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Introduction

Human interactions with marine mammals have occurred for many centuries, but
with human population growth, increasing industrialization of fisheries and maritime
traffic, these interactions will likely increase in the future (De Master ef a/. 2001). In the
last decade, demand for seafood products and changes in fishery practices have led to
fishing activities resulting in mortality of millions of marine mammals each year worldwide
(Simmonds and Hutchinson 1996, Anderson 2001b, Schipper er al. 2008). Anthropogenic
incidences on marine mammals are not limited to incidental by-catch or entanglement in
fishing gear (Simmonds and Hutchinson 1996) and include: ship collision (Anderson
2001b, Laist et al. 2001), gunshot (Goldstein et al. 1999), anthropogenic noise (Nowacek ef
al. 2007) and loss and degradation of habitat (Kemp 1996, Harwood 2001). In many areas,
our understanding of the effect of anthropogenic activities on marine mammals is
inadequate due to a lack of information on anthropogenic activities (e.g. fishing and
recreational activities) and dynamics of marine mammal populations (e.g. distribution and

mortality) (Read 1996).

Marine mammal stranding data can provide long-term insights into population
dynamics and threats to their survival (Leeney ef al. 2008). Recent studies, using evidence
of human incidences to classify stranded carcasses and estimate levels of anthropogenic
activities, confirm the usefulness of stranding data as an indicator of anthropogenic
interactions such as fishery by-catch (Goldstein ef al. 1999, Lopez et al. 2002, Kemper et
al. 2005, Byrd et al. 2008). However, stranding data are limited by the condition of
carcasses and operational logistics and efficiencies in stranding networks. Multi-year
datasets can take years to become available for analysis and consequently delay actions to
prevent negative anthropogenic activities (Byrd et al. 2008). Hence, to document human
interactions with marine mammals and collect baseline data, stranding cvents must be
recorded 1n a systematic and rigorous manner and, involve extensive coverage of shorelines

(Byrd er al. 2008).



63

The St. Lawrence Estuary (SLE) and Gulf of St. Lawrence (GSL) are two important
feeding areas for marine mammals in summer (Sourisseau et al. 2006, Simard 2008). Some
species such as the SLE beluga (Delphinapterus leucas) and harbour seals (Phoca vitulina)
are resident year-round. Other species are seasonal visitors, for example: summer in the
case of grey seals (Halichoerus Grypus) and winter for harp (Phoca groenlandica) and
hooded (Cystophora cristata) seals. A great diversity of whales also migrate to these areas
in summer (Kingsley and Reeves 1998), which has led to a well-developed whale-watching
industry (Michaud and Giard 1998, Lien 2001). Whale-watching combined with
considerable marine traffic (Blane and Jackson 1994, Lesage er al. 1999, Henry and
Hammill 2001) and commercial fisheries may be a significant threat to resident and

seasonal marine mammal populations.

There are a few studies in the St. Lawrence ecosystem that report considerable
numbers of marine mammal mortalities associated with anthropogenic interactions (Béland
et al. 1987, Béland er al. 1992) especially by-catch of harbour porpoises (Phocoena
phocoena) in groundfish gillnets (Fontaine er al. 1994a, Lesage er al. 2006). Little
information is available on the influence of other anthropogenic activities (i.e. ship
collision and gunshot) on marine mammals 1n the Estuary. Some species may be especially
at risk such as the threatened St. Lawrence Estuary beluga population (COSEWIC 2004)
and the endangered blue whale (Balaenoptera musculus) in Canadian Atlantic waters
(Sears and Calambokidis 2002). Anthropogenic activities may have iumportant
consequences on the demography of these populations (Clapham et a/. 2002, Hammill e al.

2007).

The objective of this study was to examine stranding data for evidence of
anthropogenic incidences on marine mammals, to study temporal variations thereof, and to
identify which anthropogenic activities (i.e. fishery by-catch, ship collisions and gunshot)

may be involved in stranding events for the period from 1994 to 2008 in Quebec waters.
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Viethods

Study area

The study area includes the St. Lawrence River, the St. Lawrence Estuary (SLE)
and the northwest part of the Gulf of St. Lawrence (NWGSL) (Northwest Atlantic Fisheries
Organisation (NAFO) Divisions 4S and 4T) (Figure 3.1). The Estuary and the northwestern
Gulf of St. Lawrence have important oceanographic features (i.e. tidal interactions with
bathymetry, wind-driven upwelling and mean circulation) that favour recurrent
aggregations of prey and thus, are important feeding grounds for various marine mammal
species i summer (Simard er al. 2002, Sourisseau et al. 2006, Simard 2008). Based on the
critical status of the Estuary for the conservation of marine mammals (review in Lesage ef
al. (2007)), active conservation measures were undertaken in 1998 with the creation of the
first marine protected area in eastern Canada, the Saguenay-St. Lawrence Marine Park.
This protected area is located at the confluent of the Saguenay Fjord and the Estuary and
covers over 1245 km” of sea surface. Despite conservation efforts, it nonetheless appears
that the St. Lawrence remain an ecosystem largely used by human for commercial
(marttime traffic and fisheries) and ecotourism (whale-watching) activities (Blane and
Jackson 1994, Lesage er al. 1999, Henry and Hammill 2001). Indeed, a well-developed
whale-watching industry operates throughout the summer in the marine park (Michaud and
Grard 1998, Lien 2001). Moreover, few fisherics were authorized along the coasts of the
Estuary and around the Magdalen Islands in summer: mostly gillnet fishery for Greenland
halibut and herring, fishery for capelin with trap and fishery for crab and lobster with pot
(MAPAQ 2008). All these human activities may be significant threats to resident and

seasonal marine mammal populations.
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Figure 3.1 Study area showing the St. Lawrence Estuary and the Gulf of St. Lawrence.

Data collection

Data used in the following analyses comprise marine mammal stranding records
collected over a |5-year period by Fisheries and Oceans Canada at the Maurice
Lamontagne Institute (MLI) from 1994 to 2002 and by a marine mammal emergency
network, RQUMM (Réseau queébécois d’urgences pour les mammiferes marins), from 2003
to 2008. We systematically analyzed stranding records from these two databases, extracting
information on anthropogenic incidences on marine mammal stranding events including

by-catch events (including events not necessarily leading to a stranding per se) which
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occurred offshore in fixed gears (i.e. nets, traps and pots). Numbers of stranding events
were used as the sampling unit for analysis and not the number of animals in each event,
either single or mass strandings (Geraci and Lounsbury 2005b), to minimize bias and over-
estimation of events. Analysis of stranding data included only those cases where
identification of marine mammals was based on verifiable criteria (pictures and/or a reliable
observer). Ambiguous cases of species identification or equivocal reports of strandings
were excluded from analyses. Carcasses for necropsy were selected based on their
condition, size and accessibility and stranding network operational logistics and
etficiencies. Necropsies were performed by biologists (MLI) or pathologists (the University

of Montreal, Faculty of Veterinary Medicine at Saint-Hyacinthe).

Anthropogenic incidences were classified mto five categories: by-catch, severe
injury, ship collision, gunshot and other. Cases with gross evidence of human incidence
observed by network partners were examined and only those that could be classified in one
of the five categories were retained for analyses. These categories were based on specific
definitions from the literature: 1) entanglement: defined as the presence of unhealed,
narrow, linear lacerations or indentations in the epidermis most commonly around the head,
dorsal fin, flukes and flippers (Read and Murray 2000), the presence of fishing gear on
animals and release interventions. In this study, this category includes by-catch, that part of
a fishery capture that is discarded at sea, dead (or injured such that death results) (Alverson
et al. 1994, Hall 1996). 2) Severe injury: defined as injuries related to human activities but
not diagnostic of entanglement in fishing gear. These include evidence of knife cuts,
missing organs or appendages, and mutilations (Read and Murray 2000). 3) Ship collision:
defined as a powerful impact between any part of a vessel and a live marine mammal,
resulting in physical trauma (bone fractures with ante-mortem haemorrhages) (Laist et al.

2001, Waerebeek ef al. 2007). This category includes propeller strikes as evident by helical

(fiver, heart, brain, etc) observed at gross necropsy or the presence of penetrating circular
wounds consistent with a gunshot (Read and Murray 2000). 5) Other: defined as evidence

of anthropogenic incidences that do not fit the other above definitions or that had
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confounding evidence of anthropogenic incidence. Carcasses too decomposed or with
severe scavenger damage precluding an adequate evaluation of the anthropogenic activity

involved were excluded.

Statistical analyses

Anthropogenic incidences were identified for each marine mammal group and each
species. We examined both lethal and live incidences. Pie charts were used to illustrate the
percentage of each lethal anthropogenic incidence on marine mammals. Linear and
polynomial regressions were used to fit inter-annual variations in anthropogenic incidences.
Logarithm transformations were applied to data that were not normally distributed and
when the homogeneity of variance was not respected (Zar 1999). In all analyses, a P value
< 0.05 was considered statistically significant. We assumed that data were independent and

statistical tests were done using R v2.4 computer software (R Development Core 2009).

Results

From a total number of 1590 events (1994 to 2008), 192 involve anthropogenic
activities, 92 evidences of fishery entanglement (48%), 36 evidences of ship collision
(19%), 31 evidences of gunshot (16%), 24 other anthropogenic interactions (13%) and nine
severe injury events (5%) (Table 3.1). These records include six species of large cetaceans,
three species of small cetaceans and four species of seals. Of all marine mammal species,
the minke whale (Balaenoptera acutorostrata) appears to have the greatest number of
anthropogenic incidences (24.5 %) (Table 3.1), mostly fishery entanglement (86.6%), of
which I'l events involved tishing traps and 12 events involved other umdentified fishing

nets. From the large cetacean group, minke whales experienced the majority of incidences
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followed by harbour porpoises in the small cetacean group. Harbour seals and grey seals

have more reported incidences than other seal species involving mostly gunshot events.

Differences between cetacean species are observed in the number of events within
anthropogenic categories (Table 3.1). Entanglement was the most common incidence on
iarge cetaceans, except for fin whales (Balaenoptera physalus) that appear to be nvolved
mostly in ship collisions. Small cetaceans were represented mostly by harbour porpoise and
beluga. While the SLE beluga has a diversity of health issues, in this study, ship collision
was the most common human incidence recorded, in contrast to harbour porpoise which
was commonly affected by other anthropogenic interactions in the Saguenay—St. Lawrence

Marine park.

In Quebec waters, about 9.1 % of anthropogenic incidences were lethal for marine
mammals, 5.8 % for seals and 13.8 % for cetaceans (Figures 3.2-3.4). For the latter group,
lethal anthropogenic incidences were reported more often for large (28%) than small
cetaceans (8 %). Large cetacean mortality is associated mainly with entanglement (19.5%).
in fishing gears while small cetacean mortality is associated mainly by other incidence (3.7
%) (Figures 3.4.c-d). Moreover, ship collision with large whales (8.2%) and small whales
(2.8%) 1s the second most frequent lethal anthropogenic incidences recorded in the cetacean
group. Although there is no evidence of gunshot for large cetaceans and only few (0.2%)
for the small cetaceans, it nonetheless appears that gunshot events are more frequently

associated with seal mortalities than other categories (Figure 3.3).



Table 3.1 Anthropogenic incidences by category associated with live and dead marine mammal stranding events by species

from 1994 to 2008 in Quebec, Canada.

Species Caregorics of anthropogenic incidences Total events
Entanglement Gunshot Ship collision Severe injury other

N %’ N N %’ N % N %’ N' %’

Large cetacean
Balacenoptera acutorostrata 39 42.4 8 222 47 245
Balaenoptera physalis 3 33 8 222 I 5.7
Balaenoptera musciulus 2 2.2 2 1.0
Megaptera novacangliae 12 13.0 ! 4.2 13 6.8
Ewbalaena glacialis 3 3.3 3 1.6
Physeter macrocephalis | 2.8 | 0.5
subtotal 59 64.1 17 47.2 | 4.2 77 40.1

Small cetacean
Phococna phocoena 5 5.4 I 32 5 13.9 1 11.1 16 66.7 28 14.6
Delphinaprerus leucas 3 33 8 22.2 Il 5.7
Lagenorhynchus acutis 1 [ [ 0.5
suhtotal 8 8.7 ! 3.2 13 36.1 2 22.2 16 66.7 40 20.8
Unidentified cetacean 11 (2.0 3 8.3 14 7.3
subtotal cetaceans 78 84.8 | 32 33 91.7 2 5.6 17 70.8 131 68.2

Seals

Phoca vitlina 6 6.5 8 258 2 22.2 | 4.2 17 8.9
Halichoerus grypus 3 33 8 258 | 2.8 12 6.3
Phoca groenlandica 5 16.1 [ 2.8 2 22.2 | 4.2 9 4.7
Cystophora cristata ! 1.1 1 3.2 | 2.8 | i1 ! 4.2 5 2.6
Unidentified seal 4 43 8 25.8 2 222 4 16.7 18 9.4
subtotal seals 14 15.2 30 96.8 3 8.3 7 77.8 7 292 61 318
Total 92 47.9 31 16.1 36 18.8 9 4.7 24 12.5 192 100
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Figure 3.2 a) Proportion and b) causes of lethal anthropogenic incidences on marine
mammals in Quebec (1994 to 2008).
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Figure 3.3 a) Proportion and b) causes of lethal anthropogenic incidences on seals in

Quebec (1994 to 2008).
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Figure 3.4 a) Proportion and causes of lethal incidences on b) all cetaceans, ¢) small

cetaceans and d) large cetaceans in Quebec (1994 to 2008).
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Temporal variations

Evidence of anthropogenic incidences observed on dead and live marine mammals
increase during summer (Figure 3.5) and over the study period (1994-2008) (Rzad)-‘ =048,
Fs12=7.54, p = 0.008), while the number of incidences has remained relatively constant
over recent years (Figure 3.6.a). This annual tendency is positively correlated with
entanglement events (Rzadj_ = 047, F,y, = 722, p = 0.009) and other anthropogenic
incidences (Rzndi_ = 0.45, F, ;3 = 12.44, p = 0.004), which increased during the time period
(Figure 3.6.b). Entanglement events involved mostly minke (Rzﬂdj_ =0.80, F,3=5149,p <
0.001) and humpback whales (Megaptera novaeangliae) (Rzﬂdj_ =0.22,F15=5.0,p=0.04)
(Fig. 3.7 a-b), and other anthropogenic incidences involved mostly harbotu*porpoises(R?amA
=087, Fy 4= 97.97; p < 0.001) (Figure 3.7.c). Although severe injury, ship collision and
gunshot remained significantly constant over time, we observed since 2002 a decreasing
number of stranding events reported with evidence of gunshot, mostly of seals (Figure

3.6.¢). Overall, entanglements of marine mammals were mostly reported in Division 4T

(63%).
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Figure 3.5 Seasonnal variability in anthropogenic incidences on live and dead marine
mammals in Quebec, 1994 to 2008.
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Finally, if we consider only lethal anthropogenic incidences (ie. excluding release of
entangled animals), we observe no significant temporal tendency in any anthropogenic
category. However, the number of these events seemed to decrease over recent years,
except for a peak in 2005, and are significantly correlated (Rzadj_ =074, F114=3997,p<
0.001) with that of lethal entanglement events, mostly of minke whales (Figure 3.8).
Despite the general increase of entanglement events from 1994 to 2008, these events
involving only dead animals seemed to decrease since 2003. In 2003, the marine mammal
emergency network, RQUMM, had set up a program with fishermen and other
organizations to disentangle marine mammals from fishing gear. Since then, nine large

cetaceans were successfully disentangled, including six minke whales and three humpback

whales.
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Discussion

From a conservation perspective, this study provides information on the influence of
anthropogenic activities on marine mammals in an area heavily used by humans, including
the Saguenay—St. Lawrence marine park. Examination of anthropogenic incidences on
marine mammals in the St. Lawrence Estuary is essential in the management and
conservation of marine mammals, particularly for protected and resident species such as the
St. Lawrence Estuary beluga and the harbour seal. Using a stranding database spanning
over 15 years (1994-2008), we found that anthropogenic activities were associated to 9 %
of marine mammal mortality: 28 % for large cetaceans, 8% for small cetaceans and 6% for
pinnipeds. In contrast with cetaceans, anthropogenic incidences on mortality of pinnipeds
were low and consisted mostly in gunshot of grey and harbour seals. Overall,
anthropogenic incidences on marine mammal strandings increased over the years and were
recorded mostly during summer. This trend over time was driven by an increase in recent
years of reports of fishery entanglements and other anthropogenic incidences of mysticetes
(e.g. minke and humpback whales) and harbour porpoise in the Estuary and the marine
park, respectively. Moreover, we estimated that fishery entanglement of minke whale had
exceeded some years the potential biological removal of the St. Lawrence “‘stock”. Hence,
results highlight two vulnerable species to human activities in the Estuary, the minke whale
and the harbour porpoise. This study also points out preoccupant levels of human-induced

mortality in the national marine park.

As expected, human incidences on marine mammals occur mostly in summer and
early fall m Quebec. This is likely due to the seasonality of human activities such as
recreational activities, marine traffic and fisheries which are more intensive in summer than
other seasons (Béland er al. 1987). This seasonality has been observed as well in other
tempcerate regions, such as California (Goldstein er al. 1999) and North Carolina (Byrd ef
al. 2008). Stranding events are also more likely to be reported in summer when observers

arc present and more active ( r.e. walking on the beach, boating or involved n other



79

recreational activities) and thus find and report stranded carcasses (Béland er al. 1987).
This seasonality 1s also a function of seasonal migration and movements of marine
mammals (Sergeant 1979, Lopez er al. 2002, Byrd er al. 2008, Bogomolni er al. 2010)
which, for the majority of species, bring them to the GSL and SLE during summer to early
fall to forage (Edds and MacFarlane 1987, Lesage ef al. 2007, Simard 2008) (Lavigueur et
al. 1993, Kingsley and Reeves 1998). Considering that the probability of anthropogenic
interactions with marine mammals increases with the density of marine mammals,
anthropogenic incidences on marine mammals were mostly likely to occur during summer.
Nonetheless, anthropogenic incidences remained high in September when fishing (Lesage
et al. 2006) and recreational activities (Henry and Hammill 2001) declined. Lesage et al.
(2006) suggest that the late September peak of harbour porpoise by-catch could be

associated with movements of animals inshore in response to an increased abundance of

prey.

Overall, we estimated that 9 % of marine mammal carcasses examined had evidence
of anthropogenic incidence, mostly evidence of entanglements (48%). This is considerably
smaller than the 50% reported by Béland er a/. (1992) for marine mammal mortalities other
than beluga that could be attributable to human activities from 1988—1990 in Quebec
waters. However, if we consider only cetaceans, a relatively high percentage of
anthropogenic incidences involved large whales particularly minke whales (36 % of
mortalities showed evidence of anthropogenic incidences). This result is consistent with
Béland et al. (1992) who reported evidence of human-related wounds in 34 % of the large
whale strandings in the Estuary. A variety of biological factors can influence entanglement
of marine mammals such as species distribution, behavioural traits (curiosity, exploration,
social patterns and feeding activities) (Fertl and Leatherwood 1997, Morizur ef al. 1999),
sensory capacities and attention (Perrin er a/. 1994). Feeding activities of marine mammals
make them especially vulnerable to entanglement and may be an important component in
many incidental captures (Lien 1994, Fertl and Leatherwood 1997). The patchiness of
resources in the marine environment and high feeding requirements and high energetic

costs of feeding strategies mostly of large mysticetes (Piatt and Methven 1990, Heithaus
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and Dill 2002, Doniol-Valcroze et al. 2007) make fishing gears particularly attractive for
feeding activities. Although large whales seem to be more vulnerable to human activities
than other marine mammals (i.e. small cetaceans and seals), it nonetheless appears that
seals might be under-represented in stranding data. In the study area, seals are considered as
a nuisance and, as a result, carcasses could be less reported by fishermen. Moreover, the
charismatic status and impressive size of large whales make strandings more likely to be

reported than other species such as seals.

In spite of this general trend in anthropogenic incidences on marine mammals, we
observed differences within all anthropogenic categories between seals, small cetaceans

and large cetaceans and between species.

Anthropogenic incidences on seals

Anthropogenic interactions with seals consisted primarily in gunshot (97%) and
involved two species, grey and harbour seals. These results were consistent with other
studies, which reported that gunshot was the most common anthropogenic cause of
mortality among pinnipeds (Stroud and Roffe 1979, Béland et al. 1987, Béland et al. 1992,
Goldstein et al. 1999). Gunshot events occurred during summer, a period when the Estuary
is closed to hunting and therefore does not account for the higher occurrence of gunshot
events during this time (Lesage and Hammill 2001). Moreover, the harbour seal is a species
protected from hunting in eastern Canada (COSEPAC 2007), while grey seal is protected in
the Estuary during summer. In the study area, fishermen have a negative attitude towards
seals as they cause considerable damage to fishing gears (Fontaine er al. 1994a) while
removing target species from them, causing substantial financial loss (Beddington e al.
1985, Lesage er al. 2001). In addition, the well-recognized conflict between seals and

fishermen for marine resources given the numerous grey and harbour seals in the Estuary



81

during summer (Lavigueur es al. 1993) and an increasing Northwest Atlantic grey seal
population since 1970 (Hammill 2005) have led to a high susceptibility of seals to interact
with human activities in summer and thus, being shot during fishery activities in the
Estuary and the Gulf of St. Lawrence. As the size of the resident population of harbour
seals 1s unknown (COSEPAC 2007), this source of mortality may be of concern in the
Estuary and possibly elsewhere in eastern Canada. Harbour seals are particularly sensitive
to human disturbance due to their coastal nature (Henry and Hammll 2001) and

distribution in areas used by humans (Robillard er al. 2005, COSEPAC 2007).

Anthropogenic interactions with small cetaceans

For small cetaceans, the species most likely to be reported with human incidences
was the harbour porpoise, and surprisingly, the main anthropogenic incidence was other
than entanglement. By-catch is the most common anthropogenic incidence reported for
small cetacean mortalities worldwide (Read and Murray 2000), especially for harbour
porpoise and dolphin species (Baker and Martin 1992, Fontaine er a/. 1994a, Simmonds
and Hutchinson 1996, Lesage et al. 2006). However, in contrast to other regions, another
cause of mortality seemed to be significant, even much important, for harbour porpoise in
Quebec water, and consisted of finding pieces of carcasses (large cubes of blubber) clearly
cut with a knife. These reports came from a single region, near Grandes-Bergeronnes, a
municipality located on the north shore of the protected waters of the Saguenay—St.
Lawrence Marine Park. Alternatively, these events may suggest accidental entanglement.
Indeed, fishermen occasionally mutilate, cut appendages or slit the abdomen of marine
mammal carcasses to facilitate disentanglement and protect their gear (Read and Murray
2000, Byrd et al. 2008). Thus, it is conceivable that a proportion of these events are
entanglements in fishing gears. Nonetheless, fishery activity in the sector of Grandes-

Bergeronnes is low to nonexistent and coiroborates the illegal hunting presumption. At this



82

time, these events continue to be reported and are under investigation by Parks Canada to

prevent further cases.

Ship collision was the second most frequent anthropogenic incidence on cetaceans
and involved mostly minke whales, fin whales and beluga whales (22%). This result is
particularly important for the SLE beluga as the resident population has relatively few
individuals and does not show any sign of recovery (Hammill et a/. 2007). Although ship
collision with belugas are known to occur in the SLE (Hammill er al. 2007, Measures
2008), evidence of anthropogenic incidence with beluga was found in only 4 % of the
beluga carcasses as reported by Béland er al. (1987; 1992) and Measures (2008). Human
interactions such as fishery entanglement and ship collision are not considered to be an
important cause of mortality for SLE beluga (Béland er al. 1992, Fontaine et al. 1994a,
Hammill er al. 2007). Nevertheless, ship collision has been identified as a factor potentially
contributing to the lack of recovery of this population with other factors such as chemical
contamination, anthropogenic noise and disturbance related to marine traffic in its
summering habitat (Lesage et al. 1999, Hammill et a/. 2007). Habitat loss and degradation

1s considered the greatest threat for resident coastal species such as the SLE beluga (Kemp

1996).

Anthropogenic interactions with large cetaceans

Entanglement was the main human incidence on large whales in the St. Lawrence
Estuary (SLE) and the northwestern Gull of St. Lawrence (NWGSL) and mvolved mostly
minke whales and humpback whales as previously observed by Béland er ol (1992).
Similarly to tendencies reported in Newfoundland-Labrador, entanglement in fishing gear
was higher in minke whales than humpback whales (Lien 1994). The increase in
entanglement, mostly 1n the NAFO Division 4T (63%), could not simply be explained by

an improvement of public awareness and sampling effort as there was variation in
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entanglement between years for specific species suggesting that other biological processes
were involved. We propose three explanations for this increase in entanglement: 1) a shift
in minke and humpback whale distribution, 2) changes in fishery practices and 3) increase

of sampling effort in the SLE and NWGSL from 1994 to 2008.

The SLE and NWGSL are important feeding grounds in summer, where many
cetacean species migrate and may interact with fishery activities. In the St. Lawrence
ecosystem, distribution of rorqual species is associated with aggregation of prey (e.g.
capelin and krill) (Sourisseau es al. 2006, Doniol-Valcroze et al. 2007, Simard 2008).
Changes n prey distribution may influence distribution of rorquals which concentrate
where their prey are located. If cetacean distribution changes in response to prey location
and occurs in a fishing area, the probability of entanglement would also increase for
cetaceans, resulting in mortality (Leeney er al. 2008). Whitehead and Carscadden (1985)
suggested that the high number of humpback whales observed off eastern Newfoundland
from 1977 to 1980 may have contributed to the high number of entanglements. They found
also a correlation between observations of humpback whales and abundance of capelin,
their main prey (Baird 2003b). Similarly in the NWGSL, Comtois (2010) observed an
increased number of humpback whales as well as a shift in their geographical distribution.
She suggested an association between this distributional shift, cold sea bottom temperature
and the collapse of demersal fish predators by overfishing in the late 1980s and early 1990s
(Savenkoff er al. 2007, Morissette er al. 2009). Overfishing 1s also suspected to have
contributed to significant geographical expansion in the distribution of capelin in the mid
1990s throughout the entire Gulf (particularly in Division 4T) (DFO 2001, Grégoire er al.
2008) due to the collapse of its major predator, the Atlantic cod (Carscadden er al. 2001).
Likewise, the expansion of the distribution of capelin in the SLE and southern GSL. may
likely attract foraging minke and humpback whales and consequently may lead to high
entanglement events recorded in Division 4T. However, we could not vahdate this
hypothesis due to a lack of information on the distribution of minke and humpback whales
in the SLE, but we suspect that these changes in the St. Lawrence ecosystem (i.c.

abundance and distribution of preys) probably had an thoughtful implication on the
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distribution of these marine mammal species and therefore on temporal patterns in

entanglement.

Another possible explanation for the increase of entanglement events may be
changes in fishery practices in recent years. Following the groundfish collapse in the early
1690s, the number of groundfish landings decreased whiie the number of invertebrate
landings mcreased (DFO 2010). Benthic species (i.e. crabs, Jobsters and dogfishes), which
are caught with traps and pots, are known to pose a high risk of entanglement for large
whales in the Bay of Fundy (Johnston ef a/. 2007). Few fisheries were authorized in the
Estuary in summer and mostly involved fisheries of crabs and lobster with traps. Indeed,
during the study period, minke whale entanglements occurred mainly in invertebrate traps.
Some minke and humpback whales were observed swimming with attached lines from
traps; subsequently they became exhausted and immobilized, confirming the potential
lethal risk of this fishing gear for large cetaceans in the Estuary. Furthermore, the Estuary 1s
an 1mportant feeding ground for large whales in summer and thus, feeding activities may
make whales more susceptible to interact with fishing gear along coasts. Hence, changes in
fishing practices may have driven the increase in entanglement events of large whales that
we observed. We could not confirm this potential association as we did not analyze
entanglement events with respect to fishing effort using traps and pots for the study period,
due to complexity of data (e.g. multispecies, many different fishing areas at different

[1Mmes).

The last explanation for the increase in entanglement may be an improvement of
public awareness and sampling effort. The use of stranding data to quantify the incidence of
human interactions with marine mammals such as entanglement is the most controversial
and problematic aspect in stranding studies (Lopez et a/. 2002). Stranding data are subject
to multiple biases such as sampling effort and public awareness, so it 1s important to
consider that stranding data are not random samples from populations (Goldstein et al.
1999). Despite biases related to stranding studies, our data cover a long time-series and

multiple species, which makes it a valuable source of information for anthropogenic
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interactions with marine mammals in the SLE and NWGSL. Temporal trends observed in
this study, such as the increase of entanglement events, were not explained by sampling
effort as SLE beluga stranding events recorded by the network were constant since 1994.
The beluga is a resident of the SLE and a carcass recovery program for this species has
been in place since 1982, making it an indicator of stranding effort and public awareness.
As well, variations of specific anthropogenic incidences between years involving a few

species suggest that other ecological mechanisms were involved.

The decline in entanglement events of dead large cetaceans since 2003 was
concurrent with the creation of the marine mammal emergency network (RQUMM) in
Quebec. Our results indicated that the disentanglement program of the network prevented
and reduced mortality due to entanglement of large cetaceans in the SLE and NWGSL.
Large whales are more likely to survive entanglement, even if they drag attached gear
(Perrin et al. 1994, Hall et al. 2000). Human disentanglement of large whales 1s known to
prevent death (Hall er a/. 2000) as reported in the Bay of Fundy and Newfoundland since

the establishment of the marine mammal entrapment assistance program (Lien 1994).

[ncorporating uncertainty

Long-term stranding data may be useful to obtain a global overview of human
incidence on marine mammals, but it must be combined with other more direct methods 1n
management. Recently, it was suggested to incorporate uncertainty in analyzing human-
induced mortality (Wade 1998, Slooten er al. 1999, Taylor et al. 2000, Hammill and
Stenson 2009). The population biological removal (PBR) approach has been proposed and
developed in the 1994 amendments to the U.S. Marine Mammal Protection Act (MMPA) in
response to deficiencies of previous management schemes where populations are not
sufficiently known. The objective 1s to maintain the population above a sustainable

optimum corresponding to 50-80 % of the estimated pristine population size (Wade 1998).
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This requires that total annual human-caused mortality and serious injury be less than the
PBR. Rigorous simulation tests show that the PBR is robust when model assumptions are
relaxed and a plausible uncertainty is included (Palka 2002). The PBR approach is also a
more direct measure because it monitors the human activity that caused mortality (Taylor et

al. 2000). The PBR 1s defined as:
PBR = Nppin X 0.5 RpaxXxFr

where, MN,,;, 1s the estimated population size using the 20-percentile of the lognormal
distribution, R, 1s maximum population growth rate, and F, is the recovery factor

(between 0.1 and 1.0) (Wade 1998).

We estimated the total annual human-induced mortality of minke whales from
anthropogenic interactions. Using a minke whale population estimate for the GSL of 325
individuals (Lawson and Gosselin 2009) and default values for F, at 0.5 to account for
unknown biases and an R, of 0.04 due to a paucity of data on minke whale maximum
growth rate (see Wade 1998), we calculated that the mortality due to anthropogenic
activities should be less than 3 individuals per year (PBR). In 2000, 2002, 2003 and 2005
this estimated PBR was exceeded (8, 5 and 4 deaths respectively associated to
entanglement events) in our study area. This suggests that the minke whale may experience
unsustainable mortality during some years in the SLE and NWGSL. However, this is a
rough estimate of mortalities induced by entanglement on minke whale and involves
multiple biases. First, our results contained only those cases observed and reported to the
network m Quebec waters. Second, not all fishermen report their entanglement. Finally,
some dead animals sink, are consumed by scavengers and never come ashore where they
can be reported to a stranding network (Kingsley 2002, Hammill er a/. 2007). Nevertheless,
it 1s important for data-poor populations to consider tools such as PBR (Hammill and

Stenson 2009) to address sources of uncertainty {Lewison e al. 2004

target level of acceptable mortality (Taylor et al. 2000).
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Conclusion

This study presented a comprehensive analysis of temporal trends of anthropogenic
mteractions with several species of marine mammals of the Estuary and the northwestern
Gulf of St. Lawrence, confirming that anthropogenic interactions with marine mammals
occur mostly during summer. Our results show that some anthropogenic interactions with
some marine mammal species are of concern, including shooting of harbour seals, a
protected species in eastern Canada, suspected illegal hunting of harbour porpoises, a
species of special concern (Baird 2003a) in a marine park, and entanglement of minke
whales that may exceeded the estimated PBR in some years. However, we lack sufficient
information to evaluate threats to these three species, especially for the minke whale as
there are no data on distribution, few and sporadic data on trends in abundance of marine
mammals and no data on capelin abundance (Carscadden et al. 2001, DFO 2001, Bundy er
al. 2009), and entanglement levels have not been thoroughly investigated for large whales

in the Estuary (e.g. location, type of fishing gear and species involved annually).

Hence, our findings highlight the need for more information on cetacean abundance,
distribution and the magnitude of human interactions with marine mammals, particularly in
the Saguenay—St. Lawrence Marine Park, the SLE and NWGSL, areas identified as

Ecologically and Biologically Significant for marine mammals (Lesage ef al. 2007).
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CONCLUSION GENERALE

Nos résultats suggerent que les variations dans les conditions environnementales de
’estuaire et du nord-ouest du golfe du Saint-Laurent peuvent en partie expliquer les
variations dans I’occurrence des échouages de mammiferes marins observés de 1994 a
2008. Bien que les mécanismes expliquant cette relation n’aient pu étre identifiés dans le
cadre de notre étude, notre analyse suggere toutefois que certains facteurs
environnementaux pourraient étre liés aux événements d’échouages en influencant (de
maniere indirecte) la distribution des espéces migratrices et la mortalité individuelle des
especes reésidentes et pagophiles. Dans le cas particulier des floraisons d’algues toxiques
(2008), les répercussions sur la mortalité individuelle semblent étre plus directes.
Globalement, le nombre d’événements d’échouages augmente depuis 1994 et il est plus
important en ¢été, période ou la plupart des mammiféres marins sont présents. Les résultats
montrent une influence négative des conditions de I’eau (volume de la couche intermédiaire
froide, température de surface et débit d’eau douce) sur les événements d’échouage de la
plupart des especes. D’autres changements environnementaux ont €galement été observés
et associés spécifiquement a certaines especes : 1) une relation négative entre le volume de
glace et I'occurrence des échouages de phocidés pagophiles et de mysticetes, 11) une
relation négative entre |’abondance d’euphausiacés et |’occurrence des événements
d’échouages du petit rorqual et du marsouin commun.

Dans un deuxiéme temps, nos résultats révelent que les activités humaines dans
I’estuaire affectent particulierement les cétacés. Les prises accidentelles de petits rorquals et
de rorquals a bosse et les autres activités anthropiques impliquant le marsouin commun ont
augmenté significativement depuis 1994. Les prises accidentelles de petits rorquals ont été
rapportées principalement dans des casiers d’invertébrés et excedent certaines années le
prélevement biologique potentiel (PBP) du «stock » de petits rorquals du golfe et de
["estuaire. Dans le cas du marsouin commun, les cas ont été rapportés principalement dans

la région du Parc Marin Saguenay—Saint-Laurent, suggérant une chasse illégale.
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Dans le cadre de notre étude, les précisions acquises sur I'influence des facteurs
environnementaux et anthropiques sur la mortalité des mammiféres marins nous permettent
de mieux comprendre les relations entre les récents changements observés dans
I’écosysteme (diminution du couvert de glace, floraison d’algue toxique, etc.) et la
communauté de mammiféres marins. Ces connaissances sont essentielles a I’¢laboration de
mesures de gestions et de conservation des mammiféres marins de ’estuaire et du nord-
ouest du golfe.

Néanmoins, 1l est important de considérer que certains événements d’échouages ne
sont pas rapportés et donc, I’échouage représente une a'pproximation de la mortalité et non
une €valuation pour une population entiere. De plus, il est difficile de contréler les biais
associés a I’effort d’échantillonnage (effort variable entre les espéces et entre les années)
des échouages. Cet échantillonnage toutefois, semble relativement constant cntre 1994-
2008. Nous sommes conscients de la limite de cette étude et que dans certains cas,
I’échouage est un outil important pour comprendre les changements environnementaux
pouvant causer la mortalité (p. ex. floraison d’algue toxique). Afin de discerner I’influence
des changements environnementaux sur la distribution et la mortalité, les données
d’échouages devraient étre couplées a des données d’abondance dans 'aire d’¢tude. Ces
données permettraient de valider ou d’infirmer la relation entre I’abondance des individus
et la fréquence d’échouage localement pour une espéce donnée. Cette nformation serait
aussi d’une grande valeur pour quantifier I'impact des activités anthropiques sur les
mammiferes marins dans I’estuaire, une région fortement exploitée par I'homme (tourisme,
trafic maritime, péche commerciale, etc.) mais également un des berceaux de la
conservation du milieu marin au Québec. De plus, I'abondance de capelan pourrait €tre
ajoutée aux modeles environnementaux puisque cette espece est une proie importante pour
plusteurs mammiferes marins (Marchand e a/. 1999) et qu'elie est 'espece clef de
I’€écosystéme, a la suite de I'effondrement dc la péche aux poissons de fond vers les années
1980 (Grégoire et al. 2008). Ceci permettrait de mesurer les répercussions de ces
changements dans la structure de la communauté, induite par la surpéche, sur les

mammiféres marins de [’écosysteme du Sami-Laurent. Cependant, peu de données
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d’abondance historique ne sont disponibles sur I’ensemble de la région pour les especes de
mammiféres marins concernées ainsi que sur |’espece clef, le capelan.

Avec le réchauffement climatique global anticipé, nous pouvons nous attendre a un
déclin continu du couvert de glace et de la productivité biologique dans les environnements
marins (Schmittner 2005). De telles modifications dans les conditions abiotiques de
I’écosysteme du Saint-Laurent sont susceptibles d’influencer les processus démographiques
(p. ex. les taux de survie des jeunes phoques pagophiles) ou la distribution individuelle chez
les especes de mammiferes marins (p. ex. ’accessibilité a un habitat ou la disponibilité des
ressources pour les grands cétacés). A I’hiver 2009, le réseau québécois d’urgence pour les
mammiferes marins observa a Gaspé la présence, peu habituelle, de grands rorquals et un
grand nombre d’échouages de jeunes phoques du Groenland pendant la saison de
reproduction. Ces deux ¢événements furent de toute évidence associés a I’absence de
couvert de glace dans le golfe du Saint-Laurent. Dans ce cas-ci, I"absence de glace semble
avolr entrain€ une grande mortalité juvénile chez le phoque du Groenland, mais a augmenté
I"accessibilité a un habitat pour les cétacés. Une présence accrue de grandes baleines
augmente la probabilité d’interactions avec les activités humaines comme les pécheries et
conséquemment peut entrainer une augmentation du nombre de prises accidentelles de
grands cétacés. Or, les prises accidentelles ne sont que tres peu documentées et nos résultats
suggerent une prédisposition de ces especes dans ’estuaire. Une menace pese €galement
sur la communauté marine en raison de la floraison d’Alexandrium tamarense documentée
dans ’estuamre en 2008. Cette algue toxique est connue pour s’enkyster et entrer en
dormance dans le sédiment (Fauchot er a/. 2005). Il est donc possible d’observer d’autres
événements de mortalité causée par des ftloraisons dans les prochaines années a
I’embouchure du Saguenay, une des ames d’alimentation les plus importantes de tout
I’écosysteme (Simard 2008).

Subséquemment, les recherches futures sur les populations de mammiferes marins
du Saint-Laurent devront intégrer davantage les récents changements environnementaux
observés, c¢’est a dire la diminution du couvert de glace et la modification de la structure de

la communauté marine (Savenkoff es al. 2007, Galbraith er a/. 2008). Etant au sommet du
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réseau trophique de I’écosystéme du Saint-Laurent (Morissette et al. 2006), les diverses
réponses de ces prédateurs pourraient nous renseigner sur ’effet de ces changements sur la
structure et le fonctionnement de [’écosystéme marin et prédire sa réponse aux

changements climatiques futurs.
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