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Organized cetacean stranding networks function to respond quickly and efficiently to strandings, to coordinate live releases,
to gather and analyze data, and to educate the public. Stranding networks in the three Canadian Maritime provinces (New
Brunswick, Nova Scotia, and Prince Edward Island) recently cooperated to form the Marine Animal Response Network.
The resulting collaborative database provides an opportunity to assess patterns of cetacean strandings encompassing 19
years (1990-2008 inclusive) from across the region. During this period, a total of 640 stranding events involving 19 species
and 88lindividuals of both sexes and varying age groups were reported. Stranding events primarily involved single animals,
although several mass strandings were recorded, the largest involving 60 Long-finned Pilot Whales (Globicephala melas).
The number of strandings was found to vary substantially over time and among the three provinces. In part, this is likely a
reflection of differences in local network effort among regions. Most animals were found dead ashore. Entanglement in fish-
ing gear occurred in over 10% of the incidents. Relatively more mysticetes were found dead ashore or at sea and entangled
in fishing gear than expected by chance, while more odontocetes were found stranded alive than expected. Harbour Porpoises
(Phocoena phocoena) appear to be especially vulnerable to entanglement in fishing gear. Necropsies, performed on a sub-
sample of the stranded animals, suggest that Harbour Porpoises die significantly more often from disease than mishap, while
Long-finned Pilot Whales and Atlantic White-sided Dolphins (Lagenorhynchus acutus) suffer equally from mishap and dis-
ease. Refloating was attempted for 23% of animals, with an apparent success rate of 83%, although there are no data on
long-term survival. Neither sex nor age of the refloated animals was found to be an indicator of subsequent short-term survival.
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Cetacean strandings occur on coasts around the
world and can range from incidents involving single
animals to mass strandings of two or more animals,
sometimes involving hundreds of individuals (e.g.,
Dudok van Heel 1962). Strandings of single animal
are the most common, although mass strandings may
occur frequently in some regions, and almost exclu-
sively involve odontocetes (Geraci 1978; Sergeant
1982).

The causes of cetacean strandings are still poorly
understood; see Brabyn (1991) and Goold et al. (2002)
for reviews. Many strandings, especially those of one
or two animals, are often attributed to disease, para-
sitism, or old age (Dailey and Walker 1978; Jauniaux
et al. 1997; Evans et al. 2005), entanglement with fish-
ing gear (Félix et al. 1997; Hooker et al. 1997), other
injuries (Walsh et al. 1991), or disorientation caused by
environmental conditions (Mignucci-Giannoni et al.
1999; Walker et al. 2005). The causes of mass strand-
ing events are even less clear, as they are often compli-
cated by the presence of seemingly healthy individuals
within the stranded group (e.g., Brabyn and McLean
1992).

It has been suggested that anthropogenic activities,
including military sonar (Simmonds and Lopez-Jurado

1991; Parsons et al. 2000) and seismic activity (Engel
et al. 2004), may play a role in cetacean mass strand-
ings by disorienting the animals, increasing stress lev-
els, and inducing gas and fat emboli (Balcomb and
Claridge 2001; Ferndndez et al. 2005). Other possible
explanations include coastal topography, such as
acoustical “dead zones” that cause odontocete echolo-
cation signals to be severely distorted by geomagnetic
effects (Dudok van Heel 1962; Brabyn and McLean
1992; Sundaram et al. 2006); large-scale climatic
events (Mignucci-Giannoni et al. 1999); solar and lunar
cycles (Vanselow and Ricklefs 2005; Wright 2005);
toxicity from pollutants (Bouquegneau et al. 1997;
Joiris et al. 1997); and social cohesion (Cordes 1982).
Stranding events may also be a consequence of sev-
eral of these factors acting synergistically (Mignucci-
Giannoni et al. 1999; Goold et al. 2002).

An increase in public interest in whales during the
last few decades and a desire to study and assist strand-
ed animals have fueled the recent formation of organ-
ized stranding networks. Stranding networks exist to
provide rapid and effective action in the best interests
of live stranded animals, to protect and educate the
public, and to gain the maximum amount of scientific
information possible from any stranding event (Geraci

32



2010

and Lounsbury 2005). For some rare cetaceans, most
of what is known about the biology of these species
has been gleaned from stranded animals (e.g., Keny-
on 1961). Ideally, volunteers and paid personnel are
trained to respond quickly and effectively to strandings,
to coordinate refloating efforts when possible, to col-
lect information, and to provide liaison with the pub-
lic. Systematic efforts are made to collect, compile,
and analyze data from all stranding events.

There are four principal organizations that collect
stranding information and participate in refloating at-
tempts in the three Canadian Maritime provinces (Nova
Scotia, New Brunswick, and Prince Edward Island):
(1) the Marine Animal Response Society (MARS) in
Nova Scotia, (2) the New Brunswick Museum, (3) the
Grand Manan Whale and Seabird Research Station
(GMWSRS) in New Brunswick; and (4) the Atlantic
Veterinary College, University of Prince Edward Island.
The Marine Animal Response Network of Atlantic
Canada (MARNAC) is a cooperative effort among
these groups and others.

Data collected by stranding networks may be useful
in monitoring the status, distribution, and seasonal
abundance of species (e.g., Osborne and Ransom 1988;
Ferrero et al. 1994; Evans and Hammond 2004; Nor-
man et al. 2004; Maldini et al. 2005). For instance, in
an analysis of 65 years of data collected from both
odontocete stranding events and live surveys, Maldini
et al. (2005) found that stranding records are a good
indicator of species composition and they produce
reliable data on the occurrence of species in a region.
Information from strandings can also be used to facili-
tate management by recording unusual mortality events
(Le Boeuf et al. 2000; Norman et al. 2000), reporting
species previously unidentified in a region (Ferrero
and Tsunoda 1989), and monitoring occurrences of
human—cetacean interaction (e.g., entanglement and
ship strikes) (Gearin et al. 1994; Hooker et al. 1997).
Investigation of strandings may also be an effective
means of monitoring measures implemented to reduce
threats to species (e.g., to monitor changes in the inci-
dence of vessel strikes in areas after shipping lanes
have been moved). Samples from strandings also pro-
vide valuable information on anatomy and taxonomy,
as well as on parasites, dietary habits, toxicology, and
reproduction (Hooker et al. 1997; McAlpine et al. 1997,
Norman et al. 2004).

Although some significant individual stranding
events in the Maritimes have been recorded in the lit-
erature (Piers 1923; Mitchell and Kozicki 1975;
McAlpine 1985; McAlpine et al. 1997; Lawson and
Eddington 1998; McAlpine et al. 1999; McAlpine and
Rae 1999), little comprehensive information on ceta-
cean strandings in the region has been published. Hook-
er et al. (1997) provided a summary of the cetacean
strandings in Nova Scotia covering the period 1991—
1996, and Lucas and Hooker (2000) reviewed strand-
ing events on Sable Island, Nova Scotia, for around the
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same period. While several studies have used infor-
mation on strandings in the Maritimes to evaluate the
status of individual species in Canada (e.g., Nelson and
Lien 1996), a comprehensive review of the strandings
recorded for Nova Scotia, New Brunswick, and Prince
Edward Island has not previously been attempted. Here
we report patterns of cetacean strandings in the three
Canadian Maritime provinces from 1990 to 2008 inclu-
sive through analysis of spatial and temporal distribu-
tion. We also examine the occurrence of types of strand-
ing incidents and the causes of cetacean mortality across
suborders and families. Finally, we determine the sur-
vival rate of odontocete species after refloating.

Methods
Stranding reports

Reports of strandings of dead or alive cetaceans
were assembled initially by the Marine Animal Res-
ponse Society, the Atlantic Veterinary College, and
the New Brunswick Museum. Records of strandings
collected by the Grand Manan Whale and Seabird
Research Station, mainly of Harbour Porpoises (Pho-
coena phocoena) found dead in fishing weirs around
Grand Manan Island, constitute a separate set of
regionally focused data that have not been incorporat-
ed into this study (GMWSRS 2001). Sampling effort
varied across stranding events, depending on the avail-
ability of volunteers, the accessibility of sites, the state
of funding for each of the organizations, the equipment
that was available, and the physical condition of the
cetacean upon discovery. At a minimum, cetacean tax-
on (ideally to species), date, location, and incident type
were recorded for each stranding event. Whenever pos-
sible, photographs were used to confirm species iden-
tification, especially when an experienced marine mam-
mologist could not attend an incident. Incident type was
identified as fishing gear if the animal was observed
offshore entangled or entrapped in fishing gear, as a
live stranding if the animal was found alive onshore, as
a beaching if the animal was found dead onshore, as
dead at sea if the animal was found dead offshore, and
as natural entrapment if the animal was found trapped
in ice. We also use the more general term stranding
throughout this paper to encompass all of the incident
types defined above. If members of a stranding net-
work were present, additional information was collect-
ed, including on-site confirmation of species, age cate-
gory (immature, adult), body measurements, sex, and
the results of refloating attempts. Where possible, a
complete necropsy by a veterinary pathologist was
also completed on dead animals (refer to Geraci and
Lounsbury (2005) for sampling methodology).

Temporal distribution and provincial occurrence of
strandings and incident types

To determine the spatial distribution of cetacean
stranding events over time and the occurrence of inci-
dent types, one-way contingency tables with associated
Pearson chi-square tests (o = 0.05) were used. For
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stranding and spatial distribution, the monthly and
yearly frequencies of events for each family and sub-
order were calculated and compared to their expected
frequencies based on a chi-square distribution. The
length of shoreline for each province was taken from
Natural Resources Canada (2000*), with the different
amounts of shoreline per province controlled for by
incorporating the relative amount of shoreline (km)
of each into the expected values (e.g., [shoreline,/
shoreline  |* total species,). Strandings were also
mapped and examined visually for areas of concen-
tration. There were no mixed-species stranding events
recorded, and all individuals within mass strandings
were labeled as the same incident type. Thus, stranding
events were used in this analysis rather than stranded
individuals, avoiding the likely non-independence of
individual data. The natural entrapment incident type
was excluded from the analysis due to sparseness of
the data.

Linear regressions using least squares were calcu-
lated on the square root transformed variables for num-
ber of strandings to determine whether the number of
incident types for each suborder and family increased
or decreased between 1990 and 2008. ANOVAs were
used to determine the significance of the regressions.
Independence was verified by calculating Durbin-
Watson D statistics among residuals, and Lilliefors test
was used to test residuals for normality. The residuals
were plotted against the predicted values to verify that
the assumptions of linearity and homoscedasticity
were met. Balaenidae, Monodontidae, Physeteridae,
and Ziphiidae were excluded from these analyses,
since expected frequencies were too low (< 5) to per-
mit the estimation of useful probabilities (Hill and
Lewicki 2006).

Causes of mortality

Partial or full necropsies were performed by a vet-
erinary pathologist on many of the carcasses of strand-
ed animals. Detailed information on 105 animals is in-
cluded in this study: 56 Harbour Porpoises, 37 Atlantic
White-sided Dolphins (Lagenorhynchus acutus), and
12 Long-finned Pilot Whales (Globicephala melas)
[n =4 (Nova Scotia), 3 (New Brunswick), 98 (Prince
Edward Island)]. Depending on the state of preserva-
tion of the carcass, gross examination of these animals
was complemented by microscopic, bacteriological,
and parasitological examination.

Categories of mortality identified included disease,
anthropogenic, mishap, and unknown. Disease was
defined as any condition that was considered sufficient
to have killed the animal or to have weakened it such
that it might strand. Acute or chronic infection, chronic
trauma causing incapacitation leading to gradual star-
vation and poor nutritional condition, and poor nutri-
tional condition of undetermined cause were included
in this category. Anthropogenic causes included evi-
dence of entrapment in fishing gear or collision with
boats. Animals were considered to have died from
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mishap under the following circumstances: they were
found alive onshore during or following certain adverse
environmental conditions (e.g., strong onshore wind
and high tide) and necropsy revealed no evidence of
an underlying disease process following death or
euthanasia. A few animals found dead ashore were
also included in this category if environmental circum-
stances at the time suggested the preceding as a likely
cause. Most animals found dead ashore with no evi-
dence of disease were considered to have died of an
unknown cause; advanced postmortem decomposition
was partly responsible for some of these unknown
causes of death.

One-way contingency tables with associated Pear-
son chi-square tests (a0 = 0.05) were used to examine
the distribution of causes of mortality (disease or
mishap) for each of the three species included in this
analysis. Due to the few cases where necropsy identi-
fied anthropogenic causes as leading to death, this
category was excluded from analysis. Animals for
which the cause of mortality was unknown were also
excluded. The causes of mortality were compared
between species using one-way contingency tables
with associated Pearson chi-square tests (oo = 0.05).
Long-finned Pilot Whales were excluded from this part
of the analysis due to the low sample size of these
whales that were necropsied.

Short-term survival after refloating

A refloating (live release) event was considered suc-
cessful when a live stranded animal, after being pushed
back into deeper water, was observed to swim away
without immediately restranding; the long-term sur-
vival of such animals was not observed. In order to
determine whether any variables can be used to predict
the success of odontocete refloating attempts, a com-
plete logistic regression, with sex and age categories
as the independent variables, was applied to the data
with 50 iterations. All odontocetes for which refloat-
ing was attempted and for which sex and age data were
available were included in the analysis (n = 205).
Mysticetes were excluded from the analysis, as it is
extremely rare that a baleen whale is small enough
for refloating to be attempted. The significance of the
model was determined through a log-likelihood test.
McFadden’s rho was used to compare the likelihood
for the constant-only model to the likelihood for the
model with the predictor (Hill and Lewicki 2006). All
analyses were done using the statistical package SYS-
TAT 12.

Results
Stranding events

There were a total of 640 stranding events record-
ed for the Maritimes during 1990-2008, involving 19
species and 881 individuals of both sexes and varying
age groups (Table 1). The majority of strandings (61%)
involved Atlantic White-sided Dolphin (23%), Har-
bour Porpoise (21%) or Long-finned Pilot Whale
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TABLE 1. Species (grouped by family), sex, and age category of cetaceans stranded in Nova Scotia (NS), New Brunswick

(NB), and Prince Edward Island (PEI) from 1990 to 2008.

Stranding events

Individuals (sex) Individuals (age category)

Species Total NS NB PEI Unknown Male Female Unknown Adult Immature Unknown
Delphinidae
Lagenorhynchus acutus 204 84 5 115 0 17 45 142 41 10 153
Tursiops truncatus 1 1 0 0 0 0 0 1 0 0 1
Delphinus capensis 3 3 0 0 0 0 0 3 0 0 3
Delphinus delphis 3 2 1 0 0 2 1 0 1 0 2
Stenella coeruleoalba 15 15 0 0 0 6 5 4 0 1 14
Lagenorhynchus albirostris 5 4 0 1 0 3 0 2 1 0 4
Globicephala melas 153 125 3 25 0 20 23 110 17 12 124
Balaenidae
Eubalaena glacialis 17 7 4 0 6 6 2 9 3 4 10
Balaenopteridae
Balaenoptera physalus 31 13 5 11 2 5 3 23 5 3 23
Megaptera novaeangliae 32 26 2 0 4 5 2 25 1 3 28
Balaenoptera acutorostrata 58 38 6 13 1 13 6 39 10 8 40
Balaenoptera borealis 8 7 0 1 0 0 1 7 1 0 7
Monodontidae
Delphinapterus leucas 7 2 5 0 0 1 3 3 2 0 5
Phocoenidae
Phocoena phocoena 186 54 65 64 3 64 65 57 39 47 100
Physeteridae
Kogia sima 1 1 0 0 0 1 0 0 0 1
Kogia breviceps 6 5 1 0 0 1 2 3 0 1 5
Physeter macrocephalus 49 28 5 16 0 21 24 2 9 38
Ziphiidae
Hyperoodon ampullatus 2 0 0 1 1 0 1 1
Mesoplodon bidens 2 1 1 0 0 2 0 0 0 0 2
Unknown species
Unidentified mysticete 8 7 0 1 0 0 0 8 0 0 8
Unidentified odontocete 18 18 0 0 0 0 0 18 0 0 18
Unidentified cetacean 72 56 1 4 11 0 1 71 0 0 72
Total 881 499 104 251 27 150 182 549 123 929 659

(17%). For the most part, stranding events were of
single animals (93%). However, 22 events involved 2
animals (3.4%), and 17 events were composed of 3—8
animals (2.7%). Five stranding events involved more
than 10 animals (0.8%), 4 of which involved Atlantic
White-sided Dolphins (14, 15, 26, and 40 animals).
The largest mass stranding was composed of 60 Long-
Finned Pilot Whales. There were no mixed-species
strandings recorded during the time period considered
here.

Temporal distribution of strandings

There was significant variability in the monthly and
annual distribution of stranding events when exam-
ined by suborder (Table 2). The number of strandings
involving odontocetes peaked in 1993 (Figure la);
stranding of odontocetes occurred most often in late
summer, with an increased number of stranding events
in August (Figure 2a). Among odontocetes, Harbour
Porpoises accounted for the majority of strandings in
1993, and Sperm Whales (Physeter macrocephalus)
were recorded stranding most often in 2005. Strand-
ings of dolphin species varied considerably between
years without any obvious peak year (Figure 1b). Lin-

TABLE 2. Chi-square values for the number of stranding events
in the Maritimes for each suborder.

Contingency table X2 df P

Mysticete — Month 47.392 11 <0.001
Mpysticete — Year 58.235 18 <0.001
Odontocete — Month ~ 226.545 11 <0.001
Odontocete — Year 92.178 18 <0.001

ear regression suggests that there is no consistent trend
in odontocete strandings over time (Table 3). However,
Harbour Porpoise data were highly skewed, as some
years had much higher numbers of reported strandings
than others. When examined by month, both Harbour
Porpoises and the dolphin species were encountered
stranded most often in late summer (Figure 2b). Sperm
whales, conversely, were recorded stranding through-
out the year, although with a higher number of events
in winter (Figure 2b).

Strandings involving mysticetes followed a similar
pattern, varying significantly over the years and months.
There was a peak in 2006 (Figure 1a) and an increase
in reported strandings in late summer (Figure 2a). With-
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FIGURE 1. The proportion of total stranding events involving (a) mysticetes and odontocetes, (b) delphinids, phocoenids, and
physeterids, and (c) balaenids and balaenopterids per year, recorded for the Maritimes, 1990-2008.
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TABLE 3. Linear regression results for the number of stranding events in the Maritimes per family and suborder. Variables
were square-root (SQR) transformed to meet the assumption of normality when possible. Significant values (P < 0.05) are

in bold.

Variable i B, r? 7 (adj.) P D-Watson Lilliefors P
SQR (Mysticete) —-165.335 0.084 0.309 0.269 0.013 2.025 0.581
SQR (Odontocete) 33.373 -0.014 0.006 <0.001 0.750 2.266 0.232
SQR (Balaenopteridae)—144.813 0.074 0.234 0.189 0.036 2.108 0.948
SQR (Delphinidae) 68.873 -0.033 0.078 0.023 0.248 1.538 0.377
SQR (Phocoenidae) -29.315 0.016 0.005 <0.001 0.774 2.196 <0.001

in the mysticetes, North Atlantic Right Whale (Eubal-
aena glacialis) strandings were recorded most often
in 2002-2003 and 2006, while balaenopterid species
strandings peaked in 2006 (Figure 1c). When exam-
ined by month, both the North Atlantic Right Whale
and the balaenopterids were recorded stranding most
often in late summer (Figure 2c), the period during
which these species are most abundant in waters in
the Maritimes. The number of mysticete strandings
appears to have increased slightly from 1990 to 2008,
although this may in part be due to the relatively high
number of strandings observed in 2006 (Table 3, Fig-
ure la) and perhaps the increasingly organized effort
to record strandings in recent years.

Provincial occurrence of strandings

There is also a significant amount of variability in
the incidence of stranding events by province within
the Maritimes (Figure 3), when examined both by sub-
order and by family (Table 4). Prince Edward Island
had more stranding events than expected by chance
alone, even when controlling for the amount of shore-
line (Table 5). More strandings off New Brunswick
involved Harbour Porpoises than expected, while more
balaenopterid and delphinid strandings occurred off
Nova Scotia than expected by chance (Table 5). Al-
though Figure 3 does show that stranding events were
well distributed along provincial coastlines, there ap-
pear to be concentrations of events in the outer Bay
of Fundy and in the Halifax region.

Occurrence of incident types

Of the cetaceans stranded across the Maritimes,
most were found beached (48%) or live stranded
(34%). Entanglement in fishing gear was the primary

TABLE 4. Chi-square test values for the number of stranding
events per suborder and family across the Maritime provinces.

Contingency table x> df P

Mysticete — Province 15.529 1 <0.001
Odontocete — Province 142.665 1 <0.001
Balaenopteridae — Province 18.763 2 <0.001
Delphinidae — Province 83.068 2 <0.001
Phocoenidae — Province 131.360 2 <0.001

incident type for 11% of animals, and 5% of whales
were found dead at sea. There were also two recorded
incidents of ice entrapment, both involving Sperm
Whales off Nova Scotia.

The occurrence of the different incident types varied
significantly between suborders (> = 15.25, df = 3,
P = 0.002) and across families (*> = 85.85, df = 6,
P < 0.001). Mysticetes were found beached, entangled
in fishing gear, or dead at sea more often than expect-
ed, but live stranded less frequently than predicted by
chance (Table 6). Conversely, odontocetes, more speci-
fically delphinids, were reported stranded alive more
often than expected by chance. Harbour Porpoises be-
came entangled in fishing gear and were found dead
at sea more often than expected by chance (Table 6).

Causes of mortality

The causes of mortality of the 105 animals for which
detailed necropsy information was available are pre-
sented in Table 7. Disease appeared to be the main
cause of mortality for Harbour Porpoises (Figure 4),
affecting this species significantly more often than
mishap (x> = 13.33, df = 1, P < 0.001). Although
mishap appeared to affect more Atlantic White-sided

TABLE 5. Observed and expected frequencies of stranding events for Nova Scotia (NS), New Brunswick (NB), and Prince
Edward Island (PEI) from 1990 to 2008, grouped by suborder and family. The expected values reflect the number of stranding
events estimated to occur if the events are influenced by chance alone, and are controlled for the amount of shoreline (km)
of each province. Instances in which the observed number of stranding events is higher than predicted are in bold.

NS NB PEI
Observed Expected Observed Expected Observed  Expected
Mysticete 96 89 17 34 26 16
Odontocete 207 266 82 101 125 48
Balaenopteridae 82 77 13 29 25 14
Delphinidae 110 107 41 51 19
Phocoenidae 54 117 65 45 64 21
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FIGURE 2. The proportion of total stranding events involving (a) mysticetes and odontocetes, (b) delphinids, phocoenids, and
physeterids, and (c) balaenids and balaenopterids per month, recorded for the Maritimes, 1990-2008.
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FIGURE 3. Spatial distribution of stranded cetaceans in the Maritimes, 1990-2008 (n = 640). Stranding events that appear to

be inland are river incidents.

Dolphins and Long-finned Pilot Whales than did dis-
ease (Figure 4), this difference was not significant
(x?=1.64,df =1, P = 0.201, and %> = 2.00, df = 1,
P =0.157, respectively). However, only a small num-
ber of Long-finned Pilot Whales were necropsied, thus
providing an incomplete picture of pathology for this
species in the region. Stranded Harbour Porpoises
showed more evidence of disease than did Atlantic
White-sided Dolphins (% = 8.76, df = 1, P = 0.003),
while Atlantic White-sided Dolphins were more likely
to die from mishap than Harbour Porpoises (%> = 4.26,
df =1, P =0.039).

Refloating attempts

Refloating attempts were documented for 205 indi-
viduals (23%) over the 19-year period, with an appar-
ent success rate of approximately 83%. The remainder
of the animals died, were euthanized, or their fate is
unknown. The majority of animals refloated were del-
phinid species (84%), primarily Atlantic White-sided

Dolphins and Long-Finned Pilot Whales. Refloating
attempts were also made for 10 Harbour Porpoises,
3 Sperm Whales, a Pygmy Sperm Whale (Kogia bre-
viceps), and a Northern Bottlenose Whale (Hyperoodon
ampullatus), as well as for 4 mysticetes (2 Hump-
back Whales, Megaptera novaeangliae, and 2 Minke
Whales, Balaenoptera acutorostrata).

Information on both sex and age categories was
available for only 23 of the refloated animals (6 fe-
males, 17 males; 14 adults, 9 immatures). Once refloat-
ed, females appear to have a slightly better survival rate
than males (Figure 5a), although the sample size is
very small and thus should be interpreted with caution.
Age does not appear to play an important role in
cetacean survival after refloating, although immature
whales do appear to have had a slightly lower death
rate than adults (Figure 5b). None of the parameters
included in the logistic regression could be attributed
to differential success of refloating events (Table 8).
Thus, neither the sex nor the age category of a whale
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TABLE 6. Observed and expected frequencies of stranding events for each incident type from 1990 to 2008, grouped by sub-
order and family. The expected values reflect the number of stranding events estimated to occur if the events are influenced
by chance alone. Instances in which the observed number of stranding events is higher than predicted are in bold.

Beached Stranded Anthropogenic Dead at sea
Observed  Expected Observed Expected Observed Expected Observed Expected
Mysticete 102 95 11 25 24 21 14 9
Odontocete 252 259 83 69 55 58 21 26
Balaenopteridae 89 78 11 22 17 19 9 7
Delphinidae 101 102 57 29 4 25 4 10
Phocoenidae 103 113 15 32 50 27 15 11

TABLE 7. Causes of mortality identified in three species of odontocetes. See text for definition of categories.

Harbour Atlantic Long-finned

Porpoise White-sided Dolphin Pilot Whale Total
Disease 25 82 2 35
Anthropogenic cause 5 - - 5
Mishap 5! 14 6 25
Unknown (autolysis) 21 (8) 15 (1) 4 40 (9)
Total 56 37 12 105

Including 4 calves, found between late June and late August, presumably separated from their mother.
’Including 3 animals diagnosed with bacteremia/septicemia caused by Vibrio sp., possibly secondary to stranding by mishap.

can be used to predict the success of a refloating at-
tempt at this time. However, a larger sample size may
reveal patterns that are not evident with the sample
size considered here.

Discussion

The majority of cetacean strandings in the Canadian
Maritime provinces appear to be single animal events,
with significant variability on an annual scale. These
data agree with those reported by Hooker et al. (1997),
who found that strandings occurred variably through-
out Nova Scotia and also varied between years and
months. Relatively more strandings occurred in the
summer months during our study period. In part, this
likely reflects increased reporting effort during the
summer, a time when people visit the coastlines most
frequently (Hooker et al. 1997; Norman et al. 2004;
Evans et al. 2005). However, this pattern may also
reflect seasonal movements of small odontocetes that
are inshore in the region during the summer months but
move to more offshore waters during the winter (e.g.,
Neave and Wright 1968; Payne and Heinemann 1993).
The increase in the number of Sperm Whale strandings
reported during the winter months, for instance, may
be a consequence of their movement patterns, although
these are not yet well resolved (Whitehead 2003). Mass
strandings were observed to occur rarely, and were
most often composed of Long-finned Pilot Whales or
Atlantic White-sided Dolphins. This agrees with pre-
vious studies of strandings off Nova Scotia and New-
foundland (Sergeant 1982; Hooker et al. 1997) and may
be indicative of the relatively high abundance of those

— Species
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FIGURE 4. The main documented causes of mortality for
Atlantic White-sided Dolphins (AWS), Harbour Por-
poises (HP), and Long-finned Pilot Whales (LF).
Asterisks denote significant differences (P < 0.001)
between causes of mortality for each species, based
on chi-square tests.

two species within waters in the Maritimes (Hooker et
al. 1997; Reeves et al. 2002).

While strandings appear to be well distributed along
provincial coastlines, there do appear to be slight con-
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FIGURE 5. Odontocete outcome (died, survived) after refloating attempts: (a) grouped by sex and (b) grouped by age.

centrations of events in the outer Bay of Fundy and in
the Halifax region. The Halifax concentration is un-
doubtedly an artifact of reporting by the Marine Animal
Response Society. There is probably some observer
bias in the Bay of Fundy as well, with whale research-
ers concentrated in the outer bay, where whales occur
with greatest frequency. Relatively inaccessible coast-
lines, such as the roadless coastline immediately north-
east of Saint John, may contribute to the lack of report-
ed strandings in some areas. The higher number of
strandings reported along the coast of Prince Edward
Island than expected may be due to high levels of
effort, facilitated by the province’s small size, acces-
sible shoreline, and locally well-known stranding net-
work at the Atlantic Veterinary College. There may also
be a higher proportion of accessible beaches along its
coastline, increasing the likelihood that strandings will
be noticed by chance observers. Overall, though, it ap-
pears that there are as yet not enough data to identify
with certainty any areas in the Maritimes that may be
particularly prone to live or dead cetacean stranding
events.

Incident types

The number of reported mysticete events involving
dead animals (beached or dead at sea) was higher than
predicted. The greater number of dead mysticetes re-
ported may be a consequence of their relatively higher
buoyancy, resistance to dismemberment by scavengers,
and greater visibility (Béland et al. 1987), which in-
creases the likelihood that the animals will be seen by
passing vessels or will wash ashore and be encountered
by human observers. Conversely, odontocetes appeared
to strand alive more often than was predicted by chance

alone. This may be due, in part, to the propensity for
toothed whales to mass strand (Geraci 1978; Sergeant
1982). The mass stranding events (involving more than
two animals) recorded in the Maritimes during the
period considered here involved only toothed whales,
particularly Atlantic White-sided Dolphins and Long-
Finned Pilot Whales. Both of these species seem to
show a propensity to strand by mishap. During such
events, healthy animals within the stranded group may
survive longer on shore than animals that strand due to
illness or injury, increasing the chance that an observer
will record them as stranded alive.

More baleen whales in the Maritimes were observed
entangled in fishing gear than predicted by chance
alone. This may be a consequence of mysticete forag-
ing strategies, namely bulk foraging by skimming and
lunging (Bowen et al. 2002). Such strategies render
baleen whales vulnerable to entanglement in longlines,
pot trap gear, and other moorings resting near the sur-
face (Northridge 1991; Johnson et al. 2005). Odonto-
cetes, with the exception of Harbour Porpoises, do not
appear to become entangled in fishing gear more often
than predicted by chance. Incidental catch of Harbour
Porpoises, especially in gillnets, was a major cause of
concern in the Maritimes during the study period
covered here (Trippel et al. 1996). Current efforts are
focused on mitigating this negative interaction with
local fisheries (e.g., Trippel et al. 1999).

Causes of mortality of necropsied animals

Disease was identified in a larger proportion of
stranded Harbour Porpoise than predicted statistically.
Atlantic White-sided Dolphins and Long-finned Pilot
Whales, conversely, both appeared to have suffered
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TaBLE 8. Complete logistic regression results for the survival of refloated odontocetes of different ages and sexes. The sig-
nificance of the model is calculated with a log-likelihood test. A McFadden’s rho value between 0.2 and 0.4 indicates signif-
icant correlation.

Log- Log- McFadden’s
Parameter Estimate SE V4 P likelihood (df = 2) likelihood P rho?
Constant —0.882 0.746 —-1.18 0.237 —-12.042 0.272 0.108
Sex 1.537 1.32 1.165 0.244
Age category  —1.658 1.261 -1.31 0.189

equally from mishap and disease. There is evidence
that the echolocation system of odontocetes typically
found offshore or on the continental shelf may be less
suitable as a navigational aid in shallow coastal envi-
ronments than that of inshore or estuarine species, such
as Harbour Porpoises (Ketten 1991, 1994; Reeves et al.
2002). Inshore species are more likely to be sick or
injured when found stranded, since healthy animals
should be adept at navigating in relatively shallow
coastal waters. This may have important implications
for stranding networks wishing to assist stranded ani-
mals. The prospect for successful assistance may be
reduced for Harbour Porpoises, which are more likely
to be affected by disease or injury when found ashore.
Conversely, offshore species such as the Atlantic White-
sided Dolphin and Long-finned Pilot Whale appear to
be as likely to strand as a result of mishap as of disease.

Limitations of stranding information and manage-
ment implications

The use of stranding information has inherent lim-
itations (Klinowska 1985). As noted, variation in the
number of reported strandings in the Maritimes bet-
ween provinces and over time may reflect the relative
abundance of a species in a region at a given time.
Levels of human effort and efficiency in locating and
reporting strandings often vary over time and between
regions and may also affect the quality of the data. The
likelihood that a stranding will be reported is also
dependent on physical oceanographic features that
bring the body of the animal to shore, such as upwelling
and downwelling (Norman et al. 2004). The degree
of buoyancy of different species and different body
states (healthy or emaciated) and the currents and wind
also affect when and where the animal will be found
(Norman et al. 2004; Walker et al. 2005). Categories
used to describe causes of mortality may often under-
estimate the effect of human activities on stranding
events; while entanglement in fishing gear and ship
strikes often result in identifiable external injuries, it
is more difficult to link the use of sonar signals in mil-
itary exercises and seismic surveys to strandings (see
Weilgart 2007 for a review; Simmonds and Lopez-
Jurado 1991; Engel et al. 2004).

Despite these limitations and the relatively recent
efforts to collect cetacean stranding data broadly in
the Maritimes, such information has already contri-
buted to knowledge about cetaceans in the waters of

the region (e.g., Hooker et al. 1999; Lucas and Hooker
2000; Wimmer 2003). Information on the success rate
of refloating attempts can also play a role in the devel-
opment of rapid and efficient triage strategies, enabling
stranding networks to allocate resources most effec-
tively during stranding events (Geraci and Lounsbury
2005). To date, refloating attempts in the Maritimes
appear to be largely successful for small odontocetes
found alive, but the use of tracking tags on such ani-
mals would provide more information on survival and
movement patterns after refloating (Geraci and Louns-
bury 2005). The continuing collection of such data in
the Maritimes may also help in predicting where
stranding events are most likely to occur in the future
and lead to the development of management strategies.
Stranding information on Harbour Porpoise incidental
catch has already led to an increased effort to mitigate
the effect of fisheries on this species through the devel-
opment of alternative fishing practices and equipment
(e.g., Trippel et al. 1999; Culik et al. 2001).

The provincial stranding networks have only recent-
ly developed the central database of stranding event
data used in this study. This collaboration should per-
mit more effective information sharing between New
Brunswick, Nova Scotia, and Prince Edward Island in
the future. It should also play an important role in fur-
thering understanding of both the biology of and the
management options for marine mammals in waters
of the Maritimes.
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