total 
length of the obsewation trial. 

Analyses were not performed because few animais couid be compareà, and respiration 

were highiy variable (see Appendix D). 

3.6. Photo-identification 

3.6.1 IIPmpback whales 

Only photographs that were clear and had enough detail to eiiable positive 

mat~hings were used for resighting analyses. Photograpbs h m  1994 and 1995 were 

cataiogued and matches fomd w i t h  years; a second person provided vdcation if there 

were any uncertainties about a match. Southem Trinity Bay hmpbacks in 1992, 1994, 

and 1995 were compared between years to determine resightings. Location histones of 



YoNAH whales sighted in this area were obtained at Qllege of the Atlantic, Bar Harbor, 

ME, USA, curator o f  the photographic catalogue on North Atlantic humpback whales. 

The YoNAH photographic archive was used to compare the numbers of 

individdy identified whales si- inside southern Ttinity Bay (n= 67) and outside ia 

1992 (n= 225), retumiag to eastem Canada (n= 629) and Newfotmdland (n= 359) in 1993. 

hdividually identifïed humpback whales in southern Ttinity Bay in 1992 were also 

compared with those h m  eastem Newfodand in 1994 (n= 162). Due to time 

coIlSffaints it was not possible to compare humpbacks sigbted in Newfiotmdland and 

eastem Canada in 1992 and 1993, to those. sighted in 1994 ami 1995. These data wüi 

evennially be anaiyzed in the mual cataioguùig process at Coiiege of the Atlantic. tn 

addition, few 1992 YoNAH humpbacks h m  southem Trinity Bay, and eastem Canada 

and Nedoundland, w m  resighted in the West Indies to aiiow adequate cornparisons of 

r e m  proportions to the wintexing grounds (P. Stevick, AUied Whaie, Coiiege of the 

Atlantic, Ber Harbor, ME, USA, pers. comm.). However, comparisons were made 

between the number of YoNM humpback whales sighted dong the southeast shore (n= 

64) (Cape Spear to Cape Race) and Bonavista Bay (n= 20) (Cape Bonavista to Cape 

Freels) in 1992, resighted in easiem Newfoundland in 1993 and 1994 (Fig. 12). 
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Figure 12. 

Bonavista Bay, Trinity Bay, Placentia Bay, and the southeast shore study areas 
used for between year compdsons. 



3.6.13. Resightiiigs and midencv among veae 

The percentage of wbales moving closer to or M e r  h m  the industrial site was 

detennined by cornparkg the M y  maximum distance h m  the indusfiid site of 

subsequent sightings of individuaiiy identifÏed whales (Todd et al., 19%). in addition, the 

daily marcimum distance h m  the industnLai site for each photographeci whaie was 

averaged aad the result categorized (< 10, 10-20, and > 20 km); the average number of 

&YS animals were resighted was subsequently caicuiateû by averaging the days animais 

were sighted for each category (Todd et al., 1996). Resightings are de- as the number 

of days an animai was identifled, and residency is defineci as the t h e  intenta1 between the 

nrst and last sightiug. Some results h m  1992 (&ta h m  Todd et al., 1996) were 

recalcuiated to standardize the limits of the study acea in each year. 

The 1992 study was shorter than 1994 and 1995, and it appears that capeh were 

present earlier (Figs. 8,9). To test whether any Merences in resightings and residency 

were due to metent time periods, the 1995 study pend was divided into two periods. 

The period fiom 17 June - 4 July 1995 was compaued to the 1992 study (6 June - 25 

June); the pend h m  5 July - 8 August 1995 was compared to the 1994 study (5 Iuly - 
29 Juiy). To test that resightings and residency were not affected by the study intervals, 

opportwiistic sightings fiom Sunnyside (whales exhibig high residency in Buil Ami in 

1995 were sighted during this time), and sightlligs made when only the control area was 

monitored (3 days) were removed. Humpback resightings and residency nom Placentia 



Bay during 1993 and 1994 (data from Marques, 1996) were also caicuiated for additional 

cornparisons (Fig. 12). 

3.63. Minke whales 

There was no estabiished catalogue of photo-identined minkes; matching was 

conducted between photographs obtauled diiring the 1994 and 1995 sweys. Ody 

photographs that were clear and had enough detail to enable positive matchings were 

used. Two mai. matchers (author included) conducted blual matches of aLl good rninke 

whale photographs within and between 1994 aad 1995; a third matcher provided 

additional confirmation for ali potential resightiags. If resightings could not be confirmed 

by al1 the matchers, they were not used. Matches were not based on dorsal shape alone 

unless the shape was unique or notches were present (Fig. 13). Minke whale photographs 

showing the left side of the body were used when reporthg the number of whales 

photographed. Photographs of animals in which only the right side of the body was 

obtained were used for resightings and counts if they had unique dorsai h shapes (Fig. 

14). 



Figure 13. 

Example of the left si& of a minke whale @alaenopteru acutomstrata) showing 
a unique dorsal fin shape, scars, and pigmentation patterns. 



Figure 14. 

Example of a minke whale (Bulaenoptera ucutomstmra) in which oniy the 
right side was photographed; however, the unique dorsal fin shape enables its 
use for identification. 



4. Results 

4.1. Acoastics 

Low-fkquency soumis dominsted the somd spectra of underwater blast (491 kg), 

dredge (hludïng some vesse1 activity), and vesse1 activity ~ecotdings taken at the 

hydrophone station (Kg. 15). Relative sound pressure levels were highest for the recotded 

blast (despite clipping which would underestimate I d  of si@)y and were fairy 

comparable for dredge aod vessel activity. Dcedge activity levels were not as bigh 

throughout the low-fiequency range, but dredgiiig was in 24 hr operation throughout the 

nuin observation per id  DRdge and vessel activity were continuous noises with 

components that vary with the, so actual soimd ptessure levels probably fluctuated 

(Greene and Moore, 1995). 

In 1994, blast signais were detected in recordings taken near station 6 and 9 in the 

experimental area (Fig. 16), but could not be disctiminated fiom ambient noise (which 

included smali bats) in the conûol area. LOW-frequency sounds dominated the sound 

spectra of blast recordings taken m e r  h m  the industrial site, and hi&-frequency 

sounds diminished with distance (Spindel and Worcestery 1990). This suggested that 

industrial noise could be detected in the experimental area, but not in the control a r a  at 

similar distances h m  the industrial site and under similar conditions. 



Spectnim, specmgram, and waveform of a 6 second tecording sample of blast (A) and 
dredge activity (B) h m  1994, and vessel activity (C) fiom 1995. Note Merent Scales of 
Y-axis for spctra. 









Figure 16. 

Spectnim, spectrogram, and wavefomi ofa 6 second recording sample of a blast recordeci 
near station number 6 (A), and a blast recorded near station number 9 h m  1994 (B). 
Note différent seales of Y-axis for spectra. 







4*2* Prey 

In 1994 and 1995, daily observations h m  Chance Cove indicated capeiin were 

present most of July and into eady August (Nakashina, DFO, St. John's, NF, unpubl. 

data). Daiiy d a c e  area (m3 of capeiin schools was higher in southeni Trinity Bay in 

1994 than in any year since 1991 (Nakashima, 1996). In addition, the expaimental area 

bad a bigher relative abundance of capeh than the coatroI area in 1994. Fish kills at 

Hibernia indicated that herring were present on various blasting days between 17 August - 

17 September 1994. 

Echosounder readings, feeding bu&, and bebavioural observations of M e s  

showed prey were often present near Hiibernia until 13 July 1994. This coincided with 

the time p e n d  when Qedgiag frequency and amount of materiai that was dumped 

increased. In addition, squid (k illecebrosus) were a h  present as landings of this 

species by fisherpersons begau on 17 August 1994, in Sunnyside. In 1995, euphausüds 

(species not identifieci), capelin, and herring were present in southem Trinity Bay, based 

on vinial observation and fisherpemn's catch. Echosounder reacîings, feeding birds, and 

behavioural observation of wtiales showed prey was present in Bull Ami thcoughout the 

1995 study. 



4.3. Oceanographic conditions 

The average tempetanire measurernents in the upper 35 m for each station suggest 

simüar seasonal variation withui 1994 and 1995 (Fig. 17). Betwem-year comparisons 

were not possible because the timing of oceanographic mea~ucements was not the same 

(due to lack of equipment). However, the temperature of  the 10 m layer for each month 

diiring 1994 and 1995 (Fig. 18; Nakashima, DFO, St John's, NF, unpubl. &ta) shows a 

similar seasonal pattem, and is consistent with seasonal patterns seen in Newfoundland 

(cf. Mathieu and deYomg, 1995; Narayaam et al., 1 99 1). This supports overlappiag the 

two years so similar seasonal periods are compared (see section 311.2.). Although 

cetacean abundance is related more to prey than oceanographic conditions (e-g. Pian et al., 

1989), some d e s  have suggested a relationship to oceanographic conditions (e.g. 

Whitehead, 198 1; Smith and Whitehead, 1993). During the 1992 study the 10 m layer was 

wanner; comparisons made to 1992 attempted to control for potential diffemces of 

season (section 3 6.1.2.). 

4.4.1994 and 1995 

4.4.1. Saecies sighted 

Species sighted included humpback, finback (Balaenopteru phys~lw), and minke 

whales, as well as white-sided dolphin (Lagenorhynchus amtus), white-beaked dolphin 

(Lagenorhynchus dbiroshis), harbour porpoise (Phocoena phocoena), and seaIs (species 



Figure 17. 

Average temperature measuements CC) of the upper 3 5 m for stations number 1, 9, and 
13 durhg the 1994 and 1995 study. 
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Figure 18. 

Average daily temperature (OC) at 10 m in Chance Cove, Trinity Bay in 1992, 1994, and 
1995 (Nakashima, DFO, St. John's, NF, unpubl. data). Shaded ana indicates main study 
pends. 
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not identifïed). The numbers of marine minnmals observed in 1994 and 1995 are listed in 

Tables 4 and 5. Humpkk abundance in the control area was biased &ter 13 Juiy 1995 

due to a personal communicaîion (see section 3.3.); the aMnals seen aie included in 

parentheses but were not used in analyses as this couid bias abundance estimates. 

Aoimals may be pmsent on more than one &y. It has been suggested that effects of man- 

macle noise vary with species (Myrberg, 1978; Richardson, 1995b), so species were 

examined individually. Further analyses used humpback whales, meike whaies, and 

harbour porpoise, based on their abundance in the experimental and control areas. 

4.42. Environmental conditions 

Deterioraihg sea conditions (Beaufort d e )  and visibility are knowa to reduce an 

observer3 ability to sight marine rnammals (Eberhardt et al., 1979; Barlow, 1988; Clarke, 

1982). In 1994 and 1995, sea condition and visibility did not signiscantly affect sightings 

of humpback whales, minke M e s ,  or harbour porpoise (Table 6). However, most 

observation t h e  was spent in low Beaufort d e  and good visibility conditions due to the 

srnall size of the m e y  boat. 

4.4.3. Areas searched 

The time spent seatching in each distance category in the experimentai area (0-10 

md 1 1-20 km) was similar in 1994 (63 .O and 53 -4 hr) and 1995 (27.7 and 24.8 hr). There 



Table 4. Minimum nurnber of marine marnmal sightings in the experimental and control mas in 1994, without standardizing by 
searching effort. Some anirnals may be present on more than one &y. 

Humpback Finback Minke Harbout Dolphin Seal Unknown Total 
(Megprera (BaIizenoptera (BaIaenoptera popige (Lagenw&achw (spscies not cetacean 

novaeangliae) physalus) acutorostrata) (Phmw acutus and albtrostris) identifieà) 
p h a w w )  

Experimental 19 2 45 54 33 I l  1 170 

Control 30 22 20 27 66 7 2 186 

Total 49 24 65 81 99 18 3 356 

Table 5. Minimum number of marine mammal sightings in the experimental and control areas in 1995, without standwdizing by 
searching effort. Biased humpback sightings (Meguptera novaeangliae), resulting when surveys occurred in an area due 
io a personal communication, are indicated in parentheses. Some anirnals may be present on more than one day. 

Humpback Finback Minke Harbour Dolphin W Unknown Total 
(Megqtera (BaIaenoptera (BaIaenoptera Popi se  (Lagenorhyncw ( s p i e s  net 

novaeangliae) physalluc) acutorostrata) (Ph ucutus and identified) 
albkostris) 

phmwna) 
Experimental 57 5 51 38 O 12 1 174 

Control 29 (72) 22 17 35 5 15 O 123(167) 

Total 86 (129) 27 68 73 5 27 1 287(34 1) 
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was a difference in the amount of searching time between years; however, the number of 

whales were standadid by effort for m e r  comparisons. 

4.5. Hampback Males 

4.5.1. Abundance and distribution 

4.5.1.1. 1992 

Todd et al. (1996) reported a clumped distribution of humpbacks in Buii Arm. 

Distances of hurnpbacks h m  the induSena1 site in the experimental area did not appear to 

change with time (Fig. 19; group size was not aiways indicated, so statistical aaalysis 

based on the present method codd not be performed). 

4.5.1.2.1994 

h g  dredging in 1994 (Table 7), there was an increase in humpback distance 

h m  the indusûial site during the main observation p e n d  (Fig 20; FI ,~~19 .26 ,  

pr=0.002), but no change in L-RA relative abundance (Fig 21; FI,II=0.02, p4.91). The L- 

RA relative abundance was signincantly lower in the experimeatal area (==0.5~~) .19)  

- 
compared to the control area (RA=5.4&1.49) when cornmon days were compared (Fig. 

22; explcon: F l, p l  9.44, pr=0-W2; date: F l,icS.%, ~~'0 .03)-  



Date 

Figure 19. 

Distance (km) fiom the industrial site of ail humpôack whales 
(Meguptera nmaemgIiae) oobserved in the experimental area 
durÏng blasthg, drüliag, and dredging activity in 1992 (data 
fmn Todd et d, 1996). The average distame (* se) was 8.20 
+ 0.24. Numbers indicate total whales, not group s i a .  



Table 7. Results of analyses testing the effect of various explanatory variables on distance, relative abundance, and relative 
occurrence of hurnpback whales (Megaptera novaeangliae) observed in 1994 and 1995. 

Explanatory variables Distance Relative abundance Relative occurrence 

Experimental vs. control 
area (conûolling for date) 

explcon: FISIS= i 9.44, py0.002 
date: Flell=5.96, pp0.03~ 

Dates of main F ,,JTI 0.49, pr=û.ûû3c F1,19=0.02, ~ ~ = 0 . 9 2 ~  F1,17=0.36, pr=0.59/ 
-J observation period 
O\ 

Expmimental vs. contro! - exphon: FI, 13=0.09, pyO.84 - 
area (controlling for date) date: F i , ] ~  1.33, ~ ~ ~ 0 . 2 9 ~  

Dates before 1994 study 
- not applicable 
" same & main observation petiod 
h L, ' SQ, 'INV, ' P3, and ' P4 transformed msponsc variables 



Date 

Figure 20. 

Distauce (km) fhm the Mutrial site of al l  humpbacks whales 
(Megqtera novueangliae) observed in the experimental area 
durhg dredging activiîy in 1994. The average distaace (i se) 
during c îdgbg  was 11.10 I 1.16. Numbers indicate group size 
of whales at the same location. 



Figure 2 1. 

Number of hmpback whales (Meguptera novmunglicze) per 
searcbg hour in the experünenal area in 1994 diaing 
Qedgiog. Chles indicate effart with no sightings. The 
average relatix abundauce (& se) dunrig dredghg was 0.85 I 
0.24. 



Date 

Figure 22. 

Nmber of humpback wbaies (Megriptera novaeangIiia) per 
searcarip hour in the experimerdal and control areas in 1994. 
The relative abundance (RA f se) was sigaificantly lower in the 
experimentai versus the control area during dredging. 



4.5.1.3.199s 

in 1995 (Table 7), there was an hcrease in SQ-D humpback distance h m  the 

industrial site during the main observation period (Fig. î3; Fisf10.49, pr=û.003), but no 

change in SQ-RA relative abundance (Fig. 24; F1,19=û.02, pr=O-92). The INV-RA relative 

abundance was not significantly different in the experimentai a ~ a  (==0.84f0.17) 

- 
compared to the control area (RA=1.76iû.50) when common days were compareci due to 

the high variability in sightings (Fig. 25; explcon: F i,i3=û.09, ~ ~ 4 . 8 4 ;  date: F ,, 13=1 -33, 

pr=0.29). When the survey period was nXed to test for between year differences in the 

experimental area, the same trends as in 1994 were found. However, before the fixed 

m e y  period there was no change in distance (FI, 13=0.07, p,=O.8 1); this is Similar to the 

trend observed in 1992. 

4.5.1.4. Abundance comparisons across years 

There were Werences in the relative abundance of humpback M e s  in the 

experimental and control areas in southem Trinity Bay across years (Table 8). In 1992, 

more humpback whaies per hr o c c d  in the experimental area (4.05 f 0.44), as 

compared to the control area (1.65 f 0.35), during blasting, dredging, and vesse1 t r a c .  

The opposite trend occurred in 1994 (exp: 0.40 f 0.16; con: 1.22 i 0.25) and 1995 (exp: 

0.54 f 0.1 1; con: 0.97 f 0.30). In addition, more humpbacks per br were observed in 

1992. Due to low number of days in each area in 1992, statistical comparisons were not 



Date 

Figure 23. 

Distame (km) h m  the industrial site of al l  humback wbales 
(Megtptera novmangIi4e) observeci in the expimentai area 
during vesse1 activity in 1995. Sbadeà area indicates stdy 
period in 1994; the average distance (* se) was 8.61 t 1.83 
befon, and 13.90 f 0.90 during this the @od. Numbers 
indicate the group size of whales at the same location. 



Date 

Figure 24. 

Number of humpback whales (Megqtera nmaeungliioe) per 
searchg hour during vesse1 activity in the experimedal area in 
1995. Cùcles indicate effort with no sightbgs. Shaded area 
indicates sbudy pend in 1994; the average relatk abrmdance (f 
se) was 0.77 i 0.18 before, and 0.90 f 0.12 during this time 
pend 



C o n t r a i  
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Date 

Figure 25. 

Number of humpback whales (Megqpfetu nov~mgliae) per 
seacching hour in the experimentai and control areas in 1995. 
Sbaded area indicates shdy period in 1994, and dashed area 
itadicates biased numbers due to a personal communication in 

abundance (RA f se) between the experimeasal and control 
areas before the biased ambers. 



Table 8. Average relative abundance (no. whaleshr + se) of humpback whaies (Megcrprra 
mvaeangIiae), in the experimental and control areas, duMg 1992 (data h m  
Todd et al., 1996), 1994, and 1995. M y  &YS on which monitoring o c c d  m 
both areas were used, 

(4 days) (9 days) (8 days) 

Experimental area 4.05 + 0.44 0.40 + 0.16 OS4 t 0.1 1 

Control area 1.65 + 0.35 1.22 + 0.25 0.97 + 0.30 
" respiration, oceanograpbic, and -c rn-ents were courtu- during this time period m 1994 - 

and 1995, and deducd h m  the total time 



performed. However, the trends obçerved are supported by the iarge numbers of 

humpbacks obsewed in the experimentai area in 1992, as compared to 1994 and 1995. 

4.5.2, P ho to-identitication 

43.2.1, Resigâthgs across 1992 and 1994 

The proportion of humpbacks sighted in Triniîy Bay in 1992, and resighted in 

eastem Canada in 1993 (0.13), did not Mer h m  the resïghtuig proportion of animais 

tiom the rest of Newfomdland (024) (Table 9; Gi=3.4, pF=0.û6). However, a 

signiscantly srnalier proportion of anhds sighted in Trinity Bay in 1992 were resighted 

in Newfoundand in 1993 (0.07), compared to the resïghting proportion of ariimals h m  

the rest of Newfoundland (0.2 1 ) (Gi=7.8, pi.O.005). 

A significantly srnaüer proportion of humpbacks sighted in Trinity Bay in 1992, 

were resighled in Newfoundland in 1993 (0.07), compared to the resighting proportion of 

animals h m  the southeast shore (018) (GI=lO.ll, pd.002). The proportion of 

humpbacks sighted in Trinity Bay in 1992, and Cesighted in Newfiounàiand in 1994 

(0.07), did not dXec iÏom the resightbg proportion of animals nom the southeast shore 

(0.1 1); however, the sample size of the 1994 humpback d o g u e  was considerably 

smder than previous years (n= 162) (Gi=û.48, e . 4 9 ) .  Few humpback whdes photo- 

identifieci in Bonavista Bay in 1992 (n=20), were resighted in Newfoundland in 1993 

(n=4) and 1994 (n=2), so cornparisons couid not be made. 



Table 9. Number of humpback whales (Megapteru nmaemgliue) h m  Trinity Bay and 
remahhg eastem Newfoundland from 1992, resighted in eastem Canada and 
Newfouncüand in 1993. As weD as, the number of humpback whales h m  
Trinity Bay and dong the southeast shore h m  1992, resighted in 
Newfoundland in 1993 aiid lW4- 

- - - 

Total no. No. resighied in No. resighted in No. resighted in 
idenaed Canada NewfomdIaud Newfouudland 

1992 1993 1993 1994 

Newfoundlaud 225 53 48 - 
Trinity Bay 67 9 5 5 

southeast shore 64 - 18 7 



4.53.2. Sonthen T ~ i t v  Bay resightings ricross vears 

In southem Trhity Bay two humpback whdes h m  1992 (n=67) wexe tesighted 

in 1994 ( ~ 2 3 ) ~  three h m  1992 were resighted in 1995 (n=34), and four nOm 1994 were 

resighted in 1995. YoNAH whaies, sighted in southem Trinity Bay in 1994 and 1995, 

were ofien sighted outside the bay in 1992 and 1993 (Table 10). A study in Placentia Bay 

also folmd low numbers of resightings between years: only one resighting o c c d  

between 1993 ( ~ 3 0 )  and 1994 (n=45) (hm Marques, 1996). Whitehead et al. (1982) 

found that greater numbers of humpbacks sighted dong the Bay de Verde PexÜnsda were 

resighted in the same area as compmd to other areas, but believed Bay de Verde was a 

migratory route. NewfoundIand humpback whaies are not known to have preferred 

ranges, and residency is typically reported as less than t h e  days (Whitehead et al., 

1980). Thus, the lack of effort in southem Triaiîy Bay in 1993 should not affect the 

redts of across year resighting analyses. 

4.5.23. Resightings and residencv among vears 

For animals that were identifîed on subsequent &YS, there was rnovement away 

h m  the industrial site when dredging was the prwiominant activity (1994- 76% of 17 

cases), but not blasting (1992- 47% of 53 cases; Todd et al,. 1996) or vessel activity 

(1995- 50% of 80 cases). [n addition, individualiy identifïed humpbacks were resighted 

more often closer to the blasting activity in 1992 and vessel activity in 1995, whereas 



Table 10. Location histories of YoNAH humpback whafes (Megaptera novaeungilue) 
sighted in Newfoundland h m  19924995. 

YoNAH no. Sighted Si- Sighted Sighted 
in 1992 in 1993 in 1994 in 1995 

" sighted in southem Trinity Bay (there was no effort in this area m 1993) 

88 



Table 1 O. (continued) 

YoNAH no. Sighted Sighted Si- Sighted 

Y2809 d d a  
" sighted in southem Trinity Bay (there was no effort in this area m 1993) 



they were resighted more often frirther h m  the dredging activity in 1994 (Fig. 26). 

Differences in Rsghtiog and residency were found between years, with the highest 

numbers occUmng in 1995 (Table 11). In fact, four humpback whaies were often resighted 

near the industriai site in 1995 (Appendix E). 

When the 1995 survey period was divided (based on prey presence) to test for 

seasonal differences, trends similar to the entire 1995 survey period were observed. 

During the period before 5 M y ,  there was no movement away f b n  the industrial site 

(45% of 3 1 cases), and higher average resightings still occurred closer to the site (0-1 0 km, 

- 
X= 8.7, n=3; 11-20 bn, X4.0, n=3; >20 km, X=1.8, 1142). From 5 July onwards, 

there was no movement away h m  the industrial site (51% of 43 cases), and higher 

average resightings stüi occulTed closer to the site (0-10 km, X= 8.0, n=l ; 1 1-20 km, 

- 
X =2.7, n=10; >20 km, X=2.6, ~ 1 2 ) .  The high resightings and residency for each period 

in 1995 also remainecl consistent with the trends observed tbroughout 1995, even when 

the two study periods were modifîed (ie. days with opportunistic sightings and when 

only the control area was monitored were subtracted) (Table 1 1). The earlier time period 

produced results fairly comparable to 1992, and the later period produced results still 

higher tban 1994. 



<10km 

Figure 26. 

Distance (km) fian the idustriai activity of individually 
identified humpback whale (Megqtera novaeangliae) (IF no. of 
whales) resightings in 1992 (data from Todd et al., 1996), 1994, 
and 1995. Distarice is based on the average of multiple 
resightings of the same individual (Todd et al., 1996). 



Table 11. Resighting and residency of individually identified humpback whales (Megaptera novaeanglae) in southern Trinity 
Bay, Newfoundland in 1992 (data h m  Todd et al., 1996), 1994, and 1995. The photograph interval (number of 
days between the fvst and last photograph), and the number of days photographs were obtained are also noted. 

Y ear No. Average Average Average Maximum Photograph No. days 
humpbacks resighting residency of residency residency intemal photos 
identifiai i da^ s) humpbacks of all WY s) (days) obtained 

seen > l day humpbacks 
(day s) (da y s) 

1992 (6 - 25 Ju) 67 2.3 7.8 4.6 19 23 9 

t 3  1995 (17 Jun - 8 Aug) 34 3.4 16.7 9.8 44 52 32 

17 June - 4 July 18 2.8 (2.4)" 8.4 (8.2) 4.2 (4.1) 16 (16) 17 (17) 14 (12) 
5 July - 8 August 23 [2Olb 2.9 (2.41 12.1 [13.5] 7.4 [7.5] 34 [34] 34 [34] 18 (151 

parenthem ( ) indicaîe results after opportunistic sightings h m  Sunnyside were removed 
h brackets [ ] indicate results aAer days when only the conîml area was rnonitored were removed 



4.5.2.4. Placentia Bay 

Placentia Bay is not fke from industrial activity; sources inciude ship trafEc such 

as ferries and oii tankers. Humpback resighting and residency between 1993 and 1994 

were fàirly simila,, with a comparable number of days between photographs (Table 12; 

data h m  Marques, 19%). Although the photograph intervals were diffèrent between the 

two years, the ma>0mum residency number in 1993 was much lower than the 

comsponding photograph interval. 

4.6. Mhke whales 

4.6.1. Abundance and distribution 

4.6.1.1.1994 

In 1994 (Table 13), minice distance from the industrial site increased during the 

main observation period (Fig. 27; F1,42=9.92, pr=û.005), and relative abundance decreased 

(Fig. 28; Fu3=9.44, pr=û.005). Simüar trends were observed during dredgin& but before 

blasthg. There was no change in distance fimm the site during blasting (FI,LI=û.30, 

pr4.63), nor change in L-RA relative abundance (Fl,13=û.03, pr,=0.88). 

No chaages in distance (Fi,z2=3.40, ~ ~ 4 . 0 8 )  or relative abmûance (FlJ3=3.O3, 

p70.09) were found before and during blasthg. Ody one animal was observed while a 

blast occurred, although animais were sighted before or after blasting activity. This minke 



Table 12. Resighting and residency of individually identified humpback whales (Megaptera novueungIiae) in Placentia Bay, 
Newfoundland ( 1 993 and 1 994) (data fiom Marques, 1996). 

Year No. Average Average Aveiage Maximum Photograph No. days 
humpbacks resighting residency for residency residenc y interval a photos 
identifieci WY s) humpbacks seen for al1  da^ s) WY $1 obtained 

> I  day humpbacks 
(day s) (day s) 

1993 30 1.4 5.4 2.0 10 25 11 

" number of hays between the first and last photographed humpback 





Date 

Figure 27. 

Distaoce (km) fiom the industrial site of all minke whdes 
(Balae~~)pteru cltorostrcda) observed in the experlmental area 
duririg dredgiog, blasîing, and vesse1 activiîy in 1994. The 
average distame (& se) was 1124 24 1-11 durhg dining (but 
before blastiqg), and 14.61 * 0.95 durhg blastiq; m signiiicant 
differeme in distame was found before or during blastiqg. 
Numbers indicate the group size of whales in the same location. 



Date 

Figure 28. 

Nimber of rninke whales (Balmmpteru acldorosfrata) per 
searching h m  in the experimental area during dredghg, 
blasting, and vesse4 activity in 1994. Citcles indicate effrrt 
with no sightuigs. The average relatiw abuldance (f se) was 
0.55 I 0.15 diirùlp dredgiag (but befae blastimg), and 023 f 
0.08 durhg blasting; no sigpificait ciifferexce was found in 
relative abundance before or during blasting. 



whale did not move away h m  or toward the blast area (Fig. 29), uor did it show 

apparent changes in &acing or diving behaviour (Fig. 30). 

There was no signifiant difference in L-RA relative abundance in the eqerimental 

(m4.53~. 16) and control area (==le 1010.29) when unmwn days were compareà 

(Fig 3 1; explcon: Fla=3.09, p,=0.10; date: F1*=8.29, pr=0.006)- Testing for G R 0  

dative o c c m c e  also produced non-signifiant results (explcon: F ~3 38,  pr=O -06; 

&te: FIT-8.39, ~=û.01). As the data set contained days in which sightings o c c d  in 

one area and wt the other, the sighting variability was too large to detect potential 

changes. 

In 1995 (Table 13), minke distance increased h m  the industrial site during the 

amin observation period (Fig. 32; FI,&.51. p*.002), but relative abundance did not 

change (Fig. 33; FIVl9=3.72, ~ ~ 4 . 0 7 ) .  The relative abundance observed in the exprimental 

a m  ( m 4 . 9 8 ~ 1 6 )  was comparable to the control area (==0.7~.25)  when 

common days were comparai (Fig. 34; explcon: Flli=0.33, pr=0.56; date: F121=5.25, 

p,=0.04). When the s m e y  penod was fixed to test for between year differences in the 

experimental area, the only diffe~ence with 1994 was that relative abundance did not 

change (FI, lo=0.û4, pr=0.83). No chauge in distance (Fi,io~0.005, pr=0.96) or relative 

abundance (Fl~f0.02, ~ ~ 4 . 8 8 )  occurred before the hxed survey period. 



Time 
(hi?min:scr) 

Figure 29. 

Distance (km) h m  the industriai site of a minke whale 
(Brrlaemptera ucutorm~ata) in the experimentai area. before 
and after a 65 1 kg blasf on 14 August 1994. 



Time 
(hr:min:sec) 

Figure 30. 

Blow and dive intends of a minke wbale (Bdmmptera 
acutorostrata) foiiowed through a 651 kg blast, ia the 
experimental area, on 14 August 1 994. 



Date 

Figure 31. 

Number of minke whales (Bdaenoptera acutormtrata) per 
searching hoin in the eqetimental and wntrol areas in 1994 
diiring dndging, b l d n g ,  aid vesse1 activity. Ckles  indicate 
effort in both ares with no sightiags. No sigdicaut difference 
was found in relatiie abmàance (RA I se) between the 
experimental and coatrol areas. 



Date 

Figure 32. 

Distance (km) fhm the industrial site of al1 muike wbales 
(BaZuenoptera acutorostruta) observai in the experimentai 
ara durhg vesse1 activity in 1995. Sbaded area iadicates sndy 
p e n d  in 1994; the average dis- (k se) was 4.49 f 0.81 
before, and 1 1.86 I 1.03 draiqg this time period. Numbea 
indicate the group size of whales at the same location. 



Date 

Figure 33. 

Number of minke whales ( B d ~ m p t e r u  acuîorostrata) per 
searcbing hour in the exjmhental area &ring vesse1 activity in 
1995. Circles iadicate effat with no sightings. Shaded area 
indicaies study pend in 1% the average relati* abundance 
(* se) was 0.46 I 0.13 befae, and 134 f 0.25 during tbis time 
pend  



Date 

Figure 34. 

Number of minke whafes (Balaemptera acutorasiraîa) per 
searchg hour in the e><penmertal aad control areas in 1995; 
sbaded area indicates sndy pend in 1994. Circle indiates 
e f f i  in both areas with m sightiogs. No sigdïcant 
differeme was f d  in relatk abundaire (RA i se) 
between the experimental and control areas. 



4.6.2, Photo-identification 

In 1994 ody 10 minke wbales were identified, and no within year matchiilgs were 

found. In 1995, with bigber photographie effort, there were 26 animais identSed, nine 

identified on more than one day. One animai was tesighted on four &YS, 8 animals 

resighted on two days, and 17 animals sighted on 1 day. Resightiag intervals ranged h m  

145 days (X=10.1). Animais were seen in the same gaieral area wbere they were fht 

observeci, and no overall directional movement was apparent (Fig. 35). Resightings 

between 1994 and 1995 indicated that three minkes (+2 based on dorsais only) were 

resighted in southem Trinity Bay (Fig. 36). Appendix F presents a summary of the 

positions, with comsponding distances h m  the industrial site, of individually identified 

minke whales h m  1994 and 1995. 

4,7. Harbour Porpoise 

4.7.1. Abruiàance aud distribution 

4.7.1.1. 1994 

In 1994 (Table 14), there was no change in porpoise distance fiom the industrial 

site during the main observation p e n d  (Fig. 37; FI& .36, pr=0.27), and no change in 

relative abundance (Fig. 38; Fla=0.68, ~ ~ ~ 0 . 4 4 ) .  Similarly, no change was found during 

dredghg, but befote blastiog; during blastllig; and before and during blasting. 



Figure 35. 

Resightings of minke whales (Balaenoptera acutorostrata) in 1995. Minke whales 
are numbered 1 through 9; the second (A). third (O), and fourth ( 0) resighting are 
noted. 



Figure 36. 

Resightings of minke whales (Balaenoptera acutorostrata) between 1994 (circled) 
and 1995; shaded circles indicate resights based on dorsai fin only. 



Table 14. Results of analyses testing the effect of various explanatory variables on distance, relative abundance, and relative 
occurrence of harbour porpoise (Phocoena phocoena) observed in 1994 and 1995. 

Explanatory variables Distance Relative abundance Relative ocçwrence 

1994 - 
Dates of main 

observation pend 

Dates during dreàging 

Dates during blasting 

Before and during blasting 

Experimental vs. wntrol 
area (controlling for date) 

1 995 - 
Dates of main 

observation period 

Experimental vs. control 
area (controlling for date) 

- exphon: F i3=0.08, pf=0.78 
date: F1,13=l. 16, pf=0.3 1 

Dates of 1994 study F l-14=0.87, pr=0.42 Fi. lo=9.44, ~ ~ 4 . 0 1 '  F=, ?7.43, pr=0.06 
- not applicable 
"L and 'SQ transfonned irsponse v ~ a b l e  



Distance (km) 

lu1 7 

Jul 17 

h l 2 7  

Aug 6 

Awg 16 

Aug 26 

Sep 5 

Sep 15 - 
.. 

Sep25 
.I 

Oct 5 - 



No. harbour porpoise/br 

F Aug 14 

% 

Aug 26 
I 

I 4 
Sep 7 

Sep 19 



There was no significant difference between the SQ-RA relative abundance in the 

- 
experirnental (RA4.27M.14) and control area (==1.26~.48) when cornmon days 

were comped (Fig. 39; explcon: F12~3.37, w . 0 7 ;  date: FLf14.005, &=0.95)- Testing 

for L-RO relative occurrence also produced non-signifiant results due to the high 

variability in abundance between the two areas (explcon: FlVlf4,70, pr=0.05; date: 

Fl,1r0.16, pr=0.68)* 

4.7.1.2.199s 

In 1995 (Table 14), there was no change in porpoise distance fbm the industrial 

site during the main observation period (Fig. 40; Fl,l,=0.70, p,=û.45), but there was an 

increase in relative abundance (Fig. 41; Fi,14=8.20, pr=0.02). There was no d i f f i ~ e  in 

- 
the relative abundance in the experimental area (RA=l.OW.46) and control a n a  

- 
(RA= 1.l6M.M) when cornmon days were compared (Fig. 42; explcon: F &.O8, 

pr=0.78; date: F1,13=l. 16, ppO.3 1). 

When the survey period was k e d  to test for between year differences in the 

experimental area, the lack of cbange in distance was simiiar to 1994. However, harbour 

porpoise appeared to be distributed at greater distances in 1995 t h  in 1994. The 

increase in L-RA relative abundance (F1,10=9.44, pr=O.O1) was difYerent fkom that 

observed in 1994, but the lack of change in relative occurrence (F=,>7.43, pr=0.06) was 

similar to the 1994 results. 

I I I  



Date 

Figure 39. 

Number ofharbour porpoise (Phocoenaphocuem) per searching 
hour in the experimd and contr01 areas in 1994. Circles 
indicate effort in both areas with no sightings. No signifiaint 
differeme was found in mlatk abundance (RA I se) between 
the experimental and controi areas. 



Date 

Figure 40. 

Distance (km) fmm the industrial site of aü harbour porpoise 
(Phocoe~phocuena) o b s e d  in the experhentai area during 
vesse1 acfivity in 1995. Shaded area iodicates study period in 
1%; the average distame (* se) was 1 5.70 f 1 .O5 during this 
tirne p e n d  Nmbers indicate the gmup size of whaies at the 
same location. 



Date 

Figure 41. 

Nimiber of harbour porpoise (Phocoana phocoenu) per 
searching hom in the expainlental area dinqg vesse1 activity 
in 1995. Circles indicate effôrt with no sightings. Shaded area 
indicates strdy period in 1994; the average relatiw 
abundance (& se) was 1 .O0 f 0.35 during this tirne period. 



Figure 42. 

Number of harbour porpoise (Phocmm pkoena)  per searchiag 
hour in the experimedal and control areas in 1995; sliaded area 
indiCates sady pend in 1994. No significab diffeteace was f d  
in relatiw abundance (RA f se) between the experimedal and 
controi areas. 



4.8. Major fmdings 

Major hdiags h m  monitoring of marine mammals h m  1992-1995 near 

industriai activity in Trinity Bay are as foilows. 

4.8.1. EffTecb on orientatioa 

Diaing undenivater blastiug and drilling in 1991 and 1992 entrapments of 

humpback whales in fishing gear occmd signincantly cioser to Bull Arm, and in greater 

numbers throughout Trinity Bay compared to previous years (Todd et ai., 1996). In 

addition, the probability of an entrapment in fishing gear within two days after an 

explosion in B d  k m  was greatet than the probabiity of an entrapment more than two 

days after an explosion. In 1992, following large blasts, two humpback whales beaune re- 

entrapped &ter release fimm fishing geaq this suggested orientation problems since re- 

entrapments were a very rare event. 

4.8.2. Anatomical impacts 

In 1992, two humpback whales tbat died in fishing gear near the blasting and 

drilling activity exhibited ear darnage indicative of trauma h m  underwater blasting as 

compared to two control wmials (Ketten et al., 1993). Ear injuries included round 

window rupture, ossicdar chah disturbance, and hemorrhages. 



4.8.3. Lack of effcets on abundance, distribution, and respiration 

Measures of abundance, distribution, and respiration did not indicate effects of 

industrial activity with certainty. The high variab'ïty in cetacean abundance (e.g. between 

the experimenîai ami control areas) made it dficuit to detect effects. Although decrrased 

abundance of humpback whales in the experimentai area since 1992 suggested a reduced 

use of the ans, this change could be w i t .  the typical range of variation. Changes in 

cetacean distance h m  the industriai site were coafounded by season and prey 

distribution. ln addition, respiration rneasures of animais in the control versus 

experimental areas, and of animais exposed to blasting activity in 1992 (Todd et al., 19%) 

and 1994 did not indicate effects. 

4.8.4. Changes in resighting and residency of identified individuals 

Humpback whaies photo-identified in Trinity Bay in 1992 were observed less 

frequentiy in Newfoutidland in 1993 than were whales identified in other inshore bays. in 

addition, a lower proportion of humpbacks identifted in Trinity Bay in 1992 were 

resighted in Newfoundland the subsequent year compared with animais monitoreci in an 

undisturbed area. Individual minke whaies identified in 1994 were resighted in the 

industriaüzed area the subsequent year. 

In 1994, when dredging was the piedominant activity, humpbacks were less likely 

to be resighted near the industrial activity and exhibited movement away fYom the site; no 



such changes were observed during bl&g in 1992 (Todd et ai., 1996) or during vessel 

activity in 1995. Humpback resightings and residency were comparatively higher in 1995 

than othet yem. Furthmore, minke M e  resightiags occurred in an area of heavy 

vessel activity in 1995. 



5. Discussion 

5.1. Acoustical environment 

Marine mammals were monitond in southem Tiinity Bay duhg 1992 (Todd et 

al., 1996), 1994, and 1995 concmntly with vatious industrial activities in Bull Arm. The 

study site afforded the opportunity to assess the impact of different activities. Each year 

the predominant industrial activity was diffèrent= biasting in 1992, dFedging in 1994, and 

vesse1 activity in 1995. Low-hquency soumis dominated the sound spectni of ail 

activities, with blasting pducing the highest relative somd pressure levels. 

Although southem Trinity Bay was divided into an experimentai area and a 

control area, it is not known exactly how industrial sounds changed undemater noise 

levels throughout the entire area. the entire experimentai iaea may not have been 

characterized by industrial activity sounds, and the entire control ana may not have been 

fke fiom industrial activity sounds. However, recording anaiyses showed blasting 

activity was piaidy detected within the experîmentd area outside Bull Atm, and less in 

the control a m  this supported the arbitrary division between the experimental and 

coatrol areas. Further analyses using caliirated equipment would provide additionai 

information, but were beyond the scope of this study. This monitoring program compares 

the occurrence of marine mammals in an experimental area close to the industrial activity, 

and a control area that was fiuther away and less affected by the industrial activity. 



5.2. Potentiai effects 

5.2.1. Abundance, àistribution, and respiration 

Abundance and distri'bution measures did not indicate that marine mammais were 

respondhg to the industrial activity; these measUres varied irreguiarly. Humpback M e  

distance increased h m  the industrial site in 1994 and 1995 with no correspondhg change 

in humpback relative abundance; however, distance did not increase during the 1992 or 

beginniiig of the 1995 study. In addition, minke whaie distance increased h m  the site in 

1994, but thcre was a concurrent deaease in relative abundance. During the same tirne 

period in 1995, there was a similar increase in aiinke distance; however, during the earlier 

the pend of the study there was no change in distance, and minkes were distributed 

closer to the site. The deaashg abundance of minke whaies durhg Qedguig in 1994 is 

suggestive of  impact (no change occrirred during the same tirne period in 1995), although 

this cannot be concluded with certainty. Thus, changes observed in abundance and 

distribution measures could not be attributed solely to industriai activity. 

Such irreguiar changes in abundance and distributions are commonly fomd in such 

impact studies (e.g. Malme et al., 1985; Richardson et al., 1987; Cosens and Dueck, 1988; 

von Ziegeser et al., 1994). This may indicate a weak effect h m  the industrial activity 

being monitored, or it could indicate that these measures of impact are under relatively 

strong influence of other environmental conditions. Potential causes for the cbanges 

observed in marine mammai abundance and distribution in the present study include 



season or prey distribution. For example, humpback abundance (Whitehead et al., 1980; 

Whitehead, 1 98 1 ; Piatt et al., 1989) and distriaution (Whitehead et al., 1980) are related to 

capelin in Newfoundlland Marques (1996) showed an association between humpback 

wbales and prey @rimarily capeün) at d d e s ,  thus suggesting that humpback 

whales track prey. Minke whale abundance (Piatt et al., 1989) and distribution (Sergeaut, 

1963) are also reiated to capelin in Newfoundaud. Perkins and Whitehead (1977) fomd 

that muike wbales occurred close to shore in June and graddiy moved offshore in later 

months. In addition, minke whales have been reported to leave Trïnity Bay towards the 

end of the capelin season in iate July and early August (Seigeant, 1963). Thus, these 

confounding variables make it diffTcult to amibute causation to the chmges in abundance 

and distribution observed in southem Trinity Bay. 

In addition to these confounding factors, it is possible that the measures of 

abundance and distribution codd not detect an impact without cornparisons to pre- 

impact data, or that the measures were not sensitive enough to detect impact There was 

no change in humpback relative abundance in 1994 or 1995, but abundance may have 

already decreased before the staa of the study. There was no change in minke whaie 

distance durhg blasting in 1994, and no change in distance before or during blasting (no 

cbange in relative abundance occuned duhg these conditions). It is possible that mhke 

whales were located at a distance where potential changes fiwn blasting would be diIticuit 

to detect as minkes were moving away fiom the site during drrdgnig in 1994. 



Furthemore, harbour porpoise abundance and distribution did not indicate a reaction to 

the industriai activities in 1994 or 1995. Harbour porpoise were rarely seen near the site, 

but it canwt be determined if harbour porpoise were avoidhg the area due to vesse1 

activity (Barlow, 1988), or if they were naturally distnbuted fintber h m  the site. Even if 

the industrial sound levds were within the hi&-hpency sensitivity range of harbour 

porpoise (Andersen, 1970), research has indicated m u r  porpoise wül rapidly return to 

a previously ensonifïed area (Olesiuk et al., 1995). Additionai measures are ne& to 

confirm that the lack of changes in &=dance and distribution indicate impacts are not 

a- 
Cornparisons of abundance between the experimental and control areas were also 

not able to detect potential impacts with certainty. Although minke whales and harbour 

porpoise were found comparably in areas with and without industriai activity during 

1994 and 1995, the àigh variability in 1994 made it dBcuit  to detect potential changes. 

Relative abundauce of humpbacks was grpater in the control m a  as cornpaxxi to the 

experimental area in 1994, but the high variability in 1995 made it difncutt to determine 

the overall trend. Although the 1994 redts suggest humpbacks responded to the 

industrial activity, it m o t  be concludeci that no effects occurred in 1995. Consequently, 

it is niff?cuit to a t t r i i  the decrease in number of humpback whales per hour since 1992, 

and their shift to ateas fiuzber h m  the industrial site, to a decreaSed utilization of the 



area. With such variability in abundance, coafounded by seasonal and yearly changes, 

assessrnent of impacts by com@soas between the two areas are difncult to interpret 

For the teasonsi above, abundauce muisines may not be an aàequate indicator of 

impact h m  industrial noise in this study. The variability in abundance experiénced in 

this study codd be due to nahaal fluctuations, ~ccutfence of whaies outside the transect 

route, or industriai activity. Adequate abu~1dance measures are also difncdt to select; for 

instance, if the results of analyses with relative abundance (Mes/-hing houdday) 

and relative occumnce (whales/searching hour/&y- oniy when whales were obseived) 

differed it would be cüffïcult to determine which variable should be used as the abundance 

measure. The days when no whales wem found couid either indicate that whales were not 

present, or that they were outside the tniiisect route. Even with pre-impact data the 

results muid be difiicult to interpret. Abundance cau be UiflueLlced by anthropogenic 

activity, as weli as other vanables, so it is o k n  f i cu l t  to amibute causation if changes 

are observeci (peeves et al., 1984; Richardson et al., 1987; Reeves, 1992). 

Resuits of the 1994 and 1995 study suggest that respiration measures did not 

indicate a response to induscrial activity. The individual minke whale obsemd during a 

blast in 1994 showed no bebaviourai chauge; however, attenuation of souud, masking by 

boat noise, and individual sensitivity are possible explanations. The high variability and 

srnail sample size of humpback respiration measures made detecting potential diffêrences 

in the experimental and control areas dificuit. Richardson et ai. (1995) found bowhead 



wtiales differed in dive and d a c e  times in two areas with varying amounts of human 

activity, but couid not attribute causation evai with a large sample s k .  Respiration 

measures are o h  dependent on the depth of dive (Dolphin, 1987), and naturaiiy 

variable (Dorsey et al., 1989; Wm et al., 1995). Aithough changes in respiration 

measines before and af&r exposure to authropogenic activity many indicate a short-tenn 

response (Würsig et al., 1985), they may not be able to discem impact over a longer time 

period. 

5.2.2. Resightings and residency 

Tracking individuai anunals was more sensitive in de<ermllùng the effects of 

industriai activity. For example, there is little information on how &e whales respond 

to noise, although they have been sighted close to industrial operations (Richardson, 

1995b). Similar sightings were made in this study, but resightings and movements of 

individual minkes in 1995 showed that some remaineci in an area with heavy vesse1 

activity. In addition, resightings between 1994 and 1995 showed that individuai minkes 

were resighted in an a r a  with industriai activity. Tracking provided additional 

idormation on how minke wbales responded to industrial activity. 

Impacts of varying activities in southern Trinity Bay were more apparent with 

M e r  information on resightiog, residency, and r e m  rates of individual whales. In 

1994, humpback whales were Iess likely to be resighteâ, especially near the industriai site, 



and there was a tendency for individuai whdes to move away from the site; no such 

trends were detected in 1992 or 1995. In addition, the lower resightings and residency in 

1994 were suggestive of impact, especiaily since the daily relative abundance of capeiin 

schools was reported hi* during this year than 0 t h  years (Nakashima, 1996). 

Tracking individuai apimals indicated that the most apparent changes occurred when 

dredging was the predominant industrial activity in 1994, compared to bl-g in 1992, 

and vessel activity in 1995. 

Differences in tracking information arnong years agee with previous -dies which 

found that behaviornal responses may partially depend on the sound characteristics of the 

anhpogenic activity (Richardson, 199%). For example, dredges are a strong source of 

continuous low-hquency souad (Greene and Moore, 1995). and continuous sounds are 

thought to produce stmnger behaviourai responses than transient sounds at simila, 

pressure levels (Green et al., 1994). It is also possible that both dredging and vessel tratnc 

were responsible for the humpback whaie responses observed in 1994; these same 

industrial activities were thought to cause gray whales to abandon a breeding area for a 

number of years (Bryant et ai., 1984). Accordhg to Richardson and Wiirsig (1995), 

multiple noises couid inaesse the severity of potential effécts, such as masking and 

displacement, causeà by singie sources. Although the exact component of the 

anthropogenic activity responsible for changes observeci is ofien difficult to isolate 



(Richardson and Wiirsig, 1995), yearly redts suggest resightings and residency 

fluctuatecl in response to the type of industrial activity. 

In 1995, humpback resightings and residency were higéer, especialiy near the 

source, when vessel trafic was the predomï~~t activity. Four humpbacks were regularly 

sigbted aear the site duhg  this period. Other studies have also reported resightings of 

humpbacks in an area with vessel activity (e.g. Junisz and Palmer, 1981; Baker et al., 

1983; Watloiis, 1989, and humpbacks have heen known to habituate to this type of noise 

source (Noms and Reeves, 1978; Watkins, 1986; Richardson, 1995b). It might appear 

that vessel traEc did not contriiute to changes observed in 1994, but resightings and 

residency are aot available in Trinity Bay for humpbacks not exposed to industrial 

activity. Long-term impacts of vessel activity on whales are difficult to determine 

(Cowles and Imm, 1988); vessel tratfic couid have contributed to the decrease in 

abundance of humpbacks over the years, and the shift to meas fiirther fiom the site. 

Aitematively, vessel tmftic codd be impacthg whales in ways that are not expressed 

through behaviourai responses (Todd et al., 1996). Additional tracking idormation is 

needed to detemiine tk long-km effects of industrial activity, especially on whales that 

remain in the area. 

Resightings of humpback whales h m  1992 in 1993 suggest long-temi behaviod 

effects of industriai noise. Humpbacks identified in southern Trùiity Bay during blasting 

and drilling activity in 1992 were resighted in Canada in 1993, although signifiwtly fewer 



were resighted again in Newfoundiand waters cornparPd with other previously identifieci 

animais in Newfoundland- In addition, fewer resightings of humpbacks h m  southem 

Trinity Bay were found in Newfoundland in 1993 compared with animais identifieci in an 

area dong Newfoundland's southeast shore. These fidings are consistent with other 

studies which have suggesteû whales abandon an area with industrial activity (e.g. Gard, 

1974; Richardson et al., 1987). The present study, however, provides stronger evidence 

since fiudiogs are based on individuaily identiiïed animais. 

Life-history d e s  may be necessary to detect the coa~equetlces of potential 

Long-terni effects on both the individuai and the population (Richardson and Wiirsig, 

1995). Long-temi displacement of  humpbacks has been previously suggested in an area 

with i n d  anthtopogenic activity, but this remit was based only on abundance, 

which could change due to many factors (Norris and Reeves, 1978). In addition, Bauer et 

al. (1993) muid not assess longtemi impacts when humpbacks increased in numbers in 

an area where short-term responses to anthropogenic activity were detected. Due to low 

resightings in southem Trinity Bay, between year impacts to the individuai or population 

could not be determined- Genedy, humpbacks in Newfoundand have a low resighthg 

percentage (Katona and Beard, 1990). Animals with high r e m  rates to, and residency in 

an area wotdd be able to provide m e r  information on potentid impacts of industrial 

activity. Minke whales are known to exhiiit d - d e  site fidelity (Dorsey, 1983; 

Dorsey et al, 1990), and the location of resightings in the present study between and 



within years suggests this possibility. Iffound to be resident in an area, Iong-tam studies 

on minke whales muid possibly help d e t e d e  the potential impacts of industrial noise. 

Although resightings and residency appear more sensitive for detecthg potential 

impacts when compared to others, they can be infîuenced by a number of fgctors. For 

example, re-identification ain be iduenced by heterogeneity between individuals and the 

ara surveyed (Hammonâ, 1990). Mate et aL (1992, ai Reeves, 1992) found that radio- 

tagged right whales tnnreled large distauces between si&tings, and suggested residency 

times may not n e c e d y  indicate Iength of stay. In addition, low numbers of identified 

whales, and interpreting their movements based on smali changes in distance could 

influence redts. Nonetheiess, differing resightings and residency between years in 

southern Trinity Bay reflect changes in the whales identifieci near the site of industrial 

activity, even after controlling for photograph intervais and number of days photographs 

were obtained. The movement of individuaiiy identifïed animais varied between 1994 and 

1995, although the overall distributioa of whales h m  the industrial site was simiiar. in 

addition, dghting md residency results between years in Placentia Bay were not as 

variable (data h m  Marques, 1996) compared to southem Trinity Bay, where 

antbpogenic activity was greater. These resJts suggest that resightings and residency 

may remai. stable in areas with low levels of anthropogenic activity, but may vary in 

areas with higher levels (Le. southeni Trinity Bay). 



Photo-identification information provides a more complete interpretation of the 

abuodance and distribution resuits. individuai humpback wbales exhi'bited movement 

away fmm the industrial site in 1994, similar to overaii abdance and distri ion results 

in which humpbacks were Iocated m e r  fbm the site. The photographic data in the 

early part of the 1995 shufy showed that individual hurnpbacks did not exhibit movewnt 

away h m  the site, and Iürewise the overail distri'bution of humpbacks did not change. 

However, during the later part of the 1995 study individuai humpbacks did not &'bit 

movement away h m  the site, although the population data indicated movement away. 

Additional a l e  photo-identification information could help determine if the changes in 

minke M e  abundance and distribution in 1994 were due to seasonal change, or to 

resident mimals moving out of the area. In addition, this information could suggest 

whether the observation of a minke whaie feedmg close to dRdgiog activity on 13 Jdy  

1994, while overaii humpback distances were increasing, was possibly due to v-g 

species or individual sensitivities (Ketten, 1995; Richardson, 1995~). Further studies are 

required to c o n f h  these trends (BondmpNielsen and Herman, 1995), but tracking 

individual mimals appears to detect changes which measures of abundance and 

distribution alone cannot. 



53. Conclusions: 1992 - 1995 

Easily observable behaviours may not adequately measrire the impact of noise on 

marine mrmmais (Lien et d, 1995). No chauges in bebaviour were observeci in response 

to blasting and di.illing in 1992 (Todd et ai., 1996), but humpback W e  orientation 

appeared to be affected when entrapment rates in fistimg gear in- and oociÿred 

closer ta the industrial site compared to previous years with no industrial activity (Todd 

et al., 1996). In addition, damaged ear smictrnes of humpback whaies killed in nsbing gear 

near the indusirial site were indicative of trauma due to blasting (Katen et PI., 1993). 

Both behavioutal and anatmnical information are important to assess the impact of 

industrial noise on marine manmais (Todd et d., 1996). 

Ttacking individual animais proMded more i n f o d o n  on the impacts of 

industrial activity than abundance, distribution., and respiration meanires alone. The 

response of individually identifid animals in this study indicates possible short and long- 

term disturbance due to varying industrial activities. Humpbacks appeared tolerant of 

transient blasts (Todd et al-, 1996) and fiequent vessel trasEic, but were more affected by 

continuous activity h m  dredging, possibly coupied with vessel traffic. Long-term effects 

of exposure to b k h g  appeared be a decreased retum rate to a feeding groueâ, as weli as 

a decreaseci utilization of an ana near industrial activity. Individual minke wtiales were 

resighted in the industrialized area, and appeared tolerant of vessel traffic, but data were 

inadquate to indicate how resightings and residency were affected. Furber studies are 



needed to leam more about how individuaiiy identifieci whales respoad to industrial 

activity, and to test the trends found in this study. 

(1) Research straîegies need to be improved in order to adeq~afely assess impact 

of aathtopogenic activity on marine mammais (Green et aL, 1994). Many studies have 

detected short-term responses of marine mrm\mals to aattnopogenic acfivity, but long- 

term impacts are a greater conam (Richardson, 1995a). Monitoring individuai animals in 

an area with anthropogenic noise over a number of years, including pre-impact years, is 

necessary to detect such impacts. It is important that impact studies measure variables 

that are sensitive in detedg changes; o k n  observable behavioural measines are not 

adequaîe (Lien et al., 1995). ûrientation fail-, anaîomical evidence (Todd et ai., 1996), 

and tracking of individuai animals provide important information as to the short and long- 

term effects of noise. 

(2) The w of humpback whales is encourageci in evalciatinp impacts due to the 

large data base wailabIe in many areas, and the potential to assess impacts to the 

individual and population. Yet, fbue studies shouid W e r  evaluate the use of minke 

whales as an indicator species, especiaiiy if found to be resident in an industriaiized area. 

Life history studies wouid provide dehitive information on the coasequences of the 

disturbances observed in this study. 



(3) Results must be carewy inteqmted when measures of abundance, 

distribution, and respiration are used to detect changes over t h e .  There are often 

confounding effects of season, and prey availabiiity and distriiution, even with baselk 

informatiort Cornparisons of industrialized and non-industnalked areas could be used to 

detect changes due to industriai noise if effort occuned simultaneously and fkquently in 

both rneas; however, samplirig with distance is a better design thaa impadcontrol areas 

when the disturbance attenuates with distance (EUis and Schneider, 1997). An adquate 

control area is often diBicuit to h d  since it may be affkcted by the disturbance, and its 

physical processes may not be comparable to the impact area (EKs and Schneider, 1997). 

Monitoring pmgrams must choose appropriate indicators and designs to detect changes, 

while taking into consideration confomding variables. 

(4) More information is needed on the relationship between the distribution of 

whales and their prey before attributhg the responses observed to anthropogenic activity 

(Richardson et al., 1987). The changes observed in the present study wete not due to a 

lack of prey (section 4.2.), but couid have been innuenced by prey distribution. For 

instance, the increased distances of humpback and minke whales h m  the site could be 

due to the animals following prey, d e r  than due to the animais avoiding the industrial 

site. Thus, informaiion on prey distribution collected sirnuitaneously with disturbance 

data wouid help interpret the results of stuâies. It is important that both the abundance 

and distribution of prey be considered during any impact mdy. 



The effects of anthropogenic activity on prey species remaias an important 

research consideration (Green et d, 1994). For example, changes observexi in 1994 couid 

be an indirect response to the industrial activity due to shifts in prey distribution, as weli 

as a k t  response. Many studies have documenteci that some fish species will avoid 

highly turbid water (Appleby and Scarratt, 1989, m Hibernia Env. Dept, 1995). In 

addition, Konagaya (1980) showed that fish wiil respond to d d g k g  sounds by avoiding 

the area Although it was concIuded that turbidity levels throughout Bull Arm did not 

fish behaviour on a long-term basis (Hi'bernia Env. Dept., 1999, prey distribution 

couid have been affecteci on a short-term basis. Further information on this topic is 

necessary to interpret redts, and attri'bute causation in impact studies. 

(5) With uncertainty as to the precise effects of noise on maine mammak, 

industrial operations need to be wnducted in a precautionary manaer mtil more 

information is obtained (Lien et al., 1995). The public puts a bigh value on the weWiire of 

marine mammals and, concurientiy, industrial operations need to maintain good public 

relations (Lien et al., 1995). Aithough it could take years before much of the neeàed data 

on the impacts of industrial activity a ~ e  available, adequate protection and management 

plans are necessary (Lien et al., 1995), 

(6) Measures c m  be taken which may minimim the impacts of industrial activity 

on cetaceans Gien et al., 1995; Richardson and Wtirsig, 1995), especially with industry 

and scientists recognizing the responsibility to protect marine mlanmals (Lien et al., 



1995). Monitoring programs are essentiai (Lien et ai., 1995; Richardson and Würsig, 

1995), and enable scientists and industry to work together cooperatively so that the most 

information and protection possible is obtained (Lien et al., 1995). in the present study 

researchers relayed information on the generai activities and behaviom of marine 

maimnals to the H i i a  Environment Department, while receiwip idormation on the 

occurrence of industrial activities. Such cooperation can d o w  scientists to leam more 

about the effects of industrial noise on marine mamrnals (Lien et al., 1995). This present 

study took advantage of the opportunity to gain additionai idionnation as to the effects 

of industrial noise on individdy identifieci snnnals. Industrial activity should also be 

scheduled to occur d u ~ g  seasonai or time periods when marine mammals are not in the 

area (Lien et al., 1995; Richardson and Wilrsig, 1995). Logistic problems at the Hibernia 

site delayed blasting activity in 1994, yet ensureci b l d g  occurred later in the season. 

Thus, there are important seps that can be taken in the fm of uncertainty with benefits 

to indu-, scientists, ami marine mammals. 
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Appendü A - B h t  charges 

Dates and sizes (kg) of blast charges in Great Mosquito Cove dririog 1991, 1992, md 
1994. Blank ceUs indicate charges occurred, but the size is utls~vaiiable. 

Al. 1991 (h Tdd et al., 19%) 

Date Date Charge (kg) Date charge (kg) 

3 Jul 
4 Jui 
5 Jul 
9 Jul 
11 Jul 
I l  Jul 
12 Jul 
12 Jul 
13 Jul 
13 Jul 
15 Jul 
I7 Jui 
18 Jul 
19 Jul 
23 Jui 
23 Jui 
25 Jul 
26 Jui 
30 Jd 
2Aug 
2Aug 
SAug 
6Aug 
7Aw 
9Aug 
12 Aug 
12 Aug 
13 Aug 
14 Aug 
16 Aug 

20 Aug 
20 Aug 
21 Aug 
22Aug 
ZAw 
ZAug 
27 Aug 
27 Aug 
28 Aug 
28 Aug 
29 Aug 
30 Aug 
30 Aug 
3 Sep 
4 Sep 
5 sep 
6Sep 
'Sep 
7sep 
11 Sep 
1 1  sep 
12 Sep 
13 Sep 
14 Sep 
16 Sep 
16 Sep 
17 Sep 
18 Sep 
18 Sep 
18 Sep 

20 sep 
20 Sep 
20 sep 
23 Sep 
23 Sep 
24 Sep 

25 Sep 
26 Sep 
27 Sep 
28 Sep 
30 Sep 
1 oct 
2 oct  
2 oc t  
5 oc t  
5 Oct 
7 Oct 
9 oct  
9 Oct 
10 oc t  
10 Oct 
I l  Oct 
11 Oct 
16 Oct 
16 Oct 
18 ûct 
18 Oct 
18 Oct 
23 Oct 
24 Oct 

16 Aug 19 Sep 500 30 Oct 2025 

149 



Al. 1991 (continued) 

Date Charffe (kg) Date Charge (kg) Date Charge (kg) 

31 Oct 775 22 Nov 250 7Dec 250 
I Nov 425 25 Nov 325 9Dec 500 
6 Nov 1800 26 Nov 1350 13 Dec 1650 
7 Nov 375 27 Nov 400 16 Dec Io00 
13 Nov 29 Nov 1150 18 k 583 
15 Nov 500 2Dec 925 19 Dec 400 
19 Nov 1020 SDec 720 
21 Nov 1550 6 Dec 300 



A.2.1992 (fiom Todd et al., 1996) 

. -- - -  - 

Date Charge (kg) Date Charge (kg) 

9 Jan 
10 Jan 
14 Jan 
16Jan 
17 Jan 
18 Jan 
22 Jan 
24 Jan 
28 Jan 
31 Jan 
4 Feb 
7 Feb 
8 Feb 

11  Feb 
13 Feb 
14 Feb 
21 Jan 
26 Jan 
28 Jan 
6 Mar 
I I  Mar 
12 Mar 
29 Apr 
4 May 
6 May 
12 May 
13 May 
14 May 
20 May 
21 May 
26 May 
27 May 
28 May 

9 Jun 
11 Jun 
16 Jun 
17 Jun 
22 Jun 
23 Jun 
25 Jun 
25 Jun 
2 J d  
9 Jul 
9 Jui 
20 Jul 
21 Jul 
22 Jul 
23 Jui 
28 Aug 
31 Aug 
2 Sep 
7 Sep 
14 Sep 
15 Sep 



- - - 

Date Charge (kg) Date Charge (kg) 

9Aug 
10 Aug 
10 Aug 
I l  Aug 
11 Aug 
11 Aug 
12 Aug 
12 Aug 
13 Aug 
13 Aug 
14 Aug 
14 Aug 
15 Aug 
15 Aug 
16 Aug 
17 Aug 
17 Aug 
18 Aug 
18 Aug 
19 Aug 
19 Aug 
20 Aug 
21 Aug 
21 Aug 
24 Aug 
24 Aug 
25 Aug 
25 Aug 
26 Aug 
26 Aug 
27 Aug 
28 Aug 
28 Aug 
29 Aug 

30 Aug 
31 Aug 
1 Sep 
2 Sep 
2 Sep 
5 Sep 
5 Sep 
6 Sep 
6 sep 
'Sep 
7 Sep 
8 Sep 
8 Sep 
9 Sep 
9 Sep 
10 Sep 
11 Sep 
11 Sep 
12 Sep 
12 Sep 
13 Sep 
13 Sep 
14 Sep 
15 Sep 
15 Sep 
15 Sep 
16 Sep 
16 Sep 
17 Sep 
17 Sep 
9 oct 

23 Oct 
24 Oct 
26 Oct 

27 Oct 
27 Oct 
28 Oct 
28 Oct 
28 Oct 
29 Oct 
29 Oct 
30 Oct 
30 Oct 
30 Oct 
30 Oct 
30 Oct 
31 Oct 
31 Oct 
1 Nov 
1 Nov 
1 Nov 
1 Nov 
2 Nov 
2 Nov 

29 Aug 165 27 Oct 819 



Appenàix B - Summary of acoastic recordhm 

Dates and locations of mrdings taken of industrial activity in 1994 and 1995; separate 
recordings of ambient noise were oMamed for each. 

- - - 

Date Location InduSfnal 
Activity 

9 Aug 1994 
1 O Aug 1994 
10 Aug 1994 
i l  Aug 1994 
il  Aug 1994 
12 Aug 1994 
12 Aug 1994 
13 Aug 1994 
13 Aug 1994 
14 Aug 1994 
16 Aug 1994 
19 Aug 1994 
24 Aug l994 
25 Aug 1994 
26 Aug 1994 
27 Aug 1994 
28 Aug 1994 
29 Aug 1994 
29 Aug 1994 
5 Sep 1994 
10 Sep 1994 
22 Oct 1994 
12 Jul1995 
13 Jul1995 
13 Jui 1995 
13 Jul 1995 

hydrophone station (47O48.378' N, 53"Sl. 166' W) 
hydrophow station 
hydrophone station 
hydrophone station 
hydrophone station 
hydrophone station 
hydrophone station 
hydrophone station 
hydrophone station 
hydrophone station 
hydrophone station 
hydrophone station 
conml area (47O38.366' N, 53O34.791' W) 
near station 13 (47044.089' N, 53O44.089' W) 
hydrophone station 
near station 6 (47O44.449' N, 53O49.141' W) 
near station 6 (47O44.426' N, 53'49.1 17' W) 
station 2 (47O49.73 1' N, 53O52.383' W) 
station 2 
near station 9 (47O40.693' N, 53O45.680' W) 
Tickle Harbour Point (47O42.056' N, 53O42.671' W) 
hydrophone station 
hydrophone station 
station 9 
station 13 
hydrophone station 

blast (1 73 kg) 
blast (58 kg) 
blast (234 kg) 
blast (386 kg) 
blast (52 kg) 
blast (237 kg) 
blast (138 kg) 
blast (77 kg) 
blast (372 kg) 
blast (491 kg) 
blast (341 kg) 
blast (673 kg) 
blast (1 524 kg) 
blast (447 kg) 
blast (483 kg) 
blast (1528 kg) 
blast (1 545 kg) 
blast (1 O 6  1 kg) 
blast (165 kg) 
blast (904 kg) 
blast (1705 kg) 
dredge activiîy 
vessel activity 
ambient 
ambient 
vessel activity 

21 Jul 1995 hydrophone station vesse1 activity 



Appendu C - Additional sinbtings in 1994 and 1995 

Sightings in 1994 and 1995 which were o h e d  opportunisticaiiy (without searching 
effort), or when the experhental area was not M y  searcheci. 

Opportunistic sightings in 1994 made by the Hibernia Environment Department, and the 
second boat used for acoustic recotdings. 

- - - - - - - 

Date Min/maxno. Approximate Comments Sighted by 
and species distance h m  

industrial site (km) 

9 Aug 

i O Aug 

14 Aug 

15 Aug 

19 Aug 

19 Aug 

19 Aug 

2 Sep 

1/1 minke 

6/8 dolphins 

1 /1 harbour 
porpoise 

1/1 minke 

1/1 minke 

5/S harbour 
porpoise 

1/2 minke 

1/1 minice 

2.8 observeci irnmediateiy 
before blast 

2.0 observed between 
blasts 

8.3 

8.3 

2.9 O bserved immediately 
before blast 

2.8 

2nd boat 

2nd boat 

2nd boat 

Hibernia Env. 
Dept. 

2nd boat 

2nd boat 

2nd boat 

Hibernia Env. 



C.2.1995 Hum~back whales 

Humpback wbales (Megqpteta novaemgliae) in the experimental area in 1995 obsewed 
opportunisticaiiy, or when the expeiimentai m a  was not M y  searcheci. 

- - - - - - - -  

Date Latitude (N) Longitude (W) No. ~hales Distance Whale [D m. 

17Jun 47O48.914' 53"s 1.593' 1 1.18 2 
26 Jun 47'5 1.260' 53O55.0 19' 2 4.9 1 19&33 
26 Jun 47'51 -387 53O55.183' 1 5.22 2 
27 Jun 47O50.982' 53O53.577' I 3.40 19 
27 Jun 47O5 1.228' 53 "54.223' 2 4.22 2&33 
28 Jun 47O51.461' 53O54.714' 1 4.93 2 
28 Jun 47O50.760' 53O53.852' 1 3 -25 19 
1 Jul 47O50. 167' 53 "52,587' 1 1.51 19 
6 J d  47'50.995' 53O53 .995' 2 3.70 1&2 
6Jui 47O44.129' 53 "44,474' 1 13 -70 34 
7Jui 47O50.840' 53 "53 .758' 1 3.30 2 
7 47'50.166' 53O52.464' 1 1.47 1 
7 .lui 47O44.973' 53 "47,033' 1 10.42 31 
8 Jd 47'50,009' 53O52.380' 1 1.16 1 
8 J d  47O50.032' 53O52.354' 1 I .20 2 



C.3.1995 Minke whales 

Minke whales (Buiuenoptera ucutorostmta) in the experhental area in 1995 observed 
opportunisticaiiy, or when the experimentai area was not fdiy searched. 

Date Latitude (N) Longitude(W) No. whales Distance 

17 Jun 47O51-264' 53O54.780' 1 4-7 1 
17 Jun 47O51 264' 53 "54.780' 1 4-71 
28 Jun 47O51,021' 53O54.527' 1 4.17 

I Jd 47O50.761' 53"53 -258' 1 2.85 
3 jd 47°50,712' 53O53.570' 1 2.97 
8 Jul 47O48.935' 53O51.163' 1 1 .56 

26 J d  47O44.369' 53O49.136' 1 10,06 
27 Jul 47O50.05 1' 53 "52.855' 1 1.46 
27 47O50.051' 53'52.855' 1 1.46 
28 J d  47O50.920' 53O56.23 1' 1 5.74 
31Jd 47O51.189' 53O54.759' 1 4.59 





Table D-2. Cornpuisons of respiration variables for two re-identified humpback whales, feeding in the experimental and contml 
anas, in 1995. 

Whale Average blow Blow rate Max, Total Water Activity Date Time 
intemal (blowdmin) dive dive tirne depth @:min) 

(minsec f se) interval (%) (m) 
(min:sec) 

Experimental area 1 O: 1 5f0:02 0.95 4: 16 0.85 70 feeding 1 July 9:15 
m O: 1 M : 0 1  1 .O5 8:s t 0.7 120 feeding 23 June 7:32 

Control m a  1 2:1 lîû:13 O S  no dive no dive 80 feediiig 22 June 9:48 
m 1:12H:18 0.55 7:23 0.37 100 f* 22 June 8:49 

C 

Ur 
00 



Appendix E - Positions of individua& identifieci humpback wbales 

Positions of individdy identifieci humpback whaies (Megapteru novueangiiae) in 
southem Trinity Bay in 1994 and 1995, with their corresponding distance h m  Nibernia. 

W e  ID no. Date Latitude (N) Longitude (W) Distance (km) 

5 Jult995 
'1 

6 Jul1995 
n 

7 Jui 1995 
8 Jui 1995 

Il 

9 Jui 1995 
15 Jd 1995 

' 9  

16 Jui 1995 
19 Jui 1995 
8 Aug 1995 
17 Jun 1995 
18 Jun 1995 

1' 

24 Jun 1995 
1' 

Il 

25 Jun 1995 
11 

26 Jun 1995 
27 Jun 1995 
28 Jun 1995 

n 

29 Jun 1995 
1' 

30 Jun 1995 
5 Jui 1995 



Appendis E - (continued) 

W e  ID no. Date Latitude (N) Longmide 0 D h c e  (km) 

6 Jui 1995 
1' 

7 hl1995 
1' 

8 Jui 1995 
11 Jui 1995 
13 Jui 1995 
21 Jui 1995 
23 Jui 1995 
22 Jun 1995 
29 Jun 1995 
15 Jul1995 
16 Jui 1995 
12 Jui 1995 

1' 

1' 

13 Jui 1995 
18 Jul1995 
18 Jun 1995 
24 Jun 1995 
29 Jun 1995 
4 Jui 1995 
15 Jui 1995 
16 Jul1995 
18 Jul1995 
1 Aug 1995 
18 Jul1995 
1 Aug 1995 
2 Aug 1995 
18 Jun 1995 
18 Jun 1995 
29 Jun 1995 



- -- 

W e  ID no. Date Latitude (N) Longinde (W) Distance (km) 

22 Jun 1995 
16 Jui 1995 
23 hl1995 

'1 

22 Jun 1995 
1' 

25 Jun 1995 
29 Jun 1995 

1' 

13 Jui 1994 
19 J d  1994 
18 Jun 1995 
15 Jul1995 
18 Jui 1995 
19 Jui 1995 
2 Aug 1995 
4 Jui 1995 
15 Jui 1995 
18 Jui 1995 
19 Jui 1995 
2 Aug 1995 
22 Jun 1995 

1' 

24 Jun 1995 
" 

1' 

25 Jun 1995 
'q 

26 Jun 1995 
27 Jun 1995 
28 Jun 1995 



W e  ID no. Date Latitude (N) Longitude (W) Distance (km) 

28 Jun 1995 
29 Jun 1995 

f' 

30 Jun 1995 
1 Jul1995 

'1 

2 Jul1995 
lt 

4 hl1995 
29 Jun 1995 

I t  

4 Jui 1995 
21 Jul1994 
29 Jun 1995 
30 Jun 1995 
4 Jui 1995 
15 Jul1995 
16 Jui 1995 
23 Jul1995 
21 Jul1995 
23 Jui 1995 
1 Aug 1995 
4 Aug 1995 
22 Jun 1995 
IS Jui 1995 
15 Jul1995 

'1 

18 J d  1995 
19 Jui1995 
i Aug 1995 
4 Aug 1995 47O42.807' 



A~pendS E - (continued) 

whale ID no- Date Latitude (N) Longitude (W) Distance (km) 

19 Jul1995 
15 Jui 1995 

n 

18 hl1995 
19 Jui 1995 
1 Aug 1995 
9 Jul1995 
12 J d  1995 
9 Jui 1994 
13 Jui 1994 
13 Jtd 1994 
15 Jul1994 
21 Jui 1994 
26 Jul1994 
29 Jun 1995 
12 Jul1995 

11 

7 Jui 1995 
0 

9 Juf 1995 
11 Jul1995 
12 hi1995 
13 Jd1995 
4 Jul1995 

22 Jun 1995 
23 Jun 1995 

n 

24 Jun 1995 
11 

11 

25 Jun 1995 



Whale ID no, Date Latitude (N) Longitude (W) Distance (km) 

25 Jun 1995 
26 Jun 1995 
27 Jun 1995 
10 Jd 1994 
10 Jul1994 
19 Jul1994 
18 Jun 1995 
24 Jun 1995 
6 Jui 1995 
15 Jd 1994 
15 Jd 1994 
19 Jd 1994 
8 Jul1994 
13 Jui 1994 
15 Jd1994 
IS Jul1994 
10 Jd 1994 
13 Jui 1994 
15 Jul1994 
10 Jul1994 
13 Jul1994 
13 Jul1994 
21 hl1994 
25 Jul1994 
8 Jul1994 
8 Jul1994 
25 Jui 1994 
26 Jul1994 
26 JUl1994 
5 Jd 1994 
8 Jul1994 



Whaie ID no. Date Latitude 0 Longitude (W) Distance (km) 

44 9 Jul1994 47O46.688' 53'50.92T 4.64 
44 9 Jtd 1994 47O44.058' 53'49.213' 9.8 1 
44 19 Jd 1994 47O39.721' 53O35.24û' 27.95 
45 15 Jd 1994 47O37.996' 53'36.023' 2920 
46 10 Jd 1994 47O45.360' 53'48.570' 8.45 
47 26 Jd 1994 47O41.3 10' 53'48.378' 14.76 
47 29 Jd 1994 47O41 283' 53O47.893' 15.08 
48 8 Jd 1994 47O43.913' 53O34.427' 25.22 
49 8 Jui1994 47O42.132' 53O34.044' 26.94 
50 8Jul1994 47O42.152' 53O34.835' 26.04 
51 9 Jd 1994 47O46.688' 53O50.927' 4.W 
52 5 Jd 1994 47O38.086' 53O39.623' 25.90 
53 5 Jd 1994 47O38.240' 53O39.23 1' 26-02 



Amendix F - Positions of individuaîiy identifid minke whales 

Positions of individuaiiy identifieci minke whales (&rlaempteru aaturostrata) in 
southem Trinity Bay in 1994 and 1995, with their corresponding distance h m  Hibernia. 

Whale ID no. Date Latitude (N) Loagiade (W) Distance (km) 

12 Jul1995 
13 Jul1995 
5 Jul1995 
12 Jul1995 
13 Jul1995 
23 Jul1995 
17 Jun 1995 
1 Aug 1995 
1 Aug 1995 
2 Aug 1995 
3 Aug 1994 
4 Jui 1995 
12 Jui 1995 
5 Jui 1995 
12 Jd 1995 
3 Aug 1994 
4 Jui 1995 
5 Jd 1995 
12 Jul1995 
13 Jui1995 
1 Aug 1995 
4 Aug 1995 
14Aug IW4 
12 Jul1995 
10 Aug 1494 
8 Jui 1995 

31 Jul1994 
" between year resight based on dorsal only 



Minke no, Date Latitude (N) Longitude (W) Distance (km) 

9 Jui 1995 
12 Jul1995 
2 Aug 1995 
5 Jul1995 
13 Jul1995 
5 Jul1995 
4 Aug 1995 
13 Jul1995 
17 Jun 1995 
1 Aug 1995 
22 Jun 1995 
2 Jui 1995 
2 Jul1995 
28 Jul1995 
13 Jui 1995 
5 Jul1995 
23 Aug 1994 
14 Aug 1994 
10 Sep 1994 
10 Sep 1994 




