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Trends in the harvest of Brünnich’s guillemots Uria lomvia in

Newfoundland: effects of regulatory changes and winter sea ice

conditions

Anthony J. Gaston & Gregory J. Robertson

Theharvest ofBrünnich’s guillemots (thick-billedmurres)Uria lomviaoffNewfoundland andLabrador is the only legal
hunt of seabirds by non-natives inCanada and theUnited States.Ringing programmes atArctic breeding colonies have
been used to track changes in numbers and age composition of harvested birds. In recent years, the numbers of rings

reported by hunters have fallen steeply.We examined recoveries by hunters of rings from a colony in northern Hudson
Bay during 1984-2006 to assess the possible reasons for the decline in recoveries. Because recoveries of common
guillemots have remained stable over the same period, it seems unlikely that a change in reporting rates is involved.

Instead, it appears that a combination of a reduction in hunting pressure and a change in the behaviour of the birds due
to more northerly termination of the winter pack-ice boundary account for the observed reduction in recovery rates.
The pattern of first year recovery rates, in particular, appears consistent with an explanation based on accommodation
to ice conditions. Recovery rates of older birds appear less affected by ice conditions and in recent years, have, in any

case, been very low. Our study demonstrates that under conditions of changing weather and climate, harvest man-
agement decisions may not always have the impact expected.
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The harvest of seabirds is a traditional activity in

northern regions across the globe (Merkel & Barry

2008). In North America, most bird hunting is

focused onwaterfowl and upland game birds. How-

ever, there is one large seabird harvest in New-

foundland and Labrador. Following the terms of
union with Canada in 1949, which technically made

the harvest of seabirds by non-Aboriginals illegal

under the Migratory Bird Convention Act, provi-

sions were made to allow for Newfoundlanders to

hunt guillemots (Brünnich’s Uria lomvia and com-

mon U. aalge), but not other seabirds (Elliot et al.

1991,Chardine et al. 2008). Thiswas largely justified
for cultural and subsistence reasons, as the harvest

of guillemots provided a crucial source of protein in

the winter months for rural Newfoundlanders

(Elliot 1991). With the advent of faster boats and
better firearms, annual harvests of guillemots

ranged up to 750,000 birds in the late 1970s (Wendt

& Cooch 1984). At that time, the hunting season

extended from 1 September to 31 March, and there
were no bag limits. This harvest was considered

unsustainable and a variety of hunting regulations

were subsequently introduced, designed to reduce
the harvest to about half the levels seen in the 1970s

(Chardine et al. 1999).

Brünnich’s guillemots make up the majority of
the harvested guillemots (Elliot et al. 1991) in the
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Newfoundland and Labrador hunt and originate
from breeding colonies throughout the eastern Ca-
nadian Arctic, West Greenland, Iceland and as far
east as Spitsbergen (Tuck 1961, Kampp 1988,
Gaston & Hipfner 2000). Monitoring of the guil-
lemot harvest in Newfoundland and Labrador
has been carried out through periodic guillemot
hunter surveys (Chardine et al. 1999). In addition,
guillemot populations are monitored to detect
trends at several breeding colonies in the eastern
Canadian Arctic, especially at Coats Island, north-
ern Hudson Bay and at Prince Leopold Island
(Gaston 2002a). Ringing of nestling Brünnich’s
guillemots has been carried out annually at Coats
Island since 1984 and ring returns from hunters
(recoveries) have been used to assess changes in
hunting pressure and the proportion of different age
classes in the kill (Donaldson et al. 1997, Gaston
2002b).

Ring returns fromhunters are a fundamental tool
for monitoring harvests of many game bird species.
The probability of a hunter reporting a ring is re-
lated to the probability of killing the bird, the prob-
ability of retrieving a dead bird and the probability
of reporting the ring to authorities (Brownie et al.
1985). Changes in any or all of these probabilities
can lead to changes in ring recovery rates, and need
to be considered when interpreting any trends in re-
covery rates.

Since the mid-1990s, the numbers of ringed guil-
lemots reported by hunters, in relation to num-
bers ringed, have been much lower than during
earlier decades. We examine possible causes for this
change, concentrating on the role of changes in
annual sea ice cover in the wintering area (Fig. 1).
Sea ice affects the distribution of guillemots by
denying them access to feeding areas, forcing them
to move to areas of open water (Elliot 1991). There
have been significant changes in sea-ice cover in the
north-western Atlantic over the past two decades
(Grumet et al. 2001). In addition to ice cover, we
examined the effects on recovery rates of large-scale
climate patterns, using the North Atlantic Oscilla-
tion Index (NAO, Hurrell 1995a), as this index has
been found to affect ice cover (Sterne & Heide-
Jørgensen 2003), marine ecosystems (Planque &
Taylor 1998) and seabird reproduction and survival
in the North Atlantic (Thompson & Ollason 2001,
Grosbois & Thompson 2005, but see Sandvik &
Erikstad 2008). We also considered changes in the
hunting pressure in Newfoundland and Labrador,

as indexed by the number of hunting permits sold in
the province, and examined whether the large reg-
ulatory changes introduced in 1993 (shorter seasons
and bag limits) influenced recovery rates. Informa-
tion obtained on these relationships can be used to
predict harvest levels in Newfoundland, and to
understand the relative roles of hunting regulation
changes andnatural events in determining guillemot
harvest levels.

Methods

Study area

AtCoats Island (62857’N,82800’W),Brünnich’s guil-
lemots breed on two cliffs separated by about 1.5 km
(Gaston et al. 1993). All of the ringing and ob-
servations described here were performed at the
western cliff, which supports about 18,000 breeding
pairs.

Ringing recoveries

Ringing of nestlings at Coats Island took place in
1981 and annually during 1984-2002, with 1,331-
2,686 ringed each year (see Gaston & Donaldson
1994, Donaldson et al. 1997 for methods). Adult
guillemots were ringed from 1984 onwards, with a
mean (6 SE) of 107 6 13 (range: 34-346) ringed an-
nually. The current analysis considers only those
birds recovered (i.e. shot and reported) byhunters in
Newfoundland and Labrador from cohorts ringed
between 1984-2006.More than 90% of all recoveries

Figure 1. Map of eastern Canada, showing the position of the
Brünnich’s guillemot breeding colony at Coats Island and the
position of the pack ice front offNewfoundland andLabrador on 1
February 1985 and 1996.
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of Brünnich’s guillemots ringed at Coats Island
came from Newfoundland and Labrador, of which
more than 95% were shot (Donaldson et al. 1997).

As the focus of our study was factors influencing
the probability of guillemots being shot, recovery
rates (the proportion of ringed birds that were
reported as recovered to the Bird Banding Office)
were analysed using the traditional Brownie pa-
rameterization (f; Brownie et al. 1985). Direct re-
covery rates (shot in the hunting season immediately
following ringing) of juveniles alone can be mod-
elled with standard generalized linear models with a
binomial distribution. Older cohorts should be
analysed using specific approaches normally used
in ring recovery analyses, such as those in Program
MARK (White & Burnham 1999), to address the
issue that survival becomes part of the probability of
being recovered in years subsequent to the original
ringing. Because second and third year guillemots
were not marked as part of our study, it was not
possible to estimate direct recovery rates of these
cohorts using standard recovery analysis methods.
Therefore, indirect (recovered in a hunting season
after the year of ringing) recovery rates (number of
recoveries over the total number of chicks ringed in
that cohort) of these cohortswere also analysedwith
generalized linear models. Recovery rates for these
older cohorts are more difficult to interpret than
direct juvenile recovery rates, as they represent the
product of juvenile survival (and the second year
survival for the third year cohort) and the year-
specific recovery rate of that cohort. For adult
recovery rates, guillemots ringed as chicks and as
adults were included in a standard recovery analysis
(f; Brownie et al. 1985). Once birds reached their
fourth year, they were treated as adults, so recovery
rates for adults were estimated using birds marked
as adults and juveniles recovered in their fourth and
older years.

Our inability to estimate second and third year
survival and recovery rates (and therefore juvenile
survival) coupled with a paucity of adult recoveries
(restricting our ability to estimate adult survival),
created severe restrictions on the models that could
be investigated for adults. Specifically, many
parameters in highly parameterised models could
not be estimated or models would simply not con-
verge. Even reduced parameter models suffered
similar problems, or constrained models in ways
that raised concerns about the interpretation of re-
covery rate estimates (e.g. constraining juvenile sur-

vival to a constant). Consequently, tables of AIC
values for competing models, and other related
statistics are not presented. Instead, we simply left
all survival rates unconstrained and allowed recov-
ery rates to vary annually and independently across
the four-age classes. Therefore, our focus was on
obtaining unconstrained adult recovery rates and
subsequently modeling of these recovery rates with
covariates of interest. Relationships between vari-
ous covariates and recovery rates were examined by
extracting relevant b values (i.e. slopes), their stan-
dard errors and 95% confidence limits. b values that
did not include zero within their 95% confidence
limits were considered indicative of relationships. P-
values, as such, were not considered in the paper
(Anderson et al. 2001), as they basically provide the
same information as 95% confidence limits.

Climatic covariates included the southern extent
of sea ice, measured on 1 February. A winter NAO
index, based on data fromDecember toMarch, was
extracted from Hurrell (1995b). The NAO is an in-
dex of pressure differences between Iceland and the
Azores, in its negative phase, Newfoundland
experiences milder, wetter and windier conditions.

Information on ice conditions was obtained from
the Canadian Ice Service (Available at: http://
ice-glaces.ec.gc.ca/App/WsvPageDsp.cfm?
ID¼11391&QryRsrt¼true&LnId¼4&Lang¼eng).
The position of the ice front off Newfoundland and
Labrador was measured as the latitude of the most
southerly extent of ice between 50-558 W on 1 Feb-
ruary each year during 1969-2005. That date was
chosen as representing a point approximately mid-
way through the hunting season for the two south-
ernmostNewfoundland hunting zones (zone 3 and4
- south of 498 N).

Independent of climate, the management of, and
hunter participation in, the Newfoundland and
Labrador guillemot hunt have changed since 1984.
To reduce harvest levels thought to be unsustain-
able, regulations were introduced in 1993, limiting
the hunting season to a maximum of 3.5 months (it
was previously seven months long, 1 September - 31
March), and imposing a daily bag limit of 20 guil-
lemots (Chardine et al. 2008).MigratoryGameBird
Hunting Permit sales in Newfoundland and Labra-
dor in 1984 to 2006 were extracted from Canadian
Wildlife Service (CWS) files, and used as an index of
annual potential harvest pressure. One adjustment
to permit sales was necessary as guillemot hunters
were only required to purchase a hunting permit
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starting in 2001, and permit sales noticeably in-
creased in that year. To correct for the number of
guillemot hunters that were not purchasing hunting
permits prior to 2001, the increase in sales between
2000 and 2001 was assumed to indicate the propor-
tion of hunters that hunted guillemots and did not
purchase permits. Since there has been a decline in
hunting permit sales since the 1980s, a further cor-
rection was made by determining the annual re-
duction in permit sales between 1996 and 2000 (a
period of steady decline), which was determined to
be 954 permits per year. Therefore, 954 permits were
subtracted from the 2000 sales to estimate the num-
ber of permits that would have been sold in New-
foundland and Labrador in 2001 if the new re-
gulation requiring guillemot hunters to purchase a
hunting permit had not been introduced. The ratio
between realized and expected sales in 2001 was
1.5297, and this ratio was used to adjust all permit
sales numbers previous to 2001. Annual harvest es-
timates of guillemots taken were also extracted
from CWS data files, and were based on special
guillemot harvest surveys (similar to the National
Harvest Survey, but specifically mailed to guillemot
hunters) conducted sporadically between 1985 and
2006. There were harvest estimates available for ten
years over this period. Relationships amongst the
covariates and their trends over timewere examined
with simple Pearson correlations.

Results

Annual trends and relationships of ice, harvest and

weather

During 1984-2006, the position of the ice front at the
coast of Newfoundland and Labrador on 1 Febru-
ary varied from 47800’N (1986 and 1994) to 52800’N
(2004, see Fig. 1).During 1969-2006, themedian po-
sition was 48850’N and between 1984 and 2006, it
was 48845’N. There was no secular trend in the po-
sition of the ice front on 1 February during 1969-
2006 (the period for which comparable data are avail-
able; r¼ - 0.02, N¼ 38), but a northward retreat of
the ice front took place between 1984 and 2006 (r¼
0.79, N¼ 23, Fig. 2). Guillemot harvest (r¼ 0.925,
N¼10) and hunting permit sales (r¼- 0.965, N¼23)
declined over the same period. As expected, guil-
lemot harvest and hunting permit sales were related
(r¼- 0.877, N¼10). There was a strong relationship
between southern extent of the ice and the harvest,
with greater harvests when the ice front was further

south (r¼ - 0.936, N¼ 10). Although sample sizes

were very small, when examining the periods before
and after regulatory changes were introduced in

1993, the relationships between harvest and south-

ern ice extent remained similar (pre-1993, r¼0.728,
N¼ 4; 1993 onwards, r¼ 0.933, N¼ 6).

During 1969-2006, the NAO showed a negative
correlation with the position of the ice front (r ¼
- 0.40, N¼ 38) and a positive correlation with year

(r¼ 0.35, N¼ 38). However, during 1984-2006, the
NAO index was not obviously related to either ice

extent (r¼ - 0.27, N¼ 23) or harvest (r¼ 0.32, N¼
10).

Recoveries

Recoveries in the first winter varied from a min-

imum of 0 in 2002 to a maximum of 59 (2.6% of

those ringed) in 1993 (years refer to years of ringing,
not years of recovery). Corresponding numbers for

birds in their second year were, minimum two (0.10-

0.15%, 1994, 1995, 1997, 2001 and 2002 cohorts)
and maximum 24 (1.65%, 1984). No three-year olds

were recovered from the 1991, 1994 and 1999-2001

cohorts and the maximum was 16 (0.50%, 1988).

The proportion of guillemots recovered for all

three age classes decreased over the study period,

but no trend was apparent for adults (Table 1). De-
creasing trends for second-year and third-year re-

coveries were approximately linear, but that for ju-
veniles was modelled better by piecewise linear re-

gression (two linear regressions with different slopes

with a fitted breakpoint; R2 ¼ 0.85, breakpoint
1995). Up to 1997, . 0.5% of nestlings were recov-

Figure 2. Trends in the winter NAO index (black circles), the
southern extent of sea ice off Newfoundland on 1 February (white
circles), total harvest of guillemots (black squares) and adjusted
number of hunting permits sold in Newfoundland and Labrador
(white squares) during 1984-2006.
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ered as juveniles in every year, whereas after 1997,
this proportion was never achieved again (Fig. 3).

Recovery rates increased with increasing harvest
levels in all young cohorts, while adult rates did not
show any apparent trend with harvest (see Table 1).
Given the tight correlation between harvest and ice

extent, and the relationship between realized har-

vest and potential harvest (indexed by hunting per-
mit sales), harvest was not considered further in the
following models.

In models including ice extent, NAO and migra-
tory game bird hunting permit sales, NAOwas gen-
erally not related to recovery rates, except as a weak
negative predictor of recovery rates in second-year
birds (see Table 1). As expected, permit sales were
positively related to recovery rates of all younger
age classes, but not adults (see Table 1). Even con-
trolling for harvest potential (i.e. permit sales), ju-
venile and second-year recovery rates were lower
when ice remained further north each winter (no
relationship for third-year andadult birds, seeTable

1).

Further examination of the increases in juvenile
recovery rates with sea ice extent shows they were
similar before (b¼ - 0.575 6 0.110, 95% CI: - 0.791 -
- 0.359) and after (b ¼ - 0.491 6 0.073, 95% CI:
- 0.634 - - 0.347) the regulatory changes in 1993,
controlling for hunting permit sales (Fig. 4). A sim-
ilar pattern was seen with second-year birds, al-
though the relationships were weaker, and the rela-
tionship between southern ice extent and recovery
rates was no longer significant after the regulatory
changes (before: b¼- 0.3846 0.163, 95%CI: - 0.703
- - 0.065; after: b¼ - 0.172 6 0.141, 95% CI: - 0.448 -
0.105).

Discussion

The decline in recovery rates of Coats Island Brün-
nich’s guillemots over the past two decades could be
due to adecline in reporting rates.An effort to solicit

Figure 3. Recovery rates (6 1 SE) of Brünnich’s guillemots ringed
in Coats Island during 1984-2006, and recovered shot in
Newfoundland and Labrador. The vertical dotted line represents
when regulatory changes were made to the guillemot hunting
season (shorter season and bag limits). Note the change in scale of
the recovery rate axis between the two figures.

Table 1. Relationships between southern extent of sea ice off Newfoundland (on 1 February), NAO (Hurrell 1995), adjusted hunting
permit sales inNewfoundland and Labrador, guillemot harvest and years vs recovery rates of guillemots ringed onCoats Island, Nunavut
and recovered inNewfoundland andLabrador. Relationships (slopes) are shown6 1 SEwith 95% confidence limits in parentheses below.
Estimates were based on binomial generalized linear models for younger cohorts, while adults were modelled in ProgramMARK. Sea ice
extent, NAO and hunting permit sales weremodelled simultaneously (Type 3 analysis), and harvest and year were analysed separately due
to strong colinearity among the variables.

Variable Juveniles Second-year Third-year Adults

Ice extent -0.504 6 0.057
(- 0.616 - -0.392)

-0.254 6 0.093
(- 0.436 - -0.072)

-0.217 6 0.144
(-0.499 - 0.065)

-0.065 6 0.164
(- 0.387 - 0.257)

NAO -0.021 6 0.026
(- 0.072 - 0.029)

-0.109 6 0.038
(- 0.183 - -0.035)

-0.023 6 0.068
(- 0.155 - 0.109)

-0.070 6 0.080
(- 0.228 - 0.088)

Hunting permit sales 0.258 6 0.078
(0.105 - 0.411)

0.585 6 0.149
(0.293 - 0.878)

0.598 6 0.240
(0.129 - 1.068)

0.255 6 0.173
(- 0.086 - 0.596)

Harvest 0.266 6 0.035
(0.198 - 0.334)

0.318 6 0.057
(0.207 - 0.430)

0.397 6 0.084
(0.232 - 0.562)

0.003 6 0.012
(- 0.027 - 0.021)

Year -0.101 6 0.009
(- 0.118 - -0.085)

-0.111 6 0.015
(- 0.140 - -0.082)

-0.122 6 0.025
(- 0.170 - -0.074)

-0.059 6 0.041
(- 0.140 - 0.023)
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ring recoveries did occur in the mid-1980s. Howev-
er, the observed reduction in the number of
recoveries from Brünnich’s guillemots ringed at
Coats Island contrasts with data for common guil-
lemots for which the proportion of direct recoveries
of birds ringed as nestlings in Labrador and recov-
ered by hunters has remained stable at 3-5% since
the 1980s (G.J. Robertson, unpubl. data). In addi-
tion, the introduction of a toll-free phone number in
1996 to report ring recoveries led to notable in-
creases in reporting rates of game birds in North
America (Royle & Garrettson 2005). Hence, it
seems unlikely that a change in the proportion of
ringed guillemots being reported by hunters inNew-
foundland and Labrador can be responsible for the
notable decline in recovery rates.

The population of Brünnich’s guillemots breed-
ing in the easternCanadianArctic is thought tohave
expanded somewhat since the 1970s (Gaston
2002b), potentially causing dilution of the ringed
birds. Average annual rates of increase at two well-
monitored colonies (Coats and Prince Leopold is-
lands) have been about 1%, suggesting that the pop-
ulation expanded by about 23% since 1980. If a sim-
ilar expansion has occurred at other colonies in
the region, it could account for some of the redu-
ction in the proportion of birds recovered, but only
a small fraction of the observed change.However, at
least one very large colony (Digges Island) probably
increased , 0.5% annually (Gaston 2002a). In
addition, numbers of Brünnich’s guillemots breed-
ing in West Greenland have declined (Kampp et al.

1994), and therefore, the total harvestable popula-
tion seems unlikely to have changed much. Overall,
the contribution of population change to changes in
recovery rates probably is small.

What is more difficult to assess is the interpreta-
tion of the recovery rates of second- and third-year
birds, which are confounded with annual survival
rates. Common guillemot cohorts may show con-
siderable variation in juvenile survival rates (Har-
ris et al. 2007). Yet, for survival to explain the de-
cline in recovery rates over time, juvenile and im-
mature survival would have to be declining as well.
As described above, populations of Brünnich’s guil-
lemots are stable or growing (Gaston 2002a, A.J.
Gaston, unpubl. data), and there is no evidence that
recruitment has suffered in recent years, at least at
Coats Island (A.J. Gaston, unpubl. data). If there is
no systematic trend in juvenile survival rates, then
ignoring them when considering second- and third-
year recovery rates merely adds noise to the data.
Considering the positive relationship between
guillemot harvest estimates and recovery rates for
all younger age classes, the combined evidence sug-
gests that recovery rates are tracking harvest pres-
sure, and could serve as a reliable index of harvest.

Changes in regulations after 1993 are thought to
have reduced the annual harvest. In addition, an
overall decline in the number of hunters has oc-
curred since before 1980. Harvest estimates from
2001 and 2002 suggested a total kill of about
173,000, about 28% of the annual kill in the 1970s
(612,000, Chardine et al. 1999, Wiese et al. 2004).
This ratio is similar to the change in the proportion
of third-year birds recovered (1986-1988: mean ¼
0.25% and 1999-2002: mean¼ 0.08, i.e. a decline to
30%), but is higher than that seen for second-year
birds (1985-1988: mean ¼ 0.93% and 1999-2002:
mean ¼ 0.19%, i.e. a decline to 20%) and much
greater than that seen for juveniles over the same
period (1.85-0.23%, i.e. a decline to 12%). The
magnitude in the reduction seems insufficient to
account for the changes seen in juvenile recovery
rates. Similarly, the number of hunting permits sold
in the province has not declined that rapidly; in the
2000s, the number of permits sold was about 40% of
numbers sold in the 1980s.

Patterns of raw recoveries for juveniles and
second-year birds in relation to year and ice con-
ditions were very similar. This observation suggests
that the wintering behaviour of juveniles and
second-year birds is similar, confirming the analysis

Figure 4. Recovery rates (6 1 SE) of juvenile and second-year
Brünnich’s guillemots ringed at Coats Island during 1984-2006,
and shot in Newfoundland and Labrador, and southern edge of
pack ice on 1 February. Separate lines are shown for before and
after regulatory changes in 1993.
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of Donaldson et al. (1997) based on information
from recoveries up to 1993. The close correlation
between the position of the ice front on 1 February
and the proportion of juvenile recoveries (Fig. 5)
strongly suggests that ice distribution is important
in determining the vulnerability to hunting of ju-
venile (and second-year) Coats Island Brünnich’s
guillemots. In years when the ice front remains
north of 498 N, the population has a wide choice of
feeding areas off the Newfoundland coast. This
relationship was still apparent when potential har-
vest of guillemots by hunters, as indexed by the
number of hunting permits sold, was included in the
analysis. In years when ice clogs bays on the
northeast shores ofNewfoundland, birds are denied
access to those areas and concentrate along the
south coast of Newfoundland and off the Avalon
Peninsula. This relationship between recovery rates
and ice extent also held before and after the large
regulatory changes in 1993 for juvenile guillemots,
suggesting ice extent is a key determinant of overall
harvest pressure, even under different harvest man-
agement regimes. No abrupt change in recovery
rates was seen when the new regulations were intro-
duced in 1993.However, for juveniles and to a lesser
extent second-year birds, therewas an abrupt step at
1997-1998. In contrast, weather patterns, as indexed
by the NAO, did not appear to have much influence
on the recovery rate of guillemots.

Unlike the younger cohorts, recovery rates of
adults were not related to ice extent or even harvest
levels. Recovery rates of adults are very low to begin
with, so there is little variation to explain.Given that
adults are the most valuable segment of guillemot
populations, in terms of their contribution to
further population growth (Wiese et al. 2004), their
apparent low vulnerability to the hunt makes
regulating the hunt at sustainable levels more trac-
table. It is apparent that any changes in regulations
or future shifts in ice distribution will likely effect
harvest pressure primarily on the younger cohorts.

If the recovery rate for juvenile Coats Island
guillemots has fallen faster than the rate of reduc-
tion in the harvest, then this could suggest that a
greater proportion of birds from other colonies are
being shot byNewfoundland hunters. Recent infor-
mation from geologger devices deployed at colonies
in the Eastern Canadian Arctic suggests that the
majority of adult Coats Island guillemots winter to
the north of Newfoundland, but that more north-
erly colonies winter further south (A.J. Gaston, P.A.

Smith & L. Tranquilla, unpubl. data). If this is a
general pattern, the changes that we describe here
may lead to a shift in hunting pressure towards
Brünnich’s guillemots frommore northerly colonies.
As described previously, recovery rates of juvenile
common guillemots from colonies to the south in
Labrador have remained high, so it is possible that
commonguillemotsnowcomprise a larger portionof
the Newfoundland harvest than earlier. However,
these ideas remain speculative at present, and will
require future attention.

Conclusions

Changes in the number of birds shot by hunters and,
to a lesser extent, changes in the size of the total
population, probably contributed to the steep de-
cline in recovery rates for Coats Island Brünnich’s
guillemots in Newfoundland over the past two
decades. However, there is no indication from our
results that regulation changes in 1993 had any
demonstrable effect on numbers recovered. The dif-
ference among age classes suggests that an addi-
tional factor was at work. For juvenile birds, heavy
ice conditions in February were associated with
higher recovery rates. Since 1997, the ice front in
February has generally remained north of 488 N.
This has been associated with very low recovery
rates for juvenile birds, presumably because they
were not limited to feeding in areas where they were

Figure 5. Proportion of juvenile Brünnich’s guillemots recovered
in Newfoundland and Labrador (white squares) and the southern
limit of the pack ice front on 1 February (black squares), showing
trends fitted by distance-weighted least squares method of
Statistica version 7.1 (dotted line¼ juveniles recovered, solid line¼
pack ice limit).
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especially vulnerable to hunters. Older birds (third-
year birds and adults) seem to be less affected by ice
conditions than juvenile birds. The behaviour of
second-year birds may be intermediate between the
two groups. Because all trends (ice conditions and
recovery rates) are closely correlated with year, no
definitive explanation can be identified. However,
the data are most consistent with the idea that the
proportion of juvenile recoveries is largely deter-
mined by ice conditions in late winter. Concerning
the regulation changes adopted in 1993, the desired
outcome of reducing the harvest of guillemots was
achieved, but our study demonstrates that environ-
mental factors, in this case sea ice conditions, may
have a greater influence on the harvest than any
regulatory changes.
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Newfoundland on Brünnich’s murre Uria lomvia popu-

lations in the eastern Canadian Arctic. - Biological

Conservation 116: 205-216.

� WILDLIFE BIOLOGY 16:1 (2010) 55

Downloaded From: https://complete.bioone.org/journals/Wildlife-Biology on 24 Apr 2024
Terms of Use: https://complete.bioone.org/terms-of-use



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU ([Based on 'AP_Press'] Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (U.S. Web Coated \(SWOP\) v2)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


