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INTRODUCTION

Stock health assessments and population dynamics
modeling require estimates of adult survival rate
(Barlow et al. 1997). Increase in mortality or decrease
in survivorship, respectively, can indicate changes
in the ecological conditions of a species and reveal
potential threats to the stock. The annual adult survival
rate of northern right whales Eubalaena glacialis,
for example, decreased from 0.99 in the early 1980s
to 0.94 in the late 1990s. This drop was caused by
human-induced mortality such as ship strikes and
net entanglements, and could lead to the extinction
of that stock in approximately 200 yr (Caswell et
al. 1999). Estimating the survival rate of a stock and
its changes over time is thus an important tool for
the health assessment of that population (e.g. Kraus
et al. 2005).

The status of blue whales in Canadian Atlantic waters
was recently changed to ‘endangered’ (Sears & Calam-
bokidis 2002). Blue whale numbers have been described
as being in the low hundreds (Mitchel 1974), and there is
no evidence that the stock has recovered from the impact
of whaling, which for blue whales ceased in the North
Atlantic in 1955. Catch records show that blue whales
were not as abundant in the western North Atlantic as in
the eastern part or around Iceland, where most of the
catches were made (Jonsgård 1955). The ‘early’ whalers
also believed that there were 2 different stocks of blue
whales in the North Atlantic. However, the International
Whaling Commission (IWC) never adopted the hypoth-
esis of different stocks (Donovan 1991). Acoustic studies
have led to the speculation that blue whales occur over
the entire North Atlantic Ocean basin (Clark 1994) and
could thus indicate a single panmictic stock (National
Marine Fisheries Service [NMFS] 1998).
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Research by Mingan Island Cetacean Study (MICS)
showed that blue whales in eastern Canadian and
New England waters belong to 1 stock, as supported
by numerous matches (Sears & Calambokidis 2002). In
contrast, no matches were found between these
animals and an existing photo-identification (ID)
catalogue from Iceland (Sears & Calambokidis 2002).
Therefore, we regard the animals in the Gulf St.
Lawrence (GSL) as part of a western North Atlantic
stock. Resolving their relationship with animals in
more easterly North Atlantic waters is dependent on
future demographic genetic analyses. 

In this study, we analysed individual sighting
records from the longest study (24 yr) on living blue
whales (Sears et al. 1990) to determine a survival rate
for adult animals in the northwest Atlantic population.
Geographic heterogeneity of the data does not allow
an estimation of abundance (Hammond et al. 1990),
and also creates difficulties when modeling survivor-
ship. To overcome the problems of heterogeneous
data, specific modeling approaches such as transients
and trap dependency were used. Furthermore, we
investigated potential differences in survivorship
between sexes. 

MATERIALS AND METHODS

Data set and research area. Individual blue whales
can be recognized by the pigmentation on their flanks
(Sears et al. 1990). Since 1979, MICS has maintained
the blue whale catalogue for the north-
west Atlantic, where the emphasis for
fieldwork lies in the GSL. Sightings by
other stations were also included and
represented observations from the Gulf
of Maine, Nova Scotia, Newfoundland
and West Greenland. A total of 388 ani-
mals were included in the catalogue
through to the end of 2002. Some ani-
mals were identified both in and outside
the GSL, while 22 animals were only
identified outside. We ignored sightings
from outside the GSL because they rep-
resented opportunistic sightings, and
thereby reduced the data set to 366
animals.

The main sampling period in the GSL
took place from June to October, al-
though some data were also collected
during early spring and late fall. The vast
majority of the sightings were recorded
in August and September during peak
abundance of blue whales in the GSL
(Sears et al. 1999). Observations were

made from small semi-rigid inflatable boats. From these
platforms, photos and biopsy skin samples were taken.
Since the whole GSL cannot be sampled homo-
geneously, areas of high productivity such as the
Anticosti/Mingan Islands area, the Gaspe area and the
Estuary were sampled regularly (Fig. 1). Additional
sightings were obtained from secondary sites along the
north and the south shore of the GSL. An individual was
recorded as identified (and alive) in a given year, regard-
less of the number or location of its sightings in that year. 

During the entire study (1979 to 2002), 4 out of 13 ob-
served calves were identified. Although for most mam-
mals juvenile mortality is substantially higher than for
adults, in whales there is less evidence of this (Evans &
Stirling 2001). The determination is difficult to obtain,
but for gray whales Eschrichtius robustus a higher ju-
venile mortality rate (10% yr–1) was observed com-
pared with adults (5.5%) (Reilly 1984). For humpback
whales, juvenile mortality in their first year is esti-
mated to be 12.5% in the Atlantic (Barlow & Clapham
1997) and 18% in the Pacific (Gabriele et al. 2001).
Therefore, the 4 blue whale calves, which were never
sighted again, were not included in the analysis to
avoid age differences in mortality/survivorship, which
lead to an overall data set of 362 animals (Table 1).

Skin samples were obtained by biopsy sampling
(Palsbøll et al. 1991) between 1990 and 2002, and sex
was determined using Polymerase Chain Reaction
(PCR) (Mullis & Faloona 1987). The technique is based
upon a set of 3 primers that are specific to either the
ZFY or ZFX sequence found on the sex chromosome of
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cetaceans (Palsbøll et al. 1992). The products of the
amplification, which indicate sex, can be easily distin-
guished on an agarose gel electrophoresis due to their
different lengths. 

This technique has been available since 1990. Sexes
determined genetically were applied to all previous
sightings of individuals.

Data analysis. The Cormack-Jolly-Seber (CJS)
model (Cormack 1964, Jolly 1965, Seber 1965) is an
open-population model and was used in this analysis.
The model makes several assumptions (see Pollock et
al. 1990) that can rarely be met in field studies (Ham-
mond 1986, Lebreton et al. 1992), e.g. all animals must
have the same chance of being captured during every
sampling occasion. This is particularly true for highly
mobile species such as the blue whale that inhabits
vast areas such as the whole western North At-
lantic. While it appears unlikely to obtain a reliable
abundance estimate from sampling the GSL alone
(Hammond et al. 1990), analysis of survivorship is less
sensitive to geographical heterogeneity of the data
(Hammond 1986). 

Previous analyses (Hammond et al. 1990) have
shown that our data are heterogeneous. A high propor-
tion of animals were seen only once and these indi-
vidual differences cause problems in the modelling
process, even for the estimation of the survival rate.
Here, we chose 2 ways to model heterogeneity in the
data, (1) transient whales and (2) trap dependency.

A transient individual is hereafter defined as an
individual that is sighted and which then permanently
emigrates from the sample, such that is no longer
available for encounter in the future (Pradel et al.
1997). Inclusion of these whales with regular animals
would result in a lower survival rate estimate. Tran-
sients in the population were modeled after Pradel
et al. (1997). Two age-class models for survivorship
treat the first interval over all cohorts as the first age-
class and all other intervals over all cohorts as the
second age-class, regardless of the actual unknown
age of an animal. Animals captured only once are
therefore in the first age-class, and the second class
is not biased by them. Pradel et al. (1997) also
present an ad hoc method to overcome the transient
problem, which is to delete the first sighting of each
individual. This left truncation of the data set sup-
presses the influence of the lower survival estimate of
transients.

Trap dependency (Sandland & Kirkwood 1981) was
also included in the model. It was not thought to be a
genuine trap dependence. Models that include trap
dependence are useful to account for other structural
effects that mimic trap dependence, for instance gen-
eral heterogeneity of sighting probabilities among
individuals (Pradel 1993). However, for simplicity it
will be referred to as trap dependency. We used test
statistics of the software ‘U-CARE’ to determine trap
dependency and transients (Choquet et al. 2003).

Parameters and notation. The following parameters
and notation were used in this analysis: (1) Survival
probability (φ) in the population at risk between suc-
cessive sightings and re-sighting occasions for individ-
uals alive in the trapped population at the first of 2
sample occasions; (2) Probability of capture (p) at an
occasion for individuals at risk of sighting at that occa-
sion (Burnham & Anderson 1992). The apparent sur-
vival rate is the product of the true survival rate and
site fidelity, but for simplicity here will be referred to as
survival rate. 

The notation of Burnham et al. (1987), Sandland &
Kirkwood (1981) and Lebreton et al. (1992) was used
also for effects that influence the parameters sex (s),
trap dependency (m), time (t) and 2 age-classes (2a). A
parameter constant over time was noted as (.). These
main effects were added singly and in combination,
leading to numerous constraints and models. This de-
scription follows Burnham & Anderson (1992), to which

289

Year Total New Known Sexed Only Cat. Cat. Sexed  
seen that sexed (% of

year total)

1979 8 8 0 3 3 8 3 37.50
1980 16 13 3 7 2 21 8 43.75
1981 21 14 7 7 3 35 11 33.33
1982 19 15 4 2 3 50 13 10.53
1983 35 14 21 14 5 64 21 40.00
1984 51 33 18 17 9 97 29 33.33
1985 91 58 33 36 21 155 49 39.56
1986 19 3 16 6 1 158 49 31.58
1987 33 8 25 13 2 166 51 39.39
1988 55 21 34 29 5 187 63 52.73
1989 29 10 19 19 2 197 70 65.52
1990 61 21 40 30 4 218 77 49.18
1991 61 20 41 37 2 238 89 60.66
1992 62 15 47 45 6 253 100 72.58
1993 91 24 67 62 11 277 113 68.13
1994 97 22 75 72 11 299 126 74.23
1995 49 8 41 40 3 307 130 81.63
1996 59 9 50 41 3 316 132 69.49
1997 74 7 67 63 1 323 138 85.14
1998 22 1 21 17 1 324 138 77.27
1999 55 4 51 39 2 328 139 70.91
2000 91 17 74 63 10 345 144 69.23
2001 93 12 81 60 9 357 146 64.52
2002 71 5 66 48 5 362 146 67.61

Sum 1263 362 770 124
Mean 52.63 15.08 5.17
SD 27.89 11.89 4.66

Table 1. Balaenoptera musculus data set. Annual number of
identified whales (1979 to 2002), separated into new and
known animals, those seen exclusively in 1 yr only, plus 

cumulative numbers of unique animals (catalogue, Cat.)
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the reader is referred for more details. The model
‘φ(t)p(t)’ stands for the full time-dependent CJS model,
where the parameters might vary over all intervals and
trapping occasions, respectively. For example, ‘φ(s)p(s*t)’
denotes the model with no time effect on survival rates,
but different constant survival rates for males and fe-
males, while the probability of capture is influenced by
sex, time and the interaction sex by time. These are
hereafter called interaction models. In contrast, addi-
tive models constitute another type of constrained
model that makes effects such as time proportional be-
tween sexes. They have no interaction term between
the effects (time/sex) and are denoted by ‘p(s+ t)’.

Model selection. A general model was fitted to the
data for each data subset, i.e. the fully time-dependent
CJS model ‘φ(t)p(t)’, which allows the survival rate and
probability of capture to fluctuate between intervals
and sighting occasions, respectively. It is a heavily
parameterised model but therefore has a greater flexi-
bility that results in smaller variance (deviance).

We applied a goodness-of-fit (GOF) test to verify that
the chosen general model fitted the data reasonably
well. GOF tests not only provide the test statistics but
also give an estimation of the over-dispersion factor
(Lebreton et al. 1992), also called variance inflation
factor (Burnham & Anderson 1992) noted hereafter as
.̂c. For the GOF test, the program ‘U-CARE’ (Choquet et
al. 2003) was used. The GOF test statistics include 4
different tests, each testing different aspects of the
data. In short, TEST2 components test for differences
among individuals between occasions in the probabil-
ity of capture, hence assessing overall heterogeneity in
the data. TEST3 components test for differences in
survivorship among individuals between 2 occasions.
Both tests compare observed versus expected frequen-
cies in a 2 × 2 χ2 table. The results of all 4 test compo-
nents are pooled together to produce the GOF out-
come and to calculate the ĉ estimate. For more details
and components of TEST2 and TEST3 see Burnham et
al. (1987) and Choquet et al. (2003).

Further model selection was based on the likelihood
criterion ‘Akaike Information Criterion’ (AIC) (Akaike
1985) in the program ‘MARK’ (White & Burnham
1999). The AIC evaluates the fit of the model together
with the number of parameters used to achieve this fit.
The model with the smallest AIC value has the best
model fit with the least parameters, following the ‘prin-
ciple of parsimony’ (McCullagh & Nelder 1990). In this
analysis, model selection was based on the small
sample version of the Akaike Information Criterion
(AICc) (Burnham & Anderson 2002). Furthermore, we
adopted a strategy from the same authors to select the
most appropriate model from a set of candidate
models. If the difference in the AICc (ΔAICc) between 2
models is less than 2, both models are believed to have

similar support. Models having an ΔAICc between 2
and 7 have considerably less support, and models with
an ΔAICc exceeding 10 have almost no support. Very
often it is not a single model that has all the support,
but rather a set of models. In this case, a model-averag-
ing process was used, in which parameters were esti-
mated over the models with most support, proportional
to their AICc weight (Burnham & Anderson 2002).

Since the appropriate starting model was adjusted
for over-dispersion with ĉ, the model selection was
based on the Quasi Akaike Information Criterion
(QAICc) and the ΔQAICc, respectively. Standard errors
(SE) and confidence intervals (CI, 95%) were also com-
puted for the parameter estimates φ and p, and in their
computation the over-dispersion factor was included.

RESULTS

Full data set

The sighting histories of 362 individual blue whales
were used in this analysis. Altogether they account for
1263 sightings and re-sightings over 24 yr, an average of
3.48 sightings ind.–1. The number of identified individu-
als sighted fluctuated considerably among years (Fig. 2).

Among the 362 animals, there was a wide variety
in the number of different years that they were
observed. While 1 individual was observed in 18 dif-
ferent years, 124 (34%) animals were sighted in only
1 year. Frequency of observation is shown in Fig. 3.
The GOF test rejected the full time-dependent CJS
model with probability < 0.001.

Since 124 animals were seen only once, heterogene-
ity was an important factor for the rejection of the
model. To overcome the transient problem, the first
sighting of each individual was deleted. This trunca-
tion reduced the data set to 23 yr and 238 animals;
thereafter, the CJS model was applied to the reduced
data set. The GOF test still rejected the model (proba-
bility = 0.0119), but only 1 of the TEST2 components
was significant. The rejection of that test then lead to
the immediate trap response model ‘φ(t)p(t *m)’ (Pradel
1993). The over-dispersion factor was applied with
ĉ = 1.364.

The trap response model with 65 parameters did not
improve the QAICc value. However, the additive
model ‘φ(t)p (t + m)’ fitted the data better than the CJS
model. Reducing time as an effect of the survival rate
also improved the fit of the model. A two age-class
model was applied to the survival rate (both constant)
and this model had by far the most support (Table 2).

Parameter estimates for the best model (Table 2)
were φ (first class) = 0.845 (SE = 0.0377, CI = 0.7566/
0.9061), and φ (second class) = 0.946 (SE = 0.009, CI =
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0.09255/0.9615). The second-best model ‘φ(.)p (t + m)’ with
a constant survival rate over all cohorts estimated φ =
0.933 (SE = 0.0086, CI = 0.9145/0.9486).

Sexed animals

The sex of 146 ind. was known, representing 40% of
the 362 total ind., but accounting for over 60% (n =
770) of the sightings and re-sightings. More males (77)
than females (69) were included in the data set, but
females accounted for more sightings (389) than males
(381). Thus, a female was seen on average in 5.64 dif-
ferent years and a male in 4.94.

The fluctuation of the sightings of identified and
sexed whales per year is very similar to the fluctuation
of the sightings of all blue whales (Fig. 2). There was
no clear indication if one sex was sighted more regu-
larly per year than the other. The main difference
between the 2 data sets (i.e. sexed versus all individu-
als) is in the frequency of capture (Fig. 3). Sexed ani-
mals were seen more often (on average 5.37 sightings).

The full time-dependent CJS model
was fitted to the data. The GOF test
rejected the model (probability = 0.0139).
Closer examination of the test results
revealed that there was a significant dif-
ference between sexes. All tests for males
were non-significant, and the CJS model
thus fitted the data adequately well (prob-
ability = 0.148). For females, 3 tests were
non-significant, but one of the TEST2 com-
ponents was rejected (probability < 0.001)
indicating that the assumption of equal
catchability was not met. Due to this single
test, the entire CJS model was rejected for
females (probability = 0.017) and for both
groups combined (probability = 0.0139).

The 3 other non-significant tests led to
the immediate trap response model ‘φ(t)p(t *m)’ as a start-
ing point. Additional tests for trap dependency showed
that males were also influenced by this effect, even
though it did not lead to the rejection of the CJS model
for that group.

A ĉ estimate of 1.055 was applied to the model set. The
adjusted trap response model ‘φ(t)p(t *m)’ had the lowest
deviance, but since it was heavily parameterised its
QAICc was larger than that of the CJS or the additive
model ‘φ(t)p(t + m)’. This was true for all interaction models.
After fitting a series of combinations, it became apparent
that a model with a sighting probability including time
and trap dependence ‘p(t + m)’ performed best (Table 3).
Results also showed that time did not play an important
role for ‘φ’ and therefore could be disregarded. 

Differences between the sexes were expected in
light of the GOF test results. Including sex as an effect
on survival and/or sighting probability did improve the
models until trap dependency was added. Subse-
quently, the influence of the factor sex became dimin-
ished. Adding this factor into the sighting probability
slightly improved the final model set. It is important to
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Fig. 2. Balaenoptera musculus. Number of identified whales (ind. yr–1 by
sex) in the Gulf of St. Lawrence, and cumulative number of identified (total 
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Model QAICc ΔQAICc QAICc No. Qdeviance
weights para.

φ(2a)p(t + m) 1767.08 0.0000 0.9167 25 1715.48
φ(.)p(t + m) 1771.90 4.8193 0.0824 24 1722.42
φ(.)p(t) 1780.85 13.7673 0.0009 23 1733.49
φ(t)p(t + m) 1802.34 35.2599 0.0000 44 1709.33
φ(t)p(t) 1812.83 45.7479 0.0000 43 1722.05
φ(.)p(.) 1830.48 63.3963 0.0000 2 1826.47
φ(t)p(t*m) 1835.93 68.8460 0.0000 65 1694.78

Table 2. Balaenoptera musculus. Model selection for left-
truncated data set (n = 238). Applied over-dispersion factor ĉ
= 1.364. Models ordered by their Quasi Akaike Information 

Criterion (QAICc). para.: parameters
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note, however, that the second-best model did not
have sex added as an effect at all. 

The estimates of φ from the 4 best models are shown
in Table 4. All models fell into a ΔQAICc interval
smaller than 3, indicating that they all have consider-
able support. The fifth estimates in Table 4 represent a
weighted average of the 4 models. Since 2 models esti-
mated different survival rates for males and females,
the average estimates also distinguish between both
sexes.

The best estimate for the survival rate of blue whales
was 0.975 for males, 0.976 for females, and 0.975 for
both sexes combined. The CI intervals for males were
always slightly smaller than for females.

However, the difference between the sexes regard-
ing probability of sighting was more pronounced. The
re-sighting rate of females is consistently higher than

that of males (Fig. 4). Values were also calculated by
the weighted average of the 4 models. The 2 models
without sex as a constraint diluted the differences
between sexes. 

DISCUSSION

Survival rate

The full data set with all blue whales could not be
used for the analysis due to overall heterogeneity in
the data. Many whales appear to pass through the GSL
only once and never return, or at least not for a long
time. Truncation of the data set solved part of the prob-
lem. However, even with the reduced data set, a two
age-class model performed best, suggesting that there
were further transient whales in the data set even if
test statistics were unable to detect this. There are blue
whales that were observed for the second time 18 yr
after their first sighting. Certainly, these are also
whales that visit the Gulf only sporadically. One could
subtract such animals that are seen only occasionally,
e.g. twice in 10 yr, but any such choice would be arbi-
trary. Furthermore, the number of identified blue
whales (362) in our final data set was too low to allow
subtraction of many animals, especially since the left
truncation had already removed 124 whales. This is
also true for other approaches such as the robust
design model (Kendall & Nichols 1995), which enables
one to estimate temporary emigration.

Including trap dependency appeared to improve
the model and to reduce heterogeneity, but did not
solve the problem completely. The estimate of sur-
vival rate from the model that takes into account both
trap dependence and transients is 0.946 for the second
age-class. It appears, however, that not all effects
could be modelled and that the value is biased low
and does not represent a realistic value of blue whale
survivorship.
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Model Sex φ SE CI lower CI upper

φ(.)p(t + s + m) 0.9758 0.0061 0.9602 0.9854

φ(.)p(t + m) 0.9754 0.0061 0.9602 0.9849

φ(s)p(t + s + m) M 0.9754 0.0083 0.9524 0.9874
F 0.9762 0.0079 0.9543 0.9877

φ(s)p(t + m) M 0.9721 0.0080 0.9511 0.9842
F 0.9792 0.0076 0.9575 0.9899

Weighted M 0.9753 0.0067 0.9579 0.9856
average F 0.9761 0.0066 0.9588 0.9862

Table 4. Balaenoptera musculus. Results for sexed animals:
estimates of φ from the 4 best-supported models with SE, 95% 

CI, and weighted average. M: male; F: female

Year
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Fig. 4. Balaenoptera musculus. Estimates of probability of
capture for males and females over sampling period (95% CI).
No estimate is available for 1982 because no previously

identified individuals were re-sighted

Model QAICc ΔQAICc QAICc No. Qdeviance
weights para.

φ(.)p(t + s + m) 2060.03 0.000 0.531 25 2008.16
φ(.)p(t + m) 2061.98 1.956 0.200 24 2012.26
φ(s)p(t + s + m) 2062.17 2.147 0.182 26 2008.15
φ(s)p(t + m) 2063.64 3.609 0.087 25 2011.77
φ(t)p(t + s + m) 2077.93 17.904 0.000 47 1977.24
φ(t)p(t + m) 2079.39 19.366 0.000 46 1980.99
φ(s)p(s + t ) 2089.17 29.141 0.000 25 2037.30
φ(.)p(s + t ) 2089.21 29.178 0.000 25 2037.34
φ(.)p(t ) 2091.84 31.814 0.000 24 2042.12
φ(s)p(t ) 2093.61 33.583 0.000 25 2041.74
φ(t)p(s + t ) 2099.23 39.200 0.000 46 2000.82
φ(t)p(t ) 2102.08 42.055 0.000 45 2005.96
φ(t)p(t *m) 2111.93 51.898 0.000 68 1961.56
φ(.)p(s*t ) 2121.55 61.523 0.000 47 2020.86
φ(t)p(s*t ) 2134.19 74.162 0.000 68 1983.82

Table 3. Balaenoptera musculus. Model selection for survival
rate estimation of sexed animals (n = 142). Applied over-
dispersion factor ĉ = 1.055. This is only a selection of models
applied to the data set, which led to the 4 most supported
models. QAICc: Quasi Akaike Information Criterion; para.: 

parameters
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The survival rate of 0.975 for sexed animals repre-
sents the best estimate of adult blue whale survival.
However, there are several potential biases associated
with this estimate, apart from the reduction of the data
set itself. First, sexed animals were sighted more regu-
larly than un-sexed blue whales: the more frequently
an individual was sighted, the higher the chances that
a biopsy skin sample could be obtained. Second, in-
dividuals that were only observed in the 1980s were
excluded since no biopsy skin sample could be
obtained. Only individuals that were sighted in both
the 1980s and 1990s and from which a biopsy skin
sample was obtained were included in this analysis.
These animals were observed over a longer period,
and therefore using them in the analysis resulted in an
upward bias of the survival rate.

Best & Kishino (1998) provide several examples of
potential biases in photo-identification data sets in
general. Errors in comparing the pigmentation pattern
of blue whales, for example, are more likely to result in
the failure of recognizing a match rather than making
a false match. More animals would lead to an overesti-
mate of mortality and thus to a downward bias of the
survival rate.

The age of all blue whales was not known, so juve-
niles could have been inadvertently included in the
data set. Juveniles are thought to have a lower sur-
vival rate than adults (Reilly 1984), and their inclusion
could therefore result in a downwards bias of adult
survivorship estimate. We regard the influence of
juveniles as small, since the data set of sexed animals
included animals sighted more regularly and over
longer periods. In addition, the result of the GOF test
(TEST3) did not show any significant difference in
survival among individuals. The test would have been
significant if there were animals with different ages
and different survival rates in the data set. Hence,
there were either not many juveniles included in the
data set, or differences between juveniles and adults
were negligible.

In this analysis, one of the main sources of bias is
emigration, which lead to an underestimate of the sur-
vivorship. Emigration of whales out of the research
area leads to non-availability of certain individuals on
the next sampling occasion. This heterogeneity in the
data was the main problem in our analysis and appears
to be of different significance for males and females.

The survival rate of 0.975 is thus biased both up- and
downwards. The magnitude of both trends is not
known. This value lies in the range of other baleen
whale species such as bowhead whales Balaena mys-
ticetus, for which a survival rate of 0.984 was estimated
(Zeh et al. 2002). Best & Kishino (1998) presented sim-
ilar values for reproductively active southern right
whale females Eubalaena australis. For humpback

whales Megaptera novaeangliae in the Gulf of Maine,
a non-calf survival rate of 0.96 was estimated (Barlow
& Clapham 1997); for the North Pacific, Mizroch et al.
(2004) gave estimates ranging from 0.963 to 0.984. 

Our knowledge of the sources of mortality of blue
whales is limited. Since 1979, 3 blue whales in the GSL
have been reported to have drowned due to entangle-
ment in fishing gear (Sears & Calambokidis 2002).
Lethal ship strikes have so far not been documented in
the GSL, but blue whales were occasionally killed or
injured by ship strikes in other parts of the North
Atlantic (NMFS 1998) and off California (Barlow et al.
1997). Sixteen per cent of the blue whales identified in
the GSL bear scars that were likely to be caused by col-
lisions with vessels. It is possible that lethal collisions
might happen unnoticed, if a whale sinks after death
(Sears & Calambokidis 2002).

Probability of capture

The results of probability of capture (Fig. 4) show that
there is a large variation over the years: sighting pro-
bability is certainly time-dependent. This high fluctua-
tion, especially pronounced at the beginning of the data
set, was also caused by the small sample sizes. Thus,
the CI and SE values of the estimates for the first years
were rather large. There are potentially several reasons
to account for this. In particular, survey effort was still
increasing during the first third of the study period, and
it was not until 1988 that effort became consistent over
time and space. Sighting probability did not show an
increasing trend during these early years. Usually, in-
creasing effort results in more chances of encountering
individuals. For the most part, variation in the proba-
bility of capture over time was not caused by variations
in the survey effort. Environmental factors were more
likely to have accounted for variability in the number of
animals seen per year and thus in ‘p’. Distribution and
availability of food inside and outside the GSL are more
likely explanations for the presence and absence of
animals in these waters (e.g. Simard & Lavoie 1999).
This phenomenon is very difficult to quantify and can-
not yet be modelled. Furthermore, a shift in distribution
of blue whales in the GLS has been observed (MICS
unpubl. data). Between 1979 and 1992, an aggregation
of blue whales was regularly found along the Quebec
north shore and west of the Mingan Islands (Fig. 1);
however, since the early to mid-1990s, this area seems
to have lost its attraction to blue whales even though it
remains intensively sampled. In general, only a few
blue whales have been sighted along the north shore
in the Mingan/Anticosti area since this time. Indi-
viduals that were regularly observed in this area are
now sighted in other parts of the Gulf, but the majority
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ofanimals known to have frequented this area vanished
and were never seen again.

Comparison between males and females initially
showed a difference in survival rate, until sex was
included as a factor in the probability of capture. The
GOF test revealed that females are more prone to trap
dependency than males. Females are seen slightly
more regularly than males. Additionally, temporary
distribution during a season varies (Sears et al. 1999).
While males only show one peak in abundance in
August, females show 2: one in August and a second in
October, closer to the breeding season. Trap depen-
dence or effects mimicking this could disguise a real
difference in survival rate, but this is impossible to
prove at the moment.

CONCLUSIONS

The models could not clearly distinguish if the sur-
vival of blue whales varies by sex. The current data set
does not allow this inference. Therefore, a survival rate
of 0.975 is the best estimate for both sexes. 

The data set has its limitations, which directly lead to
limitations in analysis. Such limitations are particularly
common in data sets of endangered species, which —
almost without exception — do not occur in large num-
bers. Highly mobile species such as the blue whale
cause even greater problems, because they inhabit
vast regions that cannot be sampled homogenously.

The magnitude of human-induced mortality is un-
known, but it appears to be less significant than that
of e.g. northern right whales in the North Atlantic.
Human-induced mortality reduced the natural sur-
vival rate of that population significantly (Caswell et
al. 1999). Nonetheless, future research must be
undertaken to determine the potential influence of
human-induced mortality on the GSL blue whale
population. 

The survival estimate is likely subject to both up-
and downwards biases. Neither of these trends could
not be quantified. In the future, research on blue
whales should include methods to determine these
biases, such as the Pollock robust design that estimates
temporary and permanent emigration (Kendal &
Nichols 1995). 

Future studies should be designed to provide a reli-
able population estimate. In order to properly achieve
this aim with regard to the GSL population, the study
area should be extended to the offshore waters of
eastern Canada and the USA. Investigations should be
undertaken to determine trends in abundance of this
population and underlying parameters, such as repro-
duction and (natural and human-induced) mortality.
These have to be monitored on a long-term basis in

order to detect any significant changes. A stock health
assessment for northwest Atlantic blue whales is nec-
essary to provide the basis for any management plan to
guarantee the survival of blue whales in eastern Cana-
dian waters.
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