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Errata

Several gramatical errors were dizcovered by Maomi Bose after
this paper had been submitted to the Biology Board ot UC Santa Cruz.
She aleo helped me to make clearer a few ombiguous sentences. fiside
from ihe various corrected gramatical errors throughout the paper, and
the sentence and word changes indicated helow, this paper iz identical
to that which iz on file at the Biology Board at UCSC, Mo numbers or
results have been altered.

page 1, parcgraph one: “.to seemingly small." --> “.to seemingly
raiid..”
page 4, paragraph 20 lrarely whiztle and call” --> “loccosionally

wiiztle and call”

page 9, paraogroph 1 “.encounters  for  socialization.” s
“..encounters of socializing..”

page 9, paragragh 3 "Then the SCEs were separated..” ~-7 "3CRs were
also zeparated..”

page 11, paragraph 3. ".presence of boats have.” -~ ".number of

boats has..."

page 12: all "percentages” were changed to "proportions”

page 12, paragroph 20 “..would thought to be increased, which it is
across..” -=* ".would be expectad to increase in this study which it
did across...”

page 130 ".calls is to replace another more often utitized call type™ ~-
“..calle replaces other mare often utilized call types.”

page 140 "The zimplest answer is that.” --> "This simplest answer to
the whales’ apparent lack of reaction to engine noizs is that..”
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Introduction

Increasing evidence indicates that human-created underwater
noise may adversely affect maring mammals, Sensitivity to boat noise
varies across cetacean species, ranging from extremely negative
reactions in the Arctic beluga and narwhal wrhere avoidance behaviors
start when icebreakers are in excess of 40 kilametres away (Cosens at
al. 1986}, to seemingly mild as in finbacks and right whales of the Cape
Cod waters, According to Watkine [1986], finbacks and right whales of
Cape Cod waters hecame accustomed to boat noize aver o twenly~year
pericd. But zven though right whales and finback whales have ceased
to actively avaid boats, they still fall silent when acoustically disturbed.

Boats are clearly advantagecus to humans in order to utilize the
sea; however, the engine noise may poss probiems to the marine
mammalizs that rely upon sound for their food, orientation and kin

recagnition. FHesearch in celacean communication has revealed how



dependent upon sound cetaceans are,  Une zopulation, the northern
resident killer whales of British Columbia, recently rell under acute
observation when bislogists found how sazily accessible they are.
This accessibility aleo certers the whales in a fighing, logging and
whalewatching community., Studies done by Briggs [1991) and Kruze
{1884]) indicate thal the presence of boatz adversely affects the
orientation behavior of these whales,

Though studies of vocal behavior of the northern resident pods
have been going on for over ten years, none have been conducted on
noize pollution in the orcas’ environment and haw it affects their vocal
behavior. fis a result, conflicting impressions are now arizing from the
whale watchers, rezearchers and residents in the Johnztone Strait area
az to the effects of boat noise on the whales,

Ldithout their communication system, these whales could easily
lose each other in the catacombed inlets of the inside passage. It's
poszible that their unique pod dialects allow the whales to stay in
touch, both when separated by kilometres lup to twentyl during
traveling and foraging, and when intermixed with other whales of
different family groups [Ford 1981]. Their dialaciz could serve to

preserve the fomily group and prevent inbreeding.
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Every orca now living in the northern resident population has
virtually grown up with engine noige. Since they continue to frequent
theze "loud" areas during the season of highest boat concentration, it
seems likely they have adapled to the amginé naise in some way. 1nis
study waz conducted at a time and placz where orcas and boats
frequently coincide in hopes that their ekility to acoustically edapt to
the prezence of high levels of boat noize could be inferred through

their vocal behaviar,
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The Study Animais

The northern resident orcas of Britizh Columbia frequent the
northern Johnstone Strait along the inside passage of northern
Vancouver Izsland and surrounding areas during the summer manths,
The population consists of sixteen pods of approximately 190
individuals [Bigg et al. 1967]. The orcas travel in stable pods of family
groups, usually a female and her offzpring, and consist of adult and
juveniles of both sexes [Bigg et ol 1987). A =zet of dizcrete calls, with
diglects unigque to each pod, appear to be used to keep in acoustic
cantact when the orcaz are spread out during traveling and foraging
{Bigg et al. 1987],

Ford [1982) classified the orces' behavior into ‘active' and
inactive’ and found that in most cases, the degree of vocal activity
corresponded to the degree of benavioral octivity,  As behavioral
activity increases, the calle per whale per minute generally increase.
Foraging, traveling, rubbing, and socializing are considered ‘active’
behaviors and call rates vary up to fifty calls per minute depending on
the number of whales present. The orces can be either continuously
vocal or alternate pericds of varying vocality and silence. Festing is an
‘nactive' behavior.  Resting behavior is quister than the ‘active’
kehaviors but whales may =till occasionally whistie and call,

-}



Materials and Methads

The study area waoz localed in the Johnstone Strait, British
Columbia, on the inside pozsage between Vancouver Island and the
maintand of Canada {Figure 1]. The station was located on a
ona-hundred metre long smooth stone beach about eight nautical miles
zast of Telegraph Cove. The research was strictly shore-based, waiting
for the orcaz to swim close to shore and the hydropnone, which they
did from seven times a doy to once a week.

Data tcken included sighting number, tope number, date, time,
subpodls), total number of whales, location, dirsction of travel,
behavior, formation, visual and/or vocal identification, whether or not
boats wers present, their approximate distances from the whales, and a
general impression as to whether or not the whaeles were vocal

The vocalizationss and boat noise were recorded on an unicalibrated
Mavy surplus, sonar-point, hypoxy-type hydrophone #2590, anchored
near 65 feet of depth at the highezst tides, Tides fluctuated from -0.2
low tides to +16.8 high tides, The hydrophons was set at high tide
using SCUBA and retrieved by pulling in the cable from a kayak. The
entire system needed no maintenance for the duration of the study.

Approximately 500 feet of cable was laid, also using SCUBA, onto the
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zea floor, To keep the tides and currents from moving the cable, it was
anchored with rocks under water, and puried cn the beach
approximately one foot deep, spanning the 20 feet from low tide line to
the camp.

Llith a mini-phone plug terminal, the ceople hocked into a
mano-hydrophaone box model MIVL [(the hydrophone, cable and
hydrophene box were purchased through Paul Spong. Orca Lab, Hanzon
Igland). f mini-phone plug adaptor connected one end of an RCA cakle
to the mono-hydropheone box and the other end of the RCA cable led
into the right channel of a Sanyo C9 portable mini component system.
lts powsr supply was one of four 12V batteries. 1 BC adaptor with the
cigarette Nighter adaptor end removed [persenal mutation) was used to
hook the stereo system directly to the car battery terminale. Twao
realistic 3" speakers provided instantaneous sound.

The orcas were recorded on the right channel and simultanecus
voice notes using o Reglistic Highball-? [#33-986B] microphone
accompanied each recording on the left channel The Sanyo C9's
settings were as follows: metal on, dolby off, loudness off; input
stayed on 6 for the orca channel and 10 for the microphone channel

The data analysis was done with a Digital Signal Analysis Language
o Y 4
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program, version 2.8 by Engineering Design (43 MNewton Street,
Belmont, Massachusets), Levels of boat neise and surrounding sounds
were meazured by relative amplitude on a power spectrum using
vollage readings of the output. Since recordings were only made when
the orcas were near the hydrophone, the boat noise on the tape iz an
adequate reprezentation of what the orcas were heing exposed to.
Levels of relative amplitude ronged from 0.01Y representing ambient
noise levels with no boatzs, to 3.0V representing a purse seiner directly
over the hydrophone. Decibels were not uszsed because the limited
funding for the project did not allow for equipment sufficient for
calibration.

Boat noise ranged from 0 Hz and generclly stayed below 3000 Hz
(Figure 2], while the orca calls ranged from about 500 Hz to 8000 Hz
(Figure 3], limited only by the sensitivity of the hydrophone. Thus calls
could be counted and identified quite eazily by uze of the spectragram
(Figure 4}.  Since samples were taken only when the whales were
within 1200 metres of the huydrophone, intensity of the calls in
comparizon to the boat noise was rarely an issue,

Voroality was caleulated using the following formula suggested by

John  Ford  lpersonal  communication]:  Standard  Call Ratz =

3



N ; ; . , - . ; .
{¥calls/*whalez)/ minute. Amplitude was measured at one minute

intervals ar shorter defined by slight detectabls changes in the levels.

A Standard Call Rate [(SCR) was calculated for each interval and

recorded alongside the corresponding engine amplitude lTevel,
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Kesults

The study lasied 94 days from Jduly 2 to fugust 24, 19930,
The 17 subpods of orcas, representing nine pods and totaling 77 orcas
inciuded in the study were positively identified both visually using a
photo-identification book [Bigg et ol 1987) and acoustically by
experience and comparison with a reference tape (Ford, Spong,
unpublished tapes). Encounters lasted from five minutes to two hours.
Total time of data andlyzed was 16 hours and 39 minutes. Behaviors
encounterad included resting, foraging, traveling, socializing and beach
rubbing. Due to few encounters of socializing and beach rubbing, only
traveling, foraging and resting behaviors were used.

Hehaviors were spread throughout different levels of boat
noise {(Figure 5. Mo behavior dominated at either end of the amglitude.

fill calculated SCRz were paired with their correzponding
level of boat noize and graphed in a general regression (Figure 8],
There waz no correlation between the level of boat noise and SCR
SCR=2 were dlso separated by behavior and once again graphed with the
corresponding levels of boat noise.  Neither traveling (Figure 7},
foraging (Figura 8] nor resting (Figure 9] showed any significant

correlation of SCE with beat noize levels,
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Sudden changes in the intensity of boat noise were looked at
to zee if they affected the SCR. A two-way ANOVA test, uneven
cbservations per cell, was run with SCR for high and low levels of vacdl
activity, and compared with sudden medium and high changes in boat
noise levels (n=125). These sudden changesz in boat noise did not
correlate in any way to changes in the 5CF of the whales,

Resuits for the 30 subpod were alzo studied separately for
gigns of pod specificity using both the SCR and varifince in discrete
call usage in relation to amplitude of boat naise. They were the pod on
which the most data had been collected. The A30's showed no
gignificant correlations between relative amplitudes and SCR (Figure
10). The greatest differences in dizcrete call uzage (bazed on Ford
1984} acrosz levels of amplitude were shown in the M1, M2, N3 and N47

calls [Figure 11].
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Dizcussion

Thig preliminary study indicates that boat noize has no
detectable effect on the SCRs of the northern resident orcas. They do
not appear to be startled by sudden changes in boat noize nor is there
avidence that they cease vocalizing when levels of hoat noise get to a
certain level  The orcas showed all three behaviors in relative
praportions at bath low and high levels of boat noise.

The whales did not seem to avoid the boats creating the
noise and went o far as to swim under the net of a gill netter setting
very close to our beach, They were dalso observed to swim very close
to the stern of certain boats such as the MV, Zeduwr of Telegraph Cove,
a whale watching boat the whales are familiar with.

These whales seem to have adapted to the presence of boats
in the Johnstone Strait, which should not seem all that suprising since
all of the whales alive today have lived their entire lives with boats and
tne subsequent hoat noise. It is true that the number of boats has
increazed in the past ten years and there may be more subtle effects
that a larger zet of data could detect. There may also be other factors
such as type of boat which this study did not address.  But high

amplitude levels were not shown to affect the SCR.
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Looking at a specific pod, the A30's, o subpad of six orcas
that frequents the Johnstone Strait for the majority of the summer, also
turned up no evidence that high levalz of boat noise affect the SCR. Mot
encugh data were available to test a pod that uses the areq less often
than the A30s.

Frequency of usage of discrete call types in relation to boat
noize levels does show some differences from a previous study (Ford
1984). During traveling behavior, four call types [M1, N2, N3, and N4 7]
were seen in different proportions than in Ford's results. Ford's study
included three pods of whales, A1, A4, and AS, whereas this portion of
the study included only A30's, a subpod of the Al pod. The N47 call i=
used exclusively by the Al pod and not the A4's and AS5's. So the
frequency of its use would be expected to increase in this study,
which it did across oll three amplitude classes. M3 was also found in
greater proportion than would be expected in all but the middle
category of amplitude clazzes. N3 is normally used during resting and
it iz possible that rest waesz combined with or confused with slow travel
The last two callz, Ml and N2, appear out of proportion in only one
category of amplitude levels, lavel three and level two, respectively,

Looking at the call structure from o physice standpoint could discover



a reazon for this anomoly, Perhaps these calls are easier to detect at

those levels of engine noise than cther calls are. But there is algo na

evidence that an increase in those cdls replaces other, more aften

utilized call types. The small sample size iz most Hkely skswing the

results. fi much larger sample size for a specific ped at differing levels
= of boat noise would be needed to detect significant differences in

discrete call type usage.
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Conclusion
There is no evidence linking underwater noize levels to the

SCRs of the northern resident killer whalez in the Johnztone Strait,

—

There is Hmited evidence to suggest that the whales may be altering
discrete call type usage ts fit the noise environment in which they are
communicating. This aspect deserves further research. In both cases,
they seem to have adapted to the presence of incregsed boat noise in
their environment.

The simplest anzwer to the whales epparent lack of reaction
to engine noise is that their auditory range extends beyond what boats
put out into the water which is usually contained below S000Hz. Call
frequancies of the orcas range well beyond 10000Hz. Their calls are
mast likely transmitting without interference above those levels that

could be acoustically masked or altered by the boat noise,
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Figure 1. Map of study area. Johnstone Straits, British Columbia,
Conada. The x [126%43'L) S0°31.5M) marks the hydrophone
location and the triengle shows the distribution range of whales
during the recording.
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Figure 2. Frequency spectragram of the engine noize of a purse
seiner in the Johnstone Strait at 2109 hours, Rugust 24, 1990,
The sample was taken in the gresence of the resting D pod but
in the abzence of whale vocalizations, Relative amplitude of
engine noise ig 3.0V,
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Figure 3. Frequency speactragram of a discrete call (M4} produced
by B30 subpod during foraging behavior taken at 1649 hours on
July 19, 1990, Amplitude of underwater noize levels iz 0.05V
{rio boat noise],
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Figure 4, Frequency spectragram of a discrete call [N4] produced
by traveling ft pod in the presence of engine noise caused by a
variety of purse seiners and whale watching vessels. Sample

was recorded at 1141 hours on ARugust 20, 1990,
amplitude of engine noige is 3.0V,
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Figure 5. Frequency histogram relating occurrences of observed
behavicrs separated by the amplitude catagories in which they
occured (n=56),
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Figure 7. Travel Regrassion. Standard Call Rate {number of discrete
calls/whale over time [0.5-1.0 minutez)] versus the relative
amplitude [volts] of underwater noise levels during traveling
benavior [n=250). The regression includes whales from the
following pods: Al, fi4, A9, B, C, D, G1, H, 12, Bi,
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Figure 8. Forage Regression. Standard Call Rate [number of
discrete calls/whale over time [0.5-1.0 minutes]] versus the
relative amplitude [volts} of underwater nolze levels during
foraging behavior [(n=63]. The regression includes whales from
the following pods: AL, A5, C, D,
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Figure 9. Rest Regression. Standard Call Rate [number of discrete
calls/whale aver a short period of time [0.5-1.0 minutes)]
versus the relative amplitude [voltz] of underwater noize levels
during rest behaviar {n=150L. The regression includes whales
from the following pods: AL, A5, C, D, G1.
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Figure 10,  Travel Regression-A30's. Standard Call Rate [number of
dizcrete calls/whale over o short period of time [0.5-1.0
minutes]}] versus the relative amplitude [volts] of underwater
noize levels during traveling behavior (n=35). The regreszion
inchudes anly the A30 subpod during travel behavior
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Figure 11.  Frequency histogram of discrete call types produced by
thz A30 subpod during travel behavior acrozs differing levels of
engine noise [n=272],
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