Chapter 29
Marine Distribution, Abundance, and Habitats of Marbled

Murrelets in British Columbia

Alan E. Burger !

Abstract: About 45,000-50,000 Marbled MurreleBrachyramphus birds) are extrapolations from relatively few data from 1972
marmoratu$ breed in British Columbia, with some birds found in  to 1982, mainly counts in high-density areas and transects
most parts of the inshore coastline. A review of at-sea surveys alcovering a small portion of coastline (Rodway and others
84 sites revealed major concentrations in summer in Six areasiggz) Between 1985 and 1993 many parts of the British
Murrelets tend to leave these breeding areas in winter. Many . mpia coast were censused, usually by shoreline transects,
murrelets overwinter in the Strait of Georgia and Puget Sound, but . . .
although methods and dates varied, making comparisons

the wintering distribution is poorly known. Aggregations in sum- . - ;
mer were associated with nearshore waters (<1 km from shore if2nd extrapolation difficult. Much of the 27,000 km of coastline

exposed sites, but <3 km in sheltered waters), and tidal rapids andemains uncensusefig. 1).
narrows. Murrelets avoided deep fjord water. Several surveys showed ~ Appendix 1summarizes censuses for the core of the
considerable daily and seasonal variation in densities, sometime$reeding season (1 May through 31 July). Murrelet densities
linked with variable prey availability or local water temperatures. are given as birds per linear kilometer of transect. It was
Anegdotal evidgnce suggests significant population declines_in thenecessary to convert density estimates from other units in
Strait of Georgia, associated with heavy onshore quglng in the everal cases, and this was done in consultation with the
early 1900s. Surveys made between 1979 and 1993 in Barkley f"’m(iriginal authors, using charts to determine distances travelled.
Clayoquot sounds suggest 20-60 percent declines in densities . o
These changes are correlated with intensive onshore logging, al-'Several authors “Seq St”plcoums' ranging in width from 300
though EI Nifio effects are probably also involved. m (e.g., 150 m on either side of the boat) to 1 km, whereas
others reported all birds visible from the boat. Relatively
few murrelets are likely to be detected at distances >200 m,
even in the sheltered inner waters of British Columbia (Burger,
British Columbia is second only to Alaska in the unpubl. data; Kaiser, pers. comm.), and so these differences
population size of Marbled Murrelets and also in complexity in technique, while adding to the variability of the data, were
of marine habitats used by these birds. There have beemot considered to be a major source of error.
many marine studies of this species in British Columbia, S
beginning with the pioneering work of Sealy in the Queen Gaps in Distribution
Charlotte Islands (Sealy 1973b, 1974, 1975a,c), and the  There are no obvious gaps in the marine distribution in
work of Carter and Sealy in southwestern Vancouver IslandBritish Columbia, although low densities are associated with
(Carter 1984, Carter and Sealy 1984, Sealy and Carter 1984several large areas (e.g., eastern Graham lIsland, eastern
Most studies have been short term (one season or less) andancouver Island, and many of the large mainland fjords),
highly localized. Previous province-wide reviews of marine and this is discussed below. Many areas have not been
distributions and habitats relied primarily on data from sight adequately sampled in the breeding season (much of NW
record cards, along with a few standardized censusesand NE Vancouver Island, the Strait of Georgia, Strait of
(Campbell and others 1990, Rodway 1990, Rodway andJuan de Fuca).
others 1992). The sight records are not reanalyzed here. This o . ]
chapter summarizes data on populations, distribution, habitatsMovements and Seasonal Variations in Density

and basic biology of the Marbled Murrelet obtained largely Rodway and others (1992) used an extensive data
from boat surveys. base of sight record cards in the Royal British Columbia
Museum to demonstrate a post-breeding emigration from
Abundance and Distribution areas which support large breeding concentrations on the
west coast of Vancouver Island and the Queen Charlotte
Regional and Range-Wide Population Densities Islands. Habitat shifts were associated with these changes.

Marbled Murrelets have been recorded from most of the APParent densities (mean numbers of birds per sighting
coastal waters of British Columbia (Campbell and others "eécord) were higher in spring and summer than in fall and
1990, Rodway 1990, Rodway and others 1992). CurrentWinterin both exposed inshore waters (1-5 km from shore)

estimates of the provincial population (45,000-50,000 breedingnd nearshore waters (<1 km of shore) of the Strait of
Georgia, but the opposite was true for most fjords. This

suggests that murrelets leave the exposed outer coast and
more exposed areas of large straits in late summer and fall
L Associate Professor (Adjunct), Department of Biology, University of {0 MOVe into more sheltered waters, including some of the
Victoria, Victoria, British Columbia, V8W 2Y2, Canada many large fjords on the mainland.
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Figure 1 —The coast of British Columbia showing sites where marine censuses of Marbled Murrelets have been done during the breeding

season (May through July).
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Shoreline surveys in 1976 and 1977 by Vermeer and There is no evidence of a major move into pelagic
others (1983) show similar trends: low densities were foundwaters in fall or winter (Burger, unpubl. data; Morgan and
in October and November in most areas in the Queenothers 1991; Vermeer and others 1983, 1989b). Low to
Charlotte Islands and nearshore waters of the Strait ofmoderate densities (0.01 to 1.00 birds per km) were reported
Georgia{able 1. Robertson (1974) reported higher densities from only two areas of open water in winter (in central
of Marbled Murrelets in protected waters off southwest Hecate Strait, between the Queen Charlotte Islands and Banks
Vancouver Island in summer (11.19 ®nand found low Island, and over La Perouse Bank off SW Vancouver Island)
densities in sheltered inlets during winter (range 0.13-1.17/(Morgan and others 1991).
km?). More recently, high densities were found among Overall, it seems that selected parts of the Strait of Georgia
islands on the northern edge of the Strait of Georgiaand Puget Sound are the primary wintering areas of murrelets
(Harfenist, pers. comm.) and at some inlets off the straitbreeding in British Columbia. Small numbers overwinter in
(Burns, pers. comm.; Prestash, pers. comm.). most of the coastal waters and more open ocean. Winter

Year-round surveys have been made at few sites. Thossamples are, however, very inadequate and other important
in Barkley Sound and adjacent waters show that murreletwintering areas will undoubtedly be discovered.
densities rise in April and decline in late July and August
(fig. 2). Some of these birds appear to move into Alberni Habitats Used
Canal in winter, but the relatively low densities there cannot ]
account for all the Barkley Sound murrelets. In the Strait of Coarse-Scale Comparisons
Georgia, murrelets were more common between Sidney and  Marbled Murrelets in British Columbia tend to aggregate
Mandarte Island between May and October than in winter, within 500 m of land on exposed shores and within 1-5 kmin
whereas densities were higher in winter in the shelteredmore sheltered waters (Morgan and others 1991; Sealy and
fjords of Jervis and Saanich Inlefig( 3) and also in Puget  Carter 1984; Vermeer and others 1983, 1987). They are
Sound in Washington (Speich and others 1992; Speich andelatively rare in more open pelagic water or in the centers of
Wahl, this volume). The winter counts might include birds broad straits; consequently these waters were not considered
from exposed western and northern parts of British Columbia.in the following analysis.

Table 1—Seasonal changes in densities of Marbled Murrelets recorded during boat surveys in 1976 and
1977 (Vermeer and others 1983)

Density (birds per km)
Region Pre-breeding Breeding Fall
Census area (Mar—Apr) (May-Jul) (Oct—Nov)
Strait of Georgia
Howe Sound 0.74 - 0.09
Mainland coast 3.38 - 0.43
Jervis Inlet 11.02 - 1.46
Bute Inlet 0.63 - 0.00
Northern strait islands 2.60 - 11.82
Neck Point — Campbell River 0.28 - 0.07
Victoria - Neck Point 0.38 - 0.10
E. Queen Charlotte Islands
Houston - Stewart Channel - 2.15 0.10
Skincuttle Inlet - 7.40 0.50
Juan Perez Sound - 4.72 0.10
Logan Inlet - Darwin Sound - 1.78 0.04
Cumshewa Inlet - Selwyn Sound - 0.33 0.08
Skidegate Inlet - 0.46 0.03
East Graham Island coast - - 0.00
N. and W. Queen Charlotte Islands
N. Graham Island coast - 0.00 0.02
Masset Inlet - 0.00 0.10
Naden Harbour - 0.00 0.04
W. Graham Island coast - 3.00 -
W. Graham Island inlets - 0.09 -
W. Moresby Island coast - 5.16 -
W. Moresby Island inlets - 0.15 -
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Figure 2 —Monthly variations in densities of Marbled Murrelets measured in boat surveys in and near Barkley Sound.
Data are from shoreline surveys in the Alberni Canal (Vermeer and Morgan 1992), along fixed routes through the Deer
Islands in 1979 (Porter 1981) and 1986-1988 (Burger 1994), and along a fixed route between Ucluelet and the Broken
Group islands (Hatler and others 1978). Numbers above columns show numbers of surveys; ND = no data.

Data from the breeding season (generally 1 May through (Long Inlet, Laskeek Bay, Skincuttle Inlet, Poole Inlet and
31 July) in 82 sample areas (some overlapping) show markedCollison Bay); Okeover Inlet in Desolation Sound on the
variations in densityfig. 4; appendix L At a very coarse  southern mainland; SE Clayoquot Sound and exposed shores
spatial scale (10-100 km), trends include: higher densitiesoff Long Beach, SW Vancouver Island; several parts of
on the more sheltered eastern shores of Moresby IslandBarkley Sound, SW Vancouver Island; and exposed
than in the rest of the Queen Charlotte Islands; higher nearshore water between Barkley Sound and Port San Juan,
densities off SW Vancouver Island than NW or NE SW Vancouver Island. This last area supported the highest
Vancouver Island; and, surprisingly, higher densities along densities (average >12 birds/km in both 1991 and 1993) for
the exposed nearshore coast of western Graham, Moresbya large stretch of coast (65 km) in British Columbia.
and Vancouver Islands than in the inlets off these coasts.  The fjords and sheltered waters of the central mainland
Major concentrations (>5 birds per linear kilometer on coast supported relatively low summer densities overall
average) were found in six regions: the outer west coast of(average 1.65/km in a 640-km traverse between 15 and 30
Moresby Island (1976 census); several inlets and bays withMay 1990; Kaiser and others 1991), but there were some
many islands on the sheltered coast of Moresby Islanddense patches (Sheep Passage, and Mussel and Kynoch inlets).
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Figure 3—Mean monthly densities of Marbled Murrelets in the Strait of Georgia. Data are from fixed shoreline transects
in the fjords of Jervis Inlet (Vermeer 1989), and Saanich Inlet (Morgan 1989), and from a fixed transect among the
southern Gulf Islands, between Sidney and Mandarte Island (Clowater, pers. comm.). One survey was done per month,
except as otherwise noted. ND = no data.

Stationary counts of Marbled Murrelets at the mouth of * IS: among islands offering relatively sheltered water;
Mussel Inlet were high in 1991 (>500 on several days) but * OC: outer coast (for fjords or inlets);

lower in 1992 and 1993 (Prestash and others 1992a; Prestash, < IC: inner coast (for fjords or inlets).

pers. comm.). These appear to be commuting birds, drawnEach survey was assigned to one or more combinations of
from an undetermined area, which are channeled throughcategories (seappendix ).

narrow fjordsen routeto feeding areas in more open ocean. Exceptionally high mean densities in May and June (>5
| analyzed coarse-scale habitat use by using the materiabirds/km) were associated with few habitats: sheltered waters
in appendix 1 Habitats were classified as: on the east of the Queen Charlotte Islands, SW Vancouver
* E: exposed ocean (facing the open Pacific or exposedlsland, and Desolation Sound; and exposed nearshore waters
parts of large straits); off SW Vancouver Islandgble 9. Exceptionally low summer
* S: sheltered water in large strait or sound; densities (<1 bird/km) were found in sheltered nearshore
* |: smaller inlet; or waters of NW Vancouver Island and fjords of the southern
* F: steep-sided fjord. mainland, southern Strait of Georgia and SW Vancouver
Within these categories were subcategories: Island. This analysis is not entirely satisfactory, because
* OW: open water (>1 km from shore); some transects covered large areas of diverse habitat, and the
* NW: nearshore water (<1 km from shore); habitat classification was not based on detailed field data.
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Figure 4 —Mean estimates of the densities of Marbled Murrelets during the breeding season (May through July)
from marine surveys in British Columbia. The data are shown as birds per km of transect, which was the most
compatible measure among the variable studies (see appendix 1 for details). Most of these data were collected
in the 1980s and early 1990s.

Fine-Scale Comparisons

Habitats Off NW Vancouver Island, murrelets avoided deep open
Several studies reported murrelet habitat use on a finemwater in fjords, but in shallower, sheltered bays and exposed
spatial scale (0.1-1.0 km). In deep fjords, higher densitiesnearshore seas densities were higher in open water (5.58/
were associated with estuaries, shallow bays, and waters ofkm) than in inlets (0.16/km) or channels (0.56/km; Savard
beaches (Morgan 1989, Vermeer 1989, Vermeer and Morgarand Lemon 1992).
1992). This might be linked with the habitat supporting prey Sealy and Carter (1984) reviewed the distribution of
species such as sand lanéenfnodytes hexapterysyhich 9955 sightings of murrelets in a grid census of Barkley and
bury themselves in sand for parts of the day (Field 1988).Clayoquot Sounds. Murrelet densities were highest in inshore
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Table 2—Mean densities of Marbled Murrelets (birds per km) in marine habitats in British Columbia. Data &ppendix
1 (see text for selection criteria). Meahs.d.shown, and (in parentheses) range and sample size

Sheltered
Exposed nearshore and
Region nearshore open / islands Inlets Fjords
N. and W. Queen Charlotte Islands 22.6 - 1.1+1.2 -
(0-5.2; 3) (0-4.0; 12)
E. Queen Charlotte Islands - 54.4 2.6+ 0.2 -
(0.9-16.0; 11) (2.3-2.9; 6)
Northern and Central Mainland 1441.9 1.1+ 1.6 2.1+ 1.8 2.7+ 1.7
(0-4.2; 5) (0-3.2; 6) (0.6-4.1; 3) (0.4-4.9; 8)
Southern Mainland - 5.11 - 0.63
+1) (1)
Gulf Islands and S. Strait of Georgia - 2.08 - 0.05
(1) (= 1)
NE. Vancouver Island - 120.6 - -
(0.8-2.2; 5)
NW. Vancouver Island 3.0 06 0.6 - -
(-1 (0.03-1.3; 4)
SW. Vancouver Island 855.1 45+ 1.3 19+1.4 0.7
(4.1-14.2; 5) (2.8-6.0; 6) (0.9-2.9; 2) (1)

areas (12.9 birds/k# relative to more nearshore channel whered is distance from shore in kilometers. This curve is
and fjord habitats (6.3 and 0.2 birdsAkmespectively). Carter ~ plotted infigure 6for values ofd = 100 m. The density for
and Sealy (1990) reported lower densities of murrelets ind < 100 m was assumed to be 7 birds/krom the data in
mid-channel, than in shallower, sheltered nearshore waterdigure 5 This model probably applies only to more
in Trevor Channel, Barkley Sound. High densities were exposed shores of western Vancouver Island.
associated with sheltered, shallow nearshore water and at a A strikingly different distribution pattern emerges from
sill at the mouth of the channel, where a thermal front wassurveys made in Laskeek Bay, Queen Charlotte Islands, from
frequently found (Carter 1984). 1989 through 1993 (seappendix 1for references). Two

| summarized data from Carter’s (1984) grid and transecttypes of transects were sampled repeatedly: shoreline transects
surveys in and near Barkley Sound to show the distributionwithin 400 m of the surfline and linear transects in open
of Marbled Murrelets relative to distance from the shfige ( water and among islands, up to 3 km from land. The open
5). The distances to shore were estimated from the midpointgvater transects often had similar or higher densities than the
of each of 12 sample blocks in Trevor Channel and from thenearshore ones, and there was considerable variation within
midpoints of each of 16 transect segments in Trevor Channeland between seasonfig( 7). The variability in these data
Imperial Eagle Channel, and the open sea off Cape Beal@mphasizes the need for caution in interpreting distribution
(collectively referred to here as the Cape Beale transects)and census data based on only one or a few seasons.
The transect densities were converted from birds/km as given ~ In 1992 the positions of all Marbled Murrelets in open
by Carter (1984) to birds/khby assuming a 250-m transect water at Laskeek Bay were plotted on a chart to the nearest
width on each side of the boat (the same as used in the gri@00 m and, at this fine scale, show the widespread and variable
surveys). Murrelets in this area were strongly aggregateddistribution of murrelets relative to the nearest lafgl €).
within 1 km of the shore, with highest densities 100-600 m The pattern in these sheltered waters is quite different from
offshore f{ig. 5). Similar results were found in grid surveys that of the more exposed outer Barkley Sound area shown by
in 1992 and 1993ig. Sinset). Overall, the 1980 data fitted a  the logarithmic modelfig. 6). These data clearly illustrate the

negative logarithmic curve: problems in estimating total densities for any marine area
density [birds/kmj] = 2.438d 1356 from extrapolations of one or more shoreline transects. The
(r2=0.735n=28,P < 0.001) distribution pattern for open and exposed water is quite
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Figure 5 —Densities of Marbled Murrelets in and near southern Barkley Sound between 1 May and 31 July in 1980, 1992, and
1993. The main graph shows densities from grid surveys in Trevor Channel and strip transects near Cape Beale in 1980 (Carter
1984). The inset shows densities from grid surveys in Trevor Channel in 1992-1993 (Burger 1994).

different, and the presence of islands and reefs adds furthef988). Murrelet densities declined rapidly in late July as the
complications (see also Sealy 1975c, Sealy and Carter 1984)surface water heated up to nea? @0Large-scale effects of
warm water influxes are described below.

Temporal Patterns

Using repeated grid surveys in Trevor Channel, Barkley Tidal Patterns and Presence of Rips
Sound, Carter and Sealy (1990) showed that local densities  The relationship between tides and feeding patterns of
of Marbled Murrelets declined, but clumping increased Marbled Murrelets in British Columbia is not consistent.
through the day. Consistent high densities in some quadratfRepeated surveys in Barkley Sound (Carter 1984, Carter
and direct flights by murrelets into these areas at dawnand Sealy 1990) and Desolation Sound (Kaiser and others
indicated that the birds were returning to predictable feeding1991) reported no significant changes in murrelet densities
sites. Nitinat Lake, a large semi-saline lake adjacent towith tidal state or tidal flow rate. Aggregations of murrelets
important forest and marine habitats appears to be used asat sites with strong tidal flow were reported from Edye
staging area for murrelets which leave the forests at dawnPassage and north of Stevens Island, both on the northern

and later move to the ocean (Burger 1994). mainland (Fuhr, pers. comm.), Hiekish Narrows (central
mainland), and Desolation Sound (Kaiser and others 1991),
Effects of Temperature and Salinity Sechelt Rapids in Jervis Inlet (Vermeer 1989), and Yuculta

In fjords and channels in Desolation Sound, Kaiser and Rapids between Sonora Island and the mainland (Prestash,
others (1991) found no correlation between murrelet densitypers. comm.). Marbled Murrelets were sparse or absent,
and sea surface temperature, and a weak positive correlatiohowever, at strong tidal rips at Malibu Rapids (Jervis
with salinity 2 = 0.256,n = 20,P < 0.05). Between 6 June Inlet), and Active Pass (Gulf Islands) where many gulls
and 8 August 1990, the murrelets were often concentrated irand other birds were feeding (Vermeer 1989, Vermeer and
areas with strong currents, and densities were negatively bubthers 1987).
weakly correlated with sea temperature<0.185n = 15,P
< 0.05). Warm water was associated with algal blooms, Abundance Related to Feeding and
creating surface turbidity, which might have affected prey Nesting Habitats
densities and the birds’ hunting efficiency. The murrelet's
primary prey, sand lance, was usually found in clear water. Effects of Prey Availability
These fish are likely to move to deeper water or become  There have been no detailed comparisons of murrelet
dormant in their burrows in unusually warm water (Field distribution relative to independent measures of prey

302 USDA Forest Service Gen. Tech. Rep. PSW-152. 1995.



Burger Chapter 29 Marine Distribution, Abundance, Habitats in British Columbia

D
o

Trevor Channel - Cape Beale model

(4]
(=]

B
o

Birds per square km
NG
(=] (=]

b 1 Distance from shore (km) 2 :
70 + Laskeek Bay 1992 open water surveys (n = 5)
% 40 i :
@ 20 \ \ \~\§\\\§%§\\§\\

o

B
//7

L% ]
w

Distance from shore (km)

Figure 6 —Variations of the density of Marbled Murrelets with distance from shore, in exposed (upper) and
sheltered (lower) inshore waters in British Columbia. Upper: densities predicted by the logarithmic model derived
from Carter’s (1984) counts made in 1980 in Trevor Channel and the Cape Beale area (see fig. 5). Lower: mean
densities in 200-m segments of open water surveys made in Laskeek Bay in 1992 (Lawrence, pers. comm.). Error
bars show standard deviation.

abundance, such as estimates using echosounders. Cartethere murrelets concentrated on euphausiids and sand lance,
(1984) explained the influx and aggregations of murrelets inthe birds appeared to feed throughout the day (Sealy 1975c).
Trevor Channel, Barkley Sound, as a consequence ofAvailability of sand lance appeared to affect both the spatial
aggregations of juvenile herrinGlupea harengysand sand  distribution and the seasonal densities of murrelets in Okeover
lance. Murrelet distribution in this area was highly clumped Inlet, Desolation Sound during the breeding season (Kaiser
and was associated with features such as gravel or sandnd others 1991, Mahon and others 1992).

substrates, where sand lance might burrow, or thermal fronts  The effects of El Nifio and other oceanographic events
and small channels, where juvenile herring and other preyon murrelets in British Columbia are poorly known.
aggregate (Carter 1984, Carter and Sealy 1990). Carter (1984gxceptionally warm water persisted off southwestern
found that murrelets in Trevor Channel were more likely to Vancouver Island from January through August 1992 and
have food in their guts in the morning than in the afternoonagain from April through mid-June 1993 (data from H.
or at night, and linked this with the availability of sand lance Freeland, in Burger 1994). In Barkley Sound this warm water
and juvenile herring in surface waters. Off Langara Island, was associated with an influx of macke@&t¢mber japonicQs
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Figure 7 —Densities of Marbled Murrelets in Laskeek Bay, Queen Charlotte Islands, showing seasonal patterns in nearshore surveys
(A) and those in open water (B); and inter-year variations in mean densities (C). No open water surveys were made in 1989. Sample
sizes show numbers of surveys used to calculate the mean values for the period 26 April through 30 June. Error bars show standard
deviations (inverted for 1993 nearshore). Transect widths were 400 m throughout (Lawrence, pers. comm.).

and jack-mackereﬂ'(rachurus Symmetricm’swhich eat prey Abundance and Distribution Relative to Distribution

similar to that taken by murrelets, and significantly low densities of Forest Stands

of euphausiids and juvenile herring (Hargraves, pers. comm.; There are insufficient data for coarse-scale comparisons
Tanasichuk, pers. comm.). Murrelet surveys in the Broken between murrelet densities at sea and rates of detections in
Islands showed no effects of these changes in 1992, relativeadjacent forests. Murrelet detection frequencies in forest

to 1991, but in 1993 many murrelets appeared to leave thesurveys on the east coast of Vancouver Island, which has
Broken Islands and the Deer Island-Trevor Channel area inbeen extensively logged, were much lower than on the west
June, at least a month before their usual departigresy. coast (Savard and Lemon in press), and this corresponds to
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Figure 8 —Densities of Marbled Murrelets in Barkley Sound, plotted in weekly intervals through the breeding season.
One survey was made per week, except where indicated by numbers above the columns. The asterisk indicates a
survey with no murrelets seen. Note that the units of density are not the same in all studies. Data from Hatler and others
(1978) and Burger (1994).

a general pattern of low densities at sea in summer off theinbroken, and hence more easily censused than along the
east coastappendix L highly indented coastline found in most of British Columbia.
On afiner scale, Burger (1994) examined murrelet densitiesAdjacent to this area are some of the largest tracts of old-
in 19 segments of coast between Pachena Bay and Port Sagrowth forest remaining on southern Vancouver Island,
Juan off southwestern Vancouver Island. This 65-km stretchspecifically the Nitinat-Tsusiat-Klanawa and Carmanah-
of coast has one of the highest known densities of murrelets iWalbran watersheds. The highest at-sea densities in both 1991
British Columbia éppendix 1 and is relatively straight and and 1993 were consistently found in four segments immediately
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adjacent to these two tracts of forest, while most of the veryJune to 26 July 1992 and 86.0 (4-194; six surveys) from 1
low-density areas were adjacent to heavily logged watershedsviay to 25 July 1993. These means represent 44 percent and
(Burger 1994). The relative importance of marine versus forest25 percent of the 1980 mean, respectively. The low 1993
habitat in explaining this distribution has not been determined. numbers were partly due to an early departure from this area
of murrelets in June, which was associated with persistent

Population Changes warm water and possible low prey densities.
o S In 1979, Carter (1984) counted murrelets in a 17.2-km
Historical Numbers and Distribution linear transect running through outer Trevor Channel and

Rodway (1990) and Rodway and others (1992) reviewedalong the open coast to Seabird Rocks. Burger (1994) counted
the scanty evidence of long-term population changes in Britishseabirds along a virtually identical 19.5-km route in 1987,
Columbia. There is anecdotal evidence of population declines1989, 1991, and 1993 and found significantly lower murrelet
in the Strait of Georgia. Brooks (1926b) commented on thedensities, with the mean values consistently less than 50
scarcity of murrelets on the east coast of Vancouver Islandpercent of the 1979 valudid. 9; 1979 data versus pooled
in 1925-1926, compared to numbers seen in 1920 and earlierdata 1987-1993: Mann-Whitney test, lJ=79.5, P<0.01).
and speculated that disease or crude oil might have bee®ther censuses suggest that 1979 was not an unusual year in
responsible. Pearse (1946) reported a decline in murrelethis area for the study period 1979-1982 (Carter 1984, Sealy
numbers in the Comox district, eastern Vancouver Island,and Carter 1984a). These three replicated studies are consistent
between 1917 and 1944 and attributed this to the removal ofn showing a significant decline in the densities of Marbled
coniferous forests. Rodway and others (1992) found noMurrelets in Clayoquot and Barkley sounds. The changes
significant trends in numbers of murrelets observed in might be partly due to coarse-scale shifts in distribution, but
Christmas Bird Counts made at 22 sites, some extendinghe Clayoquot Sound surveys covered a large area in which
back as far as 1957, but relatively few counts were from distribution shifts of 1-10 km should have been detected. It

regularly used wintering areas. is likely that the 1992 and 1993 EIl Nifio conditions caused
many murrelets to leave Clayoquot and Barkley Sound
Recent Trends temporarily. Support for this hypothesis came in spring 1994

| assessed changes in densities of Marbled Murrelets irwhen densities of murrelets in Trevor Channel, Barkley
the past 15-20 years by comparing surveys made from 19768ound, were 2-3 times higher than they had been in 1992 and
through 1982 with more recent surveys. Relatively few areas1993 (Burger, unpubl. data). There is no simple correlation
can be compared, and the precise routes and methods dfetween murrelet numbers and local sea temperatures,
some of the earlier surveys could not always be replicated however, because summer temperatures were also above
The paucity of annually repeated surveys makes it difficult normal in early counts in 1979 and 1980 (but not 1982) and
to rule out inter-year fluctuations (perhaps related to oceanicin later counts in 1987 and 1989 (data from H. Freeland, in
effects) as the cause of some of the changes reported hereBurger 1994). The effects of local ocean temperatures,

upwelling events, and El Nifio conditions on the distribution

Clayoquot Sound and Barkley Sound of Marbled Murrelets and their prey clearly need to be

In June 1992 and 1993, Kelson and others (in press;investigated in detail to help explain the apparent declines.
Kelson, pers. comm.) repeated the grid census made in  One likely cause of decline is the widespread loss of
southeastern Clayoquot Sound in June 1982 by Sealy andalley-bottom old-growth forests in the surrounding areas
Carter (1984). In each year the entire area (294 Kofino (Kelson and others in press, Sealy and Carter 1984). Between
Sound excluded) was surveyed once, over periods of several954 and 1990, an estimated 75 percent of the ancient rainforest
days, by counting all murrelets seen within 250 m of a boatof southern Vancouver Island was logged, including extensive
traversing a u-shaped path through each 1-km by 1-kmtracts adjacent to Clayoquot and Barkley Sounds (Husband
block. The spatial distributions of the birds were broadly and Frampton 1991), and much of this occurred in the past
similar in each count, but the total numbers declined from decade. Gill-net fishing also killed appreciable numbers of
4,522 in 1982 to 2,701 (60 percent of the 1982 total) in 1992murrelets in Barkley Sound (Carter and Sealy 1984), but
and 2,622 (58 percent) in 1993. Kelson and others (in pressyoes not occur here every year (Burger, pers. obs.) and is not
attributed the decline to significant reductions in old-growth a factor in Clayoquot Sound (Kelson and others, in press).
forests adjacent to Clayoquot Sound. Increased disturbances from sports fishing and recreational

Carter (1984) used a similar grid technique in June andboating might have displaced murrelets at a few localities.
July 1980 in outer Trevor Channel and the adjacent Deer
Islands, one of the areas with consistently high densities inQueen Charlotte Islands
Barkley Sound (Carter and Sealy 1984). In 10 morning Nearshore surveys made in May and June in 1977
surveys he recorded a mean of 351.6 birds (on the water anfVermeer and others 1983) provide comparative data for
flying; range 74-518) Repeating these censuses for thesome areas in which similar surveys were undertaken in
morning periods in 1992 and 1993, Burger (1994) recorded1990-1992 fable 3. The trends were not consistent; there
averages of only 153.0 (range 92-215; four surveys) from 2were increases in two areas with relatively low densities, but
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Figure 9 —Mean (+s.d.) densities of Marbled Murrelets on transects of 17.2-19.5 km in Trevor Channel, past
Cape Beale and south to Seabird Rocks in June and July of 1979, 1987, 1989, 1991, and 1993 (Burger 1994,
Carter 1984). The sample sizes are numbers of transects. Birds seen on the water and flying are shown in
shaded and open columns, respectively.

slight declines in two areas in which many murrelets occurred.transits of 7,000 freighters and tankers off British Columbia,
The changes were well within the year-to-year variations including at least 1,500 tankers. Each year at least 300
reported for this coast. Considerable logging of old-growth loaded tankers enter the Strait of Juan de Fuca (Shaffer and
forests has occurred around Skidegate Inlet and to the nortlothers 1990). Overall, the annual shipments of crude oil
of Juan Perez Sound, but the forests adjacent to Skincuttlend refined petroleum products average 26.0 and 15.0
Inlet have not been logged. Oil spills and gill-net fisheries million m3, respectively, in southern British Columbia and
do not appear to have been problems for murrelets in any ohorthern Washington (Shaffer and others 1990). Vessel
these areas. The low densities in Massett Inlet shown contradraffic was estimated to increase by 6-11 percent between
with records of flocks of 200 or more in the summers of 1989 and 1991 (Canadian Coast Guard 1991). A probability
1946 and 1947 (Carter 1984), but large flocks were alsomodel predicted that spills exceeding 1,000 barrels are
present in May 1990 (Rodway and others 1991). There wereexpected in southern British Columbia and northern
thus no indications of significant population declines in Washington every 2.5 years for crude oil, and every 1.3
these parts of the Queen Charlotte Islands, but the data wergears for all petroleum products (Cohen and Aylesworth

insufficient to reliably detect any real changes. 1990), and this prediction was close to the actual pattern of
spills between 1974 and 1991 (Burger 1992). These studies
Threats to Marbled Murrelets at Sea in indicate a high risk from oiling for Marbled Murrelets. This
British Columbia is particularly pertinent in inshore areas off southwestern
_ . Vancouver Island in summer and southern Strait of Georgia
Oil Pollution and Puget Sound in winter, when high murrelet densities

There is a moratorium on offshore exploration and coincide with the greatest volumes of tanker traffic and
development of oil fields in British Columbia, and this other shipping (Burger 1992)
seems likely to continue. Threats to murrelets come from TheNestuccaspill in December 1988 killed an estimated
catastrophic spills from large vessels as well as chronic143 Marbled Murrelets off Vancouver Island (Burger 1993a),
small-volume spills (Burger 1992, Vermeer and Vermeer which represents about 0.9 percent of the 16,000 birds thought
1975). The Canadian Coast Guard (1991) reported annuatio occur off Vancouver Island (Rodway 1990). Marbled
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Table 3—Density estimates (birds per linear km) of Marbled Murrelets at four
nearshore sites in the Queen Charlotte Islands surveyed in May—June 1977
and again in spring or summer 1990, 1991 or 1992. &ppendix 1for details

considered to be most affected by aquaculture in British
Columbia (Rueggeberg and Booth 1989).

Sample area 1977 1990 1991 1992 COﬂClUSIOnS

Massett Inlet 0.0 0.3 _ _ Proper management of the Marbled Murrelet in British

Skidegate Inlet 05 1.0 _ _ Columbia requires an improved estimate of the provincial

Juan Perez Sound 4.7 _ 3.2 36 population and better understanding of its distribution and

Skincuttle Inlet 24 B 35 B reIapve abundance in the breeding and nonbreeding seasons
(Kaiser and others 1992). The census coverage of marine

areas has greatly increased over the past decade, but
guantitative surveys are still lacking for large tracts of the
convoluted 27,000-km coastlingg 4). The differences in
Murrelet carcasses were rarely found in surveys of beachedlistribution between exposed and sheltered waters fig.g.,
birds in southern British Columbia, and were not among the 6) and the variability within and among seasons (&gg.7
small sample of birds killed by chronic oiling but could and8) make it very difficult to estimate regional populations

easily have been overlooked (Burger 1993b). from single-season shoreline transects. We need to know a
_ _ lot more about the factors which affect the murrelet’s marine
Other Toxic Chemicals distribution, such as prey distribution and effects of tides,

High levels of polychlorinated biphenyls (PCBs), dioxins, sea temperature, salinity, and seafloor topography, before
and furans have been found in some piscivorous birds inwe can plan and interpret census transects and monitor
inshore waters of British Columbia, although Marbled population dynamics. Regularly repeated surveys made over
Murrelets were not sampled (Elliott and Noble 1993). Levels many years, such as those performed in Laskeek Bay and
of these contaminants and of organochlorides appear to bd3arkley Sound, will be very valuable in showing both short-
declining in water birds sampled in British Columbia (Elliott and long-term patterns.

and Noble 1993, Elliott and others 1992). Most of the urgent gaps in our knowledge can be filled
) by relatively simple, inexpensive studies of fine-scale
Gill Nets distribution and foraging ecology if they are carefully planned

Little is known about the effects of gill nets on seabirds to collect the most pertinent data. There are also opportunities
in British Columbia. In 1988, the gill-net effort totaled 54,770 to tap the expertise of the burgeoning number of birders and
net-days, concentrated in summer and fall in inshore areasaturalists who visit remote coastal areas of British Columbia.
(Barlow and others 1990). Anecdotal evidence from fishermen The establishment of a long-term data base, meshed with a
suggests that Marbled Murrelets are among the bird specie$seographic Information System, would facilitate the
most often killed. Carter and Sealy (1984) estimated that theaccumulation of data from both dedicated and opportunistic
bycatch of 200 Marbled Murrelets caught in gill nets in censuses. Other priority problems, such as making a province-
Barkley Sound in 1980 represented a loss of 7.8 percent ofwide marine census, measuring population demographics,
the expected fall population (including loss of fledglings or investigating the effects of gill nets or logging, require
caused by deaths of parent birds). There have been no othenore dedicated, expensive studies.
studies of this problem in British Columbia, but it clearly

needs to be examined in detail. Acknowledgments
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