Marbled Murrelet mortality due to

gill-net fishing in Barkley Sound,
British Columbia

1. Abstract

Alcid mortality due to nearshore commercin tishing
has beett seldom examined. Little information is availible
on how itoceurs and what effects it has on local populations,
During stucties of a hreeding population of Marbled Muyre.
lers (Brachyramphus marmoratis) in 1979 and 1980, in Barkley
Sound, British Columbia, we obtained intormation on it
ly Marhled Murrelet mortadity due to g Jocal, sockeve salinon
(Oncorhynehus nerka) based, gill-net fishery, The fishing
seasorscoincided with the murrelets’ nestling period and
vegular high-density aggregrations of fishing Doats andd
feeding murrelers overtapped. Most mortaliny oceurred i
hight in the southern partof Trevor Channel. This mortal-
ity s significant because 7.8% of the fall popuation size is
Killed anmually, Mortality has pre bhabilv happened onls
recently, however, due to changes in fishing boundries.
Mortality could he effectively elintinated by excluding will-
net fishing from a stall area where foraging Marbled
Murrelets aggregate or by allowing “davlight” Bishing only
i this are.

2, Résumé

La mortalite des alcideés due  ka peche commeraiale
pres des cotes a rarement éé étudice, On dispose de pet
d'informations sur fa fagon dont elle survient ot sur ses
répercussions sur les populations locides. Au cours o etades
réalisées sut une populition naheuse o' Alques marbrées
(Brachyramphus marmoratin) en 1979 et en 1980, 4 Barkles
Sound eti Colombie Britannique, les anteurs ont recueilli
des données sur la mortalité des alques résultant principale-
iment de la péche locale du saumon sockeve (Oncorbynchus
nerkay au filet. La saison de péche coincidait avee fa periode
de niditication des alques et régulierement, de grandes
guantités de bateaux de péche verient empiéter sur le
territoire ol se nourrissent ces especees. La plupart des déces
survenaiertt la nuit dans la partie sud du canal Trevor. Ce
taux e mortalité est appréciable, car 7.8 %% e L population
d'automne est tuée chagque année, Toutefois, ces cs sont

yrobablement récents, et seraient dus aux moditications des
limites des zones de péche. La mortalite dans les filets
pourraient étre éliminée en interdisant lu péche aux fflets
dans les petites zones ot des groupes CAlques marbrees
viennent s'alimenter ou en n'autorisiang dans cette région

que fa péche pendant le jour.

' Present address: Point l{{%y-r‘:ﬂ Bird Observatory, 14990 Shareline Mighway,
Stinson Beach, GA, USA 94070

by Harry R, Carter' and Spencer G, Sealy
Department of Zoology, University of Masiitoba,
Winnipeg, Man., Canada R3T 2 N2 -

3. Introduction

3

Much concern has recenuds developed over the
adverse effecs that commier cial Histung activities bune on
iarine bird commumnities (Straty i Haight 197, Con-
siderable attention has been direced towards e incidenital
oty of seabirds in oftshore sabinon gill-nes tishie ies
(Ringg e al 1979, Ninlev o al., 1981, Ot Coreenlad, Loy ge
iumbers of murres (Cna sppo were netted over severl
vears (Follefal, 1072 Chridensen and Lear 197 D1 his,
mortaliee seemed o exceerd the teproductive Ay ot the
hreeding popudation and fed 1o the dosie of the fishicrs
someares (Salomonsen 1979, Gill-ivet tishing i nearshon ¢
waters appeared to Kl fewer seabirds and to be fess

signtticant. Large tolls, however, have been intlicted near

lerge nesting celonies (King ef ol 1979 Piat e« 1hns
volume). | .
SEUIE [raper. se repart fe atortabiey of ol ey,
primaris Marbled Muarrelets (4 Ivvampdivs mermopatie),
tron g nearshore gill-net fishery in Barkles Sonnd. V..
couver Island, Brinsh Coliunbua, By examining deaed alcids
and the abundance and distribution of alcids and of widl- e
boats, we dliscover Factors that cause martelets 1o b onie
tngled in @il nets. We Ganthen estimase the inmpac of
gitl-net mortality on the Barkley Sound b eeching poputa-
ton. This focalized mortadite poins to ditteren es bets een
nearshore and oftshore net moratios . These difterend es -
heed to be considered when determining the signiticance ol
thus mcttality, A

4. '- Methods

Aloid mortadity was determined during a suds of -

Marbled Murrelet toraging ecology that was conduncted

from Mav through September (8979 and June 1o Onrober
(19803 1n Barkles Sound, British Columbia (Fig D). Al dead
alcids, found floating or received (rom a Fisheries and
Oceans Canada patrol boat, were mlt;lgml. [ 1ONG,
request for birds incidentally kifled by commercial trolling,
purse-seining. and gill-net tishing wais posted an 7 June e
three tish-delivery and packing phnts i Bamfield. Fisher
workers were asked to record, for each bird caprured, 1he
date, locittion, timne of day, tvpe of hishing gear used. and
depth of capture. it known. Supplementary imformation on
numbers and spedes of birds killed was obtained throsgh
casual discussions with bishermen and fishery officers. Al
specimens were depostted in the University of Manitoh
Zoology Museum. -
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The abundance and distribution of alcids and gill-net 5.  Resuits

boats were examined where aggregations of each over- o o
lapped in Trevor Channel (Fig. 1). In 1980, 37 censuses of 5.1, Aspects of alcid gill-net mortality in Barkley Sound
Aeids and boats were conducted on a 24-km* grid (later |
separated into 12 subareas) which we refer to as South
Trevor Channel (Fig. 1). Gensuses were made at four times
of dav (05:00, "dawn”; 10:00, “morning”; 15:00, “atter-
noon”: and 20:00, “dusk”) and each census took 2-2.5 h,
‘Censuses were conducted from a pneumatic boat with one
observer between 16 June and 6 July. The numbers of all
alcids were recorded but flying birds were not included in
Qe caleulation of bird densities. Gill-net boats were censused
in 18 of the 37 censuses, during fishery openings, Boats
were noted as “fishing™ (if nets were set or being manip-
dlited) or “not fishing.” Visibility was adequate to record
totad numbers of boats for two adjacent areas in South
FPrevor Channel in 15 of 18 boat censuses. |

Forty-four alcid carcasses were obtained during the
fishing season in the two summers (12 in 1979 and 32 in
1980). Twenty-four carcasses were provided by five fisher-
men (1980), nine were received from a fisheries patrol boat,
and 11 were found dead on the water. Thirty-three birds
had been killed in gill nets. Six floating carcasses were fresh,
had torn neck feathers and salmon scales on feathers, and
resembled birds known to have been killed in gill nets. Five
other floating carcasses were excluded because they were
somewhat decomposed and appeared to have died from
other causes. All birds were obtained between H June and
17 July. Birds were killed in multifilament nylon nets that
were 135-375 m in length, less than 10 min depth, with

Figure }

L acartons in Barkley Sound, Beaish Columbia, that were tised by fishing
hots and Marbled Murrelets: and the location of South Trevor Channel
w Hoere boats aned ot rolets were {'l‘!l‘ill'il‘ll In Hllnll}l'l'l_"l'l "illl]dl'l'ilﬁ
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n}esh sizes of 10~13 cin (see Pacific Commiercial Salmon
Fishery Regulations and BC Fishery (General) Regulations
made under the 1978 Fisheries Act for other gill-net |
specifications).

'The Marbled Murrelet was the most frequently
killed alcid (n = 28), but Common Murres (U ria artlys)

(n = IU) ;md Rhinmems Aukk‘tﬁ (Cerorhuncea muunn:m(rﬂ

(n= 1) were also killed, Most (93% ) Marbled Murrelets wWere
breeding (based on the presence of a brosd pateh) bug one
non-breeding and one hatching-vear (HY) bird were ulso
kitled. One non-breeding Rhinoceros Auklet. and four
breeding and six non-breeding Common Murres were
killed. "There were no obvious differences in the numbers
of each sex in the sample of birds obtained,

Most birds were killed ot} Cape Beale and the Trevor
Channel sill area, at the southern end of South Frevor
Channel (Figs. 1, 2). More Marbled Murrelets were killed in
Figure 2
Aspects of aleid gill-ner mortality in Barkley Sound. Cape Beale and Nort),
Frevor areasare shown in Figare Sand Trevor Silband Sateltite Passage
arcas are shown in Figuse 1 Dark bars vefer to Marbled Murrelets, open
bars to Comman Muorres, and the s riped bar to Rhinoceros Nakdets
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the sill area, whereas more Common Murres were killed of
Cape Beale. Marbled Murrelets were killed atmost ex-
clusively at night: however, Gommon Murres were kibled at
night and during the day (Fig. 2. Mot birds were killed
within 2 m of the surface. A few were takein decper. gt a
maxmnum of 8.5 m (Fig. 2). | -

Asonly a tew fishermen provided birds, these data
may be based with regard 10 Bishing tme aned location,
“'lm‘l'.\fl'l'. the patterns were conhirmed through casual
tiscussions with fishermen, induding fishermen who lound
birels dead in their nests bur did not keep thes. M -
tishermen did not provide dead bisds because they were
suspicious or did not want to make Libels. |

.. "l " . J _ | . . ' . 1 .
D Aladabundance and distribution in Seuth Trevor
Channel |

During the count period, the Marbled Murrelet wis
the most abundant alad in South ' resor Channel and
averaged 260,84 T8RS irds census (Fig. 3). Pigeon Guille-
tots (Cepphos coltcn o, Common Munes, and Rimoceros
Auklets averaged 1.6 5.8 1.5 2 2.9 and 0.5+ 0.0 birds
census, respectively, Theretore, murrelets were found in
the highest mean densities (HL.26+ 195 hirdvkim=*) tollowed
by Pigeon Guillemots (01940025 Commen Murres
(€106 = 0.1 and Rhimocetos Auklets t.02 ~ 0.0.4),

Marbled Murrelets were unevenhy distributed in
South Trevor Channel: densities were higher in subareas
along the shores, particularly of the Deer Group slands,
andd lower i mid chummnel exceptin subarea 3. which had
moderate densites (Fie, b Verv lew mmarelets occurred
horth of the count area in Trevor Chanmel an this time
(Carter and Sealy, pers. obso. Pigeon Guillemons were dbso
unevenhy distributed and tound in subaveas along the shove,
white Common Murres and Rhinoceros Auklets were found:
more randomly but o the seaward lalt of South Trevor
Clhinnel (Fig. . | |

O average, Marbled Muarrelens were more abun-
dant during dasw i and morming censuses (b band 139

e —————
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birds/km?, respectively) hecoming less abundant in atter-
noon (1 1.0 birds/kin®) and dusk (7.7 birds/km?). Murrelets
were cumped throughout the day particularly in subareas
~ Qanrl 3 (Fig. 1), Smaller numbers remained in all areas
* throughout the day. Pigeon Guillemots were more abu-
dant during morning and afternoon censuses (0.24 anc
(.39 birds/kim®, respectively) and were clumped in subareas
9 410, and 11 at these times. Common Murres and |
Rhinoceros Auklets were too uncommon to identfy any
divrnal patterns (Fig. 4). |

Marbled Murrelets regulanly formed large gather-
ings in South Trevor Channel from late Mav to carly
August in 1979 and 1930, presumably m response to it
localized Tood resource (Garter and Sealy 1980), The nest-
ing location of these murrelets, however, was not de-
ermined. They probably nest solitarily along heavily for-
esteed coiists and adjacent infand areas of Barkley Sound
(Sealy and Carter, in press), Non-breeding murrelets also
ocenr in the aggregation (horne out by collecting: also see
Sealv 1971, 1975). A few small colonies of othev alcids near
South Trevor Channel are probable sources of breeding
birels observed during counts. Seabird Rocks supports | 50)

nesting pairs of Rhinoceros Auklets and HO pairs of Pigeon
Guillemots: a few scattered pairs of Pigeon Guillemots also
nest in the Deer and Broken Grouyps islands (Guiguet 1971,
Hatler ef al. 1978). The nearest Common Murre colony is at
Tatoosh Island, Washington, where 100 pairs nest (Walil

of al. 1981). Based on the numbenr of birds present at sea, the
Marbled Murrelet is the most abundant breeding seabird in
Barkley Sound (Guiguet 197 1; Hatler ¢/ al. 1978; Sealy and
Carter, in press),

5.9. The gill-net fishing season in Barkley Sound

" The fishing season in Barkley Sound (stat istical area
94 defined in Pacitic Commetcial Salnon Fishery Regula-
tions; see map in British Columbia Commercial Fishitg
Guide [1981:79]) is presently regulated ihrough four
phases: (1) February to May: (2) carly June: (3) late June to
late July; and (4) short openings in fall (Fig. 5). Gill-net
fishing is permitted in phase 1, but litde fishing occurs due
(0 mesh-size restrictions. Starting in phase 2, an influx ot

* hoats occurs (in 1979, 62 gill-net boats were present a
u

opening). By phase 3, the peak influx of boats occurs (in

Figure 4

Meauns denstties of j{i“-url Lienils, T\Lll‘[llt;ti Murrelets, and thiee other aleid
sprecies i cich subarer show in Figure D in South Trevor hannel
dnelicared by Greded namberss and tor each time of day (coded as diwn;
2 notiing 3 atternocon: and bdask, Call-net boat bars mdhicate tean
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1979, 215 gill-net boats; 1975-79, 207 boats iaverage). At
the end of phase 3, gill-net fishing is shifted into Albern;
Inlet, to control the harvest of salmon from specific spawn.
ing rivers, Barkley Sound proper is closed 1 gill-net lishing
from late July to February, except for occasional shor
openings that may occur in phase 4,

54, Abundance and distribution of gill-net boats in South
['revor Channel

Gill-net hoats were censusec! during phase 3 of the
fishing season: South "T'revor Channel contained an AVCFag
of 44.4 2: 23.8 boats/census: the Cape Beale and North
Trevor Channel areas contained only 98,1 2 15,1 and
15.3 2 19.9 boats/census, respectively (Fig. 6). Densities of
gill-ret boats averaged 2,00 £ 1,00 boats'kim®, in South
Trevor Channel. Densities could not be caleulated for 1he
two adjacent areas because the area censused wis not
measured. Boats may have been in higher deusitios of | Cape
Beale than in South "Frevor Channel for this area is snaller
(Fig, 6).

Gaill-net boats were almost evenly distributed in South

Frevor Channel although. on average, more boats were

found near the sill (subareas 1, 5. 9) (Figg. ). The highest
mean density, however, occurred in subarea 19, adicent 1o
Bamfield fulet (2.71+ 1,88 boaskim®), Densities of boats
“hishing™ averaged 1,57 + 0,88 boats/kin®. |

In South” Trevor Channel. wmean numbers of boats
were Laitly consistent between tines of din, whereas o Capwe
Beale numbers were higher i the morning (3U.8 boty
census) and at North Frevor, higher ar dusk (298 boats
census) (b 6). Wuh all three aveas combined, wean pui-
bers were highest in morning (103.7 hoars¢ensis) il
lowestin the atternoon (56,58 bhoatscensasy, Within South

revor Chansiel, the baghest men densities (2 97 boats/hnie

occurred inthe morning (when 8197 of the boats were |
tishing and the Jowestmean densities (LGB0 Doats k™) i
the adrernoon (when 7877 of the hoats were fishimies Ay
divwnraned dusk, 699 and 765 of the bouls weie fishing.
resniectively, | |
During phase 3. gill-nes boats tended 1o fish in
Frevor Channed tparticularh South §revor Chintiel, Mosd

Figure 5
Call-net tishing boundarios by phise in Barkley Souandm 1970 800 \peas
open to fishing are stripedd
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FISHING
PHASE 3

Late June-~
Late July

i
FISHING |
PHASE 2 |
!

Early June

surfline
boundary

FISHING
PHASE 4

216



‘of Imperial Eagle Channel, which was open to fishing, was
not used. Regulations restricted fishing to usually 34 days
and nights a week and this probably accounted for the
regular presence of large numbers of boats throughout the
- permitted days. Gill-net boats were small (about 10 min
length) and each boat set out one netin a straight line (often
perpendicular to shore) for varying periods of time. This
allowed for high densities of boats. Boats were spaced apatt
to prevent interference and were thus evenly distributed in
South Trevor Channel. Generally, fishermen delivered fish
once a day and often moved to Bamfield to dock, if they
were not fishing at night. These movements accounted for
the number of boats not {ishing during counts. Fewer boats
fished at night, judging by the number ot lights that were
visible from Bamtield. | |

6. . Discussion
6.1, Tangling of Marbled Murrelets in gili nets

Alcids are highly susceptible to being killed in gill
nets because they dive to obtain tood (Ainley ef al. 198 1.
“The number of birds that are killed is related to the
number, density, and variabtlity of nets anel birds where
they co-occur. However, the relationship between bird-net
“encounters. and birds diving and becoming tangled in
nets is obscure and may involve feeding and/or escape
~ behaviour.

6.1.1. Co-vccrrrence of murvetets and gill nets — Large mean
“numbers of Marbled Murrelets and gill-net boats were
present in Barkley Sound during phase 3 of the fisling
season (Fig. 7). The clumped dispersion patterns of mur-
relets and boats promoted murrelet mortality where high-

Mlﬂ
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density aggregations overlapped in South Trevor Channel.
Other alcids which occurred in lower densities were caught
less often. If fishing occurred later in the summer or more
intensively in phase 4 (Fig. 5), fewer birds would have been
killed because murrelets were distributed in small and
widely scattered flocks while moulting (Fig. 7).

Murrelets werc present in high densities throughout
the day (and probably at night) whereas gill-net boats were
present in high densities only during openings, The alterna-
tion of closings and openings may have reduced the numn-
bers of birds killed but probably intensified fishing ettort,
and thus boat densities, during each opening.

6.1.9. Attraction of murrelets to gill nets — Murrelets were
-~ often observed in small flocks landing near or sitting beside

nets during the day. Birds may have been attracted to nets
to feed on small schooling tish that collected at the net
interface (e.g. herring [Clupea spp.), Parrish 1969). Birds
were observed “surface seizing” and diving, probably to
obtain fish near nets. M. E. “Pete” Isleth (in fut.) also beheved
that the presence of small fish attracted Marbled Murrelets
to nets in Prince William Sound, Alaska. He recorded
murrelets “usually in-singles or pairs swinuning along nets
anct diving, often surfacing on one side and then the other.”
Birds may recognize nets by the styrofoam floats that line
their tops (Melville 1973). Most murrelets, however, were

‘not observed near nets in the day. Birds may have been

opportunistic and attracted to nets from a short distance or
some avoidance may have occurred. Thus, during the day.
fewer murrelets may have encountered nets than might be
expected at random from observed densities.

6.1.3. Night mortality and murrelet distribution — All murrelets
that were killed in gill nets at night (Fig. 2) were breeding.

" Based on brood-patch scores (Sealy 1974), birds were either

incubating or teeding nestlings. A few birds had food in
their stomachs, indicating that at least some birds were
feeding themselves at night. As most murrelets were killed
near the top of nets, birds may have been foraging near the
surface. Isleib (in litt.) also noted that murrelets were caught
within $=5 m of the surface. Simons (1980) suggesteel,
however, that murrelets may make many nocturnal,

M
Figure 7

Breeding phenology of the Marbled Minreletin relation to the gill-net
(ishing season in Barkley Sound, 1170-80. Phedology desigrations, i
part, follow Sealy (1974): CP, census period; F, lishing scason phase: PA.
presence of adukts, PL. presence of large numbers of murrelets in South
Trevor Channel: 1P, incubation period: NP, nestling period; HY, fledged
youny at sea; WM, wing moult perjod: and .. . ., extremes unkhown
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Tation.

nestling-feeding trips. Thus, some birds (that were killed
with empty stomachs) may have been foraging for their
young. Night foraging by Marbled Murrelets has been
previously suggested by observations of birds flying inkand
throughout the night (Carter and Sealy, unpubl. data) and is
supported by birds being killed throughout the night in
South Trevor Channel ( Fig. 2). Bailey (1977) also suspected
that murrelets were feeding at night near the Kenai Penin-
sula, Alaska, and Isteib (i lit) indicated that most (>>R80% )
murrelets were Killed! at night in Prince William Sound.
Alaska. Christensen and Lear (1974) demonstrated that
murres were also killed mainly at night off Greenland and
suggested that individuals were better able to "evade™ nety
during the day. Nylon nets may have been less visible to

£

murrelets at night (Bibby 1973), as has been shown for some

- fish (Hamley 1975). "This may account for more hird kills 1t

night, although foraging occturs during the day and night.
Marbled Murrelets in South Trevor Channel may
have different distribution patterns at night, which further
increased their susceptibility to hecoming tangled. tn sub-
areas, 1, 5,9, and 10, a dramatic increase in mean numbers
occurred between dusk and dawn censuses (Fig, 1. Most
mottality was reported from this area (Trevor Sithy; vet these
areas did not have the largest davtime murrelet densities.
More murrelets, more gill-net boats, and/or more foraging
may have occurred there at night. Thus. the trequency of
bird-net encounters and numbers of birds killed mav have
been greater. 1f true, this factor would greatly reduce the
value of dayvtime counts of abundince and distribution.
Similarlv. McMahan and Fritz (1967) noted that Redheads
(Avtiya americana) were distributed differenty at night.
depending on weather, and on certain nighits were more
susceptible to being hooked on trothnes, Breeding Pigeon
Guillemots, in South Trevor Channel, mas hive reduced
their susceptibility at night by staving at the nest site; large
numbers were observed only on morning and ahternoon
censuses (Fig. 1) and none were obtinned or reported kafled.

6.2,  Limpact of gill-net mortaties on the local Marbled
Murrelet population

‘The dispersed solitiry nests of Marbled Mutrelets
could make the species less susceptible to gill-net mortafin
(King et al. 1979, However, the agaregative hehaviour o
murrelets at sea during the nesting period makes them
susceptible where aggregations co-occur with gill-net hishing
areas. Since specitic murrelet nesting areas are not knowi, o
is not possible to divectly determime whether numbers of
nesting individuals are dechining due to gill-net mortahity.
'Thus, to determine the impact of gill-net mortality on
Marbled Murrelets in Barkley Sound requires some specu-

It was difticult to estimate how many murrelets were
killed annually in Barkley Sound from the small sample of
dead birds obtained. Since 17 murrelets were obtaned from
five fishermen in 1980 and on average about 70 gill-net
boats were present in areas where most birds were killed,
possibly as many as 250 murrelets were kitled. Fishermen
that were interviewed abso indicated that they caught “some

L]

(or “many”) murrelets cach season, including i 1180,

However, most birds were killed at night when less fishing
occurred. We believe that between 175 and 250 murrclets

were killed in 1980. | |
In Barkley Sound, there are an estitnatec 3400

murrelets (Sealy and Carter, in press). About 15% of the

birds were probably non-breeding (Sealv 1974). Theretore,
the breeding population consisted 6f 2890 birds or 1445
pairs. By extrapolating from the sample of deac] birds
obtained, we estimated that breeding, non-breeding, and
HY individuals constituted 90%, 5%, and 5% of the woral
number of murrelets Killed in gill nets, respectively. Using i
conservitive estimate of 200 birds Gilled in gilt netsyvear, 180
breeding, 10 non-breeding and 10 HY birds were therefore
killed, By adding 180 nestlings that did not fledge (beciuse
L8O breeding birds were Killed in gill netsy, o the number of
HY hirds killed in gill nets; we determined the total impact
on the population of HY birds in the fall (Fig. 8). We -
estimated that i total of 380 murrelets were killed inn FUR0,
of which 47%., 3% . and 50% were breeding, non-breeding
and HY birds, respectively (Fig. 8),'Fhus, an estimated 6.24
of the breeding individuals were killed. Additionally, 13,1
of putential voung were not raised to Hedging Gissuming
Ohe nest attempt per vear, one parent Grimot riose the
voung, and both members of the pair were not killed s, or
were Killed i nets. Also, 297 of the non-breeding birds were
estimated to have been Killed, I no gill-net mortalits hadd
occurred and excluding natural mortatity . the Ll popula-
tion size would have been 1849 birds. With gill-net mortal-
ity the fall population size was estimated to e 4465 brrds.
Thus, 7.8% of the potential fall popubion died s @il nets
tn {OS60. | - a
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- The possible long-term effects of mortality caused by
nearshore fishing have not been widely recognized. Because
the numbers of birds found killed are generally low (often

" in the low hundreds [Bibby 1971, 1973: Melville 1973]),
nearshore mortality has not been considered to be as
significant as larger offshore mortality (King et al. 1979).
Since nearshore mortality is probably sustained annually on
the same population, the cumulative ettect could be great.
Cobb (1976) has demonstrated that the continuous toll
inflicted on murtes by nearshore fishing was important

and vastly outweighed numbers killed by oil spillage near
St Andrew’s Bav. England. Murrelet (and other inshore
seabird) populations are sensitive to additional unnatural
mortality caused by gill-net fishing because of their lower
numbers compared to oftshore teeding scabirds (Diamond.
1978, Sowls ef al. 1980, Wahl et al. 1981). Whether reduc-
tons oceur in Barkley Sound will depend on murrelet
inmigration, emigration, and recruitiment; the permanence
of South 'Trevor Channel as the main feeding avea tor
‘murrelets: and, the persistance of high-density gill-net
fishing, over the long term.

6.3, Gill-pet istung trends

~The movement of the tishing houndary out to

“surfline” in phase 8 (Fig. 5) has produced the overlap of
gill-net boats and teeding murrclets in South Trevor Chan-
hel and near Cape Beale, However, fishing has only been
lowed out to the “surtline” since 1978, Earlier, the phase 2
houndary remained in effect until the late summer closure
of the Barklev Sound fishery. The fishing season has also
heen shortened since 1978, In 1975-77, gill-net fishing
started in mid Mav and ended in late Aagust (Sahnon
Expectations and Proposed Fishing Patterns 1475 1980)).
Within cach season from 1975 to 1980, openings were 4
clavs per week but. in 1980, they were reduced to 3 days per
week. Also, phase 2 was reduced to one opening in 1980,

- Inrelation to these regulation changes, fishing eftort
was lower in 1978 and 1979, In 1980, however, the largest
annual gill-net fishing effort (number of davs fishing)
occurred (Fig- 93 Sihee npﬂllitlg’s wenre Sh()l'lt'.‘l‘ i!l IHSU (illl(l
the length of the tishing season was much the same as i
1979), probablv more gill-net hoats fished in South Trevor
‘Channel in 1980 than in previous years. However, because
gill-net fishing only began in that area in 1978 and bird
mortality was only measured in a year when fishing effort
was high. the estimated kill of Marbled M urrelets in 1980
probably reflects a higher than average mortality than
elsewhere in the Barkley Sound fishing avea.

The size of fishing catches in future years will largely

determine the persistance of high-density gill-net fishing in
Barkley Sound. The fishery is presently based on sockeye
salmon (Oncorhynchus nevka) stocks which have been suc-
cessfully enhanced (Robinson and Barraclough 1978). How
long these stocks can withstand the steadily Hicreasing
fishing pressure (Fig. 9) is not known. However, Barkiey
~ Sound has an early and annually consistent fishery that has
attracted many boats from other fishing areas. Long-term
gill-net fishing in‘Barkley Sound can be expected, as can
long-term gill-net mortality of murrelets, |
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M
Figure 9 |
Saimon catch and gill-net fishing effort (1954-80) in Barkley Sound. The

broken line refers to catch (total number of salinon caught, in thousands)
and the solid line to effort (total number of ditys fishinig, in thousands).
Data from BC Catch Stat. Dep. Fish. Oceans Canada, Pac. Reg, Vancouver.

CATCH
N DO

6.4. Conservation measures

We believe that the mortality of Marbled Murrelets
in gitl nets in Barkley Sound is signiticant and suggest that it
he further examined. This nearshore mortality could have .
immediate consequences because it is divected on siall
population and occurs annually, At present, the geographic
extent of the gill-net mortality of murrelets is not know,
although it occurs in Prince William Sound, Aliska, and is
suspected to oceur throughout southeastern Alaska (Isleib,
in litt.). Tt has also been recorded in Monterey Bay. Calitor-
nia. in winter (D, Crof, in litr.). Susceptible populations ot
Marbled Murrelets may be identified by censuses at sea and
monitored regularly over the long term to detect changes
(see Sealy and Carter, it press). |

In Barkley Sound, two measures would reduce the
mortality of murrelets in gill nets. First, if salmon catches
were unatfected, the exclusion of gill-net fishing (perhaps
by maintaining the phase 2 fishing boundary (Fig. 5) during
phase 3) in South T'revor Channel and-ott Gape Beale only,
would eliminate the overlap of aggregations ot murrelets
and gill-net boats (Fig. 1). A sinmlar measure has beeny
considered in Monterey Bay, California, where a rapid
growth in the gill-net fishery has caused a drastic increase in

nearshore seabird mortality (Heneman 1981). Also, Bar-

tonek (1965) suggested that certain areas of Lake Win-
nipegosis. Manitoba, could be closed to commercial fishing
if reductions of Redheads continued to occur. Second,
gill-net tishing could be prohibited at night, when most
murrelet mortality occurs. Daylight fishing could be ex-
tended through longer openings and salmon catches prob-
ably would not be affected. "This measure has been pre-
viously enforced in other fishing areas in British Columba,
although not for conservation reasons (8. A. Benoit, pers.
comim.). "
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