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Abstiaer— D spring, barhor seals Phoca vitadteg
Teed at might under two hridges spanming the Puntledpe
River in Counenny, Dritish Colunbia, Canada, Posi-
piomsed parallel o one another, ventzal side up, the seals
farm o leeding line across the nver o milercept thev-
ng salmonid smolis. During a 4-
week ohservalion period in the spang of 1996, we
tempted to disropl the seals” feeding patierns by (a) e
plisving a mechanieal feeding basrier jcork finel, (bj al
tering the Lighting conditions thights on a bridge were
wrmed of 3, and {ed installing an scoustic passmend
deviee, We Tound eoustic harassment o be the mast
effective leading deterrent. OF the ather twe deterrents,
prming ol the bridge lahis was more cflechve thim
dieplorying oeark Hine, which bad Linle effeel. Acoustiv
Baaras e nd dlevices appear te e the most ffeerive, non
lethal weans Tor prateeting juvenile salmonids From i
e seal presdation in portions of the Puntledge River

Nutural predators thal prey upon both out-m-
grating and returning anadromous fish can dein-
mentally affect the survival of depressed fish pop-
ulations {Bigg et al. 1990: Fraker 1994; Olesiuk
et al. 1995). In the northeast Pacific, seals and sea
lions are commonly observed feeding on relurning
adult Pacific salmon hcerfivechus spp. in ivers
and estoarics during summer and fall (Spalding
1964 Olesiuk et nl. 1990). Seals also intercept out-
migrating smolts in spring and early summer (Ole-
sink et al, 1995), Ameng the beter-studied seal-
sulmon internctions are those in the Puntledge Riv-
er on Vancouver [sland, British Columbia (Bigg
eral, 1000 Ofesiuk eral, T995; Trites el al. |99,
Figure 1)

Harhor seuls Phoca witaling in the Puntledge
River regularly position themselves side by side,
ventral side up, in the upstream shadow of 1wo
bridges near the light—shadow boundary. The seals

* Corresponilding author, yurk B roulogy ubc.ca
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swim against the river carrent and hold theie po.
sition in the water. Minimal mevements of their
hind flippers cause no apparent disturbance 1o the
surface waters. This feeding stratepy allows the
seals 1o form an almaost continuons barrier 5o they
can intercept smolts that drill downstream near the
surface. Apparenily. the seals are assisted in thew
feeding efforts by the bridge lights that illuminate
the water surface,

One way to enhance the survival of salmonids
is Lo digrupl the feeding patierns of their predators.
Techniques vary, but include making the smolis
foul-tasting, creating a mechanical barrier that pre-
venls seals [Fom entering estuaries or river sys
tems, and installing optic or acoustic hurassinend
devices (AHDY 1o hinder the seals fram feeding in
particular areas (Gearin et al. 1986; Mate and Har-
vey |987; Pleifer 1989}

The AHDs ure gencrally considered 1o be ef-
feetive in delerning seals and sea lions [rom prey
ing on fish in certain areas. The widespread use of
these devices by aquaculture operators, who use
them to deter seals and sea lions from entering net:
pens, itiests o this claim. The AHDz have also
deterred a large number of Calilornia sea lions
Potophus celiforntans {rom preying on relurming
winter steelhead Oneorhynehns mykivs in the Chit-
tenden Locks, Seattle, Washington {(Fox ¢l al.
9961 However, ol aguaculture sites amnd at the
Chittenden Locks, somne pinnipeds appear to be-
come aeclimated to AT sounds and may have 1o
be physically removed [Fox e al, 1996,

The goul of our study was to disrupt the leeding
patterns of harbor seals feeding on smolts in the
Puntledge River, During an observation peniod in
April and May 1996, we evaluated three methods:
installation of a mechanical feeding bamrier, alter
atian of artificial light on the river. and deployment
of an AHD.
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Puntledpge Eiver, Canvtenay, British Colombi

Study Site and Background

The Puntledae River (ows out of the north eodd

ol Comox Lake and continues throogh the ity of

Courtenay until il reaches Comaex Harbor and the
Strait of Georgla (Figure 1), Chinook salmon €
tshawytscha, pink salmon O cobin
sulmnon €0 Liepeted, and steclhead are raised ol the

gerebesef,

Puntledge River Hatchery and relurn o spawn in
the Pontledge River system, The Puntledpe River
was historically one of the lrgest privclocers of
chinook salmon in British Columbia, However, by
[ars, only 208 chinook salmon refurned o spasn
[Trites o al, 19946},

Salmon smalts migrate oot of the Puntledgs Riv-
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er from March 1o May (C. Begas, Puntledge River
Hatchery, personad communication}, Bach year
the migration period heging with pink salmon
smolts in March and April, fallowed by smolis of
chim salmon (2, bete during Apeil and the Grst hall
ol Muay, These ave followed by coho salmon smolts
al the begiming of May and chinook salmon
smolts during the second hall of May. The out-
migraling smolis are of both wild and haichery
arigin. The hatchery annually releases 3,000,000

6,000,000 chum salmon, 150,000 300,000 coho
salmon, and arcund 1,000,000 pink salmon, How-
ever, in the year of our study (19963, pink salmon
sty were released divectly inle the estuary.,
thereby reducing the number ol smalls inthe river,

Approximately 200 harbor seals (increasing 1o
TOO during the Fally baul oot on log boommns in the
estinry of the Puntledge River year round (Bigg
cioal. 19490 Jurk et al. 1997 Figure 1), A congid-
erally smaller number of harbor seals enter the
rver 10 feed on salmon smolis during the spring
(Olesivk er al. 1993). Vispal scans of the river
show that the seals feed in two primary areas: un-
der the upper bridge (5th Street) and under the
lower bridge (17th Steeet; Figure 1),

Seals entered e river at around dusk, he ma-
pority arvived later in the evening when o clearly
delined light-shadow boundary formed wnder the
two bridges (Olesiuk ee al. 1995, Hlumipation of
thie water al the upper bridge was produced by 14
lights hanging over the ceoter line of the bridge
above the roadway (Figore 1). Depending on the
height of the river, which was tdally influenced,
the lights produced a relatively distiner, demght
light-shadow ling on the water surlace 812 m
baoth upstream and downsiream of the upper bridge
(Higure 1y The lower bridge did not have aorow
al center lights and, therefore, did not ave o sim-
ilae Hpght—-shadow boundary.

Methods

We tested three methods of seal delerrence to
determine whether any prevented the scals from
feeding at the upper bridge, their primary feeding
sites. The first (reatment a1 the upper bridge in-
volved the temporary installaton ol & mechanical
Feedimg barrier, We strong o 60-morope That had
corl Moats spaced | omoaparl across the river he-
nedth the bridge, Though we tried Lo place he rope
along the shadow line, chianges in tidal movements
and river currents ollen caused 1t o move o few
meters downostream (Figure 1) Therefore, we had
1o adjust the cork libe several times during the
cxpenment. For the second ireatment, we extin-

YURK AND TRITES

euwished all of the vpper bridee lights for Tour
mights (Figure 1) For the third treatoent, we used
P cilferent AHDs: (1) the “'Seal-Scaten,” pro-
dhnced by Adrmar Technology [Mew Hampshiee),
which was used in seven of the cight cxperiments,
and (2) the “ME3 Seal Scrammer,” produced by
Ferranti Thompson, Lid, (Dorser. UK, which was
only used once as we did nol recerve im lime o
conduct a thorough test of ils effectiveness,

The Airmar Seal-Scarer device consisted of a
contral unil and four sound projectors thal were
cach allached by 30 m of cable, The AHI} was
comfigured to produce broadband  signals thn
patched ar 27 Kz amd hadd 3 maximum source n-
tensity ol 0 KM 199 decihils dB ] referenced
e | Pad% oue 1o Teom the sownd source), The four
sound projectors or ransdueers were suspended 40
cm below the water surface by ropes attached 1o
floats. Attached to the bollom of ¢ach projecior
was a lead weight 1o ensore that the projectors
renaned upnight and steady in the river currenl
The Airmar device was sel 1o reach full intensity
1 min after being turned on, 11 ihen continuously
alternated a 2-5 sound borst throngh cach of e
transducers. The MES “Seal Serammer”” consisted
ol acomtrol unil with one hydiephaone-like tans-
ducer, It produced sounds anging [rom 10 o @i
kHz and had o peak intensity al 27 kHz (195 dB ).

The experitments were conducted by 1wo ob-
seervers in one 4-d period (two cork line ireatmenis
and two control nontreatmenis) amd two 10-d pe
rieds {Lights out, scouslic harassment, and control)
dunng the mghts of 22-26 Apnl, 3 April-10
May. and 15-25 May 199, We chosg (s suody
design alter considering peak migration pegiods ol
srolls and the Hme that absersvers weee available,
Orbservations started each night at 2000 oors and
ctaded at D300 hours, for o il of 161 B of ob
secvation over 23, Treatment fexperiment) and
noattrestment (control) nights were vandomly se-
lected throughout the observation period. The
number of treatments donng cach observation pe-
s could nol be kepl constant becanse of a few
mights of extreme ramy weather; bridge lights
could not be turmed ofT becanse of public salety
comeerns, [noall, two experiments involved the me-
chanical feeding barvier {cock line), four experi-
ments involved decreased illnmination. and eighi
cxperiments involved an AHDL The total number
of nontrealment (control) nights was nine.

The observers counted harbor seals every 30
min from the upper bridge decks with a red-fil
teced, 10F-camdlepower spotlight to illuminate the
nver Observors also counted seals al the lower
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Freiome: 2 —Average number of seals present a1 the upper bridge on the Puntledpe River. Countenay, British
Codpmbia, during count sesstons on seven control nights and seven experimental nights when the Airmar acousic
harssmen! device was deployed, Mote that the Alrmar devies was tormed aff gl U238 hoors each experimental

night.

bridge to determine whether the deterrents forced
the animals o relocate. The muxinmim number of
nbservations per night was 13 (Figure 2) at the
upper bridge and 12 at the Jower bridge. The seals
wire repeatedly counted by the 1w ohservers o
a S-min penod; the highest number was relained
a4 the best estimate of the number of aninils pre-
sent (counts by the Iwo observers rarely differed).
This procedure reduced the probabalicy ol wnder-
estimating the number of seals present.

We used o two-sample Hlest o compare the
mean number of seals present when the AHD de-
vice was deployed with the mean number present
when no deterrent was used. The averase sumber
of geals present wias caloulited Tor each night of
abservation and treated as o single observution,
Means of the nightly average number of seals were
then calculafed and compared for seven control
nights and seven experimental nights.

Results and Disenssion

O e control mights, when ne deterrences were
used, an average of 3 seals (range. 1-26) fod
the upper hridge. In contrast, we observed only |
seal on average at the lower bridge (range, 0-8).
Duiing their nighthy feeding routing, most seals
appeared al the upper bridge 10O~ 1.5 b after night-
fall (berween 2030 and 22:30 howrs: Figure 23, and
the majorily appeared 1o stay until 0300 hours, The
mean number of seals at the upper bridae rose from
one ot 2000 hours o nine a8t 2300 hours, dropping
o an average of Ove by 0300 hoors {Tiguee 2.

Scals staried 1o appear downnver (rom the lower
bridge carlier in the evening than i the upper
bridge, bul did not stay there long.

The presence of seals near the beidges did mot
alwuys mean they were feeding. For example, a
Lack of head movement and absence of fish in the
waler column indicated thin no Ffeeding ook place
an the pight of 23 April and that only sporadic
feeding oecurred on the night of 22 April, Feeding
behavior also changed over the course of the study,
From 24 April 169 May, the seals stationed them-
selves al the water surface near the upstream shad-
owe line and, with their venlral sides up, “pulped ™
the salmon fry (manly chiom sahmon) that drifted
downsiream, After 15 May, the animals stayed fur-
ther back in the bridge's shadow and more actively
parsued their prey (mainly cobio salmon sinolish

Olezink et al. (1995) estimated that barbor seals
conzumed an average of 140,000 chum salmon fry
acsd 13,000 coho salmon smelts per night in 1994,
W dad non remeasure the feeding rates because
wo were concerned that illuminating the animals
with a red spotlight for long stretches ol lime might
alTect their behavior and confonnd our expenment.
In contrast to Olesink el al. (1995), we observed
a behavioral response 1o the red light: the seals
eften moved away and seemed sensitive near the
light-shadow line of the spotlight, Our procedure
of continuous counts during o 5-min period paid
special attention (o the possibility of animals
avoiding the spotlight,

Ticlal heights and Treshwater fow inluenced
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Lxperiments: K = Corkling; L = Lights out; A = AHD
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leeding aetivities at the upper bridge, During cx
treime low Lides, the water depth was below 1.5 m,
Our observations Tound that 1he seals did nol al-
rermpt o Peed wntil the fide raised the river ooal-
rosl 2om, Tidul beights were estimated by com
parving hydrographic charts of the river with tidal
hetghts published in eegional lide tables, However,
our eslimates neilther ook inle aceount the amount
of rumel! from the lake nor the effects of varable
rainfall. During the first 2 weeks of observations
i 1996, vainfall exceeded the anneal average and
catsed the Puntledze River to Aow faster anid at a
higher level than normal. This seemed 10 affect
feeding; we did no observe seals feading onnights
ol exireme rainlall,

Spot checks along the river away [rom the bridg-
cs revealed a owmber of seals leeding in areas
illumminared by other lighl soorees. Tor example,
wer observed s many as seven seals feeding inoa
streteh of river that was lie by halogen lights from

a hallpark at Lewis Park (upstream ol uppe
frenclpe ). Tnoaddition, halopen lHphes gsed by oosoe-
mill {helow (he Tower bridge) illuminated another
ared Treguented by Teeding seals,

Freatment 1: Cord Line

Al the npper bridge, we deployed the cork line
on dwo nights for an average of 3 h each nigh
(Fagure 3 Within | hoof sefting the cork fine on
the Tivsl naght, the momber of seals Teeding o the
loweer bridge imcreased from one 1o four. As the
night progressed, the nwmber of seals al the lower
bradge steadily dropped and more seals began ap-
pearing next o the cork line al the upper bridge.
Oncthe following night, we deployed and retrieved
the cork line teace. The animals were nad al eithar
bridpe during the first deployment and did o
seem 1o be disturbed by the second deploviment.
A dropon the number of seals toward the end of
the second deployment suggested o mild response


http:r.-.ini'-.ll

NOTES

Toamie 1o Wumber of barbor seals connted of the upper
bexlee on 7 contral mights e 7 nighes when the acoustic
harasment device CANDY was deploved. The mcans (ian-
dard devistioma) tor the controd and AHD pishis weee 7.57
(2500 and U560 (0240, nespeatively,
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to the deterrent, However, the seals that remained
appeared o engage in some form of play with the
cork line. We concluded that though the cork line
had a shori-term initial effect on the seals, the
animals were quick to habiluaie to il, We did no
attempt any further trials with the cork line after
these two nights of testing,

Trearment 20 Livhes Gui

Fewer seals were ohserved feeding the first nighi
we tarmed ofT the lights ot the upper bridge com-
pared with adjacent control nights when the lighis
were left on (Higure 33, However. on suh.-mquum
experimental nipghts, we noted o propressive in-
erease 10 the number of seals feeding in the resid-
ual light {closed circles in Figure 3: F,, = 17.5.
7= D.05). By the end of four experimental nights,
nunbers appeared w reach and even exceed Hose
observed during comparable control nights (Figure
31 Although we do not know whether the reduced
light affected their feeding efficiency, the results
ol this experiment suggest that the seals learned
o compensate for the reduced lighting by making
effective wse of the residual city lighting, There-
Fore, we coneluded that, though the “lights-out™
treatment was initially effective as a deterrent, the
seals eventually habituated 1o the lighting change.

Treatment 30 Avoustical Detevrence

Srgnificantly Fewer seals Ted al the upper bridge
o the seven nights we deploved the Airmar device
compared with seven control nights when no de-
terrent was used (f; = 4.60, P = (.001; Figures
2, 3: Table 1), A mean of 0.4 animals was present
during the aconstical tests (range. 01 ) compared
with a mean of 8 animals oo control nights {range,
0-263. On most experimental nights, ne seals fed
within a 50-m radius of the bridge.

The first two nights we deploved the Airmar
thevice at the upper bridge, signiticantly more seals
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appeared al the lower bridge than were previously
counted on cootrol nights and during the lighs-
oul  experiment. On subsequent experimental
nights, the numbers dropped steadily at the lower
briclge until oo seals were observed fecding there,
We presume this drop in numbers e the lower
bridge refected poor feeding conditions at this lo-
calion.

Conclusions

O resulls show that AHDs were the mest of
lettive of ihe theee methods tested 1o deter seals
Trom feeding on salmon smolts in the Puntledge
River. Extinguishing the bridee lights was the sec-
ond most effective deterrent. followed by the cork
Tine, which had liele, i any, effect. The upper
bridge appeared 10 be the preferred (eeding sig
for the harbor seals, as lighting and river topog-
eaphy at this bridge are probably ideal for optimal
Toraging success. Giiven that it 15 doubtiul thar all
incamdescent Tight sources around (his bridge can
be extinguished, aeoustic deterrence could he used
b conteal predation during the months of Apnl
anad May,

The AHDs are effective within a limited range,
but cannot prevent seals from entering the river or
from moving o feeding in other areas of the river.
The seals only have o swim with their heads oul
of the water to avoid the underwaler noise. By
installing AHDs a the Chittenden Locks in Seatile,
Washington, the number of sea lions feeding on
returning stecthend decreased over the course of
2 wears (Pox et al. 1996), Similarly, AHDs could
b elfective for deterring seals in the Puniledge
River and other salmon-producing sticans umil
beller measures 1o protect salmonids are imple-
mented. However, acoustic deterrence can proba-
Bly only be used as o temporary predation-control
mechanism becavse pinnipeds have nstrong ahilily
e learn and adapt (o sounds (Fraker 1994y For
example, changes in the abundance and availabil-
ity of prey may lead to motivational changes in
pinniped behavioe (from avoiding AHDs 1o ig-
noring them), Therelore, the aflectiveness of the
AHDs in the Puntledge River should be tested
again during spring out-migrations and, possibly,
during fall retarns. Hopefully, the Department of
Fisheries and Oceans, which is responzible for pro
tecting silmon and seals in Canada, will undertake
the necessary sleps 1o continue wsting e elfec-
tiveness of AHDs.
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