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and humpback whales 13%, N= 12) and harbour porpOlses (67%, N=7), respectively. 

Entanglements in fishing gears exceeded some years the potential biological removal 

(PBR) of the minke whale stock of the Estuary and Gulf of St. Lawrence. We suggest sorne 

hypothesis that could explain the recent increase of fishery entanglements of minke and 

humpback whales : i) increase of stranding sampling effort, ii) changes in fishery practices 

and iii) shift in distribution of these two species into the Estuary possibly related to changes 

in the structure and dynamic of the St. Lawrence ecosystem (e.g. groundfish fishery 

co ll apse, expansion of capelin distribution and decline of abundance in euphausiid 

biomass). Harbour porpoise stranding events with other anthropogenic incidences (N= 16, 

67%) mostly consisted in finding pieces of carcasses on a yearly basis in the Saguenay- St. 

Lawrence Marine Park, suggesting illegal hunting. This study highlights anthropogenic 

acti vities impacting some protected species in the Estuary and the marine park. Results also 

confirm the usefulness of stranding data to monitor human-caused mortality in marine 

111 am 111 al populations and, effectiveness of conservation measures in a marine protected 

area. 

Key words: marine m ammal, mOliality, anthropogcnic activiti es, by-catch , gunshot, marine 
pro tcc tcd area. 
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Introduction 

Human interactions with marine mammals have occuITed for man y centuri es, but 

with human populati on growth, increasing industrialization of fi sheri es and maritime 

traffic, these interactions will likely increase in the future (De Master et al. 200 1). ln th 

last decade, demand for seafood products and changes in fi shery practices have led to 

fi shing ac ti viti es resulting in mortality of millions of marine mammals each year worldwide 

(Simmonds and Hutchinson 1996, Anderson 2001 b, Schipper et al. 2008) . Anthropogeni c 

incidences on marine mammals are not limited to incidental by-catch or entanglement in 

fi sh ing gear (S immonds and Hutchinson 1996) and inc\ude: ship co lli sion (A nderson 

200 1 b, Laist et al. 200 1), gunshot (Goldstein et al. 1999), anthropogeni c no ise (Nowacek et 

al. 2007) and loss and degradati on of habitat (Kemp 1996, Harwood 200 1). In many areas, 

our understanding of the effect of anthropogenic activities on marin e mammals is 

inadequate due to a lack of informati on on anthropogenic ac ti viti es (e.g. fishing and 

recreat iona l activ ities) and dynamics of marine mammal populat ions (e.g. distri bution and 

morta li ty) (Re ad 1996) . 

Marine mammal stranding data can prov ide long-term insights into popul ation 

dynamics and threa ts to the ir surviva l (Leeney et al. 2008). Recent studies, using evidence 

of human incidences to c1assify stranded carcasses and estimate levels of a nthropogeni c 

acti viti es, confi rm the usefulness of stranding data as an indicator of anthropogeni c 

in terac ti ons su ch as fishery by-catch (Go ldstein et al. 1999, Lopez el al. 2002, Kemper el 

al. 2005, Byrd et al. 2008) . However, stranding da ta are limited by the cond iti on of 

carcasses and operati onal logisti cs and effi ciencies in stranding networks. Multi -year 

datase ts can take years to become available fo r analysis and consequently d lay ac tions to 

prevent negative anthropogenic activ ities (Byrd el al. 2008) . Hence, to document human 

interac tions w ith mari ne mammals and coll ect baseline data, stranding events must be 

reco rded in a systematic and rigorous manner and , invo lve extensive cove rage of shore li nes 

(B yrd el al. 2008). 
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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) . Sorne 

species such as the SLE be1uga (Delphinapterus leucas) and harbour sea1s (Phoca vitulina) 

are resident year-round. Other species are seasonal visitors, for example: summer in the 

case of grey sea1s (Halichoerus GlypUS) and winter for harp (Phoca groenlandica) and 

hooded (Cystophora cris tata) seals . A great diversity ofwhales a1so migrate to these areas 

in summer (Kingsley and Reeves 1998), which has led to a wel1-developed whale-watching 

industry (Michaud and Giard 1998, Lien 2001) . Whale-watching combined with 

considerable marine traffic (Blane and Jackson 1994, Lesage et 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 tbat report considerable 

numbers ofmarine mammal mortalities associated with anthropogenic interactions (Béland 

et al. 1987, Béland et al. 1992) especially by-catc11 of harbour pOl·poises (Phocoena 

phocoena) in groundfish gillnets (Fontaine el al. 1994a, Lesage et al. 2006). Little 

infonnation is available on the influence of other anthropogenic activities (i .e. ship 

collision and gunshot) on marine mammals in 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 important 

consequences on the demography of these populations (Clapham el al. 2002, Hammill et al. 

2007). 

The objective of this study was to examme stranding data for evidence of 

anthropogenic incidences on marine mammals, to study temporal variations thereof, and to 

identify whicb 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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Methods 

Studyarea 

The study area includes the St. Lawrence Ri ver, the St. Lawrence Estuary (SLE) 

and the northwest part of the Gulf of St. Lawrence (NWGSL) (Northwest Atlantic Fisheri es 

Organi sati on (NAFO) Div isions 4S and 4T) (Figure 3.1). The Estuary and the northwestern 

Gul f of St. Lawrence have important oceanographie features (i. e. tidal interacti ons w ith 

bathymetry, wind-driven upwe lling and me an circul a ti on) that favour recurrent 

aggregati ons of prey and thus, are important feeding grounds for various marine mammal 

species in summer (S imard el al. 2002, Sourisseau el al. 2006, Simard 2008). Based on the 

criti cal status of the Estuary for th e conserva ti on of marine mammals (rev iew in Lesage et 

al. (2007)), ac tive conserva ti on measures were undertaken in 1998 with the crea ti on of the 

fi rst marine protected are a in eastern Canada, the Saguenay-St. Lawrence Marine Park . 

Thi s pro tected area is loca ted at the confluent of the Saguenay Fjord and the Estuary and 

covers over 1245 km~ of sea surface. Despite conserva ti on efforts, it nonetheless appears 

that the St. Lawrence remain an ecosys tem lat-ge ly used by human for commercial 

(maritime traffi c and fi sheri es) and ecotouri sm (whale-watching) activ iti es (B lane and 

Jackson 1994, Lesage el al. 1999, Henry and Hammill 2001 ). Indeed, a we ll -developed 

wba le-watching industry operates througbout the summer in the marine park (Michaud and 

G iard 1998 , Lien 2001 ). Moreover, few fi sheri es were authorized along the coasts of the 

Estuary and around the Magdalen Is lands in summer: mostl y gillnet fi shery for Greenland 

halibut and hening, fi shery fo r cape lin w ith trap and fi shery for crab and lobster with pot 

(MAPAQ 2008) . A Il these hUlllan ac ti viti es Ill ay be signifi cant threats to res ident and 

seasonallll arine Illamlll al popuiati ons. 
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Data used 111 the following anal yses compn se manne mammal stranding records 

collected over a 15-year period by Fisheri es and Oceans Canada at the Maurice 

Lamontagne lnstitute (MU) from 1994 to 2002 and by 3 marin e mamm3l emergency 

network, RQUMM (Réseau québécoi s d ' urgences po ur les mammifères marin s), from 2003 

to 2008. We system atically ana lyzed strandin g reco rds from these two databases, extracting 

information on anthropoge nic incidences on marine 111 3111mal stranding events including 

by-catch events (including events not necessa ril y leadin g to a s trandin g pe r se) w hich 
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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 animaIs in each event, 

e ither s ingle 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 

efficien cies . Necrops ies were performed by biologists (MU) or pathologists (the University 

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

Anthropogeni c incidences were classified into five categories : by-catch , severe 

injury, ship co lli sion , gunsh ot 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 th e fi ve categori es were retained for analyses. These categories were based on specific 

defin i tions from th e 1 i terature : 1) entanglemen t: defined as the presence of unhealed, 

naITOW, linea r lacerati ons or indentations in the epidennis most commonly around the head , 

dorsa l fin , flukes and flippers (Read and Murray 2000), the presence of fi shing gear on 

animais and re lease interventions. ln this study, this category includes by-catch, that part of 

a fi shery capture that is di scarded at sea, dead (or injured such that death results) (Alverson 

el al. 1994, Hall 1996). 2) Severe injury: defined as injuries related to human activities but 

not di agnostic of entang lement in fishing gear. These incJude evidence of knife cuts , 

missing organs or appendages, and mutilations (Read and Murray 2000) . 3) Ship colli sion : 

defin ed as a powerful impact between any part of a vessel and a live marine mammal , 

resulting in ph ys ica l trauma (bone fractures with ante-mortem haemorrhages) (Laist et al. 

200 l , Waerebeek et al. 2007) . This category includes propeller strikes as evident by helical 

Cüts ût rcgül ar intcrva ls. 4) Güi1shot: defin ed as the pïesence of a bulle t in v ital Oïgans 

(Ii ver, 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 anthropogeni c inc idences that do not fit the other ab ove 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 ac tivity 

invo lved were excluded. 

S/a/is/ieal analyses 

Anthropogenic incidences were identified for each marine mammal group and each 

species. We examined both lethal and live incidences. Pie ch arts were used to illustrate the 

percentage of each letha l anthropogenic incidence on marine mammals . Linear and 

polynomial regressions were used to fit inter-annual variations in anthropogen ic incidences. 

Logarithm transformations were applied to data that were not normally distributed and 

when the homogeneity of variance was not respected (Zar 1999). In a Il analyses, a P va lue 

< 0.05 was cons idered statisticall y significant. We assumed that data were independent and 

sta ti stical tests were done lIsing R v2.4 computer software (R Deve lopment Core 2009). 

Results 

From a total number of 1590 even ts (1994 to 2008), 192 involve anthropogen ic 

activities, 92 ev idences of fishery entanglement (48%), 36 ev idences of ship colli sion 

(19%), 3 1 ev idences 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 spec ies of sma ll cetaceans and four spec ies of seals . Of ail marine mammal species , 

the minke wha le (Balaenop/era aeu/orostra/a) appears to have the greatest number of 

anthropogen ic inc idences (24.5 %) (Table 3. 1), mos tl y fi shery entanglement (86 .6%), of 

which J J events in vo lved fishing traps and 12 events involved other lInidentifi ed fishin g 

nets. From the large cetacean group , minke whales ex perienced 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 cetace an species are observed in the number of events within 

anthropogenic categories (Table 3.1). Entanglement was the most common incidence on 

large cetaceans, except for fin whales (Bafaenopiera physalus) that appear to be invoiveà 

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 pOl-poise which 

was commonly affected by other anthropogenic interactions in the Saguenay- St. Lawrence 

Marine park . 

ln 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 fïshing gears while small cetacean mortality is associated mainly by other incidence (3.7 

%) (F igures 3.4.c-d) . Moreover, ship collision with large whales (8.2%) and sma ll whales 

(2.8%) is the second most frequent lethal anthropogenic incidences recorded in the cetacean 

group. Although there is no ev idence of gunshot for large cetaceans and on ly few (0.2%) 

for the small ce taceans, it nonetheless appears that gunshot events are more frequently 

assoc iated with sea l mortalities than other categories (Figure 3.3). 



Table 3.1 Anthropogenic incidences by category associated with li ve and dead marine mammal stranding events by species 
from 1994 to 2008 in Quebec, Canada. 

Species Categories of anthropogenic incidences Total events 

Entanglemcnt Gunshol Ship collision Severe in jury other 
NI %" NI '%" NI %" NI %" NI %2 NI %2 

La r ge cetacea n 
Balal!l1oji/l!ra ClCI//oros/ra/a 39 42.4 8 22.2 47 24.5 
BalCll!l1oji/I!/"O jihysal/ls 3 3.3 8 22 .2 Il 5.7 
Bal(/l!l1o!J/l!r(I l71/1sc/lI/lS 2 2.2 2 1.0 
!Vlegaji/era novaeang/iae 12 13.0 4.2 13 6 .8 
E/lhalaena glacialis 3 3.3 3 1.6 
Physe/er l71acrocephal/ls 2.8 1 0 .5 

sub/o/al 59 64.1 17 47 .2 4 .2 77 40 .1 
Small ce tacea n 
Phocoena phocoena 5 5.4 3.2 5 13 .9 11.1 16 66.7 28 14.6 

Delphinop/el1ls le/lcas 3 3.3 8 22 .2 I l 5.7 
LagenorhYl1chus aCl//US 1 1 1.1 1 0 .5 

s /lb/olal 8 8.7 3.2 13 36. 1 2 22.2 16 66.7 40 20.8 
Unidentified cetacean 11 12.0 3 8.3 14 7.3 

sub/o/al ce/aceans 78 84 .8 3.2 33 91.7 2 5.6 17 70.8 131 68.2 
Sea ts 
Phoca vi/ulina 6 6 .5 8 25 .8 2 22.2 4.2 17 8.9 
Ha/ichoerus glypUS 3 3.3 8 25.8 2.8 12 6.3 
Phoca groenlandica 5 16. 1 2.8 2 22.2 4 .2 9 4 .7 
Cystophora cris/a/a 1.1 1 3.2 2.8 1 1 1. 1 1 4.2 5 2.6 

Unidentified seal 4 4.3 8 25.8 2 22 .2 4 16 .7 18 9.4 
suh/o/al seals 14 15.2 30 96 .8 3 8.3 7 77.8 7 29 .2 61 31.8 

Tota l 92 47.9 31 16. 1 36 18.8 9 4.7 24 12.5 192 100 
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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) (R2
adj' = 0.48, 

F2. 12 = 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 (R2
adj = 0.47, F2. 12 = 7.22, P = 0.009) and other anthropogenic 

incidences (R2
adj = 0.45, FI.I 3 = 12.44, P = 0.004), which increased during the time period 

(Figure 3.6.b). Entanglement events involved mostly minke (R2
adi = 0.80, FI.I 3 = 51.49, P < 

0.001) and humpback whales (Megaptera novaeangliae) (R 2 
adj = 0.22 , F 1.13 = 5.0, P = 0.04) 

(Fig. 3.7 a-b), and other anthropogenic incidences involved mostly harbour pOl-poises (R2
adj 

= 0.87; F I14 = 97.97; P < 0.001) (Figure 3.7.c). Although severe in jury, 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.c). Overall , entanglements of marine mammals were mostly reported in Division 4T 

(63%) . 
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Finally, if we consider only lethal anthropogenic incidences (i.e. exc luding release of 

entangled animaIs), 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 conelated (R2
adj = 0.74, F 1, 14 = 39.97, P < 

0.001) with that of lethal entanglement events, mostly of minke wha les (Figure 3.8). 

Despite the general increase of entanglement events from 1994 to 2008 , these events 

involving onJy dead animaIs seemed to decrease s ince 2003. ln 2003, the marine mammal 

emergency network, RQUMM , had set up a pro gram with fishermen and other 

organ izations to di sentang le marine mammals from fishing gear. Since then, nine large 

cetaceans were successfully disentang led, including six minke wha les and three humpback 

whales. 
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Discussion 

From a conservation perspective, this study provides infonnation 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 mammal s 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 data base 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 fi shery entanglements and other anthropogenic incidences of mysticetes 

(e.g. minke and .humpback whales) and harbour porpoise in the Estuary and the marine 

park , respec tively. Moreover, we estimated that fishery entanglement of minke whale had 

exceeded some years the potential biological removal of the St. Lawrence "stock". Hence, 

results hi ghli ght two vulnerable species to human activities in the Estuary, the minke whale 

and the harbour porpoise. Thi s 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 

earl y fa ll in Quebec. Thi s is likely due to the seasonality of human activities such as 

recreati onal activities, marine traffic and fisheries which are more intensive in summer than 

other seasons (Béland et al. 1987). Thi s seasonality has been observed as weil in other 

temperate regions, such as California (Goldstein el al. 1999) and North Carolina (Byrd et 

01. 2008). Stranding events are al so more likely to be reported in summer when observers 

are present and more acti ve ( i. e. walking on the beach, boating or involved in other 
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recreational act ivities) and thus find and report stranded carcasses (Béland et al. 1987). 

This seasonality is also a function of seasona l migration and movements of marine 

mammals (Sergeant 1979, Lopez el al. 2002, Byrd el al. 2008, Bogomolni et al. 2010) 

which, for the majority of species, bring them to the GSL and SLE during summer to early 

faH to forage (Edds and MacFarlane J 987, Lesage el al. 2007, Simard 2008) (Lavigueur et 

al. 1993, Kings ley and Reeves 1998). Considerin g that the probability of anthropogenic 

interactions with marine mammals increases with the density of marine mammals, 

anthropogenic incidences on marine mammals were mostl y 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) sugges t that the late September peak of harbour porpoise by-catch could be 

associated with movements of anim ais inshore in response to an increased abundance of 

prey. 

Overall , we estimated that 9 % of marine mammal carcasses examined had ev idence 

of anthropogenic incidence, mostl y ev idence of entanglements (48%). This is considerab ly 

smaller than the 50% reported by Béland el al. ( 1992) for marine mammal mortaliti es other 

than beluga that could be attributabl e to human ac ti v iti es from 1988- 1990 in Quebec 

waters. However, if we consider onl y ce taceans, a relatively high percentage of 

anthropogenic incidences involved large wha les particularl y minke whales (36 % of 

mortalities showed ev idence of anthropogen ic inc idences). This result is cons is tent w ith 

Béland el al. (1992) who reported ev idence of human-related wounds in 34 % of the large 

w hale s trandings in the Estuary. A vari ety of biol ogica l factors can influence entanglem ent 

of marine mammals such as speci es di str ibution , behav ioural traits (curiosity, exploration, 

soc ia l patterns and feeding activities) (Fertl and Leatherwood J 997, Mori zur el al. J 999), 

sensory capac iti es and attenti on (Perrin el al. J 994). Feeding ac ti vities of marine mammals 

make them espec iall y vulnerabl e to entanglement and may be an important component in 

many incidental captures (Lien 1994, Fert l and Lea th erwood 1997) . The patchiness of 

resources in th e marin e environment and hi gh feeding requirements and hi gh energetic 

costs of feedin g strategies mostl y of large mysticetes (Piatt and Methven 1990, Heithaus 
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and Dili 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. ln the study area, seals are considered as 

a nuisance and, as a result, carcasses could be less reported by fisheml en. Moreover, the 

charismatic status and impress ive size of large whales make strandings more likely to be 

reported than other spec ies such as seals. 

ln spite of this general trend in anthropogenic incidences on marine mammals, we 

observed differences within ail anthropogenic categories between seals, small cetaceans 

and large cetaceans and between species . 

Anthropogenic incidences on seals 

Anthropogen ic interactions with seals consisted primarily in gunshot (97%) and 

invo lved two species, grey and harbour sea ls. These results were consistent with other 

stud ies, which repo rted that gunshot was the most common anthropogenic cause of 

mortality among pinnipeds (Stroud and Roffe 1979, Béland et al. 1987, Béland et al. 1992, 

Go ldstein 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 occun-ence of gunshot 

events during thi s time (Lesage and Hammill 2001). Moreover, the harbour seal is a species 

protected from hunting in eastem Canada (COSEPAC 2007), while grey sea l is protected in 

the Estuary during summer. ln the study area, fishermen have a negative attitude towards 

sea ls as they cause considerabl e damage to fi shing gears (Fontaine el al. 1994a) while 

removing target spec ies from them, causing substantial financial loss (Beddington et al. 

1985, Lesage el al. 200 1). ln addition, the we ll-recognized conflict between seals and 

fishemlen for marine resources given the numerous grey and harbour sea ls in the Estuary 



81 

during summer (Lavigueur et al. 1993) and an increasing Northwest Atlanti c grey seal 

population since 1970 (Hammill 2005) have led to a high susceptibility of seal s to interact 

with human activities in summer and thus, being shot during fi shery acti viti es in the 

Estuary and the Gulf of St. Lawrence. As the size of the resident population of harbour 

seals is unknown (CO SEP AC 2007), this source of mortality may be of concem in the 

Estuary and possibly elsewhere in eastem Canada. Harbour seal s are particularly sensitive 

to human disturbance due to their coastal nature (Henry and Hammill 2001 ) and 

di stribution in areas used by humans (Robi ll ard et al. 2005, COSEPAC 2007) . 

Anthropogenic interactions with sma// cetaceans 

For small cetaceans, the species most likely to be reported with human incidences 

was the harbour porpoise, and surpri singly, the main anthropogenic incidence was other 

than entanglement. By-catch is the most common anthropogenic incidence reported for 

sma ll cetacean mortalities worldwide (Re ad and MUlTay 2000), espec ially for harbour 

porpoise and dolphin species (Baker and Martin 1992, Fontaine el al. 1994a, Simmonds 

and Hu tchinson 1996, Lesage et al. 2006) . However, in contras t to o ther regions, another 

cause of mortality seemed to be significant, even much important, for harbour pOl·poise in 

Quebec water, and consisted of findin g pieces of carcasses (l arge cubes of blubber) clearl y 

cut with a knife. These reports came from a s ingle region, near Grandes-Bergeronnes, a 

municipality located on the north shore of the protected waters of the Saguenay- St. 

Lawrence Marine Park. Altemative ly, these events may suggest acc identa I entanglement. 

Indeed, fi shermen occasionally muti late, cut appendages or slit the abdomen of marine 

mammal carcasses to fa cilitate di sentanglement and protect their gear (Read and Murray 

2000, Byrd et al. 2008). Thus, it is conceivable that a proporti on of these events are 

entanglements in fishing gears. Nonetheless , fi shery ac ti vity in the sector of Grandes-

Bergeronnes is low to nonex istent and cOlToborates the ill ega l hunting presumpti on. At thi s 
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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 populat ion has reiative ly few 

individuals and does not show any sign of recovery (Hammill et al. 2007). Although ship 

colli sion with be lugas are known to occur in the SLE (Hammill et al. 2007, Measures 

2008), evidence of anthropogenic incidence with beluga was found in only 4 % of the 

beluga carcasses as reported by Béland et 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 be luga (Béland et al. 1992, Fontaine el al. 1994a, 

Hammill et al. 2007). Nevertheless, ship collision has been identifi ed as a factor potentially 

contributing to the lack of recovery of thi s population with other factors such as chemi ca l 

contamination, anthropogenic noi se and di sturbance related to marin e traffic in its 

summering habitat (Lesage et al. 1999, Hammill et al. 2007). Habitat loss and degradation 

is cons idered the greatest threa t for resident coastal spec ies such as the SLE beluga (Kemp 

1996). 

Anthropogenic interactions with large ce/aceans 

Entanglement was the main hum an incidence on large whales in the St. Lawrence 

Estuary (SLE) and the northwestem Gull of St. Lawrence (NWGSL) and in vo lved mostly 

minke whales and humpback wha les as prev iously observed by 8éland et al. ( 1992). 

Similarly to tendencies reported in Newfoundland-Labrador, entanglement in fi shing gear 

was higher in minke whales th an humpback whales (Lien 1994). The II1crease ln 

entanglement, most ly in the NAFO Divi sion 4T (63 %), could not simpl y be exp la ined by 

an improvement of public awareness and sa mpling effort as there was vari at ion in 
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entanglement between years for specifie 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 111 summer, where many 

cetacean species migrate and may interact with fi shery activities . ln the St. Lawrence 

ecosystem, di stribution of rorqual species is associated with aggrega ti on of prey (e.g. 

capel in and krill) (Sourisseau et al. 2006, Doniol-Valcroze et al. 2007, Simard 2008). 

Changes in prey di stribution may influence distribution of rorqua ls which concen trate 

where their prey are located. If cetacean di stribution 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 et al. 2008). Whitehead and Carscadden (1985) 

suggested that the high number of humpback whales observed off eastem Newfo undl and 

from 1977 to 1980 may have contributed to the high number of entanglements. They found 

also a corre lat ion between observations of humpback whales and abundance of cape lin , 

their main prey (Bai rd 2003 b). Similarly in the NWGSL, Comtois (20 10) observed an 

increased number of humpback whales as we il as a shift in their geographica l distribution . 

She suggested an assoc iation between thi s distributional shift, cold sea bottom temperature 

and the collapse of demersa l fish predators by overfishing in the late 1980s and earl y 1990s 

(Savenkoff el al. 2007, Morissette et al. 2009) . Overfishing is also suspected to have 

contributed to sign ifican t geographical ex pansion in the distribution of capelin in the mid 

1990s throughout the entire Gulf (particularly in Division 4T) (DFO 200 l , Grégo ire el al. 

2008) due to the co llapse of its major predator, the Atlantic cod (Carscadden et al. 200 1). 

Likewise, the ex pansion of the di stribution of capelin in the SLE and sou them GSL may 

likely attract foraging minke and humpback whales and consequently may lead to high 

entanglement events recorded in Divi sion 4T. However, we cou ld not va lidate thi s 

hypothesis due to a lack of informati on on the distribution of minke and humpback whales 

in the SLE, but we suspect that these changes in the St. Lawrence ecosys tem (i. e 

abundance and distribution of preys) probably had an thoughtful impli cation on the 
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di stribution of these manne mammal specles and therefore on temporal pattern s lI1 

entanglement. 

A nother poss ible explanation for the increase of entanglement events may be 

changes in fi shery prac ti ces in recent years. Following the groundfi sh collapse in the early 

1990s, the number of grounà fi sh ianàings à ecreaseà whii e the number of invertebrate 

landings increased (D FO 2010) . Benthi c species (i. e. crabs, lobsters and dogfi shes), whi ch 

are caught w ith traps and pots, are known to pose a high ri sk of entanglement for large 

whales in th e Bay of Fundy (Johnston el al. 2007). Few fi sheri es were authorized in the 

Estuary in summer and mostl y invo lved fi sheri es of crabs and lobs ter w ith traps. lndeed, 

during the study peri od, minke whale entanglements occurred mainl y in invertebrate traps . 

Som e min ke and humpback whales were observed swimming w ith attached lines from 

traps; subsequentl y they became exhausted and immobilized, COnfiI111ing the potenti a l 

lethal ri sk of thi s fishing gear for large cetaceans in the Estu ary. Furtherm ore, the Es tuary is 

an important feedin g ground for large whales in summer and thus, fee din g activiti es m ay 

make whales more susce ptible to interac t w ith fî shing gear a long coasts. Hence, changes in 

fî shing pract ices may have dri ven the increase in entanglement events of large whales that 

we observed. We co uld not CO nfiI111 thi s potenti al assoc iati on as we did not ana lyze 

entanglement events w ith respect to fî shing effort using traps and pots for the study period, 

due to compl ex ity of data (e.g. multi spec ies, many di f ferent fî shing areas at di ffe rent 

times). 

The las t ex planati on for the increase in entanglement may be an improvement of 

publi c awareness and sampi ing effort. The use of s tranding data to quanti fy the incidence of 

human interac ti ons w ith marin e mammals such as entanglement is the most controversia l 

and prob lemat ic aspect in stranding stuài es (Lopez el al. 2002) . Stranding data are subj ect 

to multipl e biases such as sampling effort and publi c awareness, so it is important to 

consider th at stranding data are not random sa mples from populati ons (Go ldstein et a l. 

1999) . Despite biases re lated to s tranding studi es, our data coyer a long time-seri es and 

mul tipl e spec ies , whi ch makes it a va luable source of infoI111 ati on fo r 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 weIl, variations of specific anthropogenic incidences between years involving a few 

species suggest that other eco logical mechani sms were involved. 

The decline in entanglement events of dead large cetaceans smce 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 likel y to survive entang lement, even if they drag attached gear 

(Perrin et al. 1994, Hall et al. 2000). Human di sentang lement of large whales is known to 

prevent death (Hall et al. 2000) as reported in the Bay of Fundy and Newfoundland since 

the estab li shment of the marine mammal entrap ment ass istance program (Lien J 994). 

Incorporating uncertainty 

Long-tenTI stranding data ma y be usefu l to obtain a g lobal overvl ew of human 

incidence on marine mammals, but it must be combined with other more direct methods in 

management. Recentl y, it was suggested to incorporate uncertainty in analyzing human-

induced mortality (Wade 1998 , Slooten et al. 1999, Taylor et al. 2000, Hammill and 

Stenson 2009). The populati on biologica l remova l (PBR) approach has been proposed and 

deve loped in the 1994 amendments to th e U.s. Marine Mammal Protection Act (MMPA) in 

response to deficiencies of previous management schemes where populations are not 

suffic ientl y known . The objec ti ve is to mainta in the population above a sustainabl e 

optimum corresponding to 50- 80 % of the es timated pristine populat ion s ize (Wade J 998). 
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This requires that total annua l human-caused mortality and serious injury be Jess than the 

PBR. Ri gorous simulation tests show that the PBR is robust when model assumptions are 

relaxed and a plausible uncertainty is incJuded (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 is defined as: 

PBR = N min x 0.5 RmaxxFr 

where, N'l/in IS the estimated population size using the 20-percentile of the lognormal 

di stribution , RII/cn is maximum population growth rate, and Fr is the recovery factor 

(between O.] and 1.0) (Wade] 998). 

We est imated the tota] annua] human-induced mortality of minke wha les from 

anthropogenic interactions. Using a minke wha le population estimate for the GSL of 325 

indi vidual s (Lawson and Gosselin 2009) and default values for Fr at 0 .5 to account for 

unknown biases and an R l/1a\ of 0.04 due to a paucity of data on minke wha]e maximum 

growth rate (see Wade 1998), we calcu lated that the mortality due to anthropogenic 

act ivities shou ld be less than 3 individuals per year (PBR). ln 2000, 2002, 2003 and 2005 

thi s est imated PBR was exceeded (8, 5 and 4 deaths respective ly associated to 

entanglement events) in our study area. This suggests that the minke whale may ex perience 

unsustainable mortality during sorne years in the SLE and NWGSL. However, th is is a 

rough esti mate of mortalities induced by entanglement on minke whale and involves 

mu ltiple biases. First, our results contained on ly those cases observed and reported to the 

network in Quebec waters . Second, not aIl fishennen report their entang lement. Fina ll y, 

some dead animaIs sink, are consumed by scavengers and never come ashore where they 

can be reported to a stranding network (Kingsley 2002, HammiIl et al. 2007) . Nevertheless, 

it is importan t for data-poor populations to consider tools such as PBR (Hamm ill and 

Stenson 2009) te address sources of uncertaÎnty (Le\vison el al. 2004), \vhich estirnate a 

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

This study presented a comprehensive analysis of temporal trends of anthropogenic 

interactions 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 con cern, incJuding 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 entangJement 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 clata on distribution, few and sporadic data on trends in abundance of marine 

mammals and no data on capelin abundance (Carscadden et al. 200 l , DFO 200 l, Bundy et 

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 et al. 2007). 
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CONCLUSION GÉNÉRALE 

Nos résultats suggèrent que les variations dans les conditions environnementales de 

l'estuaire et du nord-ouest du golfe du Saint-Laurent peuvent en partie expliquer les 

variations dans l'occurrence des échouages de mammifères marins observés de 1994 à 

2008. Bien que les mécanismes expliquant cette relation n'aient pu être identifiés dans le 

cadre de notre étude, notre analyse suggère toutefois que certains facteurs 

environnementaux pourraient être liés aux événements d 'échouages en influençant (de 

manière indirecte) la distribution des espèces migratrices et la mortalité individuelle des 

espèces résidentes et pagophiles . Dans le cas particulier des floraisons d 'algues toxiques 

(2008), les répercussions sur la mortalité individuelle semblent être plus directes. 

Globalement, le nombre d 'événements d 'échouages augmente depui s 1994 et il es t plus 

important en été, période où la plupart des mammifères marins sont présents . Les résultats 

montrent une influence négative des conditions de l'eau (volume de la couche intennédiaire 

froide, température de surface et débit d 'eau douce) sur les événements d'échouage de la 

plupart des espèces. D 'autres changements environnementaux ont également été observés 

et associés spécifiquement à certaines espèces: i) une relation négative entre le volume de 

glace et l'occurrence des échouages de phocidés pagophiles et de mysticètes , ii) une 

relation négative entre l'abondance d ' euphausiacés et l'occurrence des événements 

d 'échouages du petit rorqual et du marsouin commun. 

Dans un deuxième temps, nos résultats révèlent que les activités humaines dans 

l'estuaire affectent particulièrement les cétacés. Les prises accidentelles de petits rorqual s et 

de rorquals à 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 excèdent certaines années le 

prélèvement biologique potentiel (PBP) du « stock» de petits rorquals du go lfe et de 

l'es tuaire. 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 l' influence des facteurs 

environnementaux et anthropiques sur la mortalité des mammifères marins nous permettent 

de mieux comprendre les relations entre les récents changements observés dans 

l'écosystème (diminution du couvert de glace, florai son d ' algue toxique, etc.) et la 

communauté de mammifères marins. Ces connaissances sont essentie ll es à l'é laboration de 

mesures de gestions et de conservation des mammifères marins de l'estuaire et du nord-

ouest du golfe. 

Néanmoins, il est important de cons idérer que certains événements d 'échouages ne 

sont pas rapportés et donc, l'échouage représente une approximation de la mortalité et non 

une évaluation pour une popul ation entière. De plus, il est diffi cil e de contrôler les biais 

assoc iés à j' effort d'échanti llonnage (effort variabl e entre les espèces et entre les années) 

des échouages. Cet échantillonnage toutefo is, semble relativement constant entre J 994-

2008. Nous sommes conscients de la limite de cette étude et que dans certains cas, 

l'échouage est un outil important pour comprendre les changements environnementaux 

pouvan t causer la mortalité (p . ex. floraison d 'a lgue tox ique). Afin de di scerner l' influence 

des changements environnementaux sur la di stributi on et la mortal ité, les données 

d 'échouages devraient être couplées à des données d 'abondance dans l'a ire d 'étude . Ces 

données permettraient de va lider ou d ' infirmer la relati on entre l'abo ndance des indi vidus 

et la fréquence d 'échouage localement pour une espèce donnée . Cette info rmati on serait 

auss i d ' une grande va leur pour quantifi er l' impact des ac tivités anthropiques sur les 

mammifères marins dans l'es tuaire, une région fo rtement exploitée par l' homme (tourisme, 

trafic maritime, pêche commerciale, etc.) mais éga lement un des berceaux de la 

conservation du milieu marin au Québec. De plus, l'abondance de capelan pourrait être 

ajoutée aux modèles environnementaux pu isque cette espèce est une proie importante pour 

plusieurs mammifères marins (Marchand el al. 1999) et qu ' el le est l'espèce clef de 

l'écosystème, à la suite de l'effondrement de la pêche aux poissons de fond vers les années 

1980 (Grégoire et al. 2008). Ceci perm ettrai t de mesurer les répercuss ions de ces 

changements dans la structu re de la comm unau té, induite par la surpêche, sur les 

mammifères marins de l' écosystème du Sa int -Laurent. Cependant, peu de données 



91 

d'abondance historique ne sont disponibles sur l 'ensemble de la région pour les espèces de 

mammifères marins concemées ainsi que sur l' espèce clef, le capelan. 

A vec le réchauffement climatique global anticipé, nous pouvons nous attendre à 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 

l'écosystème du Saint-Laurent sont susceptibles d ' influencer les processus démographiques 

(p. ex. les taux de survie des jeunes phoques pagophiles) ou la distribution individuell e chez 

les espèces de mammifères marins (p. ex. l'access ibilité à un habitat ou la di sponibilité des 

ressources pour les grands cétacés). À l' hiver 2009, le réseau québéco is d ' urgence pour les 

mammifères marins observa à Gaspé la présence, peu habituell e, 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 à l'absence de 

couvert de glace dans le golfe du Saint-Laurent. Dans ce cas-ci, l' absence de glace semble 

avoir entraîné une gra nde mortalité j uvénil e chez le phoque du Groenland , mais a augmenté 

l ' access ibi lité à un habitat pour les cétacés. Une présence accru e de grandes baleines 

augmente la probabilité d'interactions avec les activités humaines comme les pêcheries et 

conséq uem men t peut entraîner une augmenta tion du nombre de pri ses acc idente ll es de 

grands cétacés. Or, les pri ses accidente ll es ne sont que très peu documentées et nos résu ltats 

suggèrent une préd ispos ition de ces espèces dans l'es tuaire. Une menace pèse éga lement 

sur la communauté marine en rai son de la fl orai son d 'A lexandrium tamarense documentée 

dans l 'estuaire en 2008. Cette algue tox ique est connue pour s'enkyster et entrer en 

dormance dans le séd iment (Fauchot et al. 2005). 11 est donc poss ibl e d 'observer d'autres 

événements de mortalité causée par des florai sons dans les prochaines années à 

l'embouchure du Saguenay, un e des a ires d'alimentation les plus importantes de tout 

l'écosystème (Simard 2008). 

Subséquemment, les recherch es futures sur les populati ons de mammifères marins 

du Sa int-Lauren t devront intégrer dava ntage les récents changements environnementaux 

observés, c'est à dire la diminution du couvert de g lace et la modification de la stru cture de 

la commun auté marine (Savenkoff et al. 2007 , Ga lbra ith et al. 2008). Étan t au sommet du 
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réseau trophique de l' écosystème du Saint-Laurent (Morissette et al. 2006), les diverses 

réponses de ces prédateurs pourraient nous renseigner sur l'effet de ces changements sur la 

stmcture et le fon ctiOlmement de l' écosystème marin et prédire sa réponse aux 

changements climatiques futurs. 
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