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RÉSUMÉ 

La soc iété ac tuell e est confrontée à di vers problèmcs environnementaux 
d'envergure tels que le réchauffement climatique et la perte de biodiversité. La moindre 
modification de l'environnement peut avoir des conséquences graves sur les habitats et les 
ressources . L'étude de la structure des communautés benthiques et des poissons 
commerciaux du Saint-Laurent permet de détecter des perturbations potenti ell es. En 2006, 
le relevé annuel multidisciplinaire de chalutage de fond, effectué par le ministère des 
Pêches et des Océans du Canada, a permis de recueillir des informations sur l'ensembl e de 
la faune macrobenthique de l'Estuaire et du nord du Golfe du Saint-Laurent. 

Notre objectif principal était de caractériser la macrofaune benthique de la zone 
d 'étude. Pour y parvenir, la distribution spatiale des communautés a d 'abord été explorée 
via l'emploi d'analyses multivari ées (nMDS) . Ainsi , à l'étude des assemblages et de 
l' analyse visuell e de la carte de diversité benthique de la région, l'Estuaire et le nord du 
Golfc ont pu être divisés en huit régions biogéographiques distinctes. Des analyses 
canoniques ont par la suite été appliquées afin de tester les corrélations existantes entre les 
données d 'abondance d 'espèces et les variables environnementales présentes dans le 
mili eu. Globalement, la concentration en oxygène dissout, la température, la profondeur, la 
valeur max imale des courants de fond ainsi que la présence de pelite et de grav ier dans les 
séd iments, sont les paramètres retenus. Par ailleurs , nous avons pu constater que la réponse 
de trois taxons d'invertébrés diffère grandement face au phénomène d ' hypox ie identifié 
dans l'Estuaire, rés ultant en une densité plus élevée des organismes tolérants tels que les 
cnidai res et les mollusques, contrairement aux crustacés. Les analyses de cette étude ont 
été conclues par une modélisation d'habitat, basée sur les modèles linéa ires généralisés 
(GLM), dans le but de prédire les habitats potentiels des communautés en fo nction des 
paramètres environnementaux étudiés. L 'équation résultante de la modéli sa tion a ainsi 
retenu une combinaison de variables, soit: l'oxygène dissout, la profondeur, la température 
et le courant de fond. Qui plus est, près de 40 % de la variation des données biologiques est 
ainsi expliquée par l'équation résultante. La carte de prédiction d'habitats potentiels, 
comportant des similarités frappantes avec la carte de diversité établie suite au relevé, 
expose de ce fait des zones à grand potentiel de conservation benthique près de la région de 
la Minganie, de la fosse de Mécatina, du détroit de Belle-Isle et sur la côte ouest terre-
neuvlenne. 
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INTRODUCTION GÉNÉRALE 

Depuis que lques années, l 'expl oitation excessive des ressources par l ' homme a cu 

comme conséquence la perte de biodiversité (Worm et al. , 2006). A ins i, le nombre de 

recherches axées vers l'analyse des impacts du changement de biodivcrsité sur les 

écosystèmes a considérab lement augmenté avec les années. L'exploitation des ressources 

par la soc iété de consommation induit, en effet, des modifications considérables sur 

l'écosystème. À titre d 'exemple, afi n d 'assurer sa pérennité e t d 'améli orer son bi en-être 

quotidien, les di verses actions entreprises par l ' homme ont pour conséquence de fragmenter 

l' habitat des forêts et des prairies (Thompson Hobbies et al., 2008) . L 'eutrophi sation des 

cours d'eaux es t éga lement le résultat d 'actions anthropiques te lles que le développement 

d'infrastructures en milieu côtier et l ' utili sation de certaines tec hnologies agricoles 

(Tilman et 01.,2001). L'écosystème marin , quant à lui , est exposé aux éventuels impacts 

des changements climat iques (Kerr, 2007; Wang et Overgaard , 2007). Il es t éga lemcnt 

vulnérabl e aux perturbations causées par la pêc he commerciale, tell e que la modification 

potentielle de l' habitat de la faune benthiqu e (Jcnnings et Kai ser, 1998; Auster et Langton , 

1999) . Plusieurs aspects de la relation entre la biodiversité ct le fonctionnement des 

écosystèmes res tent à identifier ou à confirmer. Par contre, un consensus au sein de la 

communauté scientifique démontre que les systèmes les plus divers ifi és sont éga lement les 

plus performants . En d'autre termes, plus la divers ité est é levée, moins les chances 

d'introduction d 'espèces exotiques envahissantes sont grandes (Loreau et al. , 2001). Qui 

plus est, la diversité é largit les poss ibilités de réponses des espèces face à une perturbation 
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du milieu, résultant en une augmentati o n de la stab ilité de l'écosystème (Hooper et 01. , 

2005) . Le développement d ' outil s afi n de déterminer le nIveau de biodiversité des 

écosystèmes, d ' éva luer la vulnérabilité des rég ions ct de mesurer les changements de 

biodivers ité, est a ll1 S1 devenu nécessa ire afin d ' é laborer des mesures de conservati on 

adéquates. 

Plus de 65 % de la surface de la terre est recouverte d'eau . A insi les organi smes 

résidant en ces fond s marins constituent le plus grand groupe faunique de la Terre 

(Sne lgrove, 1998). Toutefois, bon nombre de connaissances sur ces organ ismes restent à 

découvrir. À l' éche lle planétaire, près de 1,75 millions d 'espèces seraient répertor iées, ce 

qui représente en soit un e proportion minime par rapport à la quantité globale estimée, 

avois inant les 3,6 à plus de 100 millions d ' espèces (UNEP-World Conservation Monitoring 

Center). Q ui plus est, les efforts de conservati on de la biodiversité semblent être beaucoup 

plus axés au niveau terrestre que marin. À ti tre d'exemple, un texte de 600 pages traitant de 

la conservation biologique (Me[fe et Ca rro ll , 1994), ne conti ent que deux pages portant sur 

la biodiversité marine. 

Quant aux océans, il y aurait, selon Grassle et Maciolek (1992), entre 1 et 10 

millions d'espèces v ivantes. Considérant que les écosystèmes marIns fournissent un 

nombre considérable de produits et de services essenti e ls (ex : poissons, frui ts de mer, sel, 

moyen de transport) , il est d 'autant plus important d 'améli ore r les cO l1Jla issances sur la 
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biodivers ité des orga ni smes qui s'y retrouvent. Comme le mentionnent Rosenberg et al. 

(2004), les o rgani smes benthiques représentent un e fa une vulnérable aux impacts 

éco logiq ues a ins i qu 'à tous les types de pollution produits, qui fini ssent tôt ou tard, par se 

déposer sur le fond marin . C'est donc pourquoi la faune benthique est très utili sée à titre 

d'indicateur de stress naturel ou anthropogénique encouru par l'écosystème (BOlja et 01., 

2000 ; Rosenberg et of., 2004) . 

Depuis plusieurs années, bon nombre d 'études dénotent l ' importance de considérer 

les var iab les environn ementa les à titre de forces structu rantes sur la distribution des 

communautés benthiques (Rosenberg, 1995 ; Freeman et Rogers , 2003). Co mm e le 

mentionnent G lockzin et Zettler (2008), deux étapes di stinctes sont importantes afin de 

comprendre les patrons éco logiques de la macrofaune. Cela consiste d'abord en la 

description des patrons de distribution des organismes, sui vie de la détermination des 

paramètres qui influencen t ces distributions spatiales. La caractéristique sédimentaire est 

très souvent suggérée comme l' une des va riabl es capitales influençant la distribution des 

comm unautés benthiques (RllOads et Germano, 1986; Seiderer et Newell , 1999; Kosty lev et 

al., 2001 ; Savicente-Anorve et al., 2002). Dans cette même optique, il faudrait considérer 

les facteurs physiques qui peuvent agir et structurer ce substrat de fond tels que le régime 

hydrodynamiqu e et la variation de la topographie. À ce propos, Rosenberg (1995) affirme 

que l'énergie physique présente près du fond marin représente un facteur déterminant sur la 

distribution spatiale des différents types de sédiments . Dans le contexte de réchauffement 

climatique actuel, la température es t également un facteur environnemental primordial à 
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considérer en tant qu e fo rce structurante sur les communautés benthiques. De plus, un 

certain nombre de rec herches dénotent l' impact considérable d ' une diminu tion d 'oxygène 

sur les organi smes de fond (Pihl et al. , 1992 ; Keister et al., 2000 ; W u, 2002 ; Diaz ct 

Rosenberg, 2008), ce qui constitue donc un autre paramètre abiotique auquel il faut porter 

attenti on. 

A vec les années, plusieurs travaux ont exposé les impacts des changements 

dras tiqu es de la concentration en oxygène dissout retrouvée près des fond s en mili eu marin 

(Di az et Rosenberg, 1995; Raba lais et 01. ,2001 ; G ilbert et al., 2005) . Un envi ronnement est 

quali fié hypox ique lorsque la concentration en oxygène di ssout se retro uve sous le seuil de 

2 mg02/L ou 62,5 flmol/L (Diaz et Rosenberg, 1995). Par contre, cc seuil ne fa it pas 

l' unanimité pour l' ensemble de la faun e marine pui sque pour certains organi smes le seu il 

hypoxique se s itue à un e concentration plus élevée que ce lui de 2 mg0 2/L (Vargo et Sastry, 

1977). Par a ill eurs d 'autres trava ux concluaient que le nombre de régions touchées de façon 

permanente ou sa isonni ère par le phénomène d ' hypox ie ava it augmenté (D iaz et 

Rosenberg, 2008). Sui te à l'examen des seuils de tolérance des di ffé rents taxons de la tàunc 

marine, un large éventail des conséquences associées à l' hypoxie a é té mi s en évidence 

(Vaquer-S unyer et Duarte, 2008). Ce phénomène peut diminuer, vo ire é liminer, les espèces 

sensibles retrouvées en ces lieux hypoxiques, ce qui a donc pour conséquence de changer la 

composition des invertébrés benthiques (Bourque, 2008), des poi ssons ainsi que des 

communautés planctoniques (Wu, 2002). Globalement, l ' hypox ie tend à diminuer la 

richesse spéc ifique du mili eu. Des données historiques sur les conditions 
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environnemental es retrouvées dans la couche profonde de l'Estu aire du Sa int-Laurent, au 

Canada, ont démontré une diminution importante de la concentration en oxygène pour la 

période 1930-2003 (Gi lbert et al., 2005). Les va leurs enregistrées indiquent une chute de 

plus de 50 % de la quantité d 'oxygène di sponib le, passant d ' un e concentration en oxygène 

di ssout de 125 /lmoliL à 60 ~lmoliL en 70 ans. Cependa nt, nos conna issances sur l' impac t e t 

l' évo lution du phénomène d'hypoxie dans les eaux profondes du Saint-Laurent ne sont 

encore que fragmenta ires . Des recherches plus approfondies doivent entre autre être 

effectuées dans le but de dé finir les conséquences de la diminution de l 'oxygène di ssout sur 

les habitats benthiques . 

Avec la conscientisation du phénomène de réchauffement climatique et des défIs de 

tai ll es auxquels seront confrontés les écosystèmes, la température es t devenue une varia bl e 

cruciale à considérer dans les études de caracté ri sation d ' habita t faunique te lle que la 

présente étude. D ' autre part, sachant que le taux métabolique des invertébrés benthiques est 

principalement influencé par la température (Peters, 1983), toute augmentati on au ni vea u 

de cc paramètre environnementa l pourrait avoir des effets considérables sur les orga ni smes 

et leur distribution. La modification des paramètres environnementaux tels que les courants 

de fond, la stratification de la colonne d 'eau, la production primaire ou la température peut 

influencer les fonct ions physiologiques des organismes présents (Danovaro et al., 2007) . 

D'ai lleurs, il existe plusieurs travaux investi gant les stratégies de reproduction des 

organismes ad ultes et du développement larvaire qui s'ensuit, en relation avec les variables 

environnementales qui préva lent dans le milieu (Morgan et Chri sty, 1994; McEdward, 
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1997). Deux vari ables influencent princ ipalement la durée et la survIe des larves 

planctoniques, so it la nourr iture et la température (Reitzel et al., 2004). Par conséq uent, que 

ce soit d irectement ou ind irectement, la température peut in fl uencer significativement la 

structure des communautés d' invertébrés benthiques. 

L'écosystème du Saint-Laurent, situé à l 'est du Canada, es t un exemple parfait de 

système productif constitué d ' une grande gamme de conditi ons océanograph iques d istinctes 

(Roy et al., 2000). Le Go lfe du Sa int-Laurent est très souvent d ivisé en sous-régions 

biogéographiques, basées principalement sur les caractéri sti ques océanogra ph iq ues et les 

conditions phys ico-chimiques retrouvées dans chacune d 'e ll es. Koutistonsky et Bugden 

( 1991) proposent d 'ailleurs une divi sion en huit sous-régions, principa lement c lass ifiées en 

fonction des conditions phys iques du milieu. De leur côté, Brunei et al. (1998) proposent 

vi ngt zones basées sur le contour côtier et des critères océa nographiques, biogéographiques 

et bathymétriques. C'est pourquoi le sys tème hétérogène que représente le Sa in t-Laurent, 

constitue une zone d'étude par exce ll ence afin d 'éva luer les re lati ons potentiel les entre les 

communautés benthi ques e t les fac teurs environnementaux du milieu. 

Jusqu 'à ce jour, plusieurs études ont tenté de décrire la di vers ité et la d istributi on 

des communautés d ' invertébrés benthiques dans l'Estuaire et le nord du Go lfe du Saint-

Laurent (EGSL). Bon nombre d 'entre e ll es se sont orientées vers un taxon précis plutôt que 

sur l'ensemble de la communauté présente. À titre d 'exemple, une étude sur les mollusques 
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a é té exposée par Robert (1 979) , ct un e autre a été décrite sur les po lychètes par Massad et 

BruneI (1979) . Par a illeurs, des recherches quantita ti ves sur la faun e endobenthi que ont 

éga lement été effectuées (Préfontaine et Brunei, 1962; Peer, 1963 ; Ouell et , 1982). 

Récemment, des inves ti gations sur les assemblages de l'endofaun e ont été menées en lien 

avec les traces de bioturbati on re trouvées (Belley et al., 2008), a insi qu ' en relati on avec les 

fac teurs environnementaux de l'EGSL (Desrosiers et al. , 2000; Bourqu e, 2008) . Malgré 

cela, la fa une d ' invertébrés benthiqu es demeure encore peu CO JUlu e. 

En août 2006, l'échantillonnage approfondi de la macrofaune épibenthique a été 

incorporé au re levé multidiciplinaire annuel du nord du Goi fe du Sa int-Laurent, effectué 

par le min istère des Pêches et des Océans du Canada. Exécutée avec l' a ide d ' un chal ut 

démersal, cette mi ss ion représentait une tout première en termes d'étude à grande échelle, 

j umelant la cueillette de donn ées d 'abondance de la fa une benthique (commercia le et non-

commerc iale) et des va riabl es environnementales du milieu. Bi en que cet instrum ent de 

pêche ne soit pas le plus adéquat et le plus préc is possibl e pour échantillonner la 

macrofaune benthique, les résultats obtenus se sont avérés à la hauteur de nos espérances 

afi n de caractéri ser cette faune sur un aussi grand territo ire d ' étude. L' utili sa ti on du 

nouveau chalut de type Campelen 1800 permet effectivement de recueill ir un plus grand 

nombre d 'espèces benthiques que son prédécesseur (URI 81 '/114 ') . À titre d 'exempl e, 

Brisaster frag ilis, Ctenodiscus crispatus et plusieurs autres espèces d ' anémones ont vu leur 

proportion passer de nulle jusqu 'à un pourcentage max imal de 62 % d 'occupati on dans le 

chalut (comm. perso. C. Savenkoff) . Nul doute que cette mi ss ion à donc permi s de 
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recueillir un nombre cons idérable de connaissances pour la gestion durabl e ct pour les 

initiatives de protection ou de conservati on à venir. 

L'un des dé fi s actuels dans la gestion des écosystèmes marins est de détermin er les 

zones prioritaires à protéger. Pour y arriver, les zones à grande di vers ité, a in s i que les 

régions habitées par des espèces rares et menacées, do ivent être identifiées. L'une des 

stratégies disponibl es est de créer une carte continue de prédiction d ' habitat potenti el qui 

dicte la présence de communautés d 'espèces, en fonction de l' habitat physique optimal à 

ces derni ers (Degraer et al., 2008). Une fois le modèle de prédiction éta bli , il dev ient plus 

fac ile de mettre à jour ces données de di stribution spat ia le en fonct ion des va riabl es 

environn ementales disponibles . Ainsi , en ayant une carte contenant l'ensemble des 

paramètres environnementaux présents dans la zone d 'étude, il est par la sui te possible de 

créer une carte continue de prédiction de la di stributi on spatia le de la macrofaune benthique 

(Degraer et al., 2008) . Qui plus est, ce genre de modèle considère l'é tat dyna mique des 

communautés spécifiques répondant aux changements environnementaux. De plus, la 

prédict ion d ' habitat est un e approche qui peut déterminer les conséquences poss ibl es des 

changements environnementaux sur la di stribution des espèces (Woodward ct Cramer, 

1996; Vaz et 01. , 2004 ; Martin et 01.,2005) . 

Les objectifs de la présente étude sont donc d ' utili ser les échantill ons recueillis lors 

de la mission multispécifique réalisé à l'été 2006 afin : (1) d 'explorer la stru cture, la 
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composition et la distribution des espèces de la macrofaune benthique à l'aide d'analyses 

multivariées ; (2) de reli er la di stribution spatiale des espèces avee les facteurs abiot iques, 

dans le but de déterminer lesquels de ces paramètres environnementaux exp liquent le plus 

les patrons d 'espèces ; (3) d 'éva luer l'influence de la diminution de l'oxygène dissout dans 

la partie profonde de l'Estuaire maritime du Saint-Laurent, sur la variab ilité spatia le des 

organismes benthiques, et ; (4) d ' utiliser les techniques de géostati stiques et de cartographi e 

(ArcGIS) afin de décrire les affinités des communautés de la macrofaune avec les variables 

environnementales significatives, résultant en un modèle de prédiction d'habitat potentiel. 

Plus spéc ifiquement, les hypothèses supposent que les distributions spatiales des 

assemblages de communautés benthiques, de même quc la di versité, seront influcncées par 

la température et la concentration en oxygène dissout. Ces deux paramètres 

environnementaux devraient ainsi être utilisés afin de préd ire la distribution de la 

macro faune benthique dans la modélisation d'habitat. 

Ce mémoire de maîtrise, sous forme d 'a rticle scientifique, est rédigé en anglais et 

conti ent un chapitre. Cet article devrait être prochainement soumis à la revue 1CES Journal 

of Marine Science. 
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CHAPITRE 1 

EPIBENTHIC MACROFAUNA COMMUNITY STRUCTURE OF TH E NORTHERN 
GULF OF ST. LAWRENCE IN RELATION TO ENVIRONMENTAL FACTORS: 

MULTIVARIATE AND GEOSTATISTICAL APPROACII ES 



11 

1.1 Introduction 

In the last decade, the increase of natural resources explo ita ti on by hum an resulted 

in biodivers ity losses (W orm et al., 2006) . Moti va ted by the dec line o f biod iversity, large 

number of researches foc uses on th e effect of biodi versity losses o r changes on 

ecosystem structure and functioning. Ma rine ecosystems are vulnerable to direct 

disturbance tbrougb fi sbing such as th e modification of benthi c habitat fa una (Jennings 

and Ka iser, 1998; A uster and La ngton, 1999). They are also exposed to potenti al impact 

of climate cbange (Kerr, 2007; W ang and Overgaard, 2007). Many aspects of the 

re lati onship between biodi versity and ecosystem functi onin g remain to be co nfi rmed but 

for some results, co nsensus was found in the sc ientist community. An increas in g in 

species richness w ill generall y decrease th e poss ibili ty of an in vas ion of exotic spec ies 

(Lo reau et al. , 2001 ). Moreover, species diversity g ives a wi de range of responses 10 th e 

d iffere nt environmental perturbations helping th en to stabili ze th e ecosystem (Hooper et 

al., 2005). The development of tool s to determin e the biodi versity leve l, to estimate the 

vulnerability of spec ifie regions and to monitor th e biodi vers ity changes is a necessity ta 

elaborate conserva ti on measures . 

As the world surface is covered by more th an 65% o f deep-sea sed iment, the 

organisms residing on and in the seabed are the largest faunal assemblages on Earth 

(Snelgrove, 1998). Futhermore, many areas are unexplored and limi ted knowledge of 

these areas constitu tes a maj or hurdl e to management practices ta conserve mar ine 

resources . Considering that manne ecosystems provide a large number of essenti al 
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services to hUl1lan, such as fi shes, sea foods and mean of transportation , it is thercCore 

impo rtant to improve o ur understanding of the biodiversity of these marin e benthic 

orga l1l sms. 

N umerou s benthie eco logy studi es had already proved the importance of 

envi ronmenta l factors as driving forces on benthi c cOl1lmun ity di s tribution (Rosenberg, 

1995; Freeman and Rogers, 2003 ; Bourque, 2008) . As sugges ted by G lockz in and Zetl ler 

(2008), to understand the eco logical patterns of macrofauna , it requircs two-stages 

procedure: ( 1) the descripti on of the patterns in th e di stribution of the o rga ni sms and ; (2) 

the determination of th e parameters ca using thi s distribution . The sedil1lentary 

characteri stic is often suggested as one of the main fac tors influenc ing the structure of th e 

marine benthic community distribution (Rhoads and Ge1111anO, 1986; Seiderer and 

Newe ll , 1999; Kosty lev et al., 2001 ; Savicente-Anorve et al. , 2002). MOt'eover, we a lso 

have to consider the phys ica l factors inducing changes to the substratum compos iti on 

such as hydrodynami c processes and topographi c va riation . fn fact Rosenberg ( 1995) 

suggested that physical energy above the seabed is an important facto r for the spati a l 

distribution of the different sediment types . In a g lobal warl1ling context, temperature 

should also be studied as a driving fac tor on benthi c com muniti es. MOt'eover, th e impac t 

of oxygen depletion on invertebrates was a lso addressed in many studies as a significant 

abiotic factor (P ihl et al. , 1992; Keister et al., 2000; Wu, 2002 ; Diaz and Rosenberg, 

2008) . 
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There are indications that lead to be li eve tha t climatic changes can affect marine 

ecosystem. Temperature variations can influence l1le tabo lic rates of organi sms and other 

environmental factors such as local currents , water column stratification, nutri ent cyc ling 

and primary production (McG owa n et al., 1998) . These variables can stron g ly affect the 

dynamic of the ma rin e community and over the time, the phys iolog ica l function o f the 

organi sms (Danovaro et al., 2007). Thus, ail these processes, di rect ly or indirectl y 

affected by temperature, may cause differences in the benthi c in vertebrate comm unity 

structure. 

Over the years, many results showed about the impact of drastie changes of 

dissolved oxygen level in bottom water on marin e organisms (Diaz and Rosenberg, 1995 ; 

Rabalais et al., 200 1). Most reports proposed a thresho ld va lue of 2 mg02/L (62 .5 

flmo l/L) or lower to qualify an hypoxic environment (Diaz and Rosenberg, 1995). 

Nevertheless, this threshold value can be inadequate for many orga ni sms for whi ch 

hypoxia impacts are encountered at highcr oxygen concentrations (Va rgo and Sastry, 

1977) . Although the number of areas with hypoxia episode increased in number over th e 

world (Diaz and Rosenberg, 2008), consequences of hypoxia on marin e life are var iabl e, 

cons idering oxygen thresholds among taxa (Vaquer-Sunyer and Duarte, 2008). Hypoxia 

can e limina te sensitive species, thereby causing major changes in spec ies compos ition of 

benthic invertebrates (Bourque, 2008), fish and phytoplankton cot11munities (Wu, 2002). 

Globally, hypoxia results in a general decrease in the species richn ess. Hi stori ca l data for 

oxygen concentrations in th e deep layer of the Lower St. Lawrence Estuary (LSLE) , 

Eastern Canada, indicated an important dec line for the 1930-2003 period (Gilbert et al. , 
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2005). The reco rded oxygen values indi ca te a drop-off of more th an 50% , From 125 

flmol/L to 60 ~Llnol/L in 70 yea rs. 

The St. Lawrence sys tem is a productive margina l area with a large range of 

oceanographic conditi ons (Roy et al., 2000) . With the varie ty of hydrodynami c regimes 

and phys ical parameters observed, the Gulf of St. Lawrence (GSL) is o rten divided into 

sub-regions based o n l<J1owledges abo ut oceanographic characteristics. Kouti stonsky and 

Bugden ( 1991 ) proposed e ight sub-reg ions mainl y classi fied on th e bas is of physical 

conditions: BruneI et al. (1998) proposed 20 marine zones , c lass i fied on the basis of 

coasta l contour, oceanograph ic, biogeographic and ba thymetric criteria . So, thi s 

heterogeneous sys tem is a perfect study area to eva luate the potential link between 

benthic communities and environmenta l factors. 

For the Estuary and th e northern Gulf of St. Lawrence (EGSL) , man y studies 

described diversity and distribution of benthic invertebrate communities. Most studi es 

focussed on spec i fi e taxa su ch as molluscs (Robert, 1979) and pol ychaetes (Massad and 

BruneI , 1979). Few studi es in vest iga ted the infauna over the years with a quantitative 

approaeh (Préfontaine and Bruncl , 1962; Peer; 1963; Ouellet, 1982 ; Bourque, 2008). 

Recently, investigations on the infauna assemblages and bioturbation traces (Be ll ey et al., 

2008) in relation with environmental factors were eonducted in the Estuary and the Gulf 

of St. Lawrence (Desrosie rs et al., 2000; Bourque, 2008). evertheless, the benthi c 

invertebrate fauna of the St. Lawrence sys tem are sti ll poo rI y known . 
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ln A ugust 2006 , monito ring of epibenthi c invertebrate macrofauna was impl anted 

dur ing the annua l summer groundfi sh survey of the north ern G ulf of St. Lawrence 

performed by th e Ca nadian Department o f Fi she ri es and Ocea ns (DFO). Thi s kind of 

study represen ted th e fïrst one over a wide geographica l a rea includ ing both benthic 

in vertebra te spec ies (commerc ial and non-commercial ) abundances and env ironmenta l 

da ta in the St. Lawrence system. This is the first attempt to cha rac teri ze quantitati ve ly 

the benthic habi tat over the w ho le EG SL sys tem. 

Severa l de tïni tions ex isted to defin e th e term habita t. Aceording to Baretta-Bekker 

et al. (1992), hab itat can be s imply defin ed as the charac te ri stic space occupied by 

population or a species. Us ing a s imil ar approach method than the present study, 

CHARM's team (Eas tern C hann el Habita t Atlas fo r M arine Resource Ma nagement) 

defined habi ta t as an area w ith specifi c environ menta l conditi ons in whi ch organi sm, 

populati on o r eommunity can survi ve (Carpentier et al., 2005). ln fact, in th e 

enviro nment, mos t communi ties appea r to occur w ithin a recogni zable suite o f phys ica l 

condi tions, whereas other o nes occur within a more tightl y defin ed phys ica l hab itat than 

o th er (Urbanski and SZYlll e lfc ni g, 2003). Thus, the habitat suitab ili ty (HS) model 

hi ghli ghts the close re lati onship between the phys ical env ironment o f th e study area and 

the bio logica l compos ition of its associated eOl111llunity (Gui sa n and Z illlmerman, 2000 ; 

H irze l and A rle ttaz, 2003; Hirzel et 01., 2006; Degrae r et 01. ,2008). 
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The ac tual cha llenge is to identify thc potenti al protec t a reas that will eontribute to 

the conservation of thc biodiversity. One of the strategies is to crea te a full coverage 

mapping tool rather than a map with simply punctual data restricted to observation points . 

Resu lting in HS mode l, it predic ts the presence of benthi c invertebrate communi ty based 

o n the su itab ility of the physical habitat (Degraer el al. , 2008). As Degraer et al. (2008) 

mentioned , if full coverage maps of th e environmental va riab les are ava il ab le, it is 

possible to create a full coverage map of the macrobenthos spatial di stribution . Besides, 

very few eco log ica l studies considered th e dynami c state of community species in 

response to envi ronmenta l changes . The HS model is a truly dynamic approach to s tudy 

the possible consequences of a changing environment on spec ies distribution (Woodwa rd 

and Cramer, 1996). Th us, predicting species or communiti es occurrence using thi s 

modelling approach have beco l11c increas ing ly cOl11l11on in eco logical conservat ion study 

such as in entomology (Hei n et al., 2007), mammalogy (Catullo et al., 2008) and 

ocea nography (Vaz et al., 2004; Martin el al., 2005 ; Degraer et al., 2008). 

T he objectives of thi s study are to: (1) ex plore with l11ultivariate analyses the 

structure, co mpositi o n and distribution of the epibenthic macrofauna specles; (2) 

correlate the spatia l distribution with the abiotic factors and to determinc whi ch 

environ mental parameters explain the best species pattern; (3) evaluate the influence of 

hypoxic area in the Lower Estuary on spatial distribution of benthic organisms by using 

mapping approach and ; (4) use geostatistic and generalized linear model to describe the 

macrofauna community affinity with significant environmental parameters, resulting at 
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HS mode!. T he resul t of thi s s tudy will help sc ienti sts and dec ision-makers ta deve lop 

gui de lincs pri ori ties for adequate conservati on measurcs ofb enthi c habitats . 

1.2 Material and method s 

1.2. 1 Studyarea 

T he Gul f of St. Lawrence (GSL) is a highly stratifi ed scmi-enclosed sca w ith an 

approx imate bas in surface a rea of 226 000 km2 (Koutitonsky and Bugdcn, 199 1). T he 

Gul f has two major con nections with the Atlanti c Ocean, through the Cabot and the Belle 

Is le stra its , and rece ives important fres hwa ter inOows fro l11 the St. Lawrence River and 

other tri butari es. Consequentl y, es tuarine circul ation is created w ith water f1 0wing 

seaward in the surface layer and landward in the deep layer (Sa ucier et al., 2003). The 

topography of the Gul f is di stingui shed by three channcls (La urenti an, Ant icosti and 

Esqu ima n) (Fig. 1) . T he Laurentian channel is the deepes t one w ith an average dep th oC 

420 \11, ex tending from the Cabot Strait to the l11 0uth of Saguenay fjo rd in the Lower St. 

Lawrence Es tuary. In contrast, a large and shallow area (average depth 50 m) known as 

the Magdalcn shallow is fo und in the south western part of the Gul f (D icki e and Trites , 

1983). A w idc range of hydrodynami c conditions are found in this semi-enclosed sea, 

such gyres, seasonal variation in vertica l stratification, fronts and seasonal ice cover 

(Therriaul t, 199 1). These dis tinct hydrodynamic and topographie charaeters eover a broad 

range, w hi ch sugges ts that the G ulf can not be eonsidered as an hOl11ogeneous system. As 

suggested by Rosenberg (1995) and Freeman and Rogers (2003), it is important to take 
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into account the variabil ity of env ironmental parameters in marine ecology study, 

because it can influence the distribution and behaviour of marine organ isms. 
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Figure 1. Study are a showing the location of the 193 sampling stations of macrofauna, in 
August 2006. 
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1.2 .2 Sampling gear and protocol 

Macrofauna were collected from 193 stations in the Estuary and thc northern Gulf 

of St. Lawrence (EGSL) during the an nuai summer groundfish survey made by th c 

Canadi an Department of Fishcries and Oceans (Quebec Region), aboard the CCGS 

Te/eost rcsearch trawler from August 1 st to 31 st, 2006 . The sa mpi ing strategy used 

cons isted of a stratified random sa mpling followin g predetermined strata bascd on depth 

(Doubleday, 198 1) 

Samples were co ll ccted with a four- sided shrimp bottom trawl (Campe/en 1800 

type). It was rigged with variable net mesh sizes appropri ate for each part of the trawl: 

80 mm ("center Imot" to "center knot") for the wings, 60 mm for the first bell y and the 

square, and 44 mm for the second and third bellies. The codend and th e lengthening picce 

are a lso 44 mm stretched mesh size and are equipped with a 12. 7 mm knotless nylon 

lining. T raw l is titted w ith a Rockhopper footgear (McCallum and W alsh, 2002) 

(Appendi x 1). T hc standard tow duration was 15 minutes on the bottom , being shortcr 

dcpending on the roughness of the substrata. Scanmar™ hydroacoustic sensors monitor 

trawl characteristics configuration (e.g. distance between do ors and wings, vert ica l nct 

opcnin g and bottom depth) . 

Fish and invertebrates were sorted, identifi ed , counted, and weighed. A li were 

identified to th e lowest taxonomic level poss ibl e for which identification is ccrtain (see 
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list Appendix 2). Invertebrate spec ies that were not easi ly identifi able were preserved in 

70% ethanol or frozen for later identification in laboratory . Taxonomic names were 

verified on the Integrated Taxonomic Information System on line (www.ITIS.gov) . 

Density estimates for ail identified macrofauna taxa were obtained by dividing the 

number or mass by the total area swept by the trawl, which de fines the effort. Catch per 

unit effort (CPUE) was used as standardized abundance indices. Biomass density indices 

in kg/km2 were used for many taxa that were too abunda nt to be counted. Co lonial 

organisms such as Bryozoa and Hydrozoa could not be enumerated and were expressed 

in kg/km2 ln the database. The taxa Cnidari a and Ech inodermata , predominantl y 

composed of Brisaster fragilis , Ctenodisicus crispatus , Gorgonocephalus sp. and 

Strongylocentrotus sp. , were also included in thi s database. The other taxa were 

expressed as ind/km2 (abundance database) . This, resu lt in two different databases; one 

expressed as biomass and the other one expressed in abundance, these two databases do 

not consider the same species . However a third one using occurrence (PIA) data 

contained ail th e surveyed spec ies. 

1.2.3 Envi ronmenta l data 

A CTD Seabird™ apparatus (SBE9 11 Plus), equipped with five sensors, were used 

to measure depth and water characteristi cs of the water co lumn such as conductivity, 

oxygen, temperature and concentration in chlorophyll a, closed to the sampling stations. 

Titrations of water sampI es were done to corroborate the concentration of di sso lved 

oxygen at predetermined depths. Chlorophyll a data were calcu lated in laboratory in 
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us ing a specifi e standard curve for each Gulf sub-region (S. Plourde, pers. co ml11 .). A 

digitalmap of seabed sediment types, originating [rom Loring and Nota ( 1973), was used 

to determine substra tum type at each sampling station (Appendix 3). It clearl y identifi es 

the dominant depositional process such as reli ct pelite and res idua l sa nd . The original 

sed iment class i fication was kept, with 46 substratum codes identi fied by text1Jal ana lysis. 

As an exampl e, pelite, sandy-pelite and gravel-shell were three of the principal 

substratum compos ition found in the St. Lawrence (Appendi x 3) . Maximal bottom 

current was also included as an abiotic factor. This va ri able was prov ided by the 

circulat ion model si mulation impli ed rivers, a tmospheric and oceanograp hi c forc ing 

(Sauc ier et al. , 2003). At each sampling station, the bottom current va lue was obtained 

daily for 3 1 days in August and the maximal value at each stati on was incl uded to th e 

subsequent analysis . 

1.2 .4 Stati stica l ana lyses 

Data were analysed by multivariate approach uSlll g the VS PRIMER Analyt ica l 

Package (C larke and Warwick, 1994) . The multi variate procedure on specles 

assemblages was based on the Bray-Curti s di ss imil arity on sq uare-rool (-V) data 

transformed and presence/absence (P/A) community data . This in termed iate 

transformation was chosen in order to provide the best balance between a " narrow view" 

of community structure based on abundance of few dominant taxa and a "wide view" 

based on ail species, g iving too much weight on rarest taxa (Clarke and Warwick, 1994). 

Prior to analyses, taxa which appeared once or were associated with only one station 



22 

were excluded from the dissimilarity matI'ix, as suggestcd by C larkc and Warwick 

(1994), Differences in the structure of epibenthic macrofaunal assemb lages along thc 

Estuary and the Gu lf of St. Lawrence were examined using non-metric multidimensional 

scaling (nMDS) ordination technique. Ordinations were based on the Bray-Curti s 

dissimilarity measure (Bray and C urti s, 1957). The SIMPER routine (s imil arity 

percentage analysis) was used to determin e which species were predominantly 

responsible for the dissimilarity within groups, and to characteri ze each assemblage 

(Clarke, 1993). 

Multivariate ordination techniques were a lso applied to analyse th e spatial variation 

in the species abundance data sets, usi ng CANOCO 4.5 program (ter Braak and Smilaeur, 

2002). Canonical correspondence analyses (CCA) were calculated on: 1) biomass 

database, 2) abundance database and on 3) a database included both biomass and 

abundance data , to explore the relationship between the observed Illacrofauna 

assemblages and their environment (CANOCO, ter Braak and Smilaeur, 2002). A 

preliminary detrented correspondence analys is (DCA with detrending by segments) was 

applied to estimate the gradient length in standard deviation (SD) units. Gradient va lues 

exceeding 3 SD were obtained in each case, and thcn subsequent numerical analyses 

involved techniques were based on underlying unimodal species-response model 

(Jongman et al., 1995; Leps and Smilauer, 2003). Statistical associations between species 

macrofaunal assemblage patterns and environmental parameters were further quantified 

by canonical correspondence analys is (CCA), a non-lincar cigenvector ordination 

technique related to CA, but where the axes correspond ing to the directions of the 
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greatest data se t va ri ability can be ex plained by the cnvironmental va ri ab lcs (tcr 8raak, 

1986). A table of exp lanatory variables was obtained to exa mine the amo unt oC va ri a tion 

ex pla ined in the spec ies data that was associated with the environment. CCA was th cn 

ca rri ed out fo llowed by a Montc-Carlo permutation test, using 999 permutations with 

fOl'Ward selection (ter Braak, 1989). Thi s procedure was used to rank the env ironmental 

factors by importance and to selected, one at a time, signifi cant facto rs which were 

maximally corre lated with speci es di stribution. Matrices with inte r-set corre lati on va lues 

between environmental variables and axes where obtained, which one determ ines 

principal env iron mental gradients in the ordination plan. Stati stica l signifi cant va lues of 

env ironmental parameters were a lso obtained, with the condition a l e ffec t (P < 0.01). Plots 

results were made using drawing prog ram CanoDraw 4.12. 

1.2.5 Geostatistics and GIS mapping 

T he raster map of spat ial di stribution of environmental param eters and community 

patterns was produced usi ng thc kriging method . Model fit and krig ing werc ca rri ed out 

using GENSTAT 7th editi on softwa re (GENSTAT com mittee, 2003) (Appendix 4). 

Kriged es timate resulted as fine regular grid of points, was th en imported in Arcmap 9.! 

(ESRI) software. Raster continuous maps with a resolutio n of 0.008 decimal degrees, 

displaying the spatial pattern of each variable (environmental) were crea ted, usin g the 

spatia l analyst extension (Appendix 5). 
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1.2.6 Predicti ve eco logica l model of com munity hab itat 

As preliminary step of modelling, a combination of both data se ts was made 

(abundancc and biomass) and the abundance data were fo urth root C-,J,J) trans formed prior 

to analysis , to red uce the effect of abundant species (C larke and Green , 1988) . Axes 

samples scores of canon ica l analyses and the significant var iab les fou nd in the CCA as 

explanatory variables were used in the Gaussian (transform ed data) GLM mode!. As 

sugges ted by McCullagh and Ned ler (1989) , a generali zed linear model (GLM) was the 

approach chosen to model the communi ty structu re as a response of th e environment. 

This kind of model may be app li ed to data that are not necessaril y norma ll y distr ibuted. 

The mode lling procedure was perfo rmed in R software. The stepwise selec ti on of 

significant predictors was based on the Akaike's Informati on Crite ri on (AIC) (A kaike, 

1974). Equation s obtained inform the model then used in the Raste r ca lcu la tor option in 

ArcMap, to produce a predictive model of benthic orga ni sms (Ap pendix 6). 

1.3 Results 

1. 3. 1 Epibenthic macrofauna 

Over 160 epibenthic taxa (124 for the abundance database and 60 for the biomass 

database) in 97 famili es, 50 orders, 21 classes and 10 phyla were recorded during thc 

survcy. A high proportion of species were associated with phyl a of polychaetes, 
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echinoderms, cnida ri ans, molluscs and arlhropods. Membcrs of s ipuncu lid s, ne ma lods, 

brachiopods and eetoprocts were also found . 

The to ta l number of epibenthic species was hi gher in the Stra it of Belle Is le and Ihe 

northern pa rt of Esquiman channel, with a maximum of 32 spec ies per trawl tow (Fig. 2) . 

Particular diversity spots a re round at many sa mpling stations locali sed on th e north shore 

ofthe Gulf, nea r Mingan Is land and Natashquan reg ion (Q uebec North Shore). T he trawl 

stations of these two areas were in water of less than 100 m deep . The co ll ectcd mcan 

number of species ( 15 ± 2 pe r trawl tow) is also important off the south wesl coast of the 

Newfoundl and (F ig.2). Conversely, the main pa rt orthe Esquima n chan ne l exh ibilcd low 

species richness , with a mea n numb er between two and six speeies per traw l tow. A great 

part of Laurentian channel was also eharacteri zed by a sma ll number oC species, 

exeluding the reg ion a t the hcad, near the Saguenay Gord, where spce ies richness was 

higher. 
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F igure 2. T ota l number of macrofauna species caught w ith th e Ca ll1pe len botto ll1 traw l, in 
th e Es tuary and th e northern Gulf of S t. Lawrence during the annua l SUll1l11Cr survey in 
August 2006. 

1.3.2. Macrobenthi c cOl11muni ty structure 

C lus te r ana lysis, based on square root trans formed da ta, d iv ided the b iomass fa un a 

database (kg/kIl12
) into seven di s tinc t communities. Most stati ons werc gro uped ( fi ve 

groups) at 70% of di ssimil arity and two others at 55% . Multi variate ll1ac ro in vertebra te 

assembl ages showed two main di stin ct groups with a pa rti cul ar spec ies di stributi on. A 

distinct cOll1l11unity (group V: .J) was spati ally located w ith maj ori ty o f s tations in th e 

Es tua ry . G roup IV ( .& ) also showed a dis tinct w ide spectrum o f assembl age sca lte red 

over the Laurentian and Esquiman channels . Community of Groups l , II, III , V I and V II , 

small er than Groups V and IV, were punctually distributed and closer spati a ll y, over the 

study area (F ig. 3) . G roup l (0 ) indicated a specifie di stributi on di vided in two main 

spots, in the Strait o f Bell e Is le and near Mingan Island . Thc greates t di ss ill1il arity 
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between groups (S IMP ER analys is) was observed w ith Group V rela ti ve to a il o ther 

groups, and was characteri zed by the hi gh contributi o n of Acti ni a ri a, Ctenodiscus 

crispatus and Brisaster frag ilis. Scyphozoa and fllex sp. were th e macrofauna taxa 

characte riz ing g roup IV ( À ) (Tab le 1). 

C luster ana lys is based on the abundance database (ind/kJn2
), sugges ted th e ftrst ftve 

groups a t 95% of dissimilarity with another two g roups (II: • and III : T ) di s tinct at 90%. 

Groups r (0 ) and II ( . ) were the small est, based on two stati ons. Gro up 1 was located 0 11 

th e south wes tern pa rt of th e Newfoundland whereas Group Il was round a t the head of 

the Laurentian Cha11l1el. Group V (0 ) was di stributed from the Estuary throu gh the Ca bot 

Strait (F ig . 4). SIMPER analysis revealed that a hi g h co ntributi on of similarity frol11 a 

particular species was fo und in each group. For example, Hippasteria phrygianna 

contributed 63,06% in Group IV , while Syscenus in[efix was 73 ,77% in Group V (Tab le 

2). 

With rega rds to the occurrence database (PIA) , the ft ve groups were we ll-di spersed 

over the study a rea (Fig. 5). We a lso observed the sa me cOl11munity compos iti on (Group 

IV: ), using the observed abundance database, rang ing from the Lau rentian C hann el out 

to the Atlantic Ocean beginning at Cabot Strait (Fig. 5) . The same aggregated group near 

the Strait of Belle Isle and th e Mingan Islands was also founded (Group I: 0 ), but 

stations of western part of Newfoundland were also ineluded in thi s group . The results of 
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SIM PER analys is showed a similar average fo r th e ri ve clusters, with a sim ilar 

contribution among th c spec ies (Table 3). 

Fu thermore, th c three nMOS plots (occurence, biomass and density) showed 

similar community distri bution over th e study area. These are: ( 1) th e same aggregated 

group was fo und nea r Minga n Island and SU'a it of Belle-Isle ; (2) the samc communi ty 

compos ition ra nging from the Laurentian Channel out to the Atlanti c Ocean beginning at 

Cabot Strait, and fin ally; (3) a mi x of community assemblages was found at two spec ific 

loca ti ons at the northeas lern and th e northwes lern end of Anticos ti Island. 
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a • • Stress: 0.2 

Figure 3. Epibenthic macrofauna corn munit y (biomass database) in the St. Lawrence in 
August 2006. a) Non-metric multidimensional scaling (nMDS) ordination based on the 
Bray Curtis dissimilarity, square-root transformed data (-Vx). b) Location of c1usters in the 
study area (empty circle = group I, black square = group II, black down triangle = group 
Ill, grey triangle = group IV, empty square = group V, grey circ1e = group VI and black 
circle = group VII). 
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Table 1. Result o f SIMPER analyses showing the macro[auna taxa which contributed th e 
most to the average Bray-Curtis similarity within the clusters of biomass database (a il 
traw ling sta tions), based 011 square root transformed density. 

Species Contr. CCYo) 

Group 1 (Avg. s il11ilarity = 36.19) 
Gorgonocepha/us arcticus 46.43 
Boltenia ovifera 36. 18 
Ophiopholis acu/eata 4.86 
Gersemia sp . 4.09 

Gro up III (Avg. sil11i1 arity = 50.8 1) 
il/ex sp. 9 1.1 5 

Group V (Avg. sil11ilarity = 45.32) 
Actiniaria 58.34 
Ctenodiscus crispa tus 
Brisaster fragilis 
B%cera sp. 

15.44 
13.26 
5.86 

Gro up VII (Avg. sil11i1 arity = 33 .73) 
Ctenodiscus crispatus 67 .67 
Hormathia nodosa 
Gersel17ia sp. 

18.99 
3.84 

Species Contr. (%) 

Group II (Avg. sil11il arity = 35.22) 
Ophiopholis aculeata 57.40 
Gorgonocephalus arct icliS 12.80 
Gersel17ia sp. 
Ophiacantha bidentata 

11.74 
Il .04 

Group IV (Avg. sil11ilarity = 41.99) 
Scyphozoa 
il/ex sp. 
Actiniaria 

58.86 
26.69 
4.62 

Gro up VI (Avg. si l11il arity = 49 .89) 
B%cera sp. 84.88 
[-[orl17athia nodosa 
Ctenodiscus crispatzls 

4.39 
2.5 1 
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a Stress: 0.17 
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Figure 4. Epibenthic macrofauna community (abundance database) in the St. Lawrence in 
August 2006. a) Non-metric multidimensional scaling (nMDS) ordination based on the 
Bray Curtis dissimilarity, square-root transformed data (..Jx). b) Location of clusters in 
the study area (empty circle = group l, black square = group II, black down triangle = 
group III , grey triangle = group IV, empty square = group V and grey circle = group VI) 
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Tabl e 2. Rcsult of SIMP ER analyses showing the macro fauna species w hi ch contrib uted 
the most to the average of Bray-Curt is s imil arity w ith in the c1usters of abu ndancc 
database (a il traw lin g stations), based on square root transformed density. 

Species Contr. (%) 

G ro up 1 (Avg. s ill1 ilari ty = 33 .00) 
Aporrhais oeeidentalis 100 

G roup III (A vg. s imilari ty = 2 1.98) 
Henrieia sp. 38. 22 
Stro ngyloeentrotus sp. 28 .23 
Crossas ter p apposus 
Rhaehotrop is aeulaeta 
Pteraster pulvillus 
Bueeinum undatwl1 

6.1 2 
5.38 
5.2 1 
2.82 

G ro up V (Avg. sill1 i1ari ty = 30.96) 
Syscenus infel ix 73 .77 
Mun idops is eurvirostra 18.7 1 

Species Contr. (lYo) 

G roup Il (Avg. si ll1ilarity = 35 .8 1) 
Bueeinul71 totenie 57.87 
My ti/us edulis 24.68 
Megayoldia thraeieforl71is 17.45 

G roup IV (Avg. sill1i1 ari ty = 2 1.23) 
Hippasteria phrygianna 63. 06 
Bueeinul11 undatum 7.44 
Henrieia sp. 6.56 
Strongylocentrotus sp. 

Nymphon maerum 
Megayoldia thraeieforl71is 

5.25 
4.67 
3.63 

G roup V I (Avg. similarity = 18.40) 
Cuspidaria glaeialis 7 1.13 
Molgu/a sp. 

Ciona intestinalis 
Aporrhais oeeidentalis 
Hippasteria phrvgianna 

10.34 
4.65 
2.84 
2.67 
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Stress: 0.22 a 

Figure 5. Epibenthic macrofauna community in the St. Lawrence in August 2006 a) Non-
metric multidimensional scaling (nMDS) ordination based on the Bray Curtis 
dissimilarity, Presence/Absence (P/A) transformed data. b) Location of cluster in the 
study area (empty circle = group l, black square = group II, black down triangle = group 
III, grey triangle = group IV, empty square = group V) 
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Table 3. Result of SIMPER analyses showing the macrofauna species which contribued 
the most to the average of Bray-Curtis similarity within the clusters (a il trawling 
stations), based on presence/absence transformed density. 

Species Contr. (%) 

Group 1 (Avg. s imilarity = 35.8 1) 
Strongy/ocentrotus sp. 12.74 
Ophiopholis aculeata 11 .73 
Henricia sp. 10.04 
Crossas ter papposus 
Rhachotropis acu/aeta 
Scyphozoa 

7.91 
7. 19 
6.90 

Group III (Avg. simil arity = 36.66) 
Scyphozoa 28.45 
Ctenodiscus crispa tus 
Henricia sp. 
Strongylocentrotus sp. 
Ophiopholis sarsi 
Hippasteria phrygianna 

16.25 
11.01 
9.5 1 
4.88 
4.45 

Group V (Avg. s imilarity = 39.72) 
Illex sp. 29.78 
Scyphozoa 22.01 
GersemÎa sp. 20.03 
Pennatu/a sp. 7.63 
Bathypo/ypus sp. 5.75 
Antedon bifida 2.92 

Species Contr. (%) 

Group Il (Avg. similarity = 35 .93) 
Bolocera sp. 29.55 
Sepiolidae 15.57 
Hormathia nodosa 
Ciona intestinafis 
Scyphozoa 
Cuspidaria g laciafis 

15 .57 
15.57 
4.88 
4.88 

Group IV (Avg. s imilarity = 39.01) 

Scyphozoa 14.64 
Act iniaria 
Brisaster fragilis 
Ctenodiscus crispa tus 
Illex sp. 
Pennatula sp. 

13.9 1 
13.55 
12.98 
11.30 
11 .02 
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1.3 .3 Pattern analysis 

To identify environmenta l parameters respo nsible for macrobenthi c community 

distribution from set of eco logica l data, the first step was to identify pattcrns of thc 

spec ies abundance. As preliminary steps, gradients lengths were explored at constra ined 

canonical analys is to es timate th e standard deviation. Detrended correspondence analys is 

(DCA), detrending by segments, gives values between 3.28 to 7.24 SD, and therefore 

unimodal methods of ordination were used for subsequent analyses. DCA was appli ed to 

macrobenthic databases (abundance, biomass and occurence) and a lso to SIMPER spccies 

abundance database which are taxa that account for 15% and more to the similari ty 

within the groups. Incidenta lly, canonical correlati on (CCA), combined w ith numerical 

analys is, can revea l the eco log ica l preference of spec ies coloni z ing th e study habitat. 

Canonica l correspondence analyses (CCA) with Monte Carlo permutation and the 

fo rward se lection option were performed to test the signifi ca nce of the re lationships of 

the sampl es and spec ies to the available environmenta l parameters. The inter-sample and 

Hill's sca ling were choosen for the CCA on the abundancc data sets. Hill 's sca ling is 

more appropria ted to a strong unimodal response for long gradi ent. In summary, species 

which occurred at the station li e around the sample's point in the plot (Leps and 

Smilauer, 2003). 
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When exa mll1l11g the assemblages of the biomass abundance database, a CCA 

showed s ignifi cant relationship (p < 0.01) with cight environmental parameters. T hese 

are: oxygen sa turation, depth , maximal bottom current, and five sediment types (pelite, 

very sa ndy-pe lite, g ravel-shell , gravelly-pelite-sand and grave lly-sandy-pelite). First 

princ ipa l CCA axis accounted for 39.60% and 28.30% for th e second axis, these together 

accounted for 67.90% of the relationship between species and environmental parameters 

(Table 4a) . The presence of gravel and pelite appeared an important factor on the first 

axis, with hi gh correlation va lues (0.42) with gravelly-pelite-sand and gravel-she ll . On 

the second axis, very sa ndy pelite substratum was the highest positively correlated facto r 

(0.36), whereas five of eight environmental variables were negatively correlated . The 

group V (0) was primaril y influenced by three factors: depth , presence of pe lite (P), and 

very sandy pelite (VSP) sediment (Fig.6). Group l ( 0 ), di stributed on the upper right 

corner of th e CCA graph , appeared to be impacted by high oxygen saturation and 

presence of grave l (grave l-shell (GSh) and gravelly-pe lite-sa nd (GPS)) . Group IV ( A. ), 

w ith the greates t number of stations, was influenced principall Y by medium to hi gh 

oxygen saturation value. This group was also impacted by bottom current (F ig. 6) . 

Groups l (0 ) and IV ( .. ), found on the ri ght side of the ordination, indicated distinctive 

macrobenthos composition in comparison with Group V (0) principally located on the 

left side. 
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Each variab le was tested in tums and bottom max ima l current, depth and five 

sediment types (pelite (P), sandy-pelite (SP), very-sandy-pelite (VSP), ca lcareous-pe lite 

(CP) and gravel-she ll (G-Sh)) were found significantly related to the assemblage 

structure of abundance database. The first and second axes account together fo r 4 1.6% 

(first axis: 24%, second axis : 17.6%) of the relation between spec ies and environmental 

cond itions (Table 4b). The calcareous-pelite sediment showed the hi ghest pos itive 

correlation a long the first ax is with a va lue of 0.58 , followed by depth with 0.46, whereas 

the gravel-shell sediment factor correla tion was highl y negative (-0 .32). With the second 

CCA ax is, the maximum absolute correlation was recorded with very-sandy-peli te 

substratum factor, followed by pelite and sandy-pelite, 0.70, 0.12 and 0.02 respectively. 

In contrast, a il other fac to rs were negatively correl ated (Tab le 4b) . In this setting, the 

largest Group III ( T ) had an important number of stations influenced by low to 

intermed iate bottom current and depth value, but the total distribution was scattcred 

among the se ven env ironmental parameters (Fig. 7). Groups IV ( À ) and VI ( e ) were 

represented large ly by th e sa me ecologica l niche, with a direct influence on speci es by 

the ab iotic factors found at the ri ght side of the CCA graph (pe lite sediment, depth and 

bottom cUITent). Indeed, in the perpendicu lar direction , sta tions of these two groups cut 

the depth and current arrows at the sa me intermed iate to hi gh values. A l1umber of 

stations ow ned to Group V (0) were locall y isolated to the bottom ri ght of the ordi nation , 

near the calcareous-pelite (CP) environmental factor, with high depth va lues. This 

distribution pattern indicated a di stinctive macrofaunal compos ition in comparison with 

the others groups as reported in table 2. 
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CCA was also calculated on -,J-,J transformed data (abundance and biomass) 

(Table 4c). First and second principal CCA axes accounted for 39.1 % orthe relationship 

between species and environmental parameters, and the first one showed the hi ghest 

correlation with 22.3%. Substratum composition of gravel-shell was strongly re lated 

with the first CCA axis (0.50), whereas temperature, oxygen saturation and depth were 

strongly negatively correlated, with -0.46, -0.44 and -0.42 respectively. As indicated on 

the ordination plan, the direction and the magnitude of temperature and depth were very 

similar whereas oxygen saturation was inversely correlated, with low oxygen value when 

depth and temperature were high. Besides, very-sandy-pelite substratum was strongly 

assoc iated with the second CCA axis (0.78), while eight abiotic factors were negatively 

correlated . The arrangement of samples in relation to the ten environmental parameters 

illustrated two distinct spatial plans (Fig.8) . Samples to the right of the ordination were 

strongly correlated to oxygen and substratum composition of gravel (gravel-shell (GSh) 

and grave lly-pelite-sand (GPS)). Conversely, samples to the left were more assoc iated 

with depth, temperature, current and substratum composition of pelite (VSP, P, SP, CP) 

(Fig . 8). The largest group, IV ( A ), found on the left side of the ordination plan , 

indicated a large variety of ecological niche. Stations of this group were found at 

di fferent values of depth, temperature and bottom current. Group III (T) and group 1 

(0 ) were principally found on the right side or the ordination plan. 
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Figure 6. Results for calculated canonical correspondence analyses (CCA) of epibenthic 
macrofauna sampling stations and corresponding environmental factors. CCA was 
calculated for -V-transformed biomass data (kg/km2 database) and matrix of eight 
significant environmental variables tested. The arrows and X mark indicate significant 
explanatory variables, with the arrowheads indicating the increase in gradient. Groups 
legend: empty circJe = group l, black square = group II, black down triangle = group III, 
grey triangle = group IV, empty square = group V, grey circJe = group VI and black 
circJe = group VII. Substrata legend: P = pelite, VSP = very-sandy-pelite, GSh = gravel-
shell, GPS = gravel-pelite-sand, GSP = gravel-sandy-pelite 
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Figure 7. Results for calculated canonical correspondence analyses (CCA) of epibenthic 
macrofauna sampling stations and corresponding environmental factors. CCA was 
calculated for -,J-transformed abundance data (ind/km2 database) and matrix of se ven 
significant environmental variables tested. The arrows and X marks indicate significant 
explanatory variables, with the arrowheads indicating the increase in gradient. Groups 
legend: empty circle = group 1 (hide), black square = group II, black down triangle = 
group III, grey triangle = group IV, empty square = group V and grey circle = group VI. 
Substrata legend: GSh = gravel-shell, VSP = very-sandy-pelite, P = pelite, SP = sandy-
pelite, CP = calacareous-pelite. 
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Figure 8. Results for calculated canonical correspondence analyses (CCA) of epibenthic 
macrofauna sampling stations and corresponding environmental factors. CCA was 
calculated for ,j,j transformed data (abundance and biomass) and matrix often significant 
environ mental variables tested. The arrows and X mark indicate significant explanatory 
variables, with the arrowheads indicating the increase in gradient. Groups legend: empty 
circJe = group l, black square = group II, black down triangle = group III, grey triangle = 
group IV, empty square = group V. Substrata legend: CP = calcareous-pelite, SP = sandy-
pelite, P = pelite, VSP = very-sandy-pelite, GPS = gravel-pelite-sand, GSh: gravel-shell. 
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Table 4. Results for two calculated canonical correspondence analyses (CCA) on: a) 
biomass database: b) abundance database: c) occurence data base, including the Monte 
Carl o permutati on tests of macrofauna species abundance and corresponding 
environmental factor, with the conditional effect summary, are also included. 

a) Axes Axis 1 Ax is 2 
E igenva lues 0.41 0.29 
Species-env ironment 

corre lat io ns 0.74 0.72 
C umulat ive 12ercentage vari ance 

of s12ec ies data 8.60 14.70 
of spec ies-environillent 

re lat ion 39.6 67.9 
Enviro nmenta l variables Inte r-set correlat ions Condi tiona l e ffects 

Axis 1 Axis 2 P 17 

C urrent 0. 11 -0 .42 0.002 7.24 

Oxygen 0.39 -0.12 0.002 2.6 1 

Depth -0.2 1 -0.12 0.002 4.52 

Pel ite 0.39 -0. 11 0.004 4.42 

Grave lly-sa nd y pelite 0.02 -0. 30 0.002 5.8 1 

G rave ll y-pel i te-sa nd 0.42 0.10 0.002 7.14 

Vely sandy pe lite -0.11 0.36 0.002 6.69 

Grave l-shell 0.42 0.20 0.002 4.18 

b )Axes Axis 1 Ax is 2 

Eigenvalues 0.49 0.36 
Spec ies-env ironment co rre lations 0. 83 0.82 
C umulati ve percentage variance 

of spec ies data 3.00 5.30 
of sEcci es-environment relation 24.0 4 1.6 

Enviro nmenta l va ri ables Inter-set con·elations Conditi ona l effects 

Axis 1 Axis 2 P F 

C UITent 0.17 -0.14 0.002 2. 13 

Depth 0.46 -0.0 1 0.002 1.70 

Pe lite 0.25 0.12 0.002 3. 16 

Calcareous pelite 0.5 8 -0.30 0.002 3.5 1 

Sandy petite 0.23 0.02 0.002 2. 16 

Vely sandy pelite 0.02 0.70 0.002 3.22 

Grave l-she ll -0.32 -0.33 0.004 2.56 
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c) Axes Axis 1 Axis 2 

Eigenva lues 0.49 0.37 
Spec ies-environment correlations 0. 85 0.86 
Cu mulati ve percentage variance 

of species data 3.00 5.30 
of sEecies-environment relation 22.3 39.\ 

Environmenta l variables Inter-set correlations Conditi ona l effects 
Axis 1 Axis 2 P F 

CLIlTent -0.12 -0.29 0.002 2.97 

Depth -0.42 -0.07 0.002 2.06 

Temperature -0.46 -0.05 0.002 1.90 

Oxygen -0.44 -0.08 0.002 2.28 

Pelite -0.23 0.09 0.002 2.63 

Ca 1 careous-pe li te -0. 38 -0.33 0.002 1.64 

Sandy-Pelit -0.24 -0.05 0.004 1.53 

Very-sandy-pelite -0. \4 0.78 0.002 4.22 

G ra ve lly-pel ite -sand 0.30 -0.01 0.002 2.37 

Gra ve l-Shell 0.50 -0.06 0.002 3.75 

1.3.4 Influence of oxygen on macrobenthic community structure 

The total density of three specifie taxa (crustaceans, molluscs and cnidari ans) 

collected at the different sampling stations of the study area was illustrated with the 

spatial pattern of oxygen saturation (Fig. 9). Thus, the density values of these thrce taxa 

were different at the Lower St. Lawrence Estuary (LSLE) stations where hypox ia was 

observed (oxygen saturation value near 20%). lndeed, the proportions of molluscs and 

cnidarians were most important in the LSLE, comparatively to the crustaceans. 
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Figure 9. Distribution ofmacrobenthic taxa of: a) crustaceans; b) mollusks; c) biomass of 
cnidarians, in the study area. Background colors showed the spatial distribution of 
oxygen saturation. Circle diameter indicates the scale of the abundance 
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1.3.5 Generali zed linear model 

The re lati onship between the communi ty structure and environmenta l parameters 

recorded at eac h trawling stati on was mode lied using a Genera lized Li nea r Mode l 

(GLM). By this techn ique, we tried to predi ct community composition from environment 

parameters, resulti ng in a potentia l map of macrobenthi c habi ta t type. Preliminary 

canonical analys is (CA) and CCA were executed using the combined fo urth -root 

transformed abundance and biomass data (Legendre and Legendre, 1998) . The specics-

environment re lationshi p was higher with the fourth- root transformation and was th en 

kept to produce the model. The first two ax is sample scores of the CA of the abundance 

sta tions in the study area and the s igni fica nt environmental variables fo un d in CCA were 

used in thi s GLM mode!. Second order polynomials were introduced to the mode l in 

order to best illustrate the relationship w ith environmental parameters. The fi nal mode l 

was based on stepw ise selection of signi fica nt variables using the Akaike In formation 

Criterion (AIC) (Vaz et al. , 2005). 

The final ecologica l model of ax is 1 sample score retained fo ur environmental 

variables as s igni fica nt. According to AIC, depth, bottom current, mea n temperaturc and 

oxygen saturation were introduced in the model. The second order was used fo r dep th , 

temperature, bottom current and oxygen to improve the model. T he regress ion 

coefficients of the model indicated that ail parameters were signi ficantly correlated 

(Spearman correlation ; p < 0.05 ) (Appendix 6). The stronges t correlat ion va lues were 

obtained with temperature and depth parameters. 



Axis 1 ~ oxygensaturatiüt/ + depth + depth2 + temperature + tcmpcrature2 + 

bottomcurren t2 
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Axis 2 ~ chlorophy ll + chlorophy1l2 + oxygensaturation + oxygensaturation 2 + depth + 

d h2 2 ? ept + tempera ture + temperature + bottomcurrent + bottomcurrent- + substrata 

The final eco logical mode l for ax is 2 sampl e score included ail the environll1enta l 

variables studi ed in the proj ect, but most of them were non s ignifi ca nt (p > 0.05) 

(Appendix 6). The final model of axis 2 was thus rejected to illustrate the cOll1ll1uni ty 

spec ies/environment relationship. On ly the model predicted by CCA ax is 1 was retained 

for further anal ysis. 

The resu lting benthic habitat suitabili ty map is illustrated in fi gure 10. Areas of 

hi gh suitabili ty values were predicted in : ( 1) Mingan Island and no rth western end of 

Anticosti Is land; (2) on the Quebec Lower North Shore near Beaugé Bank ; (3) at th e head 

of the Esquiman channel to Belle Isle: and fin ally (4) at two locations on the 

southwestern coast of Newfoundland. Conversely, the Laurentian and Esquill1an channels 

had lower va lues . Finally, the Atlantic Ocean entry at Cabot Strait recorded the lowes( 

data. This habitat suitability map shows good agreement with the map of spec ies ri cbness 

(Fig. 2). A difference between values measured on CA axis with macrofauna sampling 

during the survey and values estimated by the model at the same stati on was calculated . 

The difference was th en div ided by the highest value found with the data survey. An 

estimation error map was produced to illustrate the measure of the model fit over the 
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study area (Fig. Il). The continuo us map resulting from the kriging interpolation showed 

a high predicted error value in the Cabot Strait near the mouth of the Laurentien channel 

and near the north Shore of Anticosti Island. These values can be explained by the small 

number of fishing stations and also by the presence of hard trawlable bottom. Area with a 

too small number of sampling stations cannot give a good interpolation of the reality. 
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Figure 10. Predicted preferential habitat model (GLM) of epibenthic macrofauna 
community of the Estuary and the northem Gulf of St. Lawrence, resulted from the first 
CA axis. 
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Figure 11. Predicted error map of the preferential habitat model of epibenthic macrofauna 
of the Estuary and the northem Gulf of St. Lawrence, 
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1.4 Discussion 

This study improved our knowledge about the benthic macrofaunal ecosystem by 

using a combined multivariate and geostatistical approach . Globally, the results can be 

summarized in three main points: (1) the distribution of the macrofauna communi ty 

structure is spatially variable over the St. Lawrence Gulf and Estuary, and th e 

multivariate analysis revealed eight different assemblages; (2) according to canonical 

analys is, these patterns are related to prevailing environmental variables (depth , 

temperature, oxygen, bottom cUITent and sediment type); (3) hypoxic condition affects 

differently benthic organisms community structure and ; (4) habitat suitability model is 

used to relate communities structure to the significant environl11ental para l11eters found by 

GLM (depth, temperature, oxygen and bottol11 current) . These results represent an 

important baseline for the future marine conservation management activities for the Gulf 

and St. Lawrence Estuary. 

1.4.1 Macrobenthic community structure 

An important boundary between the different assemblages in the Estuary and the 

northern Gulf of St. Lawrence was observed. The multivariate analysis differentiated 

eight biogeographic zones over the study area. This division was based on the spec ies 

richness and spatial distribution maps of the different benthic organisms. 
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The cluster analysis allowed a division of the Estuary and the northern Gulf of St. 

Lawrence similarly to previous biogeographic regions decribed by Brunei et al. ( 1998). 

However, according to the results of the current study, the Middle North Shore (MeN) 

described by Brunei et al. (1998), should be divided in two specifie biogeographi c zones. 

This is in agreement with the production units of snow crab (Fig. 5, in Sainte-Marie et al., 

2005). This characterization was based on the natural boundaries of the seabed 

topography of the St. Lawrence ecosystem. As noted in few studies, the St. Lawrence 

ecosystem should Ilot be viewed as a homogeneous system, and previous authors also 

divided this ecosystem into sections based on hydrodynamic, physica l and biogeographic 

conditions (Koutistonsky and Bugden, 1991 ; Brunei et al., 1998; Bourget et al., 2003) . 

Moreover, Bourget et al. (2003) mentioned that the community structure is spatia ll y 

patterned and the cause of this patchiness could differ from zone to zone in the Estuary 

and the northern Gulf of St. Lawrence . 

The group1l1g method revealed distinctive differences between deep channel 

macrofauna assemblages and the shallower areas, whereas sub-communities wherc 

defined in regions where specific hydrodynamic and environmental conditions su ch as 

upwelling, and tidal-mixing, were found . The Northwest Gulf community defincd by 

Sainte-Marie et al., (2005), located near the Mingan Island and the Strait of Belle-Isle 

community, was located in specific area with major structures in the circulation patterns 

of the St. Lawrence, which can have an important influence on the benthic community 

distribution. Mingan Island area is characterized by a strong tidal-mixing and wind-

induced coastal upwellings and eddies (Le Fouest, 2005), while topography and wind 



51 

interaction in the southern Strait of Belle-Isle create a productive upwelling zone (Rose 

and Legett, 1988) . Moreover, the mixing of the St. Lawrence water with the Labrador 

Shelf Water, which enters via the Strait of Belle-Isle (Houghton and Fairbanks , 2001) , 

could also be favourable to benthic organisms mixing of those two water types. The 

presence of these dynamic conditions in these two areas could partly explain why simi lar 

species composition was observed. Besides, this assemblage was also found on the west 

coast of Newfoundland (TNO division of Bnmel et al., 1998) in the occurence and 

abundance databases . These groups were located between depth contours < 200 m. This 

assemblage was characterized by the presence of many free-living speCles 

(Strongylocentrotus sp., Henricia sp., Crossas ter papposus, Gorgonocephalus sp., and 

Rhachotropis aculeate) and sessile species (Boltenia ovifera and Gersemia rubiformis). It 

is not surprising to find the predator C. papposus in the same area than 

Strongylocentrotus sp. as this echinoderm has often been observed feeding on urch ins 

(Coleman, 1991). 

Thouzeau et al. (1991) concluded that significant differences observed in the 

benthic composition of the Eastern Georges Bank follow smaller variation in sediment 

type, and suggested that sediment type could be the key factor eXp laining the benthic 

distribution . Thus, the presence of gravel in the substrata of many stations near Mingan 

Island and in the Strait of Belle-Isle community may explain the occurrence of sessi le 

organisms anchored to the seabed sediment (Appendix 3). The zonation of this particular 

macrofauna assemblage is in accord with differences in the general nature of the 

sediment, as classified by Loring and Nota (1973) for the study area. lndeed, CCA 
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revealed that the specific assemblage of Group 1 (biomass database) , with presence of B. 

ovifera and Gersemia sp ., was structured according to sand and grave!. Stations of the 

study area are predominantly composed of fine-grain sediment, and this presence of 

coarser substrata at these specific seabed zones can have an effect on the macrofauna 

composition. 

A di stinct macrobenthic community was distributed along the Lower St. 

Lawrence Estuary and another in the Gulf part of the Laurentian channel towards the 

Cabot Strait. The boundaries of this specifie benthic composition fitted almost exactly 

with the bathymetric morphology Laurentian channel but also with thc Esquiman 

channel, where a similar community pattern is found . These particular assemblages can 

be qualified as "deep chalmel communities" (> 200 m). This group is characterized by th e 

occurrence of organisms from Anthozoa taxa as individual contribution to similariti es, 

such as Actiniaria and Pennatulacea (biomass and occurence databases). The SIMPER 

analysis also highlighted the presence of two species of echinoderm (Ctenodiscus 

crispatus and Brisasterfragilis) and an important contribution of Syscenux infelix. The 

heart urchin (B . fragilis) burrowing sand and mud substratum was often noticed with the 

deposit feeder C. crispatus (Whitford, 2007). Préfontaine and Brunei (1962) found 

matching distribution patterns for several of these most common species in the Gulf and 

the Estuary. According to the MDS plot (based on biomass data) , a change in 

community's assemblages from the Lower Estuary to the Gulf was observed. Scyphozoa 

species and the occurrence of Illex sp. were noticed in the Gulf part of the Laurentian 

chatmel. A similar distribution of Illex illecebrosus was observed by Chabot et al. (2007) 
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with a higher concentration in the area of Cabot Strait. As it is suggested by Chabot et al. 

(2007), the distribution of Illex sp. was probably more influenced by the circulation 

conditions and presence of pelagic prey than by seabed parameters . lndeed, it was 

revealed by Dawe et al. (2000) that the abundance and distribution of short-finner squ id 

could be influenced by the Gulf Stream dynamic. Besides, the northern edge of the Gulf 

Stream, is closed to the mouth of the Laurentian Channel (Gilbert et al. , 2005) . 

Furthermore, it is interesting to notice the occurrence of the isopod, S. inlelix and 

Nezumia bairdii at the same stations. Ross et al. (2001) proposed that the association of 

these two species was best described as obligate parasitism. It can partly explain thi s 

overlap of the geographic and bathymetric ranges. 

Other assemblages where distinguished near Anticosti island (west, southwest and 

east parts) and also on the west coast ofNewfoundland. These communities (Group VI in 

biomass data, Group II in occurence database) were characterized by the contribution o f 

two anemone species: Bolocera sp. and Hormathia nodosa. The spatial distribution of 

these macrofauna communities corresponded to areas of hi gh trawling intensity in th e 

northern Gulf of St. Lawrence (Fig. Sb, in Kulka and Pitcher, 2001) . As revealed by 

Jonsson et al. (2001), the anemone Bolocera sp is characterised as a voracious predator 

capturing plankton su ch as krill but also fish and shrimp, whereas the feeding type of H 

nodosa consists of a variety of invertebrates and even small fishes (Jackson and Hiscock, 

2004) . These species can then feed on animais damaged by trawling operations, including 

discarded animaIs, which can explain the great contribution of these two spccies in these 

specifie fishing areas (Kaiser and Spencer, 1996). 
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1.4.2 Spatial variability of benthic diversity 

Significant differences were observed in the diversity among regions of the St. 

Lawrence system. A greater number of species was recorded at thc head of thc 

Laurentian channel stations, while a lower diversity value was recorded in th e Middle 

Estuary. This is in contradiction with the Rapoport 's rule which mentioned which 

diversity decreased from the ocean to upstream (Rapoport, 1994). This could be 

explaining by the depth differences observed between head and the mouth of the Gulf 

that is deeper. Bourque (2008) observed the same patterns with infaunal community for 

the area. According to Levin et al. (2001), the species richness is low at lowest food 

supp ly. This specific condition, insufficient resources to support populations of many 

species, was observed downstream the St. Lawrence Estuary (Desrosiers et al., 2000) and 

could explain the pattern identified in the present study. A seco nd explanation is the 

drastic changes in depth at the head of the Laurentian channel that generated a cold water 

upwelling associated with an important nutrient enrichment of th e surface water 

(Therriault and Lacroix, 1976; Koutitonsky and Bugden, 1991) . The intense mixing 

process observed de livers an important food supply for the macrocpibenthic organisllls . 

Moving from the Lower Estuary to the Gulf, the input of food supply in the Laurentian 

channel gradually decreases . Moreover, as it has been noted previously, Mingan Isla nd 

vicinity and Strait of Belle-Isle were also characterized by the presence of specific 

hydrodynamic processes (Fuentes-Yaco, 1996; Le Fouest, 2005) bringing favorable 

conditions in food supply for macrobenthic species in these particular regions of the St. 

Lawrence system . 
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1.4.3 Biotic- abiotic interactions 

Few studies have been conducted with the objectives of determining quantitati vely 

the spatial variation and distribution of the macrobenthos in tbe St. Lawrence ecosystem, 

and finding the driving forces structuring tbese infaunal patterns (Desrosiers el al. , 2000 ; 

Bourque, 2008) or hard substratum benthic community (Ardisson and Bourget, 1992; 

Bourget et al. , 2003). In tbe present study, CCA bigblight the importance of 

environmental factors in explaining the distribution of macrofaunal organi sms. No single 

factor appeared to be a directing variable controlling benthic species distribution and 

ricbness in the St. Lawrence ecosystem. However, depth , temperature, bottom-water 

oxygen saturation , maximal bottom current and presence of pe\ite and gravel in the 

sediment composition, appear to be the important structuring forces on the invertebrate 

assemblages . Tbe present results showed tbat the direction and the magnitude of 

temperature and depth were very similar whereas oxygen saturation was inverscly 

correlated. It suggests that epibenthic macrofauna fOLll1d at sampling stations with a pelile 

composition of substrata were also affected by the bottom current intensity and by 

temperature and deptb parameters . On the other hand, the oxygen saturation level mostly 

influenced invertebrates at coarser substratum stations. 

Canonical analysis indicated that temperature might affect the distribution of 

macrofaunal communities, especially on "deep channel community" (Group IV in Fig .8), 

as was also found in several benthic studies (Jennings et al., 1999; Ellis et al. , 2000) . 

However, the relationship in the present study of temperature with depth is expected to be 
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causal. The variation ofthose two parameters was very similar. As suggested by Ardisson 

et al. (1990), the inclusion of depth may limit the exploration of the variable likely to 

influence geographical variation of organism distribution. Nevertheless , temperature 

could influence the benthic invertebrate development rate (Peters, 1983 ; Miller and 

Emlet, 1999), spawning time (Himmelman, 1975) and the predator-prey control (Frei tas 

et al., 2007). 

1.4.4 Influence of hypoxia 

An oxygen gradient was observed from the head of the St. Lawrence channel to 

Cabot Strait, the bottom oxygen saturation being lower in the Estuary than in the Gulf 

(Gilbert et al., 2005). In the canonical analysis, excluding the importance of the pelite and 

gravel sediment, disso lved oxygen (DO) in the bottom water appeared to be a driving 

factor of the distribution of epibenthic macrofaunal species in the Estuary and the 

northem Gulf of St. Lawrence. The presence of persi stent hypoxic water in the Lower St. 

Lawrence Estuary (LSLE) was observed by Gilbert et al., (2005). The oxygen levels 

recorded for bottom waters were less th an 20% saturation «60 ~lmol L-1
). Oxygen 

deficiency is a significant factor affecting the living conditions and the distribution of 

benthic fauna in deep waters (Laine et al., 1997). Bourque (2008) observed that hypoxia 

condition can also affect the spatial distribution, diversity and feeding mode of benthic 

infauna organisms in the LSLE. Moreover, the bioturbation of the epibenthic fauna seems 

to be also influenced by the diminution of DO, with an increasing area covert by total and 

surface traces produced by the organisms (Belley et al., 2008). However, the effect of 
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hypoxia differs among manne orgat1lsms. The literature shows that fi shes are more 

vulnerable to reduced di ssolved oxygen concentrations than many benthic organisms 

(Rosenberg et al., 1992; Nilsson and Rosenberg, 1994). Nevertheless, within each taxa, 

variability was observed to be dependent on the habits of the species considered (Gray et 

al., 2002) . Recently, Vaquer-Sunyer and Duarte (2008) showed that crustaceans were 

more sensitive to hypoxia conditions (highest LCso, shortest LTso), whereas molluscs and 

cnidarians were more tolerant (Iowest LCso) to the same conditions. Accordingly, this 

specific spatial di stribution pattern of those three taxa was also observed at hypoxic 

stations of the LSLE. The variation in oxygen thresholds among taxa revea led differences 

in the adaptation and in the strategy of benthic organisms to survive in low oxygen 

conditions. Shick (1976) mentioned that, at comparable temperatures, the mud star C 

crispatus have a higher resistance to hypoxia than that of any echinoderm in the 

literature. In our study C crispatus was the most abundant in the LSLE, where the lowest 

oxygen saturation value was recorded. 

1.4.5 Predicting model 

The habitat suitability (HS) model highlights the importance of the physical 

environment parameters in the determination and characterization of seabed macrofauna 

habitat of the St. Lawrence. Though , in different ways, the observed benthic species 

component and assemblages responded significantly to the diverse interacting physical 

gradients . Model selection involved the contribution of four environmental factors : depth , 

temperature, oxygen saturation and bottom current. The resultant equation describes how 
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benthi c assemblages varied according to changes in each of environmental factors. The 

stronges t features of th e model of axis 1 are temperature and depth , whereas the habitat 

model was not able to distinguish the community structure corresponding to the seco nd 

axis, and the substrata variable was rej ected by the model to explain the pattern 

(Appendix 6). 

Furthennore, substrata have been one of the most important environmental factors 

explaining spatial patterns of macrofauna in past studies (Thorson, 1971 ; Rhoads , 1976) . 

The current study showed a correlation between composition of pelite and gravel with 

macrofauna assemblages, but the substratum factor seems to be concealed behind the 

other most significant environmental factors measured. A similar study carried out in the 

Southern North Sea has shown the importance of bedstress on benthic community 

distribution of thi s area (Vaz et al., 2006). The estimated bed shear stress, used in the 

study was a function of the maximal predicted tidal current. As a result, particular benthi c 

community with intermediate value in the model was correlated with hi gh seabed shear 

stress data . In fact, this parameter reflects the friction pressure found on the seabed and 

then was often directly correlated with the sediment particle size. In our study, as 

suggested by Newell et al. (1998), benthic community composition is not controlled by 

the simple granulometric properties of the sediment nor by the bathymetric features. For 

example, partic\e mobility and the association of biological and chemical factors 

operating over the long term must also be taken into account. MOJ'eover, trophic 

composition of soft-bottom communities can be significantly correlated with factors such 
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as sediment stability, water and orgamc content and microbial biomass of sediment 

(Maurer and Leathem, 1981; Gaston, 1987). 

However, depth, temperature, oxygen saturation and bottom cUlTent were the most 

significant predictors obtained by the HS model, where the strongest feature is depth . 

Furthermore, in previous studies conducted in the Gulf of St. Lawrence, few of these 

environ mental parameters were accepted as driving factors of benthic infaunal 

assemblages (Desrosiers et al., 2000; Bourque, 2008). The biological assemblage patterns 

observed in the present study are consistent with the patchiness of environmental 

parameters: sballow and deep areas, high and low temperatures, and high and low oxygen 

saturation values . 

An interesting point IS that the majority of the marIne invertebrates have a 

planktonic larvae phase and we know that there are many factors influencing thc 

distribution of these such as the offshore transport (Bhaud, 2000), sea current and 

turbulence (Pedersen et al, 2007) . In fact, we observed differences in community 

assemblages among the different zones of the study area, and we know that the 

environmental parameters were also spatially variable in the St. Lawrence. Then, thi s 

heterogeneity of environmental characteristics could have affected the community 

assemblages over time, and thus influenced benthic diversity as it was observed in a 

study on navigational buoys covering the same studied area as this one (Witman et al., 

2008) . 
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T he H S map fo r macrofa una epibenthic organisms shows good agreements with the 

mea n survey speeies richness map, but the high di vers ity spot at the head of th e 

La urenti an channe l was not reported with a high potenti al value in th e mode!. ln fact, it is 

importa nt to note that the model do not explain a il communi ty va riations. About 40% of 

the va ri ati on was eXplained by the model equation. Thi s is a great start ing point to hab itat 

cbaracteri zation of macrobenthi c communities. Explanatory variables reta ined by HS 

mode l were maybe less representati ve fo r this specifie zone at the head of the Laurentian 

channe l. Moreover, the model showed the occurrence of sub-communi ties, it is not about 

d ivers ity or abundance. Neverthe less, the concordance with diversity map and HS mode l 

can con fi rm the presence of a potential biodi versity pro tected area. 

Between 1990 and 2006 Chabot et al. (2007) proposed a preliminary d ivision of the 

Estua ry and Gul f of St. Lawrence (ineluding the south part) about the benthi c 

invertebrates co lleeted during the di ffe rent surveys in the sa me study area.Thi s d ivision 

conta ins 17 eco logica ll y and bio logica lly significant areas (E BSA) (F ig. 14, in Chabot el 

al. , 2007). Interestingly, close similariti es were observed between the EBSA of Chabot el 

al. (2007) and high sui tabili ty zones of our predicting model, such as Jacques-Ca rti er 

strait, Mécatina Trough, Strait of Belle-Isle, St. George Bay, and Honguedo Stra it on the 

south western part of Anti costi Island . However, th e geographic coverage was different 

than the one in our study. Furthermore, the taxonomie resolution was not similar. In fact, 

invertebrates data used to delimit the EBSA were more aceurate for shrimp and crab 

spec ies and than fo r the other non-commercial invertebrate organi sms. Indeed, data were 

mainly based from multi specific surveys conducted before the intensifica tion of the 
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identification effort for ail benthic invertebrate taxa . Chabot et al. (2007) study was more 

representative for commercial species while the prediction model of the current study was 

more robust for non-commercial benthic invertebrate species, the concordances found in 

both studies illustrated the potential relationships between shrimp species and other 

benthic inveliebrate taxa collected at the sa me areas. As suggested by Fortin et al. (2005) , 

many methods can be used to provide complementary and useful quantitative informat ion 

for species occupancy range. 

Neariy 40% of the variation 111 the macrofauna epibenthic communities was 

explained by the significant environmental variables: depth, temperature, bottom CUITent 

and oxygen saturation. Thus, the environmental descriptors available in the present study 

can provide an acceptable prediction of macrofauna benthic habitat. As weil as, the HS 

model predicts the occunence of communities that have the possibility of colonizing each 

type of habitat. However, natural and anthropogenic impacts can change the 

macrobenthic community, resulting in the absence of predicted species or the presence of 

unexpected organisms. But to understand how such benthic assemblages may respond to 

disturbanee, it is fundamental to first measure natural pattern of spatial difference and 

temporal change (Robert et al., 2006). This researeh has successfully gathered a primary 

base of knowledge on the benthic habitat type and physical environment in the St. 

Lawrence system. As proposed by Engler et al. (2004), this kind of model could be used 

to predict locations of the most suitable (and unsuitable) habitats for species, 

communities or biodiversity. 
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1.5 Conclusion 

In this first large-sca le characterization of benthic macrofauna study, we used 

multivariate and geostatistical techniques, and then a mapping approach. Through the use 

of multivariate analyses, we defined eight biogeographic regions. The 200 m depth 

contours broadly defined benthic structure resulting in deep channels and shallower area 

communiti es. Hydrodynamic and physical conditions found in the St. Lawrence were 

also responsible for the main divisions between benthic communities (s tructure and 

diversity) , especially coastal upwelling and presence of sill at spec ifi c areas. Moreover, 

macrofauna diversity, as weil as community structure, was closely correlated with the 

presence of these major structures in the circulation pattern. lndeed, the head of the 

Laurentian channel , Mingan Island vicinity, and Strait of Belle-Isle were characteri zed by 

upwelling, tidal mixing and presence of sill , resulting in hi gher di versity spots . 

The water depth, bottom temperature, oxygen satu ration, maximal bottom cUITent 

and presence of pelite and gravel in the sediment were th e main explanatory variables for 

the distribution of the benthic community, highlighted by the canonical ana lyses. These 

analyses were used to reflect the ecological preferences of the macrofauna commllniti es 

and particlliar species colonizing the available habitat. A well-defined difference in 

epibenthic faunal association, was exposed in the canonical graphs, in two specific 

habitat types: (1) deeper stations are mostly composed of fine substrata (pelite) and 

hi gher temperature, mainly composed of Actiniaria species, C. crispatus and B. fragilis, 

and; (2) shallower stations with presence of coarser sediment type and higher oxygen 
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saturation level are characterized by the presence of Strongylocentrotus sp., Henricia sp. , 

and Ophiopholis aculeata. As expected, epibenthic organisms were influenced by the low 

oxygen concentration in the LSLE. The lower density of crustaceans at hypoxic stations 

underlines the vulnerability of these species compared with tolerant organisms, su ch as 

cnidarians and molluscs. Potential impact of long term hypoxia phenomenon in the LSLE 

needs to better understand. 

The predieting habitat suitability model aecepted ail the same significant 

environmental variables than canonical analyses, excluding sediment type. 

Axis 1 - oxygensaturation2 + depth + depth2 + temperature + temperature2 

+ bottomcurrent2 

Our study clearly demonstrated the usefulness of bottom trawl observations, during 

fisheries survey, to infer the relationships of benthic macrofauna community structure 

and environ mental variables . This predicted habitat suitability map is simply a 

preliminary basis to which further physical and chemical parameters should be added in 

order to bring the description of this habitat closer to reality. In the future, modelling 

could be used to improve our understanding about key and indicator species distribution 

or to indicate potential hotspot area of benthic organisms. This model will be very usefu l 

to monitor spatially and temporally the quality of these benthic habitat types and th en 

should help elaborating conservation and protection strategies to reduce impacts of 

natural or anthropogenic disturbances. 
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CONCLUSION GÉNÉRAL E 

Un re levé estival multidiciplinaire de chalutage de fond du mini stère des Pêches et 

Océans Canada (région du Québec) est réali sé annuell ement dans le nord du Go lfe du 

Saint-Laurent. Un des objectifs principaux de ce re levé est de dresser le bil an global pour 

les stocks des principales espèces commerciales. En août 2006 , ce relevé a servi pour la 

première fois de banc d ' essai pour la collecte de données sur l'ensemble de la faune 

d 'invertébrés benthiques (commerciale et non-commerciale) . Éta nt donné les 

caractéristiques du cha lut de fond (chalut à crevettes Campe/en 1800) utilisé lors de ce 

relevé, la macrofaune benthique échantillonnée pour cette étude est majoritairement 

composée d ' organi smes épi benthiques, sans toutefois s 'y limiter. A insi, la présence de 

quelques espèces bentho-pélagiques est également observée . Bien que la benne soit 

reconnue comme un ou til d 'échantillonnage beaucoup plus préci s pour des études 

quantitatives sur la faune benthique, l' utilisa tion de cet engin crée des contraintes en 

temps d 'opération qui peuvent s 'avérer onéreuses lorsqu ' il s 'agit d ' évaluer un auss i 

grand territo ire (plus de 11 5 000 km 2
) que celui couvert par le relevé. De plus, l'échell e 

examinée dans cette étude, qui es t de décrire l'habitat des di fférentes espèces 

épibenthiques est beaucoup plus grande que l' échell e ponctuelle couverte par la surfac e 

échantillonnée d ' une benne (Callaway et al. , 2002) . D 'où l'avantage d ' utili ser le chalu t 

dans la présente étude qui a entre autre comme objectif de recueillir de l' information sur 

les habitats potentiels de la faune benthique. 
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Dans le même ordre d'idée, des données sur l'efficacité de l'eng in de pêche au 

niveau de l 'échantillonnage des invertébrés démontrent que l'utilisation du nouveau 

chalut à crevettes à quatre faces, de type Campe/en 1800, a un rendement nettement 

meilleur que le chalut à crevettes URI 81 '/ 114' utilisé de 1990 à 2003 au cours de cc 

relevé es ti va l. De fait, au niveau de l'Estuaire , les données montrent qu ' avant 2003, 

environ 80% de la biomasse totale des invertébrés capturés était composée de crevette 

nordique, contre seulement 20% de l'ensemble de la biomasse totale regroupant tous les 

autres taxa d'invertébrés répertoriés. Tandis que depuis l'utili sation du nouveau chal ut 

(depuis 2005), la biomasse totale de toutes les autres espèces d ' invertébrés éta it alo rs 

estimée à près de 72% de la biomasse totale d ' invertébrés capturés (c. Savenkoff, comm. 

pers.). De tels résultats illustrent bien l'efficaci té du chalut de type Campe/en 1800 

utilisé à titre d'outil d' échantillonnage des communautés benthiques visées . Tout en étant 

conscient que l'engi n de pêche ici utilisé ne représentait pas une préc isio n maxima le 

d'échantillonnage, il demeurait tout de même pertinent pour une étud e de carac téri sat ion 

du milieu à grande éche lle. De plus, il est important de noter que, pour l' ensemble de la 

zone d'étude, les données d 'abondance ont été standardisées en fonction de la sur face 

cha lutée et du temps de pêche réali sé à chaque station . 

Cette étude se veut essenti ellement être une étude de caractéri sation du mili eu en 

dressant une image globale de la distribution à grande échelle de la macro faune benthique 

de l'Estuaire et du nord du Golfe du Saint-Laurent. L'approche utilisée, jumelant les 

analyses multivariées et les techniques de géostatistiques, a permis de recueillir un 

bagage important de connaissances sur la distribution spatiale des communautés 
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benthiques et des variables environnementales du milieu qui agissent à titre de forces 

structurantes sur ces organismes. Cette étude a tout d'abord permis de confirmer et de 

préciser les divisions biogéographiques des communautés benthiques du Golfe, 

antérieurement établies par Brunei et al. (1998). En outre, les unités de production du 

crabe des neiges, identifiées par Sainte-Marie et al. (2005), ont également été considérées 

pour clarifier certaines zones. La division en huit assemblages distincts sembl e être reliée 

aux caractéristiques hydrodynamiques (upwelling, rencontre de masse d 'eaux , présence 

de seuil) et topographiques du milieu (bathymétrie), tel que mentiOlIDé dans la littérature 

portant sur le sujet (Koutistonsky et Bugden, 1991; Brunei et 01., 1998 ; Bourget et al., 

2003 ; Sainte-Marie et al., 2005). Ces caractéristiques océanographiques distinctes 

observées dans les différentes subdivisions biogéographiques de la zone d' étude semblent 

également influencer la diversité se rapportant au nombre total d 'espèces par stat ion . À 

titre d'exemple, les zones à plus forte diversité benthique telles que la rég ion de la 

Minganie et du détroit de Belle-Isle, concordent parfaitement bien avec les subdi visions 

reCOlIDues dans la littérature au niveau de ces régions. 

Selon di fférents auteurs, une variété de paramètres environnementaux peuvent agir 

de concert sur la composition spécifique (Freeman et Rogers , 2003). Globalement, dans 

la présente étude, la profondeur, la température, l'oxygène dissout, les courants de fond et 

la présence de pelite et de gravier dans les sédiments, ont été les paramètres 

enviro1111ementaux retenus comme variables significatives par les analyses canoniques en 

tant que force structurante. 
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Dans le même ordre d ' idée, une étude portant sur la variabilité spatio-tempo rell e 

de l'endofaune du Saint-Laurent a également révélé l' inOuence signifi cat ive de la 

température sur la répartition spatiale de ces communautés d ' invertébrés benthiques, tout 

comme sur leur di versité et leurs modes d 'a limentation (8ourque, 2008). De plus, 

l'oxygène dissout présent dans les fonds du Saint-Laurent a éga lement été reconnu 

comme un facteur principal pouvant exp liquer la répartition et le comportemen t des 

organismes ép i benthiqu es. Une étude en cours de réali sation expose d'ailleurs 

l ' importance de la diminution de l 'oxygène dissout sur la présence et le type de traces de 

bioturbation lai ssées par la faune benthique (Belley et al. , 2008). Par contre, il est 

important de noter que les résultats actuels de la répartition des organismes au niveau de 

la zone qualifi ée hypoxique en 2003, semblent contredire les conclusions de travaux 

antérieurs qui présentai ent les conséquences de l'hypoxie sur la faune benthique (D iaz et 

Rosenberg, 1995; Wu, 2002). Cela pourrait en fait indiquer que cette zone préc ise de 

l'Estuaire maritime du Saint-Laurent est présentement en état de transition (Be lley et al., 

2008). Déjà un changement dans la structure des communautés benthiques es t observé. 

On y note entre autre une augmentation des déposivores qui sont des o rga ni smes plus 

tolérants à un faible taux d 'oxygène dissout (Bourque, 2008). Par conséquent si la 

diminution de l' oxygène perdure dans l'EGSL, tout porte à croire que les observat ions 

sur la diversité benthique, ainsi qu 'au niveau des traces de bioturbation lai ssées par les 

organismes, tendront alors vers les mêmes tendances que celles observées dans la 

littérature sur le suj et. 
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Finalement, un modèle linéaire généralisé (GLM) a été utili sé afi n de prédire les 

habitats potenti els des communautés benthiques en fonction des paramètres 

environnementaux disponibles. La modéli sation a par contre exclu la variable « subs trat» 

des paramètres environnementaux retenus par les analyses canoniques. L'équation finale 

de l'axe 1 du modèle de prédiction établi qui tenait compte de la profondeur, de 

l'oxygène dissout, de la température et des courants de fond, permet d'expliquer à près de 

40 % la variation des communautés benthiques dans la zone d' étude . Le modèle de l'axe 

2 qui intégrait la variable substrat, a dû quant à lui être rej eté é tant donné que la maj orité 

des variables ont été identifiées comme non significatives. Par contre, les résultats de ce 

second modèle, ainsi que ceux des analyses canoniques, portent à croire que la variable 

substrat a un rôle à jouer dans la structure des communautés. Toutefois, cette unique 

information concernant le type de substrat ne peut être considérée comme étant un 

paramètre structurant s ignificatif qui agit sur les communautés d 'invertébrés benthiques. 

Ainsi au cours des prochaines ann ées, il serait souhaitable de porter une attent ion 

particulière quant aux caractéristiques intrinsèques des sédiments de fond tell es que la 

taille moyenne des grain s et le contenu en matière organique plutôt que la nature même 

du substrat, afin d 'améliorer le modèle. Le modèle de prédiction de l' axe l qui intègre les 

variables courant et profondeur, incopore peut-être la composante substrat puisque la 

taille des sédiments de fond est reconnue pour être effectivement influencée par le 

« bedstress» (Vaz et al. , 2006). 
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De plus, les paramètres d'hétérogénéité et de topographie du fond pourrai ent 

également être considérés à titre de facteurs influant sur la distribution des communautés 

benthiques (Archambault et Bourget, 1996; Newell et al., 1998). Qui plus es t, les 

analyses n'ont pas retenu la concentration en chlorophylle a comme un e variable 

significative et ce, bien que bon nombre d'études en mentionnent l'importance sur la 

faune benthique (Hobson et al., 1995; Piepenburg, 2005; Feder et al., 2007). Il serait 

donc approprié, lors des études ultérieures, d'utiliser des moyennes annuelles ou 

mensuelles de cartes continues obtenues à partir d 'observations satellitaires, plutôt que 

des valeurs ponctuelles enregistrées lors de l'échantillonnage effectué à bord du navire . 

Les zones de fond affectées par les opérations de chalutage pratiquées par la pêche 

commerciale, de même que l'intensité de perturbation (fréquence de chalutage), sont 

autant d'éléments qui seraient intéressants d'intégrer dans la procédure de modélisation. 

En effet, le phénomène de la diminution de la ressource (diversité, productivité et 

abondance des espèces) est très souvent soulevé dans les études sur les pêches et demeure 

un enjeu de taille. Dans cette optique, plusieurs recherches ont étudié les impacts 

potentiels des engins de pêche sur les habitats benthiques (Kaiser et Spencer, 1995 ; 

Turner et al., 1999 ; Thrush et Dayton., 2002). Tel que mentionné par Pitcher (2001), les 

espoirs de protéger la ressource s'appuient sur l'orientation des mesures de conservation 

qui doivent être davantage axées sur la reconstruction de l'écosystème global, plutôt que 

sur une espèce précise. D'où l'importance indéniable de tenir compte de la faune 

benthique et d'améliorer nos connaissances sur ces communautés. 
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Par ailleurs, l ' indice de diversité utilisé dan s la préscnte étude, so it le nombre 

d'espèces retrouvées sur une surface de chalutage donnée (par station), n'est pas la 

mesure la plus robuste qui soit. Cet indice peut en effet ê tre influencé par la taille de 

l'échantillon. Ainsi une surface d'échantillonnage plus grande devrait contenir un plus 

grand nombre d ' espèces. Il aurait donc été préférable d'utiliser un indice de diversité qui 

soit indépendant de la surface d 'échantillonnage telle que l' indice de raréfaction de 

I-Iurlbert (1971) , ES x. L'idée étant de générer une mesure absolue de la richesse 

spécifique sur un échantillon de taille déterminée, comme par exemple pour un groupe de 

50 individus (ESso). Par contre dans le contexte actuel, cet indice n'était pas applicable 

puisque nous avions deux bases de données distinctes sous deux unitées différentes. 

Utlérieurement il serait donc intéressant d 'approfondir cet aspect de l'analyse des 

résultats afin d'obtenir une autre mesure de la diversité retrouvée à chacune des sta tions. 

Permettant ainsi de confirmer ou infirmer les données actuelles de la distribution de la 

richesse spéc ifique sur le territoire à l'étude (nombre d 'espèce par station). 

Cette étude démontre bien la pertinence de l'approche de modélisation d ' habitat, 

associée aux techniques de géostatistiques et de cartographie ArcGIS. Pour le futur, de 

tels outils apparaissent essentiels pour la gestion durable et la protection des ressources 

afin , entre autres, de mettre en évidence des zones de grande biodiversité (( hotspot ») ou 

encore afin de déterminer les habitats pour les espèces indicatrices ou menacées. Il serait 

également intéressant de voir la possibilité d'utiliser ces méthodes dans un contexte de 

réchauffement climatique et ainsi tenter de prédire les impacts potentiels de 

l'augmentation de la température sur la structure des communautés benthiques. Une tell e 
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analyse a d 'ailleurs été appliquée au niveau de la Manche Orientale par les scientifiques 

de l' IFREMER (Boulogne-sur-mer) (Vaz et al., 2008) . 

Un dernier point important à mentionner est la prise en compte de la variabilité 

intrinsèque (biotique) des communautés. Bon nombre de travaux de Guichard (2003 , 

2005,2008), défendent l'idée de vérifier l'importance de ce paramètre (à grande échelle) 

identifié dans un milieu environnemental très hétérogène. Globalement, il s'agit d'étudier 

à quelles échelles les processus biologiques telles que les distances de dispersion et de 

compétition interagissent avec l'environnement à titre de mécanisme structurant spatial 

(Snyder et Chesson, 2004). Une validation de cette hypothèse pourrait s'avérer pertinente 

et révélatrice . 

Pour conclure, l'ensemble des informations obtenues à partir de ce relevé de 

cha lutage de fond pourra fournir aux collectivités un outil d 'a ide déci sionl1el pour les 

gestionnaires en dressant une image plus concrète et intégrée du monde marin. La clé de 

la réuss ite pour une gestion durable et la protection des ressources réside dans la mise en 

commun des connaissances de l'ensemble des intervenants concernés. 

Puisque pour protéger l'environnement, il faut d'abord apprendre à le connaître. 
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Annexe 1. Schéma du chalut à crevette à quatre faces de type Campe/en j 800, utilisé sur le NO CC Teleost 
(ti ré de McCallum et Walsh, 1997) 
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Annexe 2. Liste des taxons de la macro faun e épi benthique répertoriés dans l'Estuaire et le nord du Golfe du Saint-Laurent en 
2006 

Phylum Classe Ordre Famille Espèce 

Annelida Polychaeta Aciculata Aphroditidae Aphrodita hastata 
Laetmonice j ilicornis 

Lumbrineridae Lumbrineris fragilis 
Nepthty idae Nepthys bucera 

Nepthys discors 
Onuphidae Onuphis opa/ina 
Sillidae Sillides setosa 

Ondotosyllis f ulgurans 
Canalipalpata Terebellidae Neoamphitrite ajjinis 

Pectinariidae Pectinaria granulata 
Serpulidae Spirorbis sp 

Spirobis spirorbis 
Capitallida Nereididae Nereis pelagica 

Polynoidae Harmothoe sp. 
Harm othoe extenuata 
Harmothoe nodosa 
Harmothoe oers tedi 
Harmothoe sp inosa 
En ipo torelli 

Sca l ibregmatidae Scalibregma inflatum 
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Phylum Classe Ordre Famille Espèce 

Arthropoda Malacostraca fsopoda Aegidae Aegapsora 
Syscenus infelix 

Amphipoda Ep imeriidae Epimeria lorieata 
Paramphitoe hystrix 

Eusiridae Eusirus euspidatus 
Rhaehotropis aeulaeta 

Hyperiidae Themisto libellula 
S tegocephalidae Stegoeephalus injlatus 
Urist idae Anonyx sp. 

Sessi lia Archaeobalani dae Chirona hameri 
Semibalanus sp. 

Balanidae Balanus balanus 
Balanus erenatus 

Maxi llopoda Peduncu lata Sca lpellidae Areosealpellum miehelottianum 
Decapoda Paguridae Pagurus sp. 

Pagurus areuatus 
Pagurus pubeseens 

Galatheidae Munidopsis eurvirostra 
Calano ida Calanidae Calanus jinmarehieus 
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Phylum Classe Ordre Famille Espèce 

Arthropoda Pycnogonida Pantopoda Nymphonidae Nymphon sp. 
Nymphon gross ipes 
Nymphon macrum 
Nymphon s!roemi 

Chordata Ascidiacca Enterogona Cionidae Cio na intestinalis 
Pleurogona Pyuridae Bo/tenia ovifera 

Boltenia echinata 
Halocynthia pyriformis 

Molgulidae Molgula citrina 
Molgula complanata 
Molgula tubifera 

Cnidaria Anthozoa Actiniaria Actiniidae 
Bolocera sp. 

Actinostolidae Stomphia coccinea 
Hom1athiidae Hormathia nodosa 

Stephanauge nexilis 
Alcyonacca Alcyoniidac Duva sp. 

Gersemia sp. 
Cnidaria Anthozoa Scleractinia Flabellidae F/abellum sp. 

Pennatulacca Pennatulidae Pennatula sp. 
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Phylu m Classe Ordre Famille Espèce 

Cnidaria Hydrozoa Leptothecatae Campanulariidae Campanularia sp . 
Lafoeidae Lafoea sp . 

Lafoea ji-ucticosa 
Sertulariidae Abietinaria abietina 

Sertularella polyzonias 
Sertularia fabricii 
Thuiaria sp. 
Thuiaria thL/ja 
Thuiaria articulata 
Thuiaria dis tans 

Haleciidae Halecium beanii 
Laodiceidae Ptychogena lactea 

Anthoathecatae Stylasteridae Crypthelia ajjinis 
Scyphozoa 

Echinodem1ata Asteroidea F orcipulatida Asteriidae Asterias rubens 
Leptasterias polaris 
Leptasterias littoralis 
Stephanasterias albula 

Spinulosida Asterinidae Tremaster mirabilis 
Echinasteridae Henricia sp. 
Poraniidae Poraniomorpha hispida 
Pterasteridae Pteraster afJinis 

Pteraster militaris 



97 

Phylu m Classe Ordre Famille Espèce 

Echinodem1ata Asteroidea Spinulos ida Solasteridae Crossas ter papposus 
Salas ter endeca 

Paxillosida Astropectin idae Leptychaster arcticus 
Psi/aster andromeda 
Plutonaster agassizi 

Goni opcctinidae CtenodiscL/s crispatL/s 
Valvatida Goniastcridae Ceramaster granularis 

Hippasteria phrygiana 
Pseudarchaster parelii 

Holothuroidea Oendroch irotida Cucumariidae CucL/maria frondosa 
Psolidae Psolus fabr ici i 

Psolus panthapus 
Molpadiida Molpadiidae 

Ophiuroidea Phrynophiurida Gorgonocephalidae Gorgonocephalus arcticus 
Ophiurida Ophiactidae Ophiopholis aculeata 

Ophiocanthidae Ophiacantha bidentata 
Ophiuridae Ophiura sarsi 

Ophiura robusta 
Phrynophiurida Ophiomyxidae Ophioscolex glacialis 

Echinoidea Spantagoida Schizasteridae Brisaster Fagi/is 
Echinoida Strongylocentrotidae Strongylocentrotus sp. 
Clypeasteroida Echinarachiidae Echinarachnius parma 

Crinoidea Comatulida Antedonidae Antedon bifida 
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Phylum Classe Ordre Famill e Espèce 

Ectoprocta Articulata Terebratulida Cancell othyrididae Terebratulina septentrionalis 
Rhynchonellacea Hemithyrididae Hemithiris psittacea 

G ymnolaemata Chei lostomata Scrupocell ariidae Caberea ellisii 
Stomachestosellidae Posterula sarsi 

Mollusca Biva lvia Veneroida Astartidae Astarte sp. 
Astarte crenata subequilatera 
Astarte castanea 
Astarte bOl'ea lis 
Astarte montagui 
Astarte undata 

Cardiidae Clinocardium ciliatum 
Carditidae Cyclocardia borealis 
Mesodesma tidae Mesodesma deauratum 
Tellinidae Macoma sp. 

Arcoida Arcidae Bathyarca pectunculoides 
Myoida Hiatellidae Hiate!!a arctica 

Myidae Mya truncata 
Myti loida Mytilidae Mytilus edulis 

Musai/us niger 
Nuculoida Nuculidae Nucula sp . 

Yold iidae Megayoldia thraciaeformis 
Yoldia myalis 

Ostreo ida Pectinidae Chlamys islandica 
Placopecten magellanicus 
Delectopecten vitre us 



Phylum 

Mollusca 

Classe 

Bivalvia 
Gastropoda 

Ordre 

Pholadomyoida 
Neogastropoda 

Archaegastropoda 
Cephalaspidea 
Neogastropoda 

Famille 

Cuspidariidae 
Buccinidae 

Trochidae 
Cylichnidae 
Muricidae 

Espèce 

Cuspidaria glacialis 
Buccinum sp. 
Buccinum plectrum 
Buccinum totteni 
Buccinum undatum 
Plicifusus cretace us 
Colus sp . 
Colus pubescens 
Colus stimpsoni 
Colus pygmaeus 
Neptunea sp 
Neptunea ly rata decemcostata 
Neptunea brevicauda 
Solariella obscura 
Scaphander sp. 
Boreotrophon clathratus 
Boreotrophon truncatus 

Archaeogastropoda Ca ll iostomatidae Calliostoma occidentale 
Trochidae Margarites sp . 

Margarites costalis 
Margarites groenlandicus 
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Phylum Classe Ordre Famille Espèce 

Mollusca Gastropoda Nudibranchia Chromodorididae Cadlina laevis 
Polyceridae Palio dubia 
Dendronotidae Dendronotus ji-ondosus 

Cepha laspidea Haminoeidae Haminoe solitaria 
Neotaenioglossa Naticidae Euspira pallida 

Polinices heros 
Polinices immaculatus 

Velutinidae Velulina undata 
Aporrhaididae Aporrhais occidentalis 
Turritellidae Turritella aigue 

Polyplacophora Neoloricata Ischnoch i tonidae Tonicella rubra 
Mollusca Cephalopoda Octopoda Octopodidae Bathypolypus sp. 

Sepiolida Sepiolidae Semirossia sp. 
Porifera 
Sipuncula Golfingiidae Goljingia sp . 

Goljingia margaritacea 
Phascolosomatidae Phascolosoma sp. 

Nemertea 



Annexe 3a. Carte de la distribution continue du sédiment de fond du Saint-Laurent (tirée de Loring et Nota, 1973) 
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Annexe 3b. Légende décrivant les types de sédiment de fond, utilisés pour les analyses 

Pélite gravelo-sableuse; Pélite sableuse 
Apports glaciaires brun-rougeâtre 

• Calcarénite 
Calcarénite; Gravier avec des parcelles de sable occasionnelles 

, Calcarénite; calcirudite 
Calcarénite; calcirudite; Sable gravelo-pélitique principalement retravaillé 
Calcirudite 
Calcirudite; calcarénite 
Débris coquilliers 
Gravier avec des parcelles de sable occasionnelles 
Gravier avec des parcelles de sable occasionnelles; Gravier sableux 
Gravier avec des parcelles de sable occasionnelles; Sable gravelo-pélitique"principalement retravaillé 

, Gravier sableux 
Gravier sableux; Sable gravelo-pélitique principalement retravaillé 

; Pélite 
Pélite calcaire 
Pélite graveleuse 
Pélite gravelo-sableuse 
Pélite résiduelle 
Pélite sableuse 
Pélite sableuse; Pélite gravelo-sableuse 
Pélite sableuse; Sable pélitique mal trié 

;; Pélite très sableuse 
Pélite très sableuse; Pélite gravelo-sableuse 
Sable fin argileux 
Sable fin graveleux 
Sable graveleux bien trié 

. Sable graveleux bien trié; Sable graveleux bien trié; Gravier avec des parcélles de sable occasionnelles 
Sable graveleux bien trié; Sable gravelo-pélitique principalement retravaillé 
Sable graveleux bien trié; Sable à grains moyennement grossier 
Sable graveleux mal trié 
Sable graveleux mal trié; Gravier avec des parcelles de sable occasionnelles 
Sable gravelo-pélitique principalement retravaillé 
Sable gravelo-pélitique principalement retravaillé; Gravier sableux 
Sable gravelo-pélitique principalement retravaillé; Sable graveleux bien trié 
Sable gravelo-pélitique principalement retravaillé; Sable graveleux mal trié 
Sable gravelo-pélitique principalement retravaillé; Sable pélitique mal trié 
Sable gravelo-pélitique principalement retravaillé; calcirudite 
Sable pélitique mal trié 

j Sable pélitique mal trié; Sable gravelo-pélitique principalement retravaillé 
Sable trié à bien trié 

, Sable trié à bien trié; Sable fin graveleux 
Sable très fin 
Sable à grains moyennement grossier 
Sable à grains moyennement grossier; Sable graveleux bien trié 
Sable à grains moyennement grossier; Sable graveleux mal trié 
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Annexe 4 . Résultats des analyses de géos tati stiques 

Correspondance 
Vari able environnementa le MODÈLE avec le modèle 

(%) 
Courant max imal Exponenti el 91 

Oxygène Exponenti el 96. 6 

Salinité Exponentiel 100 

Profo ndeur Circu laire 97.5 

Température Shérique 98.5 

Chl orophylle a* Exponentiel 99.7 

* Un détendançage à été effectué sur les données de la chlorophylle G, ains i ce sont les rés idus de la 
régress ion quadratique qui ont été utili sés pour les analyses de géostati st ique sur cette va ri able 
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Annexe 5 a. Cartes de la distribution continue des variables environnementales étudiées: a) 
profondeur (m); b) température (oC); c) salinité (PSU) 
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Annexe 5 b. Cartes de la distribution continue des variables environnementales étudiées d) 
oxygène dissous (% saturation); e) courant maximal de fond (m/s2); f) concentration chI a 
(mg/m3). 
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Annexe 6. Résultats de la validation du modèle linéaire généralisé (logic iel R) . 

Axis 1 Axis 2 

Coeffici ent Spea rman co r/' Significa tif code Coeffici ent Spearm an cor r Signili ca tif code 
(lntercept) 4.73 0.00 *** -5 .38 0.006 13 ** 
oxypen saturation 0.14 0.00089 *** 
oxygen sa turation2 0.00 0.03 * 0.00 0.05263 
depth -0. 02 0.00 *** 0.01 0.1 835 1 
depth2 0.00 0.0 1 ** 0.00 0.2 1479 
temperature -0.85 0.00 *** 0.63 0.05284 
temperature2 0.09 0.00 ** -0.05 0.23 13 1 
bottom current -6.05 0.09974 
bottom current2 1.42 0.02 * 9.38 0.05582 
chlorophyll -0 .16 0.05573 
chlorophy1l2 0.0 1 0.12842 
Gdc sediment -2.12 0.14777 
Ggs sediment -l.04 0.3 2065 
Pp sediment -l.63 0.06467 
Ppc sediment - l.02 0.25265 
Ppgs sediment - l.03 0.2382 1 
Pps sediment -0.59 0.47359 
Ppts sediment -l. 19 0.18279 
Pptspgs sediment - l. 13 0.2 1784 
SGcc sediment -0.09 0.9 178 
Ssfa sediment 0.13 0.89329 
Ssom t sediment -0.56 0.59885 
Ss~ppr sediment -0.24 0.7668 
SSllmt sediment -2.22 0.093 72 
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