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We used wooden drift-blocks, simulating carcasses, to 
estimate the proportion of oiled seabirds which might 
come ashore following an oil spill off Vancouver Island, 
British Columbia, Canada. Blocks were released at an 
inshore site (1 -2  km offshore), and at four offshore sites 
(35-116 km offshore). In the month following releases, 
we recovered 43% and 53% of the inshore blocks in 
summer and winter, respectively, but only 10% of the 
offshore releases in the winter. M ost blocks were found 
within 10 km of the release sites, but a few travelled 
>400 km. Recovery rates of inshore blocks were not 
strongly affected by tidal flow, whereas wind and the 
Vancouver Island Coastal Current had significant 
effects, jllock  size had little effect on recovery or 
distance travelled. Fewer blocks were recovered from
rocky shores and more from sand and gravel beaches 
than expected, and many blocks were mixed among logs 
and kelp jetsam. These data indicate that seabird 
mortality following marine oil spills could be greatly 
underestimated, particularly if the spills occurred far 
offshore.

The impact of oil spills on seabirds is usually assessed by 
counting oiled birds which come ashore on beaches. A 
&rge proportion of the affected carcasses are never seen, 
however, because they sink, drift out to sea, are 
scavenged, or are overlooked on beaches (Ford et al., 
1987; Page et al, 1990). Estimates of the proportion of 
°'led carcasses recovered after a spill range between 
0-3-56% (National Research Council 1985; 
Camphuysen, 1989), based on experiments where 
^casses  (e.g. Hope Jones et al., 1970, Bibby & Lloyd, 

077; Piatt et al., 1990) or wooden drift-blocks 
(Threlfall & Piatt, 1982) were released at sea and 
rec°vered on the shore.

fa this study we released drift-blocks off the west 
c°ast of Vancouver Island, British Columbia to gauge the 
Pr°portion of carcasses likely to come ashore, and to 
assess the effects of recoveries of block size, tides, wind,

distance from shore and shoreline substrates. The coast 
of British Columbia is subject to moderate rates of 
chronic oil pollution (Vermeer & Vermeer, 1975; Kay, 
1989; Cohen & Aylesworth, 1990), and was affected by 
five spills exceeding 1000 barrels between 1985 and 
1991 (Burger, in press). More than 300 tankers carrying 
Alaskan crude pass through the Strait of Juan de Fuca 
annually, and the total shipment of crude and refined 
petroleum off southern British Columbia exceeds 250 
million barrels per year (Shaffer f t al., 1990). The spill 
from the barge Nestucca off Gray’s Harbor, Washington 
deposited an estimated 10 000 oiled seabirds on 
Vancouver Island in 1989 (Rodway et al, 1989; Burger,
1990). The paucity of information on the fate of dead 
birds off this coast was a major obstacle in assessing the 
effects of this spill (Ford et al., 1991; Burger, 1990).

Materials and Methods
Block production ^

Blocks were cut from standard 9X4 cm fir/hemlock 
lumber (density 0.5 g cm-3) in three lengths (40, 20, and 
10 cm), with mean weights of 701, 346, and 182 g, 
respectively, to simulate large (murre), medium (guille­
mot), and small (auklet) alcid seabirds. Alcids (Family"' 
Alcidae) are the most common victims of oiling in north­
ern seas (Bourne, 1976; Camphuysen, 1989). Blocks 
were painted fluorescent orange for maximum visibility, 
and labelled with a return address. Paper labels, fixed to 
the wood with varnish, were used in 1989 and laminated 
plastic tags (Floy Tag, Seattle) were nailed to the blocks 
in 1990. Each block had a unique number which allowed 
us to determine the time and place of release.

Block release
Blocks were released off the west coast of Vancouver 

Island at an inshore site in the summer of 1989 and the 
winter of 1990, and at offshore sites in the winter of 
1990 (Fig. 1). The inshore site was 1-2  km off Pachena 
Bay, SE of Barkley Sound. Blocks were released from a 
boat in batches of 10 per minute along a 1.5 km line. 
There were two inshore releases of 150 blocks (50 of
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Fig. 1 M ap show ing the location o f inshore and offshore sites where drift blocks were released off 
Vancouver Island and sites where blocks were subsequently recovered. T he num ber of 
blocks found at each site is not indicated by the symbols, but see Table 2 for num bers 
recovered at various d istances from release sites. T he dashed line indicates the route used 
by m ore than 300 tankers per year, carrying Alaskan crude oil in to  the S trait of Juan de 
Fuca.

each size) in each season, for a total of 300 inshore 
blocks per season. In summer the two releases were 
made on the same day (23 June 1989) to test the effects 
of tidal flow during spring tides: the first at 13:25 (Pacific 
Daylight Time) during the maximum incoming flow, and 
the second at 19:10 during the maximum outgoing flow. 
Poor weather prevented us from repeating the tidal test

^  if
in winter, but fortuitously, we could compare the eu© 
of different wind conditions by releasing 150 blocks^ 
successive days (29 and 30 January 1990)!*Both releaF 
occurred with the spring tides at maximum inco"“ 
flow (10:40 and-11:20, respectively).

The offshore releases were made on 6 February 19? 
during a cruise of the research vessel Tully. Batches o f A
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blocks (25 of each size) were released at each of four 
■tâtions, 35, 56, 86 and 116 km offshore, perpendicular 
J0‘ the coast, between 48°39.7'N, 125°47.4'W and 
48°15.2'N, 126°40.0'W (Fig. 1).

Search effort and project publicity
Following the releases, we searched the shoreline 

within 10-30 km of the release site for blocks on foot 
and from boats. Crews of the Canadian Coast Guard, 
local lighthouse keepers, wardens of Pacific Rim National 
park, students from Bamfield Marine Station, and hikers 
on the West Coast Trail were recruited for detailed 
searches. In general, beaches within 10 km of release 
sites were searched 2 -6  times. In the winter of 1990, 
when fewer tourists visited the beaches, we used a Coast 
Guard helicopter for a low-altitude search of 300 km of 
shore, between Port Renfrew and Bajo Point. The 
project was also widely publicized on local radio and 
newspapers, and through posters in local stores and 
public buildings. Details of search efforts and publicity 
are given in Hlady & Burger (1990).

In this analysis we considered only blocks recovered 
within one month of release. This was conservatively 
taken as the time that a bird carcass could remain 
relatively intact and recoverable. The date of recovery 
does not necessarily coincide with the date the block 
came ashore, because beaches were not visited every 
day.

Shoreline substrates 
The substrate on which blocks were found was 

recorded as sand, gravel, rock (boulders and rocky 
shelves), and tidal mudflats. To compare the rates of 
block recovery with available substrates, we restricted 
this analysis to 25 km of coast, between Cape Beale and 
Michigan Creek, where the shore substrate had been 
analysed from topographic maps (Department of 
Environment, 1983), and where 95% and 67% of the 
blocks were found in summer and winter, respectively. 
This area was thoroughly searched by boat and on foot 
in both seasons. We also recorded whether blocks were 
found on the open- shore, or among kelp jetsam and 
beached logs.

Statistical tests
Chi-squared tests were used throughout to test for 

significant differences in frequencies.

Results

Inshore release 
The summer release on 23 June 1989 was followed 

by light, variable winds and low swells. Many blocks 
remained near the release site until a storm passed 
through on the 24-26 June. Strong SE winds, followed 
by strong W and NW  winds, resulted in heavy onshore 
swells, which brought many blocks ashore within 5 km of 
the release site. In the following week, winds were more 
c°nsistently SE and carried some blocks NW up the 
c°ast of Vancouver Island.

The winter blocks were released on two days, 29 and 
30 January 1990, with very different winds. On the after­

noon following the first release, strong S and SE winds, 
with a rising tide and following swell, drove many blocks 
high onto the shore within a few km of the release site 
and 88 (58%) were recovered on the first search of 
adjacent beaches. The next afternoon following the 
second release, the winds were still strong, but now from 
the NW and appeared to carry the blocks parallel to, or 
away from the shore. Some 20-30  of these blocks were 
seen from the air, 25 km SE of the release site on the 
same day. Once they had moved away from the shore, 
these blocks evidently moved N and NW with the 
prevailing current (see below).

Within one month of each inshore release, a total of 
43% of the summer blocks and 53% of the winter blocks 
were recovered (Table 1 ). In both seasons, 94% of the 
recovered blocks were found within the first 16 days. 
The proportion recovered increased with increasing 
block size (Table 1), but these differences were not 
statistically significant in summer, winter or in the 
combined data (%2 tests, P > 0.05 in each case).

The two summer releases were made at differing tidal 
flows, but yielded no significant differences in the 
proportions recovered (Table 1, P > 0 .05 ), although in 
the first few days more blocks were recovered from the 
incoming than the outgoing tide. In winter, variations 
in wind direction significantly affected the rates of 
recoveries (Table 1, P >  0.001). Almost twice as many 
blocks were recovered from the 29 January release 
(strong onshore winds) compared to the 30 January 
(strong offshore winds). Block size did not affect 
recovery rates from either tide phase in summer or with 
differing wind conditions in winter (Table 1, P >  0.05 in 
each case).

Block size had no significant effect on the distance 
travelled in summer or winter (Table 2, P > 0.05 in each 
case). Most blocks (68%) were found within 5 km of the 
inshore release site, and 75% within 10 km. In general, 
blocks travelled further in winter than in summer (Table 
2, P < 0.001): only 12% of the summer blocks went 
further than 10 km, compared to 35% of the winter 
blocks. However, a few summer blocks travelled 
considerable distances: one was found on the Washing­
ton Coast over 100 km to the SE (two others were found 
in Washington after the one-month cut-off period), and

TABLE 1

N um bers o f small, medium and large blocks recovered within one month 
after inshore releases in the sum m er (23 June 1989) and w inter (29 and 
30 January  1990). Each release (two per season) consisted of 150 

blocks (50  of each size). Percentage recovery show n in parentheses.

Small
Block size 
Medium Large

Total Recovered 
No. B locks/
% of release

Sum m er 1989
Incom ing tide 24 22 27 73 (48.7)
O utgoing tide 11 21 24 56 (37.3)
Total 35 43 51 129 (43.0)
W inter 1990 
29 Jan . (W ind S /SE) 32 34 35 101 (67.3)

(39.3)30 Jan . (W ind NW) 17 20 22 59
Total 49 54 57 160 (53.3)

Both seasons 84 97 108 289 (48.2)
(%) (42.0) (48.5) (54.0)



< 5 .0 5.1-10.0 > 10.0 Total

Sum m er 1989
Small 29 3 3 35
M edium 31 6 10 47*
Large 37 1 1 3 51
Total 97 20 16 133*
(%) (72.9) (15.1) (12.0)

W inter 1 990
Small 30 0 19 49
M edium 36 0 18 54
Large 38 0 19 57
Total 104 0 56 160
(%) (65.0) (35.0)

Both seasons
Small 59 3 22 84
M edium 67 6 28 101
Large 75 11 22 108
Total 201 20 72 293
(%) (68.6) (6.8) (24.6)

*Four blocks which lost their labels were included here, but are not 
included in Tables I and 3.

TABLE 3

N um bers o f blocks recovered at various distances from  the inshore 
release site, showing the effects o f tidal flow (sum m er 1989) and wind 

direction (winter 1990)

Total Recovered
D istance (km) No. B locks/

< 5 .0 5 .1 -10 .0 >  10.0 %  of release

Sum m er 1989
incom ing tide 59 10 4 73 (48.7)
O utgoing tide 36 10 10 56 (37.3)
Total 95 20 14 129
(%) (73.6) (15.5) (10.9)

W inter 1990
29 Jan . (W ind S /SE) 89 0 12 101 (67.3)
30 Jan. (W ind NW) 15 0 44 59 (39.3)
Total 104 0 56 160
(%) (65.0) (35.0)

three blocks were found near the northern tip of 
Vancouver Island up to 340 km from the release site. 
Two winter blocks were also found in Washington 6 
months after release. Blocks released on the outgoing 
tide during summer travelled slightly further than those 
on the incoming tide (Table 3, P=0.05), and those 
released during offshore NW winds on 30 January 
travelled much further than those released during 
inshore S/SE winds on 29 January (Table 3, P < 0.001).

Block size had no effect on the proportions recovered 
from the three major shore substrates (sand, gravel, and 
rock) in either summer or winter (Fig. 2, P > 0.05 in each 
case). With blocks of all sizes pooled, we found no 
significant differences between summer and winter in 
depositions on these substrates (Fig. 2, P > 0 .05 ). 
Although more than half the shoreline within 25 km to 
the release site was rocky, significantly fewer blocks were 
found on rocky shores than expected, more on sand and 
gravel (Fig. 2, <0.001, summer and winter).

Block size did not affect the proportions recovered 
among kelp, logs, or on the open shore (Fig. 3, P > 0.05). 
With all sizes combined, however, there were very
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TABLE 2

N um bers of small, medium and large blocks which were found <  5.0, 
5 .1 - 10.0, and > 1 0  km from the inshore release site, in the sum m er 

( I 989), and winter ( 1 990). Percentages in parentheses

Distance (km)

Sum m er 1989 ■  Large 

D  Medium 

®  Small

Sand Gravel Rock Marsh

Winter 1990

2  10

Sand Gravel Rock Marsh

Proportions of available shoreline 
substrate

Sand Gravel Rock Marsh

Fig. 2 Num bers of drift blocks o f each size class found on various shore 
substrates on V ancouver Island, com pared with the linear 
proportions of these substrates along 25 km of shoreline adjacent 
to the inshore release site.

marked differences between the seasons (P<  0.001). A 
greater proportion were found among logs in winter, 
which was a consequence of greater wave action and 
frequent storms which moved logs and debris. Overall,, 
we found more than a quarter of the summer blocks and., 
about two thirds of the winter blocks among kelp or logs 
jetsam.

Offshore releases
Only 29 (9.7%) of the 300 blocks were found withinajg 

month: five from the 35 km release site, 23 from 56 kiOjg 
one from 86 km and none from 116 km offshore. Thesg|g 
blocks were all found within 25 days of being releas 
and 83% were found within 16 days. Similar numbers o l | |  
each block size: eight small, ten medium and eleven tai 
(P>0.05). This sample was too small for testing of 
effects of other variables.

All the offshore blocks were found to the N or NW 
the release sites, and 86% were found on the 30 km 
shore immediately N of the release transect. Seve 
blocks travelled considerable distances in relatively lih§ 
time before being recovered (e.g. 300 km in 16 days 
block); 400 km in 23 days (2 blocks). After the 1 mono 
cut-off period 19 blocks were found on the Quer 
Charlotte Islands, > 7 0 0  km from the release site wi
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Sum m er 1989 

jll Small □  Medium ■  Large

80 

60
No. ° f 40

0
Kelp Logs Open

beach

Winter 1990

80 

60
No. of 40
blocks

20

Kelp Logs Open
beach

Ki|>. 3 Numbers o f drift blocks o f each size class found among kelp 
jetsam, beached logs o r on open beach on Vancouver island.

IO weeks (13 from the 116 km offshore release site and 6 
from 35 km offshore) and two blocks from the 35 km 
release site were found in Alaska (Hom er Spit and Clam 
Gulch) 6 months after release.

Discussion
Effects o f block size 

Larger blocks were found more frequently than 
smaller ones, but the differences were small and not 
statistically significant. Block size had no significant 
effects on the distances travelled, or the relationship 
between the effects of tidal flow or shore substrate. It 
is not known to what extent these results apply to 
bird carcasses of various sizes. We suspect that small 
carcasses, lacking the conspicuous coloration of small 
blocks, would be much m ore difficult to detect on 
beaches than larger carcasses, particularly if caught 
among jetsam.

Effects o f tides, winds and currents 
Blocks and dead birds floating at sea are affected by a 

combination of wind, currents, and tides. The inter­
actions of these and other physical processes, such as 
salinity gradients, are extremely complex off the west 
coast of Vancouver Island, but some general patterns 
"'hich apply to this study have been identified (Thom- 

1981; Thomson et a i, 1989). The NW flowing 
Vancouver Island Coastal Current, which persists all 
year, is an important conduit over the inner shelf, but 
®teo acts as a barrier to cross-shelf movements. The 
Prevailing winds tend to  be from  the NW  in summer, 
anc* 'f sufficiently strong, can counter the effects of the

current at the surface. Winter winds tend to be from the 
SE and re-inforce the current. Further offshore, beyond 
the 200 m depth contour, lies the reversible, wind-driven 
Shelf-Break Current which flows NW in summer and SE 
in winter.

The tendency for blocks to drift both north and south 
in summer, but only northwards in winter is consistent 
with the combined effects of the Vancouver Island 
Coastal Current and the seasonally prevailing winds. 
Many of our blocks which were not. recovered within 
a month might have remained within this current, or 
drifted seaward where the chances of coming ashore 
were reduced. This was demonstrated by the large 
numbers found in the Queen Charlotte Islands after the 
one month cut-off period.

The direction of drift in blocks was also consistent 
with the movements of oiled carcasses following recent 
oil spills. After the Nestucca oil spill off Gray’s Harbor, 
Washington in the winter of 1988-1989, thousands of 
heavily oiled, decomposed carcasses of offshore species 
were deposited along the length of western Vancouver 
Island, 200-300  km from the spill site (Rodway et al., 
1989; Burger, 1990). In contrast, almost all of the birds 
killed by the Tanyo Maru oil spill off the mouth of Juan 
de Fuca Strait in the summer of 1991, were found to the 
SE in Washington, driven by the prevailing NW winds 
(Unpubl. data Washington Dept, of Ecology).

Tidal flow appeared to have little effect on overall 
recoveries, but the wind significantly affected move­
ments and recoveries of the inshore blocks. This was 
most evident when comparing the two inshore releases 
in winter. After the first release, strong onshore winds 
and waves drove many blocks directly ashore. A larger 
proportion of these blocks was found than from the 
second release, and from a more restricted area of coast. 
Onshore winds following the summer release were also 
responsible for the high rate of recovery within 5 km of 
the release site.

The direction and speed of drifting seabird carcasses 
is strongly influenced by wind (Hope Jones et al., 1970; 
Bibby & Lloyd, 1977; Camphuysen, 1989, Ford et al., 
1991). In our study, many blocks did not come ashore 
despite strong onshore winds and waves, and some were 
recovered at considerable distances, both up and down 
the coast. This suggests that the interpretation of seabird 
mortality from coastal oil spills will be strongly 
influenced by seasonal wind and currents. Most signifi­
cantly, the result shows that many carcasses might 
remain at sea even with favourable onshore winds and 
waves.

Effects o f  shore substrates
Fewer blocks were found on rocky shores, and more 

on sand and gravel, than expected from the proportions 
of available shoreline. Two factors account for this. 
First, blocks (and birds) are less likely to be seen when 
deposited among boulders. Oiled carcasses are thus 
likely to be underestimated on rocky shores. Second, the 
probability of deposition is lower on rocky shores than 
on gently shelving sand or gravel beaches. Small, rocky 
coves accumulate jetsam, but headlands and exposed 
rocky shores seldom do.
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We found 25-64%  of the blocks among kelp or log 
jetsam, in situations where less conspicuous carcasses 

:wouId easily be missed. Semi-permanent deposits of 
large logs are common on exposed beaches of 
Vancouver Island, and big piles of kelp are also 
deposited there, particularly in winter. A significant 
portion of beached carcasses would end up among kelp 
or logs, leading to underestimates of their numbers. 
Oiled carcasses were still emerging from beneath sand 
and jetsam on Vancouver Island, 3 -4  months after the 
Nestucca spill (Rodway e ta l, 1989).

Implications for assessing seabird mortality
O ur data suggests that only a small proportion of 

birds which die at sea would be detected on Vancouver 
Island or other beaches. Despite diligent searching, we 
recovered only 43% and 53% of the summer and winter 
blocks, respectively, dropped 1-2 km from the shore. We 
found only 10% of the offshore blocks, and fewer than 
1% of the blocks released 86-116 km offshore. These 
most distant offshore stations lie within the present 
routes of tankers carrying Alaskan crude into the Strait 
of Juan de Fuca (Fig. 1). Significant mortality of 
seabirds, which could result from a very small spill 
(Barrett, 1979), could easily remain undetected. A few 
oiled birds found on the beaches of Vancouver Island 
might represent hundreds of thousands of deaths (50 - 
100 km offshore).

Wooden blocks do not necessarily mimic seabird 
carcasses in every way. Qiled birds might move toward 
the shore while alive, which would make them more 
likely to come ashore than blocks. On the other hand, 
there are at least three reasons why blocks would be 
more likely to be recovered than carcasses. Blocks are 
likely to remain buoyant for longer periods than birds. 
Experiments in Washington and British Columbia 
indicate that most alcids sink within two weeks at sea 
(Ford et al., 1991; Burger, 1991). Second, the large 
populations of scavenging birds ancf mammals rapidly 
remove beached seabirds on Vancouver Island (Burger,
1991), but would not affect blocks. Third, carcasses are 
less conspicuous than our fluorescent orange blocks, 
and far more likely to be overlooked, especially if 
wrapped in jetsam . Threlfall & Piatt (1982) recovered 
significantly more orange/yellow drift-blocks than those 
painted black and white to mimic seabirds. Dead birds 
áre easily overlooked, even during detailed searches 
(Pain, 1991). Stutzenbaker et al. (1986) found that only 
12% of 50 waterfowl carcasses placed in exposed 
positions on vegetation was found by teams of searchers, 
whereas none of the 50 which were concealed n  
vegetation was found.

Overall, it seems certain that blocks are more likely to 
be found than carcasses. O ur results therefore indicate 
the maximum proportion of carcasses which should be 
recovered under similar conditions. Further investiga­
tion is needed to compare drift-blocks with real 
carcasses, and to determine the rates of sinking and 
scavenging of carcasses. This study indicates that only a 
small portion of an affected seabird population would be 
recovered on Vancouver Island following an offshore or 
inshore oil spill.
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Coprostanol, a fecal sterol indicative of mammalian 
waste, was analysed in sediments and mussels collected 
from 25 stations in the canals and lagoon of Venice, 
Italy, to investigate dispersal and accumulation of 
untreated sewage. Concentrations of sedimentary 
coprostanol ranged from 0.2 pg g-1 in a reference 
station in the northern Adriatic Sea to 41 pg g~’ in an 
interior canal of Venice. These values made up 4% to 
44% of the total sterols, and indicated which areas of the 
lagoon had the greatest contribution from sewage 
discharge. Coprostanol concentrations found in mussels 
were lower and less variable than in sediments, indicat­
ing that sedimentary coprostanol concentrations are a 
better indicator of sewage discharge in the lagoon. Areas 
W|th high sedimentary coprostanol concentrations 
either lacked mussels entirely or contained mussels 
showing severe environmental stress. Data suggest that 
sedimentary coprostanol concentrations appear to be a 
useful indicator of potential ecological problems in the 
kgoon and canals of Venice due to the direct input of 
untreated waste.

, dispersion of municipal wastes in marine systems 
 ̂ °een followed in a variety of ways. Most approaches 
Ve used naturally occurring sewage constituents such 

35 fecal coliform bacteria, ammonia, or biodegradable 
° rfn ic  matter as a tracer for effluent in the water 
°urnn or sediments. Each of these methods suffers

from drawbacks such as lack of specificity or sensitivity, 
or need to complete analyses within a few hours of 
discharge or collection (Goodfellow et al., 1977). Most 
of these techniques are useful only as short-term tracers 
for the dispersion of wastewater. Use of the fecal sterol 
coprostanol (5ß-cholestan-3ß-ol) is now a generally 
accepted approach for longer-term investigation of 
sewage dispersal.

Coprostanol is produced primarily in the intestines 
of mammals (including man) by enteric microbial 
reduction of cholesterol, the main steroid found in the 
tissues of vertebrates (Rosenfeld & Heilman, 1971; 
Escalona et al., 1980). Because this process is the only 
known source of coprostanol, the presence of this 
compound in natural environments is considered a 
reliable indicator of mammalian fecal contamination 
(M urtaugh & Bunch, 1967; Smith etal., 1967; Yde eta !, 
1982). Some marine mammals have also been shown 
to contain a high percentage of epicoprostanol (5ß- 
cholestan-3a-ol) in addition to coprostanol (Venkatesan 
& Santiago, 1989). Human waste, however, contains 
only the 3ß isomer (coprostanol), not epicoprostanol. 
Advantages of using coprostanol as an indicator for 
fecal material are that it is relatively resistant to 
microbial alteration and has a longer lifetime in the 
marine environment than pathogenic bacteria. Estimates 
of the lifetime of pathogens in marine waters are on the 
order of days to weeks (Bianchi & Mircea, 1976; 
Bianchi & Bensoussan, 1977; Solic & Krstulovic, 1992); 
however, once deposited in marine sediments, patho­
gens can survive for several months to a few years


