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ABSTRACT

Near-shore benthic communities can undergo shifts in abundance and biodiversity
in response to climate change especially changes in surface temperature, productivity,
and geomorphology. One of the most dramatic effects is habitat modification: coastal
erosion lead to increased deposition of sediment. Factors drivii  coastal erosion include
isostatic sea-level rise and a variety of climatic change impacts, including reduced sea ice
cover, increased summer rainfall, increased thawing of permafrost, and eustatic sca-level
rise.

Benthic communities were studied in two near-shore Arctic locations (Sachs
Harbour and Gjoa Haven) associated with different degrees of coastal erosion. Sachs
Harbour has a submergent shoreline with locally rapid coastal erosion. By contrast Gjoa
Haven has an emergent shoreline with very little to no coastal erosion. Grab and drop-
video were used to conduct benthic surveys of the two locations and detailed habi
maps were produced. Species richness was significantly greater in Gjoa Haven than in
Sachs Harbour. Species composition differed greatly among locations 1ad varied
significantly among substrate types for grab and depth classes for video. Shallow (<10 m)
mobile sand sheets with low biodiversity were the dominant habitat sampled in Sachs
Harbour. Gravelly-sand or mud substrates (10-20 m) with high cover of macroalgac had
the greatest biodiversity in Gjoa Haven. Macroalgae beds were found throughout |
Gjoa Haven study area providing abundant food and shelter to benthic fauna. This high

dive ty is due to the heterc neity of the substrate. Lastly, Gjoa Haven's scdiment



starved near-shore environment makes for a stable environment compared to Sa s
Harbour near-shore environment, which receives a continuous supply of sediment as a
result of coastal erosion and runoff.

This study establishes a detailed baseline for two near-shore Arctic locatic
Given the rapidity with which the Arctic ecosystems are changing this study will be
valuable in designing future studies of biodiversity, and will enable detection of future

climate driven change in near-shore arctic  /ironments.
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CHAPTER ONE

INTRODUCTION AND OVERVIEW

.1 INTRODUCTION

A potential threat to benthic biodiversity is climate change (Snelgrove 1998).
the Arctic increased coastal erosion and resultant sedimentation in near-shore marine
environments is one of many | licted effects of climate change (ACIA 2005a). Other
predicted changes include eustatic sea level rise, decreased sca-ice extent, sca-icc
thinning, and increased storm frequency and precipitation (IPCC 2001b: ACIA 2005a:
Manson et al. 2005). Eustatic sea level change is a global change in sea level due to water
mass added from the melting of ice shects and thermal expansion (Masselink and Hughes
2003). For further explanation on geological/physical geographical terms please refer to
the Glossary Terms (Appendix A). Observed warming and thawing trends of
discontinuous permafrost, alor  with extensive areas of thermokarst are increasingly
being reported (Osterkamp 1d Romanovsky 1999; Osterkamp et al. 2000). Arcas in
Western Arctic unde Hing glacio-isostatic submergence, such as Tuktoyaktuk and Sac
Harbour have experienced rapid coastal erosion and are characterized as being *highly
sensitive’ to sea-level rise (Shaw et al. 1998b: Manson et al. 2005). Eustatic sea level r:
from thermal expansion and meltn aciers combined with glacio-isostatic effects will
likely lead to amplified relative  -level rise in parts of the Western Arctic (Belliveau
2007). As well, areas undergoing the effects of climate change and that arc currently on

the cusp of eme :nce to subme nce may b« 'n to experience relatively rapid eustatic




sea level rise, with the attendant coastal erosion and sedimentation. Areas that arc on the
cusp of emergence to submergence arc areas that are rising (due to postglacial rebound)
at a similar or slower rate to “obal sea level rise. To evaluate possible effects of clim
change and coastal erosion on Arctic benthic biodiversity, the fauna of two near-shore
Arctic locations associated with different degrees of coastal crosion have been studied.
An inferential approach has been applied to evaluate the possible effects of clim
change on Arctic benthic biodiversity. To do so a quantitative asscssment of a changing
climate is based on “present day” predicted effects of climate change. It is however. much
more desirable to use an experimental approach to evaluate the effects of climate change,
though at the present time and within the scope of this project that approach is not a
viable option.

Benthic grab sample and underwater videography, used in tandem are a data-rich
method for surveying benthic communities and provide information on characteristics of
the sea bottom and species composition of epibenthos and infauna (Matarrese et al.
2004). Benthic grab sampling is  nerally the primary tool used to sample benthos, as it
provides a direct and accurate means of sampling physical and biological properties in an
area, such as changes in _ n size and species composition. Unlike grab sampling,
however, underwater videography is non-destructive and allows the researcher to view
the seabed and epibenthos characteristics (Stevens and Connolly 2005).

These two techniques in combination can be used to produce benthic habitat
maps. Habitat mapping meets various scientific needs, providing uscful information on

the seabed cor ™~ . biolr  al di ion as well as mncr > easce of



interpretation and comparison on both a spatial and temporal scale (Matarrese et al.
2004). Habitat maps are useful to ascertain thc impacts that pollution, climate chan
over-fishing and other activities have on benthos. Across the Arctic basic informati
about the benthos is limited, therefore aseline information must be gathered if changes
and impacts are to be monitored. Habitat mapping can be used to protect areas around
vulnerable ecosystems (Stevens and Connolly 2005).

Evidence shows that the Arctic cnvironment is sensitive to change and f
impacts of future climate change are expected to be felt earliest at Arctic latitudes
(Maxwell 1997; IPCC 2001b). The Arctic represents a relatively pristine area (Clarke and
Harris 2003) in which to study the cffects of climate change on benthic communities. T
two near-shore locations chosen for this study were Sachs Harbour, NW.T. and Gjoa
Haven, Nunavut. Sachs Harbour is an arca of high environmental disturbance mainly duc
to its submergent shoreline with locally rapid coastal erosion. Erosion rates along tl
shoreline are believed to be simi  to the mainland Beaufort Sea, between 0.6 and 22.5 m
annually (Solomon 2005). Due to unlithified icc-rich Quaternary sediments along the
south-western coastline of Banks Island coastal erosion rates are likely at the lower end
of this  gc, with higher she  t es sc d g a single event (c.g. storm). By
contrast, Gjoa Haven has an emergent shorcline with a relatively low encrgy coastline
surrounding the community. Furthermore, the surficial geology of Gjoa Haven makes it
apparently less susceptible to erosion than Sachs Harbour. Both study areas are subject to
extensive ice scouring, especially duri  break up times and increcased wind and storm

activity.




The aims of the present study were: (i) to describe and map benthic community
composition of two near-shore Arctic locations associated with different degrees of
coastal erosion in emergent versus submergent settings; (ii) to asscss whether f
differences in environmental characteristics of the two study arcas and their disti

habitats were accompanied by differences in diversity and species composition.

1.2 PURPOSE AND GOAL OF THE STUDY

1.2.1 Conceptual Framework

Increased coastal erosion and resultant sedimentation in near-shore marine
environments is a predicted effect of climate change (ACIA 2005c). To evaluate possil
effects of coastal erosion on Arctic benthic biodiversity, the fauna of two near-shore
Arctic locations associated with different degrees of coastal erosion have been studied
(Table [.1).

The two near-shore Arctic areas chosen for this study are located on the southwest
coast of Banks Island, NW . and the southcast coast of King William Island, Nunavut,
near to the communities of Sachs Harbour and Gjoa Haven, respectively (Figure 1.1).

Sachs Harbour has a submergent shoreline with locally rapid coastal erosion. By
contrast, Gjoa Haven has an en gent shorelinc with very little to no coastal erosion
(Table 1.1). The surficial geology of Sar s Harbour is composed of unconsolidated
ground-ice laden erodible sediments, compared to Gjoa Haven's coarse-grained i

contact sediments with low soil ice content (Table 1.1). The coastlines of both study arc






relatively rapid custatic sea level rise, coastal erosion and sedimentation are possil
consequences, however the nature and degree of these processes will depend on lo

conditions (e.g substrate type, exposure to wave action, frequency of storms). Increased
sedimentation into ncarshore environments may lead to changes in benthic habitats ¢ |
community composition, with consequent effects on the marine organisms, which depc |

on these benthic communities.






1.2.2 Rationule

The most immediate effects of climate change are being felt in the Arctic, w 1
surface temperatures exceeding 1 to 2'C per decade for the region (ACIA 2005b). Over
the past 40 years temperature increases in the Arctic, north of 60 degrecs, exceed thosc of
southern latitudes with mean increases of 0.04°C/a (ACIA 2005b). Increased coa: |
erosion and sedimentation, both predicted cffects of climate change, arc likely to alter
near-shore benthic communities. Benthic fauna inhabiting near-shore arecas have been
described from various Arctic locations (Slaney and Company Ltd. 1975; Heath a |
Thomas 1984; Aitken and Risk 1988: Hopky et al. 1994; Leontowich and Dale 2002).
However, there are no comparative studies that look at two sites with different degrees of
coastal erosion with opposing rates of isostatic vertical movement.

To allow for future comparison of these sites and long term monitoring of climate
char :impacts on benthic habitats, baseline characterizations must be made. The pres
study presents a baseline charac ization of the benthic community composition and
habitat structure for two near-shore arcas in the Arctic exposed to different degrees of

coastal erosion and sedimentation and opposing trends of relative sea-level change.

1.3 STUDY AREAS

1.3.1 Geological Setting
The Sachs Harbour study area covers a 40 km length of the Beaufort Sea along

the exposed coast of Banks Island, NW.T. in Western High Arctic Canada.



Unconsolidated sediments of the Miocene to Pliocene Beaufort formation arc overlain by
the sandy Sachs Harbour till (Vincent 1983). Continuous permafrost cxtends to depths
greater than 500 m (Harry et al 1983). The coastline is characterized as ‘highly sensitr

to sea level rise duc to tectonic submergence, low topographic gradient, and extensive
permafrost and ground ice (Shaw ct al. 1998a). At Sachs Harbour, high concentrations of
ground ice are present along the coast (Manson et al. 2005). Ground ice in the rcgion 1s
revealed by ice wedges in the coastal cliffs and by the existence of pingos (Fren: et

1982; Gurney and Worsley 1997). These ice wedges can spread out laterally and jo 1
with other wedges to form ice wedge polygons (French 1996). Rapid coastal erosion for
Sachs Harbour has becen tied to long-term sca level rise, fine-grained sediments, abund

ground ice, and high storm frequency during the open-water scason (Solomon 2001
Manson et al. 2005). Gravel and mixed sandy beaches dominate the Sachs Harbour
coastline (Manson et al. 2005). ¢ dy substr. s of the Sachs Till and unconsolidated
sand and gravel of the Beaufort Formation (Vincent 1982) are eroded from coastal clifts,
exposing ground ice along the southwestern shoreline of Banks Island (Figure 1.2).
Most erosion and sediment supply in Sachs Harbour is due to sca level rise and melting
of permafrost, rather than coastal  sion in the classic sense: driven by win ~ waves, @ |
longshore currents. The beaches are prog ling and there is a net progradation in most
areas of the community, except for Cape Kelle and Duck Hawk Bluffs (Belliveau 2007;
Figure 1.4). Ultimately, warming temperatures throughout the region could lead
increased active layer thickness and melting of massive ice and ice lenses, increasing

erosion throughout the Sachs Harbour coastline (Belliveau 2007).
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1.3.2 Southwestern Banks Island, Sachs Harbour

Sachs Harbour, NNW.T. (71°59' N 125°14' W), with a population of 114 lics on
the southwest coast of Banks Island in the southwestern Canadian Arctic Archipelago
(Statistics Canada 2002). Banks Island (67,340 km?) is the westernmost of the group ¢ |
1s separated from the mainland of the Northwest Territories by the Amundsen Gulf. To
the North M’'Clure Strait separates Banks Island from Melville and Prince Patrick
Islands; to the east is Victoria Island separated from Banks by Prince of Whales Str.
and to the west Banks is bordercd by the Beaufort Sea (Figure 1.1). Banks Island was
first named Banksland in 1820, after Sir Joseph Banks during the British exploration of
the North West Passage. The community of Sachs Harbour was named after the s/
“Mary Sachs™ which visited the southwestern part of the island during the Canadian
Arctic Expedition in 1913 (Indian and Northern Affairs 2005). In 1929, Sachs Harbe r
was established as a permanent community and later gained Hamlet status in 1986
(Indian and Northern Affairs 2005). The Inuktitut name for this community is “lkaahuk”,
which means “where to go across to™. The name refers to the annual migration of hunters
and trappers to the community from Victoria Island. Banks Island 1s treeless and
characterized by sparse vegetation that consists of mosses, lichens, grasses, and dwart
willows (Indian and Northern Affairs ~105). The study area on the southwestern coastline
of Banks Island is approximately 40 km in length, from the seccond basin along the Sachs
River (Mary Sachs Estuary), east of the community to the tip of Cape Kellett located on

the southwestern edge of the island (Figure 1.4).
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1.3.3 Southeastern King William Island, Gjoa Haven

The community of Gjoa Haven (68°38' N and 95°52" W) is located on the
southeastern coast of King William Island, Nunavut in the Kitikmeot Region (Fig
I.1). To the east the James Ross Strait and the Rae Strait separate King William Island
from the Boothia Peninsula; to the v t Victoria Strait separates King William Isla 1
from Victona Island, and to the south the Simpson Strait separates King William Island
from the Adelaide Peninsula.

Gjoa Haven is the only community on King William Island and has a population
of approximately 960 (Statistics Canada 2002). The community is continually growing
due to people moving from other communities to be close to the educational and
healthcare facilities available at Gjoa Haven (R. Kamookak 2006 personal
communication). The community is named after Roald Amundsen’s ship, the *Gjc
Roald Amundsen, his crew of seven and his ship, the Gjoa were attempting the first
traverse of the Northwest Passage in 1903 in search of the location of the Magnetic No
Pole (Huntford 1999). During their travels, the waters began to ice up and Amundsen |t
the Gjoa n a protected harbour located on the southeast coastline of the King Willi

Island, where the commur  of Gjoa Haven « ts today. They over wintered in the

harbour for two years, gathering information about the Magnetic North Pole and learning
about the land from the local Inuit, Nattilik (Huntford 1999).
The Inuktitut name for Gjoa Hav  is ‘Uqsuqtuaaq’, meaning ‘lots of fat’. The

name refers to the abundance of blubbery sea mammals in the nearby waters. King

William Island is located above the tree line and has sparse vegetation with a



combination of low and high arctic species. The study arca on the Southeastern coast of
King William Island is approximately |8 km in Iength, extending north of Betzold Pc t

to the western coast of Peterson Bay (Figure 1.5).
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Figure 1.5 1/200,000 bathymetric map ot the southeastern coast of King William Island
shown the Gjoa Haven study area (Adapted from the 1/200,000 Hydrographic
Chart# 7760 provided by the Canadian Hydrc  aphic Service 1983).

1.4 BACKGROUND INFORMATION

This section provides a review of the relevant literature for this study. Top™ 3
include: Arctic nearshore biology, effects of sea 1ce, benthic-sediment/de 1
relationships, climate change conditions in the Arctic, impacts of climate change in the

Beaufort and central Arctic region, sea-level history in the Beaufort and central Arctic



region, present-day sea level change, sensitivity of coastlines of southwestern Banks
Island and King William Island to sea level risc, and impacts of sedimentation

nearshore marine systems.

1.4.1 Arctic Marine Ecosvstenis

Arctic marine ecosystems are unique in that they experience strong scasonality in
sunlight and low temperatures, as well as having a large volume of freshwater delivered
by rivers and spring snow melt to the marine environment (ACIA 2005¢). In general
Arctic marine ecosystems have low productivity and biodiversity, as well as a short
trophic structure to allow for enough energy to carry over the brief summer production
period (ACIA 2005c). Biological production in the Arctic is strongly influenced by
mixing, nutrients, sea ice, irradiance, and water column stratification.

Primary production in the Arctic 1s partitioned between microalgae and
macroalgac living on the sea floor a1 ice algac and phytoplankton (Kiihl et al. 20(
Glud et al. 2002: Clough et al. 2005). Ice algae are algal communities found in annual
and multi-year sea ice (Clough et al. 2005). Both ice algae and phytoplankton fall to
bottom and provide food for benthic macrofauna, such as bivalves, polychaetes, and
crustaceans. With present sea ice conditions, primary production is dominated by ice
algae, which sink during sj melt (ACIA 2005¢). If the reduction of sca ice continuces,
algae reaching the sca floor will sh  from ice algac and phytoplankton, to phytoplankton
only (Clough ct al. 2005). Clough et al. (2005) sug st that if these two food sources

have different digestibility and/or nutritional value to benthos, then such a transition will



likely impact benthos. Zooplankton aze on phytoplankton, thereby resulting in a

decrease of food supply to benthos, and an increase in zooplankton will provide m«
food for birds and fish, relative to benthic organisms (ACIA 2005¢). Sunlight in the
nearshore environment is not a limiting factor. Sunlight reaches the seabed in a gradient
effect and can usually reach to 60 m (ACIA 2005c¢), which allows mico- and macroa

to be a significant food source for benthic organisms in the nearshore environment. T
hard bottom nearshore marine area in the Arctic supports beds of Fucus distichus and in
depths down to approximately 40 m kelp forests of Alaria esculenta, Saccharina
longicruris, L. digitata, and L. solidungula (Borum et al. 2002; Hop et al. 2002). Glud ct
al. (2002) studied primary production in a high Arctic fjord and found that for water
depths <30 m, the aver: : benthic net photosynthesis was quantitatively more important
than the gross photosynthesis of the pelagic environment. Glud et al. (2002) conclude that
the benthic primary production at these water depths is a primary food source for benthic
communities.

Biogeographically, bt hos of the Bering Sea and Canadian Archipelago between
the New Siberian Islands and Bathurst Island is mainly Pacific (Dunton 1992), whercas
benthos of the central Arctic are primarily Atlantic fauna (ACIA 2005¢). Previous studies
have mostly focused on sampling benthos along regions of the North American arctic
shelf and fjord areas (Stewart et al.1985; Grebmeier et al. 1989; Aitken and Fournier
1993; Feder et al. 1994; Wlodarska et al. 1996; Wlodarska-Kowalczuk ct al. 1998).

The Arctic’s benthic diversity is poor relative to lower latitudes and the Southern

Occan (Piepenburg 2005). The low diversity of benthic macrofauna in the intertidal zone
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and shallow necarshore area is usually attributed to the extreme conditions, such s

extensive ice scouring (Ellis 1955; ACIA 2005c¢).

1.4.2 Effects of Sea Ice

Ice cover is an important physical characteristic of marine ccosystems in the
Arctic. It affects 1" it penetration to organisms, and provides a biological habitat for
many marine mammals, such as seals and polar bears (ACIA 2005¢). Sea ice thickness
and extent influence primary production of micro- and macroalgae, phytoplankton ¢ |
ice algae in Arctic marine ecosystems. For example, during spring melt ice algae sinks
the bottom providing a direct food source to benthos (Clough et al. 2005). Ice also affects
organisms in the intertidal and shallow nearshore area of the Arctic during winter months,
such that ice cover along with extreme cold temperatures may kill or damage bent!
organisms (Stephenson and Stephenson 1972).  On the other hand, fast ice, which is sea
sea ice that has frozen along coasts or to the sea floor over shallow depths 1s immob
and offers protection to benthos from cold air temperatures and scouring of the nearshore
seabed (Stephenson and Stephenson 1972; Aitken and Gilbert 1986; Forbes and Taylor
1994).

Ice scouring of the seabed  a natural occurrence in nearshore areas of the Arctic.
Scouring of the seabed by sea ice pressure-ridge keels is most predominant in shallow
water depths (Heath and Thomas 1984). The Beafort Sea 1s 100% scoured by pressure
ridges and multiyear ice keels from shore to the 40 m depth, with scouring reaching to

depths of 72 m (Conlan et al. 1998). Sca ice pressure-ridge keels scour the scabed,




displacing sediments laterally, resulting in a characteristic roughened or excavated seabed
morphology that may affect resuspension rates and could change the degree of
consolidation of the seabed surface. The movement of these ice keels through the
sediment redistributes substrates and eliminates benthic communities living in and on the
seabed (Conlan and Kvitek 2005). Disruption by the ice keel includes a zone or berm on
both sides of the excavation, redistributing substrate types, and thereby modifying the
benthic habitats. Consequences to benthos are loss of biomass, modification of
abundance and diversity patterns, and change in community structure and function (Gutt
et al. 1996; Conlan et al. 1998; Gutt 2001; Conlan and Kvitek 200%). Flora and fauna not
adapted to periodic disruption will be at greatest risk and their absence will like
influence the overall community structure and function. The excavated arecas of the
seabed arc leveled by redistribution of sediment, such as siltation from rivers, wave @ |
bottom currents on mobile sediments, and slumping of scour edges (Heath and Thomas
1984). Frequent ice scouring occurs on the Beaufort Sea continental shelf as a result of

onshore and longshore movements of pressure-ridge keels (Barnes ct al. 1984).

1.4.3  vactof Sea ntation «  Nearshe M ne Syste

Terrigenous sediments may pose a threat to the biodiversity of coastal arcas and
estuarics (Gray 1997). Episodic cvents such as erosion, extreme rain cvents, landslid
and flooding can result in catastrophic deposition of sediments and clevated turbidity to
the marine environment and may have a profound influence on the structure and function

of macrobenthic communit . (" liset . 2000). Flora and fauna not adapted to perio
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disruption will be most vulnerable to the impacts. Increased suspended sediment
concentrations in the water column can decrcase light levels at the scafloor affecting
benthic primary producers, clc filter-feeding structures of benthos interfering with
benthic food intake, decrease oxygen concentrations, and ct 8¢ 7 aent properties
such as grain size, chlorophyll a 1d organic matter content at the seafloor (Nicholls et al.
2003). Nicholls et al. (2003) conducted an in-situ experiment to mimic storm induced
sediment run off events. They studied the behavioral responses of four macrofau |
species to a range of suspended sediment concentrations and found that with incrcased
suspended sediment, burial times and death rates of infaunal heart urchins incrcased,
feeding rates of a tube buildii  worm decreased, death rates of the wedge shell
Macomona liliana increased, and with extremely h™ "1 rates of scdimentation the scall
Pecten novaezelandiae was not able to process the amount of particles present. These in-
situ experiments help to identify benthic organisms that may be at a higher risk to
increased sedimentation. These experiments also are useful in predicting and interpreti
long-term impacts on benthos.

Ellis et al. (2000) presented a number of case studies documenting sedimentation-
induced structural and functi ch zes to | thic communities. One of the c:
studies they presented were changes in benthic community composition that had been
documented in Kane’Ohe Bay (Hawaii) in response to high rates of sedimentation (Sm 1
and Kukert 1996). Arctic case studies documenting impacts of sedimentation on benthos
are minimal therefore references from other regions have been documented in this study.

In response to the high rates of sedimentation Smith and Kukert (1996) found h
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macrobenthic abundance, with very s 1ll deposit feeding polychactes dominating f
community. Smith and Kukert (1996) also recorded a macrobenthos of low diversity,
small mean body size, low biomass, and relatively low productivity. They attributed these
effects to gradual accumulative sedimentation on the bay. Peterson (1985) documented
macrofaunal changes following a major rainstorm that caused catastrophic sedimentation.
Peterson (1985) found that in the high current sandy channel, effects of sedimentation
were ncgligible, whereas in the low cnergy muddy-sand environment, the storm
deposited approximately 10 cm of silt and clays, which increased mortality of two
suspension feeding bivalves.

Suspension feeders are the functional group most likely to be impacted by
suspended sediment concentrations (Nicholls et al. 2003). Suspension feeders remove
particles from the water column, which can improve water clarity and aid in the removal
of pollutants (Snclgrove 1998).  However, with increased suspended sediment
concentrations their filter feeding structures may clog, which could be detrimental to
organism survival. Ellis et al. ~)00) also note that one potential sublethal effect of
increased scedimentation on benthic macrofauna is the change in feeding and digesti
efficiency. Suc that, an 1 : in the concentrations of mud in suspension 1 -
significantly increase pseudofaeces production and decrcase the amount of algal fo |
actually ingested. Significant changes in secdiment regimes where coastal arcas receive
continuous inputs of sediment result in functional and structural changes in soft sediment

benthic communities (Ellis et al. 2000).
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Most of the studies assessing the impacts of sedimentation on benthic organisms
have been conducted either in the laboratory or in tropical marine environments (Peters 1
1985; Smith and Kukert 1996; Ellis et al. 2000; Nicholls et al. 2003). Generally impact
studies on benthic organisms/communities in the Arctic are limited to ice scouring cffects
(Conlan et al. 1988; Conlan and Kvitek 2005). However one study compared bentl
faunal composition in two Arctic glacial bays with differing degrees of sedimentati
The main differences between the two glacial bays were water temperature and typc of
glacier (i.e. actively retreatn  ‘warm’ glacier and a much less active ‘cold™ typc)
(Wlodarska-Kowalczuk and Weslawski 2001). The study found that the bay with a lower
level of inorganic sedimentation was more diverse than the more active *warm’ glac |
bay. Low macrofaunal diversity in many other Arctic localitics have been attributed
high norganic sedimentation induced by glacial or fluvial outflow (Feder and Jewett
1986:; Kendall and Aschan 1993; Schmid and Piepenburg 1993: Holte et al. 1990).
Wilodarska-Kowalczuk and Weslawski (2001) suggested that the large amounts of
inorganic particles affect the light regimes and hence the primary production in arcas
with high inorganic sedimentation. As well, benthic organisms have to cxpend much of
their energy on regulatory processes connected with the maintenance of their position
unstable substrate (i.e. muddy substrate continuously buried by inorganic particl
(Wlodarska-Kowalczuk and Weslawski 2001). The availability of food may also be a
limiting factor in high sedimentation areas, such that the organic material ~ the wa
column is diluted by the large amounts of inorganic suspended sediment (Gorlich ct

1987).
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1.4.4 Benthic-sediment/depth Relationships

Various sediment properties, such as particle size, permeability, porosity, orgai
content, and water content can influence the distribution of fauna (Longbottom 1970
Pollock 1971 Thomson 1982).

Sediment particle size can affect distribution of organisms. For examp
encrusting organisms such as blue mussels (Mytilus edulis) and barnacles (Balar
balanoides) require larger rocks and pebbles to anchor to; soft-bodied polychactes, on
other hand, are adapted to finer, muddier sediment through which they can burr
(Ruppert and Barnes 1994). Abundance of benthic fauna generally decreases in coarse
sediments and increases in finer sediment (MclIntyre 1969).

Feeding activity of marine benthos plays a critical role in processes that occur
both within the water column and marine sediments.  Generally, marine benthos
classified as either suspension feeders, deposit feeders, and carnivores.  Suspension
feeders remove particles from the water column, which can improve water clarity and |
in the removal of pollutants (Snelgrove 1998). Deposit feeders ingest sediment particles
and the organic material associated with the sediment. They play a critical role in the
functioning of marine benthos, cof ot ating sediments, resultir  in increased
sediment oxidation and redistribution of o inic material (Rhoads and Young 1970).

Typically, deposit feeders are more commonly found in finer sediments wh
organic content is greater. Suspension feeders feed on phytoplankton and suspended
matter in the water column ai arc more comnion in coarse sediments whe  fas r

currents renew food supply (Peterson 1991; Aitken and Fournier 1993). Deposit and

23




suspension feeders feed on organic matter. Terrestrial runoff delivers some orgai
matter to the marine environment, however much of this material is difficult to digest a
if turbidity 1s too high, the environment is no longer advantageous to suspension feed:
(Leontowich 2003).

Species and habitat distribution may not only be influenced by substrate, but also
by depth. Changes in suspended sediment, light attenuation, salinity, dissolved oxygen,
and water temperature are all depth-dependent variables (Dale et al. 1989).

1.4.5 Climate Change Conditions in the Arctic

Climate change is already occuring particularly in the Arctic, where permafrost is
thawing, sea-ice extent i1s decreasing, and glaciers are receding (IPCC 2001b: ACIA
2005a). Predicted changes in the coastal zone include a continuation of these effects, as
well as an increase in storm frequency and sea level rise (IPCC 2001b: ACIA 2005a:
Manson et al. 2005). In most areas of the Arctic, average annual temperatures have risen
by about 2 to 3°C since the 1950s and up to 4°C during the winter months (ACIA 2005a).
Over the past century increases in average air surface temperatures in the Arctic have
been 50% greater than increases observed over the entire Northern Hemisphere (1PCC
2001b; ACIA 2005a). Gene  Circulation Models (GCMs) project increases 1
temperature between 1.4 and 5.8°C ; Hbally over the next century (IPCC 2007). The
Arctic is particularly vulnerable to climate change and major physical and ecological
impacts are expected to arise su " “:nly (IPCC 2007). Increases in temperature over the
next century will result in the continuation of t luction in sca-ice cover, ncreased

precipitation, increased meltit  of permafrost, increased erosion of coastl . a ¢ mn
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sea-level, and subsequent effects on terrestrial, freshwater, and marine ecosystems (ACIA
2005a). The IPCC Fourth Assessment Report concludes that global average temperatures
will nise between 1.1 and 6.4°C by 2100. As well, some models project a 5-1C
precipitation increase and late summer ice-free conditions in the Arctic by the latter part
of the 21™ century (ACIA 2005a; IPCC 2007). Tide gauge measurcments and satell

th century was approximately 12

altimetry suggest that the global sea level rise for the 20
to 22 cm (IPCC 2007). Lastly, the present rate of eustatic seca level rise (3 mm a’y
(Shepherd and Wingham 2007), suggests a global rise in sea level of nearly 30 cm by 1

end of the 21™ century.

1.4.6 Impacts of Climate Change in the Beaufort and Central Arctic Region

In the Beaufort Sea, climate warming is causing the thawing of permafrost, which
will ultimately lead to an accele ion of crosion along coastlines (Manson ef af. 2005).
The Beaufort Sea coast has been characterized by rapid rates of erosion forced by long-
term sea level rise and periodic storms (Solomon 2005). Storm surges up to 2.4 m or
higher have been recorded along the Beaufort Sea coast in an area with <0.5 m tides
(Forbes 2000). Rising relative sea level along these coasts contributes to mo  frequent
inundation at a particular refe 1ce level and predicted accelerated global sea level rise
will enhance this impact (Forl ; ~)00). The high concentration of ground icec
unconsolidated sediments and . month open water season suggests that open-water
periodic storms will likely accelerate erosion rates (Solomon 2005). If predicted increases

in sea level rise, storm events and periods of open water due to climate warming take
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place (Shaw et al. 1998b; IPCC 2001b; ACIA 2005a), erosion of this coastline will
accelerate even more. This will result in increased sedimentation into the nearshore
marine environment (Brown et al. 2005; Belliveau 2007).

Research suggests that melting of the Greenland ice sheet is likely to occur more
rapidly than what was previously believed and sea level is continually rising (ACIA
2005a). The most recent estimate for the rate of obal sea level rise is 3.0 mm a’
(Shepherd and Wingham 2007). Therefore a coastal location in the central Arctic, such as
Gjoa Haven which is currently experiencing a present day vertical uplift rate of 1-2 mm
a’ (Tarasov and Peltier 2004), may begin to cxperience a relative sea-level rise. If rates
of eustatic sea level rise continue to accelerate, coastal areas in the central Arctic which
are currently experiencing near zero rates of isostatic vertical motion will likely begin to
experience relative sea level rise. Because relative sea level risc is one of the factors that
contributes to coastal erosion (Forbes 2000), this transition may contribute to possible
coastal erosion and increased sedimentation into the nearshore environment. Ultimately,
we may not only see changes in benthic habitats and community composition (Brown
al. 2006), but also marine mammal and fish species which depend on these bent
communities wi be altered.

The current thickness of fast ice (1-2 m) in the Northwest Passage is projected
decrease substantially this century. Potential for increased marine access through the
Northwest Passage, suggests likely impacts of pollution on the marine environm t
(Catto and Papadimitriou 2006). Increased transport not only increases the risk of |

spills, but also increases the ri of t introduction of invasive species, carried in the
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consolidation of sediments (Forbes 1980; Hill et al. 1985; Belliveau 2007). During LGM,
many areas of the Beaufort Sea and Banks Island were at the margins of the ice covered
land, referred to as the forebulge (Dyke 1987). Areas that were influenced by forebu
are currently going back to their former positions, such that the land is now subsiding. In
conclusion studies identify the Beaufort region as an area that is undergoing submergence
(Richards 1950; Mackay 1963 Forbes 1980). A sea level curve has not been comple |
for southwest Banks Island. However, the rate of subsidence has been suggested at 2. )
mm a’ in Sachs Harbour and Tuktoyaktuk from modeling (Andrews and Peltier 1989:
Peltier 1994).

The Keewatin region, where Gjoa Haven lies is now emerging to its former
position prior to glaciations. The rates of sea level change for this region are uncerta
but have been estimated based on modeling (Tarasov and Peltier 2004). Arcas in the
Canadian Arctic displaying the greatest vertical uplift are over the Keewatin, Quebec, and
Fox Basin regions. Gjoa Haven appears to have an estimated 1-2 mm a™' present-day
uplift rate; in contrast to Sachs Harbour which has a -2 mm a' present-day uplift rate

(Figure 1.6).
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an emergent setting to one that is submergent would require a large increase in eusta

sea level rise. Areas which are currently experiencing near zero rates of isostatic vertical
movement may begin to experience relatively rapid eustatic sea level rise. Coastal
erosion and sedimentation are likely consequences, however the nature and degree of

these processes will depend on local conditions.

1.4.9 Sensitivity of Coastlines of Southwestern Bunks Island and King William
Island to Seu Level Rise

Sensitivity means the dc ee to which a coastline may experience physical
changes such as flooding, erosion, beach migration, and coastal dune destabilization as a
result of sea level rise. Significant climate warming is predicted to cause warming of |
oceans and continual melting of glaciers and ice caps, resulting in a obal ris¢ in:
level (Shaw et al. 1998a). Shaw et al. (1998b) used seven criteria to assess the sensitiv 7
of all coastal r ‘ons of Canada to sea level rise: relief, geology, coastal landforms,
isostatic sea-level tendency, shc ine displacement, tidal range, and wave height. The
Beaufort Sea coast is one of two regions in Canada identified as having high sensitivity
coastlines, Atlantic Canada being the other. The remaining areas of tt  Canadian Arc
fall under low or moderate sensitivity to sea level rise. Gjoa Haven's coastline was rated

as having moderate sensitivity to sea level rise (Shaw et al. 1998a).

The southwestern coastline of Banks Island is considered highly sensitive to sea
level rise due to its sediments laden with ground ice, low lying unconsolidated coas |
cliffs, an eroding coastline, and its cur 1t rate of ative sea-level rise of 3.6 mm a’l

(Shaw et al. 1998b: Manson et al. 2005, Belliveau 2007, Figure 1.7). Predicted impacts
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for the southwestern coastline of Banks Island are increased crosion rates, beach
migration, increased rates of lake breaching, and destabilization of sediments in i

coastal zone (Shaw et al. 1998b). Climatc warming is predicted to causc an increase |
the extent and duration of open water in the summer (IPCC 2001a). Shaw (1998a)
suggests that if these predictions occur, beaches would be reworked by waves for long

periods of time, and the eater fetch over the more extensive open water wor 1 allc -
storms to impact coastlines even morc scverely than at present. This may lead to

increased sedimentation into the nearshore area in some regions of the Arctic.






CHAPTER TWO
METHODS

T1FTTONMTTHCTS

2.1.1 Selection of Sampling Sites

In total, 147 sites were sampled off two nearshore Arctic locations: Sachs
Harbour, NNW.T. (71°59" N 12_ 4’ W) and Gjoa Haven, Nunavut (68°38' N, 95°52' W),
Sampling sites were located 150 to 1200 m from the coastline along shore-perpendicular
transects at depths of 2 to 40 m. Generally, three sampling sites were sampled along cach
transect at approximately 200 m, 700 m, and 1200 m from shore. Transect location ¢ |
sample stations were selected to ensure a gradient in depth, and maximum substrate a |
habitat variability. Samples were collected from an 18 ft aluminum boat owned a |
operated by a local community member durir  July and August of 2005 (Sachs Harbour)
and 2006 (Gjoa Haven). For the Sachs Harbour study area 27 nearshore transects and 90
stations were sampled from the second basin along the Sachs River Estuary, cast of the
community of Sachs Harbour to Cape Kellett (Figure 2.1). For the Gjoa Haven stu -
area, a total of 19 nearshore transects and 57 stations were sampled from the southwest
coast of Schwatka Bay, north of Betzold Point, to the western point of Peterson E v

(Figure 2.2).
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2.1.2 Grab Sampling

Biological sampling at each sample site included benthic grab samples and drop
video camera transects. Benthic fauna were sampled at each station using a Petit-Po
grab sampler with a 17 cm by 15 c¢cm scoop area, and sieved on a 1.0 mm mesh scre
Residues were preserved with 4% buffered formaldehyde solution. The location of each
grab was recorded using a Garmin ETrex GPS unit or Garmin 178C GPS-depth sounder

(accuracy <15 m).

2.1.3 Video Recording of the Seabed

In the Sachs Harbour study area 47 transects were video recorded at 90 of the
grab sample sites. Geographical positions and depth were registered at the start and ¢ |
of each transect using a Garmin 178C GPS-depth sounder. The total time for the video
data was 2 hours and 33 minutes, with an average time of 3 minutes, 20 seconds per
station. Sachs Harbour stations covered depths between | m and 39 m and varied from 3
m to 138 m in length (average length 31 m) (Table 2.1, see Appendix B and C for m:
details).

Fifty-seven stations w : video recorded all  _absi ling sites for the
Gjoa Haven study area. The total time for the video data was | hour and 56 minutes, w 1
an average time of 2 minutes, ~ seconds. Transects of the Gjoa Haven study area covered
depths between 2 and 31 m, and were between 2 and 75 m long (average length 37 m)

(Table 2.1, see Appendix D, E and F for more details).
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2.2 LABORATORY METHODS

2.2.1 Grab Analysis

In the laboratory, benthic fauna samples were preserved in 70% ethyl alcohol. All
benthic fauna, with the exception of foraminiferans and nematodes, were identified H
species level where possible, unless the organism was dam: :d and could ot be
identified. Identification guides were used to identify specimens (Bousfield 1960; Gosner
1971; Fauchald 1977; Bernard 1979; Gosner 1979; Appy et al. 1980; Quijon 2004).
Taxonomic identification of each species was made using a compound microscope and/or
a Fisher Scientific stercoscopic microscope.

Macroalgac were preserved in 4% formalin. All macroalgae were identified down
species level where possible. ldcntification guides were used to identify specimens
(Taylor 1957; Gosner 1971; Gosner 1979; Gotschall 1994; Mondragon and Mondragon
2003). Dr. Robert Hooper (Benthic Phycologist) assisted in the identification. Taxonomic
identification of each species was madc using a compound microscope and/or a Fisl r
Scientific stereoscopic microscope.

At cach station a 120 ml sediment sample was removed from the top of the g1 »
for grain-size analysis prior to sieving: larger clasts (greater than 4 mm) were noted =t
not included in sieving. Grain-size analysis was completed for ncarshore sedim ¢
samples using dry-sieving, with s¢ " nents classified according to the modified Udd
Wentworth grade scale (Krumbein 1934) (Table 2.2). Dried sediment samples with grain
¢ sr from nules (between 2 — 4 mm) to coarse silt (0.031 -0.0625 mm) were

analyzed, usi m es of 100 or ) ctively. _.y sieving followed tl
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procedure outlined in Catto et al. (1989). The samples were placed in a series of stacks,
ranging in sieve mesh size of -5 to +4 phi, and mechanically shaken for 10 minutes. The
mass of sediment retained in each sieve was weighed and recorded. The phi scale,
devised by Krumbein (1934) is a grain size scale for siliciclastic sediments.

Dried coarse silt and clay sediment (< 0.031 mm) were analyzed by wet-sicvi
using masses of 5 grams. Wet sieving followed the procedure outlined in Catto ct
(1989). Clumps were broken up using a pestle and mortar. The samples were placed on a
+4 phi sieve. Tap water was run over the samples to disaggregate any remaining clumps
and allow the fine sand sediment fraction to separate from the silt and clay sedim ¢
fraction. The sand fraction remained on the surface of the sieve, while the silt and ¢/
fraction passed through. No chemicals (e.g. calgon, sodium hexametaphosphate) we
used to disaggregate the clays. Not using a chemical to disaggregate the sediments n ¢
lead to some error, for example clays can appear as silt in size since they flocculate
together. For the purpose of this study the silts and clays did not need to be separated
from one another because all muds were being lumped together. Once sieving was
complete, sediment on the 4 phi sieve was dried in a drying oven at 70-100°C for 24
hours and we” * 1 to obtain the proportion of fine  d within the whole sediment. The
mass of the fine sand retained in the 4 phi sieve was then recorded and subtracted frc
the initial mass to obtain the silt and clay fraction.

Mean grain size (M) and sorting (D) were calculated using the cumulative
probability of the sample and the "1 size in phi scale (Folk and Ward 1957; Fe¢ |

1966).
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Table 2.2 Udden-Wentworth Grade Scale. (Taken from N.R. Catto and Quaternary
Research Group, University of Alberta, 1989).

Wentworth — Udden Grain Size Classification

Clast Sizc Phi Size Classification
-2 mm- | -8 "~ Boulder
""""""""" —64mm- | -6 Cobble
o —32 mm - [ S Coarse Pebble
—~16 mm - -4 " Mecdium Pebble
"""""" ~4mm- 2 Fine Pebble
’’’’ ~2mm-- ) a0 ~ Granule
—tmm- i 0 Very Coarse Sand
""" - 0.50 mm - o+  Coarse Sand
777777777777 —0.25 mm - +2 Medium Sand
~ 0128 mm- | +3 ~ FineSand
--0.0625 mm -- T @ Very Fine Sand
””” —0.031 mm - © CoarseSilt
- 0.0156 mm - +6 Medium Silt
~0.0078 mm- | 1T Fine Silt
""" - 0.0039 mm -- +8 Very Fine Silt
""" - 0.0020 mm -- +9 1 CoarseClay
"""""""""""""""""""" C Ia\

(After Udden 1898, Wentworth 1922, Krumbein 1934)



I

The video records of each video transect were viewed and all macro algae ¢ |
fauna were identified to the lowest possible taxonomic level. Relative abundance (RA) of
macroalgae, macrofauna, and substrate type was estimated by dividing the time (seconds)
of each macro benthos species or substrate type present within a video transect by the

total time (sec) of the video transect:

(equation: RA=time (sec) of species/substrate viewed/ total time (sec) of transect).
Appendices A-E show a description of the video transects (depth range, depth medi

length, time, mean substrate, substrate class, macroalgae and macrofauna cover). Frame

grabbed images were captured from the digital video data for species identification
purposes. Video analysis was especially useful for the identification of epibenthos and for
substrates with dispersed cobble/pebbles and boulders. These sampling sites often

yielded no recovery with the  ab sampler.

2.3 STATISTICAL ANALYSIS
Species richness was compared among stations classified by location, depth, and
sediment type using 2-way ANOVA, followed by the Tukey post-hoc test (SPSS 1999).
A matrix of species presence-absence at each station was compiled, with data
gathered by the video and grab sampler analyzed separately. Video transects were a
compared using relative abundance data with a double square root transformation. Bray-
Curtis simila *~ we calc w' " the data using the PRIMER 5 Package (Clarke

and Warwick 2001) according to Bray-Curtis similarity.
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my se =y el
(ﬂlk + ﬂ/A)

where BC};is the similarity between the ith and jth sites, and #n;; represents the abundance
for the ith species in the kth site.

Relationships between sediment, depth, location and species composition were
analyzed by ordination using multidimensional scaling (MDS) and analysis of similarity
(ANOSIM). MDS plots are used to represent the relatedness of samples and trecatments in
a two-dimensional and/or three-dimensional space. Stress values associated with each
MDS plot reflect how well the distance among the samples in the plot represent the actr |
distance among samples (Clarke and Warwick 2001). The ANOSIM test compares
groups of samples defined a priori in a similar way as an ANOVA test, weighting the
variation within versus between oups (Quijon and Snelgrove 2006). ANOSIM
generates a Global R-statistic that is between -1 and +1 and a significance test. High
Global R-statistic values i1 ' :ate that ANOSIM is able to discriminate between groups.
Finally, similarity percentage analysis (SIMPER) was used to determine the contribution
of individual species to total group similarity, or to dissimilarity between sample groups
(substrate and depth class, or location). Most of the benthic fauna were identified to
species level, however for species composition analysis, family level was used for
polychactes. Description of benthic faunal composition on a family level have been
considered appropriate elsewhere (Warwick et al. 1990; Gray et al. 1992; Kostylev ct al.
2001; Quijén 2004), where minimal loss of discriminate information is shown in

multivariate analyses.
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2.4 HABITAT MAPS

Based on the near-shore sampling, a marine habitat map was constructed for each
study area, using the followir data types: sediment composition, macroalgae and
epifauna from the drop video, epifauna and infauna from the grab sampler, and
bathymetric profiles. Relationships between sampling sites were visualized using
multidimentional scaling (MDS) ordination, supplemented with cluster analysis. Sample
sites that consistently grouped tc ther represent groups of relative similarity based on
species composition. Habitat types were derived from analysis of similarity (ANOSII
based on substrate, depth, and statistically distinct species assemblages. Each
representation of the derived habitat types within the two study areas was constructed
with point data using ESRI ArcView" 9.2. Point data assume no spatial extrapolation of
the habitats classified from a sir e point in space. Habitat maps are represented as
points, rather than vectorized pol ns, because multibeam backscatter data with which
to extrapolate habitat classification (c.f Kostylev et al. 2001; Copeland et al. 2007) was

not available for either study area.
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CHAPTER THREE
RESULTS

3.1 BENTHIC SUMMARY OF SACHS HARBOUR AND GJOA HAVEN

Benthic samples for the Sachs Harbour and Gjoa Haven study arca included red.
brown, and green algac, polychaetes, mollusks, sipunculids, priapulids, foramnifera, a |
echinoderms (Figure 3.1). Most of the biota was identified to species level. Annelids
made up 56%, mollusks 20%, and algae 10% of the 89 taxa found in the mater
examined for the Sachs Harbour study area (Appendix G). Annelids accounted for 38%,
algae 35%, and mollusks 12% of the 125 taxa cxamined in the material for the Gjoa
Haven study area (Appendix F). Some of the common and uncommon species found 1
this study of Sachs Harbour and Gjoa Haven are shown in Figure 3.1 (a-o0).

The circumborcal bivalve, Macoma balthica was found in Gjoa Haven (Fig
3.1m), which indicates a possible ran  extension for this specics. Previously Maco 1
balthica has extended along the entire Hudson Bay coast, along the Hudson Strait, no 1
to Pangnirtung on the East coast of Baffin Island, on the southeastern tip of Greenlai
along the entire coastline of Ice”  d, and south, continuing its range to the Bay of Fun -
(Dyke et al. 1996; Vaindla ~103). As well, this species has an Atlantic extension rang)
from the northwestern tip of Alaska, south to California (Dyke et al. 1996). The reported
findings of this species in Gjoa Haven suggest that this species has spread into the central

Arctic, possibly <« ding its range from Baffin Bay, west. This specics was identified
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using morphometric indices (e.g. size, symmetry, pallial lines and sinus) presented in
various identification keys.

The most common species found in Sachs Harbour study area were deposit-
feeding bivalves and carnivorous (Family: Nephytidae) and deposit-feeding polychactes
(Family: Opheliidae, Phyllodocidae) (Appendix G). Algal mats were the most comm
form of algae found within the area.

Shallow low diversity sand sheets dominated the Sachs Harbour study area. These
sand sheets were found along the near. »bre area just west of the sill scparating the Sachs
estuary from Thesiger Bay, along Martha Point, Duck Hawk Bluffs to Cape Kellett
(Figure 2.1, 3.8, 3.10). Polychaete specics from the family Nephthydidac were -
dominant taxa found within these sand sheets. A diverse gravelly-sand bottom with 1
red algae Coccotvlus truncatus was present to the northeast of the Cape Kellett spit. Beds
of the tube anemone, Cerianthus borealis were found in the decp (20-40 m) muddy-sands
of the outer basin. Sandy substrates covered with beds of algal mats and the bivalve
Yoldia myalis, as well as muddy sul ates with red algac Coccotvius truncatus, al; |
mats, and bivalves Thyasira sp and Mucoma calcarea were observed at various sampli :
stations in the inner basin and in the first basin of the Sachs River Estuary. The deepest
(20-40 m) depth class in the two basins along the Sachs River Estuary was characterized
by anoxic black mud.

Intermediate depth (10-20 m)  velly-sand or mud substrates with high cover of
macroalgae had the greatest biodiversity in the Gjoa Haven study arca. Brown, red, ¢ |

green algae were found throughout the study area. Beds of Succharina longicruris,
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Fucus sp., and Coccotvlus truncatus were observed around Lund Island. The bottom
substrate within this area was gravelly-sands and pebble-cobble gravel. Beds of the tube
anemone, Cerianthus borealis and filamentous green algac were found in oftshore
sampling sites within muddy-substrates at 20-40 m depths around the shoal arca ncar
Betzold Point west to Fram Point (Figure 2.2; 3.12). Shallow depths (0-20 m) within t]

region were characterized by sandy bottoms with diverse macroalgae beds (Coccoty

truncatus, Fucus sp., Sphacelaria sp., and filamentous green a’ 1e). The southwestern
coastline of Peterson Bay was characterized by sand. gravelly-sand, and boulder-gravel
with wide coverage of Succharina longicruris, Coccotvlus truncatus, and Fucus sp
(Figure 2.2; 3.13). Furthermore, the sampling sites running perpendicular from the river
mouth were characterized by sands with the tunicate, Molgula sp., sands with diverse
macroalgae beds, and gravelly-sands with Fucus beds. Overall, the most common specics
found in Gjoa Haven were carnivorous and suspension-feeding polychaetes (Family:
Maldanidae, Nephtyidae), deposit-feeding bivalves (Astarte montagui, Yoldia myalis).
and macroalgac (Coccotvius truncatus, Fucus sp.) (Appendix G). The red algal
Coccotvlus truncatus was the dominant macro:  :al species found within the Gjoa Haven

study area.
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3.2 SUMMARY OF SUBSTRATE AND DEPTH CLASSES

Total sampling for the two study areas included 246 samples classified into 6
sul € ass 3¢ _ h . T 3.1 tlines the characteristics used for
classifying each substrate class based on the Wentworth scalec ! gr.~ -size and video
analysis.

There were 90 benthic grab samples and 49 video transects analyzed for the Sachs
Harbour study arca. The samples were classified into six substrate classes: mud, sand,
muddy-sand, gravelly-sand, pebble-gravel, and anoxic mud (Table 3.1). Sand was |
dominant substrate and (0-10 m) depths was the dominant depth class, contributing to
62% and 50% of the grab and video sampled sites, respectively.

The Gjoa Haven study resulted in the collection of 52 grab samples and 57 video
transects. The grabs were classified into four substrate classes: sand, mud, muddy-sand.
and gravelly-sand (Table 3.1). Muddy-sand, gravelly-sand, and sand were the domin. !
substrate classes sampled, each contributing to more than 20% of the grab and vidco
sampled sites. The pebble-cobble gravel and boulder-gravel classes were described
visually using the Wentworth scale durit  vidco analysis. Video transects with pebb
cobble gravel and boulders pre: for greater than 10% of the total recorded time-per:
were classed as boulder-gravel. A relatively equal distribution ¢ >ng depth classes was

sampled in the Gjoa Haven study area (Table 3.2).






o

3.3 SPECIES RICHNESS

Species richness of macroflora and fauna was significantly greater in Gjoa Haven
(n=97) than in Sachs Harbour (n=83) (ANOVA, F=4.26, df=2, P=0.04). Species richness
increased with depth and was most diverse among the (20-40 m) depth class for vidco

sampled material for the Sachs Harbour study area (Figure 3.2). Differences in species

richness among depth classes for the video sampled material in Gjoa Haven were not
significant (ANOVA, F=0.835, ¢ !, P=0.441; n=52). Overall, species richness amc
depth classes for the two locations was not significant among grabs (ANOVA, F=(0.7.
df=2, P=0.477; n=102) or video (ANOVA, F=0.228, df=2, P=0.797; n=88) (Figurc 3.3).
For the video sampled material, species richness was greatest in the mud and
gravelly-sand substrate for the Sachs Harbour study area, while muddy-sand and pebb
cobble-gravel was greatest for I Gjoa Haven study area (Figure 3.4). Gravelly-sand and
mud substrates had the ~-eatest diversity among the grab sampled material for b |
locations (Figure 3.5). Overall, differences in species richness among substrates were :
significant among video (ANOVA, | 305, df=5, P=0.908; n=88; Figurc 3.4) or grabs

(ANOVA, F=0.653, df=3, P=0.585.1 02) (F _ re 3.5).
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3.4 SPECIES COMPOSITION

The species composition (flora and fauna) of Sachs Harbour samples differed
greatly from that of Gjoa Haven samples for the video and grab (Figure 3.6; 3.7). Stress
levels in three-dimensional MDS plots were much lower for video sampling (0.03), tI
for grab sampling (0.12). ANOSIM analysis confirmed that the two locations w.
significantly different for species composition collected by video (78 sites, R=0.533,

P<0.01) and grab (102 sites, R=0.262, P<0.01).
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Figure 3.6 3D multidimentional (MDS) plot of taxa presence/absence data from video
samples with points colour * to represent Sachs Harbour (SH) and Gjoa Haven
{(GH) (stress value= 0.03).



Figure 3.7 3D multidimentional (MDS) plot of taxa presence/absence data from grab
samples with points coloured to represent Sachs Harbour (SH) and Gjoa Haven
(GH) (stress value=0.12).

Species composition for video varied significantly among depth classes
(ANOSIM, 78 sites, R=0.175, p<0.01) but not among substratc types (Figure 3.8). Notc
that the MDS plot (3D) with the lowest stress value was presented in this paper because
of its greater relability. All depth classes were significantly different from one another.
The shallow (0-10) and deep (2! ) depth classes d  red the _ itest from one anot
(ANOSIM, 78 sites, R=0.282, 1 ).001). Species composition for grabs was significan /
different among substrate types (ANOSIM, 102 sites, R=().076, p=0.015) (Figurc 3.
ANOSIM analysis demonstrated that substrate classes: mud and muc _ -sand (R=0.032,

P=0.13), mud and gravelly-sand (R=0.3/, P=0.003), and muddy-sand and gravelly-sand

(R=0.159. P=0.04) were s ficantly different from one another (Table 3.3). Sand
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accounts for 45% of the total sampled sites (Figure 3.12; Table 3.12). This hab | grc¢
was found just west of the outer basin, and continued along the coastline of the Duck
Hawk Bluffs. Polychaete species from the family Nephthydidae was the dominant t; |
found within this habitat.  Depos feeding and carnivorous polychaete familics
dominated this habitat. Sparse mats of a° e were found within this area. Refer to Figr
3.11 for the habitat map boundaries for Figure 3.12, 3.13, 3.14.

Group B sites were algal mats with low diversity (average no. taxa=2) with sa |
and muddy-sand substrates (Figure 3.10b). This group was distributed in the inner a |
outer basin of the harbour and in the two basins east of the community, along the Sachs
River Estuary (Figure 3.13). Deposit feeding bivalve, Yoldia myvalis and carnivorous
polychaete family Nephthydidae were the most dominant species in this habitat.

Group C stood out as having relatively high diversity (average no taxa=06). This
group was mostly distributed in the inner and outer basin of the harbour. Macrobenthos
of Group C were dominated by bivalves and algae (Figure 3.10c). Deposit-feeding
bivalve, Macoma calcarea and suspension-feeding bivalve Thyasira sp accounted for two
of the most dominant species of this habitat. Red algae, Coccotvius truncatus and algal
mats were the dominant algal taxa. Species from 17 polychaete families were Hund in
this habitat group.

Group D covered 2 sites in the outer basin that were muddy-sand at depths grea
than 30 m. Sites within this Group were dominated by tube anemone Cerianthus borec...

and toad crab Hvas coarctatus alutac s, Group F was an estuarine shallow muddy-
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(modified from imagery © Digital Globe 2005)

Table 3.9 Species composition and characteristics of derived habitat groups for the
Sachs Harbour study area.

Group No. Sites  Av. No. Taxa Dominant taxa (>10% CTGS)
A Shallow low diversity sands 29 4 F. Nephtyidae (54%0) g
B Algal Mats 12 2 A" I'mats (98%%) v

Yotdia myvalis (35%
F. Nephtyidae (31%) g
C Diverse muds 11 6 Coccotvlus truncatus (56%) v
Thyasira sp (49%) g
Algal mats (44%) v
Macoma calcarea (13%) g
F. Opeliidae (12%) ¢

D Cerianthid Beds 2 2 Cerianthus borealis (80%) v
Hyus coarctatus (20%0) v

E Anoxic Muds 5 0 n/a

F Coccotvlus truncarus dominated 3 2 Coccotvlus truncatus (75%) v
Algal mats (25%%) v

G Barrens sands and gravels 6 0 n/a

(TGS Contribution to total-group similarity, derived from SIMPER analysis. CTGS for cach dominant taxon is given i parentheses.

v - collected by video: g - collected by grab
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Group E and G highlight sites with no taxa found. Group E were deep ano:
muddy environments located in the two basins along the Mary Sachs estuary (Fig
3.13). Group G covered six sites in the most western part of the study area. off the Cape
Kellett sandspit (Figure 3.14). Sites in Group G were barren sands and gravels between 0
and 20 m depth (Figure 3.10f). Pebble-cobble gravel substrates were observed in f
inshore arca, while sandy substrates were found at about 10 m depth and below.

Site CK3-3 did not group with any of the other habitat groups (Figurc 3.14). This
site was a shallow gravelly-sand environment with unusually high specics richness (s=
for one site. The surrounding sampling sites within this area fell within Group G (barren
sands and gravels). The seabed of this site was dominated by red algae, Coccon
rruncatus. Three other algae species were present at this site, along with four bivalv

and taxa from three deposit-feedit  polychaete families.
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Table 3.10 Species composition and characteristics of derived habitat groups for the
Gjoa Haven study area.

Group No. Sites Av. No. Taxa Dominant taxa (~10°6 CTGS)

H Dcep muddy substrates i2 5 filamentous green algac (RR%o) v
Yoldia myalis (30%6) g
Astarte montagui (23%a) g
F. Malanmidac (18%0) g
F. Nephtyidae (14%0)g

[ Sands with diverse macroalgae beds 1 S Sphacelaria sp. (38%) v
Cocconvlus nruncatus (22%) v
Fucus sp. (20%) v
fumlamentous green algac (15%0) v
Astarte montagni (33%) g

J Fucus sp. dominated gravelly-sand 8 4 Fuceus sp. (97%) v
K Shallow gravels 5 3 Fucus sp. (97°0) v
L Gravel with kelp beds 6 4 Coccorvius truncatus (42%) v

Saccharinag longicruris (39%6) v
Fucus sp. (18%6) ©
Astarte montagui (43%0) g
Retusa obtusa (28%a) g
Hiatetla arctica (15%) g
Family Maldanidac (15%

M Shallow sands with Molgula sp. 4 4 Molgulda sp. (60%) v
filamentous green algae (37%0) v
F. Orbintidac (30%0) g
F. Maldanidac (14°0) g

CIGS  Contribution to total-group simutarity, dertved trom SIMPER analvsis C1GS for each donunant taxon i given in parentheses

voocollected by svideo, g collected by grab

Group | was a sand and muddy-sand environment, mostly within the 0-20 m depth range,
with diverse macroalgae beds (F 1ire 3.15b). Sphaceluria sp., Coccotvlus truncatus,
Fucus sp., and filamentous green algae, together, were responsible for 95% of the over |
similarity within Group L. Astarte montagui was a common species found within habitat
Group I. Group | was found n  nly along the eastern coastline of Peterson Bay and 1

the shallow sample sites east of the community, towards Betzold Point (Figure 3.17;

3.18).
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Groups J and K were shallow nearshore environments dominated by Fucus be
These groups were mainly found along the eastern and western portion of Peterson Bay
(Figure 3.18). Group J was a gravelly-sand environment with Fucus sp. ar  filamentous
green algae coverage (Figure 3.15¢c), whereas K was pebble-cobble gravel and boulder-
gravel substrates with greater coverage of Fucus beds (Figure 3.15d). Group K was o1/
successfully sampled by video. Group J had 3 deposit-feeding bivalves (Maco 1
calcarea, Astarte montagui, and Astarte sp.), sparse pockets of tunicates (Molgulua sp.),
and polychaete species from 6 families.

Group L were gravelly-sands and pebble-cobble gravel substrates domtnated by
Coccotvlus truncatus, Saccharina longicruris, and Fucus sp (Figure 3.15¢). The
gravelly-sand sites covered thr  sites in the western portion of Peterson Bay (Fig
3.18), while the pebble-cobble avel sites covered four sites around Lund Island (Fig
3.17). The dominant fauna present within this habitat group were three bivalves (Astarte
montagui, Retusa obtusa, and Hiatella arctica), and suspension-feeding polychaetes from
the family Maldanidae.

Group M was a shallow sandy environment dominated by the tunicate Molg. 1
sp. and filamentous _ :na _ :...gure 3.15f). Group M accounted for four sites, which
were dispersed throughout the study area. Two polychaete families, Orbiniidae and
Malanidae were responsible for 44% of the overall similarity within the group sampled

by grabs.












CHAPTER FOUR DISCUSSION

4.1 INTRODUCTION

This study described and classified benthic habitats of two near-shore Arctic
locations associated with different d¢ ces of coastal erosion on the basis of sedim t
characteristics, water depth, and dominant benthic species assemblages. This information
was interpreted from grab samples and drop-video transects. Previous Arctic subtidal
studies have generally used a descriptive approach to classify macrobenthos composition
within their study area (Heath et al. 1981; Thomas et al. 1982; Thomas and Heath 1982:
Aitken and Fournier 1993; Siferd 2001; Leontonwich 2003). Studies of benthos in such
reports typically use cither grabs or video transects and rarely have used both sampling
techniques together. Grabs and drop-video transects used adjacent to one another, provide
information on the characteristics of the sca bottom and species composition of epifauna
and infauna living within a sun  sed area (Heath and Thomas 1984).

The use of drop-video transects instead of SCUBA allows for greater sampling
coverage of a study area and collection of data at reduced expense. Tt major drawback
of this approach is the loss of detail that would be retained with SCUBA the presence of
some epifaunal species may be missed using a drop-video camera as a result of speed of

the camera over the seafloor and distance 1 pitch of the camera from the scafloor.
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4.2 SPECIES COMPOSITION & RICHNESS

Overall, species composition differed significantly between the two study arcas
(See Appendix G; Table 4.1). Only onc polychaete Family (Ncphtyidae) was
characteristic of both locations. This family was found in all substrate types and was the
dominant taxon in deeper muddy-sand environments in Gjoa Haven and shallow sa |
environments in Sachs Harbour. Nephtyidac are carnivorous and typically inhabit sar -
to muddy substrates (Rouse and Pleijel 2001). Polychaetes had the catest specics
diversity for the two study areas. Moll ks and macroalgac accounted for the majority of
the remaining taxa found within the two study areas. Mollusks accounted for 15-20% of
the total number of species found within the two study arcas. Macroalgae species
accounted for only 11% of the total m ber of species found in Sachs Harbour, whereas
algae specics accounted for 21% in Gjoa Haven (Table 4.1). Deposit feeders dominated
both polychaetes and mollusks in species richness for both Sachs Harbour and Gjoa
Haven (See Appendix G: 1 »le 4.1). Lalli et al. (1973) st zested that most Arctic
benthic species appear to be deposit feeders.

One principle differ e = the benthos at Gjoa Haven compared to Sachs
Harbour was the presence of macroalgac attached to gravel substrates to depths of 25 1
and beyond. Gjoa Haven demonstrated high macroalgae diversity and cover compared
Sachs Harbour, which was dominated by sparse algal mats in the shallow arc of the
inner basin and Mary Sachs Estuary. Both Gjoa Haven and Sachs Harbour had close

100 benthic fauna species, however 26 macroalgac species were found in Gjoa Haven in
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found in the Gjoa Haven study area. The presence of macroalgae and gravel substrates
also increases the structural heterogencity of an area, and typically the number of spec
found within this area increases (Bruno and Bertness 2000). For cxample, the gra
substrates support attached epibenthos such as sea urchins, starfish, and brittle stars.

High species richness found in Gjoa Haven may be attributed to its sediment-
starved low-energy environment. Very little sand from the land is being deposited 11
the nearshore marine environment, leaving gravel substrates exposed for epifauna and
flora attachment. Alternatively Sachs Harbour is a moderate cnergy crosio
environment at the shoreline most likely due to thermal ecrosion, demonstrated by the
prograding beaches along the southwestern  oreline of Banks Island. The nearshore arca
is a depositional environment; demonstrated by the broad rippled sand sl :ts dominati
the nearshore of this study area. The lower average faunal diversity in Sachs Harbour is
possibly caused by the scarcity of habitat-structuring macroalgae and high rates of
sedimentation and resuspension in the nearshore environment. Rapid coastal crosion of
this coastline has resulted in continuit  deposition of sand onto the nearshorc mari
cnvironment. The low prin production by macroa e is likely a result of the absence
of pebble/cobbles present in t broad sand sheets dominating the study area. If once
present, the exposed pebble/cobbles and attached macroalgae would have been buried -
sand with time. Low primary production by macroalgae results in a reduced food supply

and habitat for macrobenthos species.
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4.3 UNREPORTED SPECIES AND SPECIES RANGE EXTENSION (M. halthica)

This study has brought to light previously unreported species and aspects of the
macrobenthic communities of Sachs Harbour and Gjoa Haven. This is the most detai
comprehensive study carried out around the communities of Sachs Harbour and Gjoa
Haven. This study identified ninety s :ies in Sachs Harbour. Only onc¢ other study in
2001 completed a benthic survey (Siferd 2001) characterizing benthic communitics in
Sachs Harbour inner and outer basin, the Sachs River Estuary, and Thesiger Bay, on
basis of epifauna from photc -aphs collected along transects. Twenty-six species were
reported in Siferd (2001) report (Table 4.2: Appendix 1), most of which were found in
very low numbers. Differences in the epifauna species found in the Siferd (2001) survey
and this study are likely due to sa  lit  method. Siferd (2001) conducted the samph
transccts using a drop video camera and SCUBA, using these two methods he was able to
quantify abundance per unit area more cffectively.

Table 4.2 Counts of species found at Sachs Harbour reported in Siferd (2001) and this
study.

o - st

Phaeophyccae 2 6
..hodophyta 0 i
Polychaeta 1 53
Bivalvia 7 11
Gastropoda 2 6
Crustacca 6 3
Cnidaria 3 ]
Echinodermata 5 3
Sipunculid 0 2
Ascidiacea 0 B l

Total 26 90
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The circumboreal bivalve, Macoma balthica found in Gjoa Haven, indicates a
possible range extension into the central Arctic. As previously mentioned in section 3.1,
circumboreal Macoma balthica has a range gap that extends from the northwestern tip of
Hudson Bay west, to the northwestern tip of Alaska (Dyke et al. 1996). In the No
Atlantic Macoma balthica has been thought to have gain access to the Arctic basin from
the North Pacific following the Pliocene opening of the Bering Strait (Vainoli 2003). A
genetic subdivision distinguishes the Mucoma balthica of the NE Pacific from those of
the NE Atlantic. (Viinold 2003: Hummel et al. 1997). Viinold (2003) suggests that NE
Atlantic and NE Pacific taxa be distii 1ished as sub-species. The reported findings of
this species in Gjoa Haven suggest that this species has spread into the central Arct
possibly extending its rai : from Baftin Bay, west. The expansion west of this
circumboreal species may coincide with the recent rapid climate change of today. An
inevitable consequence of climate change will be species range extension and resultant
changes in community dynamics within marine ecosystems (ACIA 2005a: Micszkowska

et al. 2006).

4.4 DETERMINING FACTORS

Depth and substrate type are two important factors which influence specics
composition, diversity, and habitat cture __ ter and Grassle 1992 Kostylev ct al.
2001). The current study found that variation in species composition appcared to
driven mainly by depth for video, and mainly by substrate for grabs for the two stt

areas. This implies a methological bias, such that video mainly analyscs algac, which are
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likely to be zoned by light availability, while grab sampling analyzes infauna (c.g
bivalves, polychaetes), which are likely zoned by substrate type. The variation in specics
richness appeared to be driven mainly by depth for both the Sachs Harbour and Gy
Haven study areas.

Species richness was gre  2st among the (10-20 m) and (20-40 m) depth zone for
the two study arcas. Low species richness in the shallower areas (less than ten mi es)
likely due to its rigorous environment for benthic organisms. For example three important
physical factors acting in this environment are fast ice, which forms and remains attached
to the shore, anchor ice, which is submerged ice attached or anchored to the bottom, a |
scouring of the seabed by sea ice. Fast ice can often cause decrcascd dissolved oxygen
concentration in sediments (Lagoe 1979, Reimnitz et al. 1987). Anchor ice can rip «
ice-trapped benthos from the seafloor when the ice aggregates and becomes too buoyant
to stay attached (Barnes and Con”  2007). Low diversity of benthic macrofauna in |
intertidal zone and shallow nearshore arcas is usually attributed to ice scouring (EI
1955; Gutt 2001; ACIA 2005¢). Scouring of the scabed by pressure ridge keels is most
predominant in shallow water depths (Heath and Thomas 1984). As noted above !
movement of these ice keels through the sed :nt redistributes substrates and can
climinate benthos from scoured areas of the seabed (Conlan and Kvitek 2005).
Consequences to benthos are loss of biomass, modification of abundance and diversity
patterns, and change in community structure and function (Conlan ct al. 1998 Gutt 20(
Conlan and Kvitek 2005). Atthc v this study found no physical cvidence for ice scour

in either area durit the drop video : ions, the substrates of these two arcas are



inevitably affected seasonally by ice scouring and ice keel gouging, especially dur
times of ice break up and increased wind and storm activity. Sachs Harbour is mu
exposed and likely experiences more ice scour disturbance. The degree of disturbance
within the two study areas is unknown, however, ice scour disturbances will likely p 7
an important role in the abundance and diversity of species found in the shallower dej
zones. Recolonization rates for Arctic benthos at 0 to 70 m depth after ice scouring have
been estimated at 53 years (Gutt ¢t al. 1996), however ratcs of recolonization after ice
scouring are dependent on many factors and recovery time estimates may be variable. For
example. Conlan and Kvitek (2005) found that after 9-ycars two of their studied ice
scours were at 65% to 84% complete recovery. Factors affecting recolonization of ice
scour disturbances arc timing, size, type, location, and frequency of disturban
physical-chemical characteristics and natural stability of the system, supply of colonizers,
characteristics of colonizers, and biolc ‘cal interactions among the colonists (Conlan ¢ |
Kvitek 2005).

Surprisingly, there was not a strong relationship between substrate and species
ric ' ss. Generally benthic species composition is s~ ificantly correlated with sediment
type (Mclntyre 1969, Etter and Grassle 1992). Although there was not a strc
relationship found between substrate and species richness, therc were, however, soi
differences among species richness and substrate classes, which may be attributed to a
few different factors. Muddy-sand and pebble-cobble gravel substrates for the video
sampled material had the greatest diversity in Gjoa Haven. The high diversity in the

pebble-cobble gravel is likely due to the heterogeneity of this substrate, which provides
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habitat and shelter for many benthos not available in an otherwise homogencous
environment, such as the broad sand sheets found in Sachs Harbour. As well, a
heterogeneous substrate with pebbles and cobbles provides an attachment surface for
many epibenthos species, such as sea urchins, starfish, brittle stars, and several specics of
macroalgae.

Physical factors such as deposition of sediment and resuspension of particul
matter can also influcnce benthic ecosystems. After rain/storm events the nearshore
marine environment receives runoff from the land. Sediment runoff can be a source of
disturbance to benthos in the ncarshore environment. Based on ficld observations, it
appears that the Sachs Harbour nearshore marine environment receives greater amoun
of sediment runoff than Gjoa Haven. Sachs Harbour’s coastline cxperiences rapid coas
erosion and is composed of unconsolidated sediments ranging from silt/clays with
vegetative debris to medium to coarse sands. During the Sachs Harbour 2005 fi |
season, a sister-study Belliveau (2007) assessed the impacts of climate change on the
coastal geomorphology of southwestern Banks Island. Belliveau (2007) mcasu
suspended particulate matter (SPM) at distances 100 m to 1000 m from shore before s
after a wind/rain event along the southwest coast of Banks Island and found that arcas
sampled west of the community in locations of coastal retrcat showed the largest incre:
in SPM after the event. The finer materials (e.g. silts/clays) and vegetative debris st -
suspended longer in the water column and can travel further distances, in contrast
sediment produced from areas of medium to coarse sands which we °d rapidly settle

from sus; sion. Field 1 7" o experiments and surveys of macrofauna a |
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sedimentation of silt/clay substrates have found that increased sediment deposition o1 )
the seafloor can adversely affect macrofauna by reducing oxygen concentrations, alter:
grain size, and changing organic matter content (Norkko et al. 2000: Nicholls et al. 2003).
Overall, the modification of these habitats due to elevated sedimentation has been shown
to reduce overall habitat heterc ‘neity, resulting in lower diversity and reduced
ecological functioning of ecosystems (Gibbs and Hewitt 2004).

Gjoa Haven, on the other hand is not croding and has a coastline composcd of
sand with mixed cobbles and pebbles along with some glacial erratics. The main source
of sediment into the marine system in Gjoa Haven is from a river mouth located at the
head of Peterson Bay. Local observers in 2006 commented that mud plumes from the
river occur typically during spring thaw, but are not commonly scen following rain events

(B. Porter, personal communication, 2006).

4.5 MARINE HABITAT MAPPING

This study has used a comprehensive approach to describing the habitats pres ¢
within these two study areas using “yses from drop vidco and grabs. The nearshe
environments within these two study areas were classified into habitat type and defined
on the basis of macroalgae and macrobenthos distributions. From this, descriptions w
made of 7 habitat types in the Sachs Harbour study area and 6 habitat types in the Gjoa
Haven study area. Each habitat type has a unique specics assembla;  and physical
characteristic based on depth and st 2 tyy  This  pr « describn and

mapping habitats demonst clearly that the differences in the cenvironmental
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charactcristics of the two study arcas are accompanied by vast differences in divers -
and species composition. Of particular intcrest arc the shallow low diversity sands
(Habitat group: A) dominatit the Sachs Harbour study area extending from the outer
basin to Cape Kellett. The rapidly eroding coastline of south-western Banks Island has
impacted this nearshore marine environment with continual deposition of sand, resulti
in a hom¢ :neous mobile sand sheet environment. The nature of this environment yiclds
himited habitat-structuring macroa’ 1e and therefore low diversity of macro-flora ¢ |
fauna. The diverse muds (Habitat group: C) were the most diverse habitat of Sachs
Harbour and are found within the inner and outer basin. The inner and outer basins have
depths ranging from 10 to 40 m and are more protected from ice scouring. Beds of
macroalgae, Coccotvius truncatus serve as the dominant primary producer of this habi
Cerianthid beds (Habitat group: D) were found in the deepest part of the outer bas
Cerianthid anemones are often found in environments with high to moderate curr
flows, where they can feed on plankton (Holohan et al. 1998). Anoxic muds (Habitat
group: E) located in the deep basins of the river estuary arc affected by winter infitl of
brine (Smith et al. 2007), which causes the seabed to turn anoxic, killing resident benthos
and making it an unlikely hab  for|  hic species.

Gjoa Haven’s domit t habitat was sands with diverse macroalgae beds (Habitat
group: I). This habitat was found on the southcastern coastline of Peterson Bay and alc
the southern coast between Fram Point and Be  d Point. Fifteen difterent species of
algae were found in this habt . All habitats in Gjoa Haven had hard substrates with

algae species attached. Pebbles and cobbles were dispersed throughout and some
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boulders were found in the shallower areas. The hard substrates provided an optimal
environment for numerous epibenthos. Even the deep muddy substrates (Habitat grc
H) which were dominated by filamentous green algae had dispersed pebbles with so
macroalgae attached. Habitats H and I had dispersed beds of tube anemone, Cerianthus
borealis. ..ae gravels with kelp beds (Habitat group: L) dominated the seabed arou |
Lund Island and also were found along the western coastline of Peterson Bay. Kelp beds
of Succharina longicruris, red algae Coccotvlus truncatus, and Fucus sp. were ubiquitous
within this habitat.

On the Georges Bank, Thouzeau et al. (1991) described sand-shell bottoms as
being 10-times more diverse than sand dunes, and gravel bottoms being even m
diverse than sand-shell environments. Kostylev et al. (2001) showed a similar pattern 1
the Scotian Shelf. Sediment type controls species distribution and similar groups of
species commonly occur on similar substrata. Overall the findings in this study show a
similar pattern in regard to macrobenthos and scdiment type. Between the two study arcas
epifauna and flora density and richness increased on sand-pebble/cobble bottom and
gravel bottom habitats compared to  1dy bottoms. Also, species such as ceriantl |
anemoncs were commonly found in muddy-sand environments while Molgula
acidians were more commonly found in sandier environments.

The habitat groups not only demonstrate the habitat variation found within these
two study areas with respect to distinct environmental characteristics, but are derived

from a constant survey methodolc / and provide a robust basecline against which to
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assess future changes in habitat distribution, species composition, and diversity as a result

of climate and sea-level changes.

4.6 IMPACT OF CLIMATE AND SEA-LEVEL CHANGE

Current climate change conditions arc reducing the amount of sca ice (AC
2005a), causing permafrost to melt, increasing rates of erosion and likclihood of slopc
failurc (Solomon 2001, Solomon 2005, Manson ¢t al. 2005), and lcaving coas
communities more open to damage from storm surges and waves (Papadimitriou ct
2006). In addition, while the dominant patterns in relative sea-level change in the Arc
are driven by isostatic crustal flexure (Tarasov and Peltier 2004), climate change also
brings about a eustatic sea level rise, at increasingly rapid rates (Shaw et al. 199
Shepherd and Wingham 2007). Areas which are currently experiencing near zero rates of
isostatic vertical movement may begin to experience relatively rapid relative sea-le |
rise, with the possibility of attendant coastal erosion and sedimentation and decrcase 1
biodiversity, depending on surfical geology. In the current study, the submergent region
of southwestern Banks Island with rapid coastal erosion was characterized by a high-
sedimentation, low diversity sand plain environment. By contrast, the emergent reg
(Gjoa Haven) was sediment-starved, and commonly had gravel and boulders in sand or
mud sub:  es, high cov  of ma  algae, and relatively high biodiversity. These two
locations arc currently subject to differing impacts of climate and sea-level chai

Coastal erosion, driven by relative sea level rise and climate warming appears to

bethe "n =t " ctorrespo ‘ble for the low diversity sand sheet environment in Sac s
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Harbour. The relative rate of sea level rise for the region around Sachs Harbour has
estimate of 3.6 mm/a (Manson ct al. 2005) and the sensitivity of this coastline to sea level
rise has been ranked as high (Shaw et al. 1998a). The emergent region (Gjoa Haven) of
this study has an isostatic vertical uplift rate of | to 2 mm/a (Figure 4.1). This vertical
uplift ratc combined with the current rate of global sea-level rise (3.0 mm/a), may shift
Gjoa Haven from an emergent sctting to one that is submerging at an estimated rate of -1
to -2 mm/a. If these estimates hold true, and seca level continues to rise at these rates Gjoa
Haven, along with other areas in the Arctic that are on the cusp of emergence
submergence (indicated on the map in green: Figure 4.1) may begin to cxperience
relatively rapid relative sea level rise, accompanied by coastal erosion. The degree to
which these areas would be impacted would depend on many factors: surficial geology,
the nature of permafrost, slope a1 ‘c¢ of the coastline, sea ice conditions, and wind and
storm activity. For example, coastline composed of unconsolidated. finer silty
sediments exposed to high winds and storm activity will be more vulnerable to rapid
coastal crosion rates compared to a protected coastline composed of sandier coarser
grained sediments. Increased « stal erosion of these finer sediments will lead to
sedimentation into the near-shore environment, impacting and modifying the marine

benthic near-shore habitats.
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observed in the nearshore area of Sachs Harbour are affected by natural events, such 3
cxtreme storms and wind/rain events which contribute to coastal crosion, increased
runoff, and increased sedimentation into thc marine environment. By contrast, Gjoa
Haven appears to be an area that has minimal deposition of sediment into the marine
cnvironment. The main source of sediment into the maringe system is trom a river t t
emptics into Peterson Bay, which typically causes mud plumes during spring thaw
periods. Muddy sedimentation following rain event are not commonly scen in the arca
(B. Porter, personal communication, 2006). Gjoa Haven has an emergent shoreline with a
relatively low energy coastline surrounding the community. Furthermore, the bedrock
and surficial geology of Gjoa Haven make it less susceptible to crosion than Sachs
Harbour. The beaches in Gjoa 1ven are composed of sand and gravel, and are mos -
low energy (Catto and Papadimitriou 2000). In arcas of the Arctic where the sediments
are sand and gravel (Gjoa Ha' 1), the sediment is not easily transported; on the other
hand where the sediments are fine sands and silt (Sachs Harbour), waves and curre

remove the sediment in suspension, transporting it to the marine environment. No crodi
cliffs were observed in the summer 2006 in any areas surrounding Gjoa Haven.  ossil

negative cffects on marine benthos in this study area duc to natural events appear to

negligible. The dominant environmental difference between these two study  cas is |

degree of sand released from eroding Quaternary scdiments. Muddy runoff released into
the ncarshore in both Sachs Harbour and Gjoa Haven, appears to be less of an

cnvironmental driving factor compared to eroding sediments and resultant sedimentatic
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The Beaufort Sea has experienced a significant reduction in sea ice cover over
last 5 years and climatc models suggest an extraordinary decline in the next century
(IARC 2007). The greatest magnitude and frequency of onshore winds is during summer
months of open water and extensive ice-free fetch across the Amundsen Gulf a |
Beaufort Sca (Harry ct al. 1983; Belliveau 2007). If the Amundsen Gulf remains ice-free
for extended periods, the southwest coastline of Banks Island will likely experience
increased crosion rates with larger amounts of sediment deposition into the mar
environment. Long-term change and sediment transport directions reported by Belliveau
(2007) suggest that, as sediment is transported towards the cast, the deep outer basin
located to the west of Sachs spit will begin to infill. Through time this will likely atfect
two habitats (diverse muds and cerianthid beds) located in the Sachs Harbour study ar
These decp thermokarst basins located in the inner and outer harbour receive mob
sediments carried by bottom currents which result in high levels of sediment
accumulation and may contribute to local smothering of benthos and habitat. The dive:
muds dominated by red algae, Coccotvlus truncatus will likely be smothered over tin
whereas the cerianthid beds are likely more tolerant to sedimentation and may be able to
survive.

In contrast to the potential threat climate change poses to benthic hab its, sea ice
thinning due to climate change, will likely result in decreased draft of sca-ice keels,
thereby reducing depth of ice scour, but if the mobility of sca ice increases then greater

ice scour in shallow water will likely occur.

95




4.7 OTHER ANTHROPOGENIC IMPACTS

Anthropogenic effects appear to be minimal in the Sachs Harbour study area. No
dredging of the harbour has ever taken place (K. Parewick, personal communication,
2006) and minimal boating activity occurs within the community. Benthic habitat
modification or destruction as a result of anthropogenic disturbances are not kely to
causing changes in benthic habitats around Sachs Harbo Benthic communitics
observed in the Gjoa Haven study arca arc likely fected by anthropogenic affects.
Boating activity, visiting cruise ships, and garbage pollution, which is often blown from
the land into the marine environment are some of the anthropogenic affects that pers
along the Gjoa Haven coastline. The study arca for Gjoa Haven focused on the nearshore
area located east and west of the community and not within the harbour. This was to
avoid altered benthic habitats due to anthropogenic activities of the town, including
dredging of the harbour and h™ "1 volumes of boat activity.

As global temperatures continue to rise, the ice-free scason may lengthen, making
the Northwest Passage a widely :cessible shipping route (Catto and Papadimitri
2006). This will ultimately lead to increased traffic, suggesting that the impact of
pollution, such as petroleum contamination may be a significant threat to Gjoa Haver. ..
marine biodiversity. Pollution and disturbance of sediments as a result of increased
anthropogenic activity could be detrimental to benthic habitats of these two areas in t
future. As well, traffic through the Northwest Passage increascs the chance of invasive

spec’ . It introduced ~ to of the Arctic (Rice 2003). Invasive specics «
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change the species composition of the environment they inhabit or impact the normal

functioning of the ecosystem (Levine 2000).

4.8 POSSIBLE [N, LICA L .ONS . IR HIGHER LEVELS OF THE FOOD CHAIN

Marine benthos fulfill many important functional roles in marine ccosysten
Polychaetes are typically the d¢ inant component of macrobenthos both in terms of
species richness and the number of individuals (Hutchings 1998). Marine benthos not
only act as direct food sources for humans (e.g. mussels, clams) but are also considered a
primary food source for various bottom feeding fish and marine mammals (Snelgrove
1998). Arctic cisco, arctic flounder, blackline prickleback, eelpout, and slender eelbleeny
in Tuktoyaktuk Harbour fed p lominately on polychactes (Lacho 1991). Other f
species, such as whitefish, arctic cod, fourhorn sculpin, and staghorn sculpin feed mostly
on copepods (Bradstreet et al. 1986; Chiperzak et al. 1990; Lacho 1991). Bearded scals
mainly feed on crabs, shrimp, clams, and bottom fish (Burns 1978). The main
concentration of bearded seals in the Banks Island region are located in oftshore areas,
north of Cape Kellett and to the cast of Cape Lambton (Heath and Thomas 1984).
Previous reports on the southwe  of Banks Island concluded that there was a low density
of clams of appreciable s :in the rc on (Hecath and Thomas 1984; Siferd 2001). ;
well, community residents of Sachs Harbour indicated that there had been a decline
Arctic char over the last decade (Sachs Harbour residents, personal communicatic
2005). Potent”  causes of a reduction of Arctic char may be changes in water

temperature, changes in benthic community composition and density, and over-
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harvesting. If the decline in Arctic char is due to over harvesting, closure to fishing for
Arctic char around Sachs Harbour for a set number of years or setting a quota of fish per
individual or family may be required to regain subsistence fishit ~ for the community.
Settlements located throughout the Canadian Arctic archipelago rely heavily on
the resources from the marine environment. Residents of these communities eat la
amounts of traditional foods, such as Arctic char, ring seal, beluga wl e, and mussels.
Community residents of Sanikiluaq, located in the Belcher Islands harvest mussels, sca
cucumbers, and sea urchins for personal use (Topoluiski et al. 1987). Fishing for char
and other anadromous fish durit  the summer months is a tradition in most Arc
communities and helps sustain local food supplies during the winter. Commun -
residents of Gjoa Haven put out gill-nets, running perpendicular to shore and fish from
boats or off the shoreline during fish migration months (R. Kamookak. perso
communication, 2006). Given that high concentrations of both fish and marine benthos
typically co-exist, a decrease in the density of benthic biota as a result of environmer
and anthropogenic disturbance will likely impact fish stocks, reducing food resources for
Arctic communities. For example, petroleum pollution into the nearshore environment, a
potential conscquence of increased traffic in marine waters, could result in severe loss of
the diverse and abundant macroa’ e habitats found in Gjoa Haven, thereby reduci

food sources for =anthos, fish, and humans.
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CHAPTER FIVE CONCLUSIONS

5.1 SUMMARY OF THE BENTHIC BIOLOGY OF SACHS HARBOUR AND GJOA
HAVEN

The Gjoa Haven study area exhibited high diversity among all taxonomic groups
and had greater diversity per sample site than the Sachs Harbour study area. Specics
composition of Gjoa Haven differed significantly from that of Sachs Harbo
Macroalgae beds were found throughout the study area providing abundant food and
shelter to benthic fauna. This h™ "1 diversity is mostly due to the heterogeneity of the
substrate (cobbles and pebbles dispersed throughout the mud and sand substrates). These
substrate types provide an attachment surface for epibenthos, and habitat and shelter for
many benthos not available in an otherwise homogeneous environment, such as the broad
sand sheets sampled in Sachs Harbour. As well, the continuous supply of sediment i1 »
the nearshore cnvironment of Sachs Harbour makes for an unstable environm

compared to Gjoa Haven’s sediment starved nearshore environment.

5.2 PHYSICAL COMPARISON OF SACHS HARBOUR AND _.OA HA', LN

The physical differences (e.g. isostatic sea-level change. surficial geology, s
bed morphology) and opposing degrecs of erosion (eroding versus not eroding) among
these two study areas play an important role in characterizing the benthic habitats found

aall

in the two 1 sho envirc Sachs Harbour coastline 1s composed f

unconsolidated Tertiary sedimentary rocks overlain by sandy till. Rapid coastal erosion
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has been tied to climate change and isostatic submergence for the region. The Sachs
Harbour coastline supplies a continuous supply of sediment into the nearshi :
environment due to its submergent shoreline with locally rapid coastal erosion. As w
the Sachs Harbour nearshore area acts as a repository for muddy sediments following
intense wind and rainstorm events. By contrast, Gjoa Haven’s nearshore environm: !
appears to be sediment starved, due to the lack of erosion found along this coastline. Gjoa
Haven has an emergent shoreline with a relatively low energy coastline surrounding the
community. Gjoa Haven's coastlinc consists of flights of raised beaches composed of
wind-deflated sand, gravel, and cobbles, with some glacial erratic boulders.

The physical environment of the seafloor of Sachs Harbour is vastly different »
that of Gjoa Haven. The nearshore environment of Sachs Harbour has largely been
determined by the continuous deposition of scdiment into the marine environment and
isostatic submergence of the land. Shallow mobile sand sheets dominate the Sachs
Harbour study area. Submerged th:  okarst basins composed of muddy-sand, mud, and
anoxic mud that reach to depths of 40 m are located in the inner and outer harbour ¢ |
along the Sachs River estuary. In contrast to Sachs Harbour, muddy-sand and gravel
sand substrates dominate the seafloor of Gjoa Haven. Pcbbles and cobbles, along w
some boulders are dispersed throughout the arca and provide an attachment surface
many macroalgal species found within the arca.

Both study areas are subject to extensive ice scouring, especially during ice break
up and increased wind and storm activity. However, Sachs Harbour most likely

experiences greater ice scour due its more exposcd coastline.
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5.3 EFFECTS OF CLIMATE AND SEA-LEVEL CHANGE

Increased coastal erosion and resultant sedimentation in nearshore marine
environments is a predicted impact of climate change. Significant climate warming is
causing the oceans to warm, aciers and ice caps to melt, and an increase of melt water
into the world’s oceans (IPCC 2001b). Currently, the present rate of sea-level rise 1s 3.0
mm a”' (Shepherd and Wingham 2007). If this rate continues over the next centt
global sea-level will have risen 30 cm. If current trends continue, global temperatures
will continue to rise, along with rates of snowfall, ice melting, glacial flow, a |
ultimately rates of global sea-level rise. Predictions for the next century indicate a risc i
global sea level between 0.0 .48 m (IPCC 2007). With continuous sea-level rise the
ocean will continue to encroach on coastlines around the world. Based on the projected
increases in sea level, IPCC (2001b) notes that current and future climate change has a
number of impacts, particularly aloi  coastlines. Such impacts include accelerated
coastal erosion, increased storm surge, and more extensive coastal inundation. Coastlines
currently undergoing isostatic subme  nce are particularly vulnerable to sea level rise
(c.g. Tuktoyaktuk, Sac* ~~ -bour) (F" re 5.1). Sachs Harbour has a subsidence r
estimated at 2.0 mm a’' to 2.50 mm a’', in contrast to Gjoa Haven which has
emergence rate estimated at 2.0 mm a’'. The estimated rate of obal sea-level rise (3.0
mm a') may shift Gjoa Haven from a positive to a negative trend of relative sea-le” |
change and Sachs Harbour at an even greater negative rate of relative sea-level change.
Climate warming is predicted to cause an increase in the extent and duration of open

water in the summer. If predictions are correct, coastlines will be reworked by waves for
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longer periods of time, and the greater fetch over the more ¢xtensive open water wou |
allow storms to impact coastlines even more than at present.

Overall, if climate warming predictions hold true coastal erosion and resultant
sedimentation into the nearshore environment would be expected to continue in Sachs
Harbour. While, climate warming and custatic sea level rise could push Gjoa Haven fri 1
emergent to submergent conditions, leading to limited coastal erosion and increased
runoff during spring melt. Climate warming may result in the Northwest Passage
becoming a viable shipping route. If this occurs, anthropogenic impacts, such s
petroleum pollution, tourism pollution, and the introduction of invasive specics v |
likely increase along Arctic coasts. Biotic consequences of these various impacts could
result in change or loss of benthic species and habitat at these two study arcas.

Arctic coastlines, in addition to the Beaufort Sea shore (c.g. Tuktoyaktuk and
Sachs Harbour), which are most likely to suffer climate related changes is the shoreline
around the Hudson Bay Basin and the shore around the west side of Baffin Island, along
the eastern shore of Foxe Basin (Figure 5.1). These two areas are emergent and have a
coastline composed of fine-grai | sediments. Studies carried out along the east
Hudson Bay coast suggested tI  p 1 st bodies had retreated alor  this rapidly
emerging coastline (Beaulieu and Allard 2003). Marinc clayey silts are the m t
widespread Quaternary sediments along the eastern portion of the Hudson Bay and the
shoreline is dominated by discontinuous permafrost on a low-lying terrain, making @
coastlinc particularly vulnerable to  )sion by storm and wave activity (Beaulicu and

Allard 2003).
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Arctic. The magnitude of these processes will significantly depend on the surfic |

geology and vertical uplift rates for the area and the rate of global sea-level rise. Ot

physical processes that will be of importance will be the degree of exposure of the coast
in study, as well as the amount of rain/snow and storm activity for the arca. The eftects
may not be negligible. Sachs Harbour, for example, lies along an Arctic coastline that has
already experienced rapid coastal erosion and demonstrates low macrol 1thos divers

and low macroalgae distribution and cover.

5.4 RECOMMENDATIONS FOR FUTURE WORK

5.4.1 Methods

A few factors should be considered for future comparative studies of Arctic
nearshore locations. One factor, which should be considered, is the usc of grab and drop
video camera, adjacent to one another at each sampling site. This provides an assessm  t
of both the epifauna and infauna species living among the two study arcas. As well, using
a comprehensive approach (e.g habitat mapping) to describe the habitats present within a
study area provides a clear baseline against which to assess future ¢©  ges in hab
distribution as a result of climate and sea-level char :s.

Sampling method likely played a role in the identified species among the various
habitats for the video sampled material. Most species arec hidden among rocks ¢ |
beneath macroalgae cover, making it difficult to identify all present species found within
each surveyed area. As well, the s; d of tl camera moving over the seafloor affected

the video being recorded. For example, there were s aents of the vide  where the
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seafloor was blurred and organisms, if present, could not be identified. One possible way
to overcome this would be to conduct video transects by SCUBA. However, to survey a
large area by SCUBA poses many logistical constraints such as depth, and endurance for
SCUBA divers (Stevens and Connolly ~)05).

5.4.2 Additional Variables

In this study it was only possible to sample depth, substrate, cpifauna, and
infauna. Further information that would contribute to the study would be water curr t
speed and direction, salinity, oxygen, and light penetration. Water ¢t :nts play a major
role in sediment grain size distribution and the delivery and replenishment of nutrients
and suspended particles to benthos. Mecasuring phytoplankton and zooplankton
production and biomass and primary production by algal mats and macroalgae in the
nearshorc area of these two locations would be beneficial.

Continued monitorii  of the benthic biol 7 of these two Arctic locations and
other ncarshore Arctic locations is necessary. With changing climate and sea-level
conditions in the Arctic it is important to understand past and present marine biological
systems associated with these cl s, as Arctic communities rely heavily on the marine
environment for food sources. Areas which arc currently experiencing necar zcro rates of
1sostatic relative sea-level change may begin to experience relatively rapid sca-level risc,
with possible attendent coa:  © erosion and sedimentation and decrease in biodiversity, as
a result of eustatic sea-level rise driven by climate change. Areas most likely
experience biological changes resultii  from relative sea level driven coastal erosion and

sedimentation are areas with relatir s level rise, fine-grained sediments, and high



winds and frequent storms during the open-water season. Future coastal biological studics
should focus on Arctic nearshore locations that are most likely to undergo the shift fro 1
emergence to submergence and have a surficial geology similar to that of Sachs Harbour.
For a comparison study a better fine-grained emergent setting with Sachs Harbour wor |
be either the west side of Baffin Island, along the eastern shore of Foxe Basin or arov |
the Hudson Bay Basin (Figure 5.1). Also, to increase replication for statistical reasons

choose a fine-grained submergent setting similar to Sachs Harbour (e.g. Tuktoyaktuk).
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Appendix A: Glossary of Terms

Discontinuous permafrost — permafrost is ground that remains at or below the freezing
point of water for two or more years. Discontinuous permafrost is permafrost that does
not form a continuous underground layer throughout the whole of the tundra-covered
region and/or permafrost that covers less than 90% of the ground (Piclou 1994).

Continuous Permafrost — permafrost forms a continuous underground layer throughout
the whole of the tundra-covered region (Pielou 1994).

Eustatic sea-level change — a world-wide or global change in sea level and is unrelated
local/regional effects e.g. change in the ocean water volume (Masselink and Hughes
2003).

Fast ice — sca ice that has frozen along coasts or to the sea floor over shallow depths.
Forebulge — an uplift at the edge of a glacier caused by tilting of the lithosphere.

Glacial-isostasy — isostatic adjustments of the Earth:s crust due to loading and unloadir
of ice sheets (Masselink and Ht es 2003).

Glacial-isostatic emergence/submergence — When the ice sheet melts, the land surface
will resort back to its former position, thus the area formerly covered by ice will enrerge
(come up) and the land surface located in areas at the forebulge of the icesheet will
submerge © y down) (Masselink and Hughes 2003).

lce algae — algal communities found in annual and multi-year sca ice. Sea ice algal
communities can be found ! w1 ice crystals or attached to them, in the interstitial
water or brine channels between ice crystals, or associated with the undersurface of the
ice (Clough et al. 2005).

lce wedge — with temperatures of -15°C or lower the ground cracks as it contracts from
the cold. In the spring, meltwater secps into the cracks and freezes, fc ngwve  cal
seams of ice (ice wedges) (Pielou 1994).

Pingo — a conical hill with a core of clear ice (Piclou 1994); a mound of carth covered
icc.

Relative sea-level change — changes in sea level relative to that of the land and operates
on a regional/local level. This can occur by a change in the sca level and/or change in the

level of the land (Masselink and Hi  ies 2003).

Thermal expansion — an increase in sca water temperature induces a sca level rise; if a
volume of water is heated it will oci  yalarger vo© 1e (Mass = ° and Hughes 2003).
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Thermokarst — a land surface that forms as ice-rich permafrost melts (Bucksch 1997).

Thermokarst lake — a body of freshwater, usually shallow, that is formed 1n a depression
by meltwater from thawing permafrost (Bucksch 19¢ . .
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Appendix B: Description of video transects for the Sachs Harbour study area.
Percentages of time present for each substrate type is given for each video transect.

Transect 1D

Depth
range

Length

|
Kl
FL
Fl
K1
Il
kL
FL
Il
Bl
Bl 3-1
1B 3-5
183 3-1
18 2-1
18 1-1
1B 1-3
1B [-5
1B 2-5
1B 2-3
1B 3-3
1B 3-5
S84
5SS 4-2
S8 4-3
13 5-1
183 4-1
13 2-5
I'B 3-2
B 2-3
™ 1-3
DHB 2-3
DHB 2-2
DHB 2-1
DHB 1-3
DHB 1-2
DHB 1-1
TH 13-8
I'H13-7
TH 13-6
TH 13-4
[ 1341
CK -3
CK 12
CK -1
CK 2-1
(K22
(K23

e s ed — — —
YT 0
to — — 10 s — 1D e

NS

f
"

26
21

16

14
11
8
&
12

14

26

20
21

16

14
11

]'V

14

92
17
63
35

93
70
83
42

05
80
138

Time

~J IJI

8

408
152
235
107
113
6l)

127
210
119
50

272
150
95

275
169
60

240
293
225
204
263
173
170
90

2065
333
300
352
257
125
180
347
233
165
280
293
240
141
141
170
220
218
153
144
163

Mean Substrate Cover Substrate Class
% of total time)

Sa PeCo MSa Mud Amud
0 0 100 0 0 muddy-sand
0 0 100 0 0 muddy-sand
100 0 0 0 0 sand
100 0 0 0 0 sand
0 0 100 0 0 muddy-sand
0 0 0 0 100 anoxic mud
0 0 0 100 0 mud
0 0 100 0 0 muddy-sand
100 ] ] 0 0 sand
0 0 100 0 0 muddy-sand
100 0 0 0 0 sand
0 0 0 100 0 mud
100 0 0 0 0 sand
0 0 0 100 [§] mud
100 0 0 0 0 sand
100 0 0 0 0 sand
100 8] 0 ) 0 sand
0 0 0 100 0 mud
0 0 0 100 0 mud
100 0 0 0 0 sand
100 0 0 0 0 mud
0 0 100 0 0 muddy-sand
0 0 100 0 0 muddy-sand
100 0 0 0 0 sand
0 0 0 100 0 mud
0 0 0 100 0 mud
0 0 0 100 0 mud
100 34 0 0 0 eravelly-sand
100 0 0 () 0 sand
100 64 0 0 0 eravelly-sand
100 &Y 0 0 0 gravelly-sand
100 9 0 4] 0 sand
100 6 0 0 0 sand
100 0 0 0 0 sand
100 0 0 0 [t} sand
100 0 0 0 0 sand
100 0 0 0 0 sand
100 0 0 0 0 sand
100 S3 0 0 0 gravelly-sand
100 0 0 0 0 sand
100 0 0 0 0 sand
100) 0 ) 0 0 sand
100 0 0 0 0 sand
100 36 0 0] 0 eravelly-sand
100 RD] 0 0 0 gravelly-sand
100 86 0 0 0 gravelly-sand
100 0 0 0 0 sand



Appendix C: Description of video transects for the Sachs Harbour study area.
Percentages of time present for each macroalgae and macrofauna specics is given for
each video transect.

Iranseet 1D Mean Macro: > & Macrotauna Cover

(Yo of total time)

algal  Cocconlus Ihvas coarcranns Moleula Ponaster Certanths Strongyvlocentrotus — Ecunarachmn
mats e e : s By drochachiensis parma

FL2d 40 o . v o o . 0 0
FL.1-3 77 23 0 0 0 0 Y] ]
FIL1-2 13 0 0 72 0 0 0 0
FL1-1 0 0 () 8] 0 0 0 0
I 3-3 0 [§ 0 0 | 0 0] 0
Il 3-2 0 0 0 0 0 [\l 0 0
11 3-1 100 0 4 ] 0 0 f 0
I1 2-1 100 0 Y] { 0 0 O {0
F1.2-2 0 0 0 0 0 0 {} 0
Bl 2.5 100 4] 0 0 0 0 0 0
BL 3-1 0 100 0 4] 0 0 0} 0
1B 3-35 0 4 0 0 0 0 {) ¢]
B 3i-1 8 0 ] 4] 0 0 0 0
IB 2-] 67 7 0 0 0 0 0 Q
IB1-1 ¢ il () 0 0 0 0 0
B1-3 7 0 | 0 0 0 0 )
1B I-§ U il 0 0 ¢ 0 0 0
B 2-5 0 0 0 8] 0 0 0 0
IB2-3 0 0 2 0 0 0 0 0
B 3-3 49 Q0 0 0 0 0 0 0
IB 3-5 100 [\l 2 0 §] 0 0 0
SS4-1 0 0 2 0 0 100 0 0
§84.2 0 0 0 0 ) 100 0 0
S8 443 100 0 1 0 0 () 0 )
13 5-1 {Q 0 0 ] { (0 0 0
B 4-1 0 8] 0 0 0 0 0 0
B 2-5 76 24 0 0 {) Y 0 ]
1B 22 0 0 0 0 i} 0 0 100
iB2-3 () () I 0 0 10 0 0
B 1.3 0 QO 1 0 0 0 17 0
DHB2-3 14 0 0 0 0 0 0 0
DHB2-2 0 0 0 0 0 0 ¥} )
pHB 2-1 0 0 0 0 0 0 0 0
DHB1-3 0 0 0 0 0 ( 0 76
miBi-2 0 0 0 0 4 0 0 (
DHB1-1 0 0 0 ] 1] 0 0 4
FH 138 0 0 1 0 0 0 0 0
TH 13.7 0 0 1 0 0 0 0 100
TH 13-6 0 0 1 0 Y] 0 0 0
I'H 13-4 0 0 0 0 0 0 0 0
TH 13-1 0] 0 0 0 4] 0 0 0
CK 13 0 0 0 0 0 0 0 [}
CK 1-2 0] 0 0 0 0 \] 0 0
CK 1-1 0 0 ] 0 0 0 ¢ 0
CK 2-1 0 0 ) 0 0 0 4 0
K 2-2 0 0 0 y] 0 0 0 0
(K 23 i) 0 8] 8] 0 0 \] 0
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Appendix D: Description of video t 1sects for the Gjoa Haven study area. Percentages
of time present for each substrate type is given for each video transect.

Depth Median

Iransect 1D range Depth Length Time Mecan Substrate Cover Substrate Class
{m) (m) (m) {see) (% of total ime)
Sa Bo Peto Pe MSa Mud
SH 2-3 8] G 24 ] 100 0 100 0 0 0 eravelly-sand
SH 2-2 23 28 32 180 100 0 S6 0 0 0 eravelly-sand
SH 2-1 24 24 20 120 0 0 0 0 100 §] muddy-sand
SH 13 22.24 RR) 21 120 0 0 0 0 100 0 muddy-sand
SHL-2 15-16 155 16 130 100 0 0 4] W] 0 sand
SHET-1 2 2 55 130 0 3l 100 Q 0 0 boulder-grayel
SH0-3 24-26 25 H 140 0 4] 0 0 100 0 muddy-sand
Siro-2 2427 255 132 150 0 0 0 0 100 0 muddy-sand
SHEO-1 6 4 - 123 100 0 0 0 o 0 sand
LILE-2 26-31 288 23 110 0 0 0 0 100 0 muddy-sand
1IE-1 14-16 15 40 130 100 0 0 0 0 0 sand
1181 3-32 RIS 6 130 0 0 0 0 100 0 muddy-sand
L1S extra-2 8-11 9.5 21 120 40 4 100 4 o] 0 pebble-cobble gravel
LIS extra-] 5-6 35 21 125 10 0 100 0 0 0 pebble-cobble gravel
BP 4.3 18-22 20 20 141 0 0 0 0 0 100 mud
BP 4.2 to-11 10.5 17 160 [\l 0 0 0 100 0 muddy-sand
BP 4-1 10-12 H 41 120 100 0 0 0 O 0 sand
BP 3-3 1o 19 28 121 0 0 0 0 100 0 muddy -sand
BP 3-2 24 24 28 130 0 0 0 0 100 0 muddy-sand
BP 3-1 4 14 Yo 130 100 0 0 0 0 0 sand
BP 2-3 23 23 - 120 0 0 0 0 100 0 muddy-sand
BP 2.2 21 21 42 145 0 0 0 0 100 0 muddy-sand
BP2-1 8-9 85 3 120 100 (0 0 (} 0 0 sand
BP1-1 18-22 20 93 170 160 0 0 0 0 0 sand
BP 1-2 14-20 16 i6 140 0 0 0 0 100 0 muddy-sand
tL-3 20 20 2 130 0 ( 0 [} 4] 100 mud
H1-2 15-16 155 1 140 0 0 0 0 100 0 muddy-sand
il 5-6 53 10 135 0 0 0 0 100 8] muddy-sand
1P 1-3 14 14 17 150 0 0 0 4] 104) 0 muddy-sand
rFr-2 13 13 42 110 100 ¥ 0 0 0 O sand
FPoi-i 11-12 115 46 130 1] 0 0 0 100 (} muddy-sand
PB1-3 9-11 10 12 140 100 0 0 0 0 0 sand
PR 1-1 34 15 78 140 7 11 90 0 0 0 boulder-gravel
PR 2-3 9-10 9.3 18 130 100 0 0 0 0 0 sand
P 2-1 4 4 65 120 100 [} 2 0 4] 0 sand
PB3-3 10-11 105 is 105 0 0 0 0 100 QO muddy-sand
PB -2 7 7 16 105 1) 0 90 0 0 0 pebble-cobble gravel
P8 3-1 4 4 34 89 0 0 100 0 0 Q pebble-cobble pravel
RM -3 s 5 52 150 100 0 70 0 o] 8] eravelly-sand
RM1-2 6 3 Rh 145 0 0 0 0 100 0 muddy-sand
RM 1-1 3.5 4 34 130 0 0 0 0 100 0 muddy-sand
PBW 4-3 22 22 4 167 0 0 0 0 100 0 muddy-sand
PBW 4-2 10-11 10.5 16 105 100 0 0 100 0 0 prinelly-sand
PBW 4-1 4-3 45 17 180 100 0 0 100 0 0 gravelly-sand
PBW 1-3 15-10 155§ 27 195 100 0 0 100 0 0 pravelly-sand
PBW 3-2 10-11 105 19 125 100 0 0 10 0 0 eravelly-sand
PBW 3-1 7 7 23 160 100 0 0 100 0 QO pranelly-sand
PBW 2-3 17 17 K 142 0 0 0 0 100 0 muddy-sand
PBW 2.2 6 6 M| 143 100 0 ] 100 0 0 pravelly-sand
PBW 2-1 s N S8 130 100 0 0 100 0 0 grayelly-sand
PBW -3 8 8 25 1S 0 0 0 100 100 0 eravellv-muddy-sand
PBW -1 2 2 68 I 4] 20 100 0 0 0 boulder-gravel



Appendix E: Description of video transects for the Gjoa Haven study area. Percentages of
time present for each macroa  : species is given for each video transect.

Iransect 1D Mean Macroalgae Cover
(%o of total time)
Coceorvlies Stictvosiphon Rhodomely filumentons Succharing
" spo runcatuy sp sp green ulgae longicruris Sphacelaria sp. Scvtosiphon sp
S oo 75 75 75 0 0 0 0
SH 2-2 16 0 ¢ 0 0 4 (4 0
SH 2-1 0 50 0 0 100 0 0 0
SH 1-2 Q0 0 0 0 100 0 0 Q
SIH -2 23 0 0 0 0 kR 8 0
SH -1 50 0 0 0 0 0 hE) 0
SHO-3 0 0 0 0 100 0 0 0
SHO-2 0 [t} 0 ( 100 0 Q0 0
SHO-1 0 [} 0 ( 0 0 0 0
LIE-2 0 [} 0 ¢ 80 6 Q ¥
L1E-1 0 54 0 0 0 54 QO 0
LIS-3 0 0 0 0 100 0 [V} 0
LIS extra-2 25 79 0 0 0 79 0 0
LIS extra-1 80 8 0 1 0 l6 0 (0
BP 3-3 0 0 0 0 100 0 0 0
BP3-2 0 63 }] 0 80 28 53 9
3P 4-1 32 Eh 0 0 R0 48 79 32
BP 3-3 0 kR 0 0 0 21 0 0
B3P 3-2 0 4 0 0 100 0 0 0
BP 3-1 Q 23 23 Y] 0 0 23 0
BP 2-3 0 46 0 0 100 0 0 0
B3P 2-2 0 06 0 0 31 0 [ 0
BP 2-1 0 8 \] 0 0 0 w 0
BP 1-1 (} 17 0 O 0 \] 3} (
BP 1-2 43 7 0 0 0 0 40 4]
11i-3 0 0 0 0 100 0 77 (
11-2 [V ¢ 0 0 S0 25 29 0
11-1 15 0 0 0 &0 3 R0 0
1P 1-3 0 17 0 0 SO 0 S0 0
kP 1-2 0 14 0 0 70 4 70 )
P 1-1 0 23 0 0 75 4 75 0
PR 1-3 Y 23 0 v 100 18 100 ]
PB 1-1 90 4 0 0 0 0 I8 0
PR 2-3 77 23 0 0 0 0 1o ]
PR 2-1 30 0 0 0 [\ 0 b Y]
PB 3-3 S7 0 0 0 0 0 R (
PB3-2 100 0 0 0 ( 0 0 0
Pl 3-1 100 Y] 0 \] 0 ( ( 0
RM -3 67 0 0 0 O 4 0 0
RM |22 90 (} 0 0 4 } 0 [}
RM I-1 0 0 0 0 05 0 0 0
PBW 4-3 0 9 0 0 100 0 0 0
PBW 4-2 27 27 0 0 100 0 10 ]
PBw -1 0 0 0 0 0 0 4 V]
PBW 11 0 85 0 0 0 064 0 0
PBW 3-2 0 12 Y] 0 0 8 O 0
PBW 3-1 22 9 ] 0 0 [} 13 0
PBW 2-3 0 42 0 0 70 \] 0 Y
PBW 2.2 76 10 0 0 0 7 0 4]
PBW 2-1 65 0 0 0 0 0 ] 4]
PBW -3 70 0 8} 0 0 0 0 0
PBW -1 9 0 0 0 0 0 0 0
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Appendix F: Description of video transects for the Gjoa Haven study area. Percentages of
time present for each macrofauna species is given for each video transcct.

Transect ID

Macrofauna species
("o of total time)

Pachy cerianthus
Mesidotea sp. Molgula sp fimbriatus Asterias sp Ponaster sp Brittle star
SH 2-3 0 63 0 8] ( 0
SH 22 2 0 0 0 0 0
SIH 2-1 0 0 3 8] Q0 0
SH-3 0 0 10 0 3] 0
SH -2 0 0 0 0 0 Y]
SH1-1 1] 0 0 0 0 0
SH0-3 4] 0 36 0 0 0
SHO-2 {} 0 13 0 0 0
SH0-1 (} 100 0 1] 0 0
[1E-2 0 0 N 0 3 0
LIE-1 {} 0 0 0 0 0
LIS-3 0 0 7 5 3 12
LIS extra-2 0 0 0 0 0 8]
LIS extra-t 0 0 0 0 0 0
BP 43 } 0 1l 0 0 0
BP4-2 I 0 13 8} 0 0
BP4-1 ( 0 0 0 0 0
BP3-3 {l 3 0 0 0 0
BP 32 ¥l ) 2 0 0 4]
RBP 3-1 8] 0 0 0 0 (}
BP 2-3 4] 0 [} 4] 0 0
BP2-2 0 1] 2 0 0 0
BP2-1 0 3} 0 0 {} 0
BP1-1 0 0 2 0 0 0
Br1-2 Q 0 4] 1] 0 0
H1-3 0 [} 9 8] 0 0
HI-2 0 0 0 0 0 0
H1-1 0 2 [} 8] 0 0
PR 0 0 0 0 0 (}
P12 8] 0 0 0 0 O
FP Tl 0 0 0 0 0 (}
PRI 0 0 Q 0 { 0
PBI-1 0 0 0 0 0 3]
PB2-3 Q 0 0 0 0 3}
PR 2-1 0 0 0 0 0 0}
P 3-3 0 0 0 0 0 0
rB3-2 3] ) 0 () 8] ¢
Pl 3-1 [ 0 0 0 8] 8}
RAM -3 ( 0 1] 0 0 {
RM 1-2 } 0 1] ¥ 4] ]
RM 1-1 0 23 0 0 0 0
PBW 4-3 0 0 0 8] 0 0
PBW 3.2 0 0 §] 0 0 ]
PBW -1 0 14 4] 0 8] 0
PRW 3.3 0 0 8] ¢ 0 0
PBW 3-2 { [§] 0 b] 8] 0
PBW 3.1 { 4 8] 0 0 0
PBW 2-3 0 [§} 0 0 1] 0
PBW 2.2 0 0 0 0 0 0
PBW 2-1 0 ] 3] 0 0 0
PBw -1 4] } Q v} 8] 0
PBW I-1 (} { 0 { Q (
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Appendix G: List of species for Gjoa Haven and Sachs Harbour study areas.
Gjoa Hav-- | Cnnke uﬁg.,\..,

PLANTAE -
Phaeophyceae (brown algae)
Desmarestia acul 1
Dictvosiphon sp.

Fucus sp.

Petalonia sp.

Pilavella littoralis

Saccharina longicruris
Succhurina sp.

XXX XX X XX

Saceorhiza sp.
Scyvtosiphon sp. X

>
=

Sphacelaria sp.

>
=

Stictvosiphon sp.
Rhodoghyta (red algae)
Audouinella sp.

=

Ceratocolax hartzi X
Coccovlus truncatus
Hildenbrandia ruber
Odonthalia dentatu
Pantoneura sp.
Polysiphonia sp

Rhodomela sp.

Scagelia sp.

Chlorophyta (green algae)
Chaetomorpha sp.

H XXX X X X

Cladophora sp.
filamentous green algae
Percursariu sp.
Rhizocloniunt sp.
Spongomorpha sp.
Ulothrix sp.

XXX XXX XX

Urospora sp.
algal mats X

POLYCHAETA
Aglaophamus neotenus (c)
Aglaophamus sp. (¢)
Ampharete acutifrons (d)
Ancistrosvllis groenlandica (¢)
Apistobranchus tullbergi (d)
Apistobranchus sp. (d)
Bvlgides sursi (c)

Capitella capituta (d)

XXX X XX XXX
x

Cirratutus cirratus (d)
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Cossura longocirra (d)

Enipo gracilis (c)

Enipo sp. (c)

Eteone sp. (d) (¢)

Euchone rubrocincta (8)
Euclymene zonalis (s)
Eumida sanguinea (d)
Eumida kefersteini (d)
Eunice sp. (c)
Euthalanessa sp. (c)
Fabricia sabella (s)
Fabricia sp. (s)
Goniadidae (c)

Harmothoe extenuata (c)
Harmothoe sp. (¢)

Laonice cirrata (d)
Magelona sp. (d)
Mualanidae (s)
Murenzelleria viridis (d)
Naineris quadricuspida (d)
Naineris sp. (d)

Nephvs bucera (¢)

Nephitvs caeca (¢)

Nephitys ciliata (¢)

Nephivs discors (c)
Nephtys incisa (c)

Nephivs sp. (c)

Nereis sp. (¢)

Nereis zonata (c)

Ophelia sp. (d)

Ophelia bicornis (d)
Ophielia limacine (d)
Ophielia sp. (d)

Opheliidae (d)

Ophelina acuminata (d)
Ophioglveera gigantean (c)
Orbinia ornate (d)
Paralacydonia sp. (d)
Paralacydonia puradoxua (d)
Pectinaria gouldi (d)
Pholoe minuta (c)
Polveirrus sp. (d)
Potamilla reniformis (s)
Potamilla sp. (s)

Praxiella gracilis (d)
Praxillella praetermissa (d)
Protodorvillea kefersteini (d)

X X X X

X X X X

X X X X

XXX HXHXXKXX XX XX XX

XX XX XXX XXX X XX
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Rhodine loveni (s)
Subetla penicillus (s)
Scalibregma inflatum (d)
Scolopus acutus (d)
Scolopus armiger (d)

Scolopus robustus (d)
Scolopus sp. (d)
Spirobis sp. (s)
Sternaspis scutata (d)
Streblospio benedicti (d)
Terebellides stroemi (d)
Terebellides sp. (d)
Tharvx acutus (d)
Travisia carnea (d)

SIPUNCULID
Phascolosoma margarituceum

Phascolosoma sp.

PRIAPULID
Priapulus sp.

ASCIDIAN
Molgula sp.

CNIDARIAN
Cerianthus borealis
Pachyeerianthus fimbriatus

BIVALVIA

Astarte montagui (d)
Astarte sp. (d)

Astarte undata (d)
Clinocardium ciliatuni (s)
Cumingia tellinoides (d)
Thyasira sp (s)

Hiarella Arctica (d)
Macoma calcarea (d)
Macoma balthica (d)
Myvsella planulata (d)
Nucula sp. (d)

Nueulu tenuisuleata (d)
Tellina agilis (8)

Thracia septentrionlic (s)
Turtonia minuta (s)
Yoldia limanda (d)
Yoldia myalis (d)

X X X X X X X X X X X >

X X >

XX XX XXX XX XXX XX XXX
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-

GASTROPODA

Lacuna vincta (h)

Lora bicarinata
Melampus hidentatus (h)
Odostomia sp. (h)
Renisa obtusa (¢)

Thais sp. (¢)

ECHINODERMATA
Asterias sp.
Echinarachinus parmu
Ponaster sp.

Family Ophiuridac
unknown brittlc star

CRUSTACEA
Acanthostepheia malmgreni
Diastylis rathker

Gammarus mucronatus

Hyas coarctatus alutaceus (¢)
Mesidotea sp. (¢)

XX X X X X

> X

KX X X X X

x

131






tel

Rhizoclonium sp.

Sp wrpha sp.
ul sp.
Ur 18p.

algal mats

POLYCHAETA (Famil

Apistobranchidae (d)

£ nidac
£ )
C a(d)
Cirratulidae (d)
(d)
e (d)
c)
(c)
Hesionidac
dae (d)
2 (s)
1e (¢)
(¢)
c(d)
¢ (d)

Paralacydoniidac (d)
Paraomdac (d)
Pcctina  ac (

| dae (¢)

I ‘docidae (d)
Pilargidae (c)
Pisonidac

P ndae (¢)

S idae (s)

P

PadiE i




vel

HABITAT GROUP A B C D F CK 3-3
Scalibregmidac (d) X
1e (s)
dae (c) X
e (d)
Sternaspidac (d) X
Terebe d) X X X
Tn ol (d) X

[

idac (d) X

) 1A
Mo asp. X

CNID/ \N
Cerianthus borealis (s) X

BIVALVIA

Astarte montagui (d) X
Astarte sp. (d)

Astarte undata (d)

Clinocardium ciliati ~ (s) X
Cumingia tellinoides (d) X
Thyasira sp (s) X X X X

Hiatella Arctica (d) X






Appendix I: List of species identified from grabs and video sampling for Sachs Harbour
in 2005 and species identified from photographs collected by Siferd (2001). * indicate
species only found in Siferd 2001 study.

SACHS HARBOLUR

dhin ndenda, Qifncd 4001
PLANTAE
Phaeophyceae Phaeophyceae
Desmarestia aculeare Fucus sp.
Fucus sp. Laminuria solidungula

Suaccharina longicruris
Scvtosiphon sp.
Sphacelaria sp.
Stictvosiphon sp.
Rhodophyta
Ceratocolax hartzi
Coccotvlus truncatus
Chlorophyta
Chaetomorpha sp.
Algal mats
ANNELIDA

Aglaophamus neotenus Lumbrineris sp.

Aucistrosvilis groenlandica
Apistobranchus tullbergi
Cupitella capitata
Cirratutus cirratus
Cossura longocirra
Enipo gracilis

Enipo sp.

Eteone sp.

Euchone rubrocincta
__mida sa. inea
Eumida kefersteini
Eunice sp.
Euthalanessa sp.
Frabicia sabella
Frabicia sp.
Goniadidae

Harmothoe extenuata
Magelona sp.
Malanidae

Naineris quadricuspida
Naineris sp.

Nephtys bucera

Nephtvs caeca
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Nephtys ciliata
Nephns discors
Nephtys incisa
Nephiys sp.

Nereis sp.

Nereis zonatua
Ophelia fimacine
Ophelia sp.
Ophelina acuminata
Opheliidae

Ophelia bicornis
Ophioglveera gigantea
Orbinia ornate

Puralacvdonia paradoxa

Paralacvdonia sp.
Pholoe minuta
Polvcirrus sp.
Potamilla reniformis

Protodorvillea kefersteini

Rhocine loveni
Suabella penicillus
Scalibregma inflatum
Scolopus acutus
Scolopus armiger
Spirobis sp.
Sternaspis scutata
Terehellides stroemi
Tharyvx acutus
Travisia carnea
SIPUNCULID

Phascolosoma margaritaceum

Phascolosoma sp.
ASCIDIAN
Molgula sp.
CNIDARIAN
Cerianthus borealis

BIVAILVIA
Clinocardium ciliatum
Cumingia tellinoides
Thyasira sp (s)
Hiatella Arctica (d)
Macoma calcarea (d)
Mysella planulata
Tellina agilis

Thracia septentrionlic

Cerianthus borealis
Pachyeerianthus fimbriatus *
Halcampa sp. *

Mva sp. *

Serripes groelandicus *

Clino  lium ciliatum *

Hiatella arctica
Mi s sp. ¥
D¢ sec o greenlandicus

Mucoma calcarca
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Turtonia minuta
Yoldia limatula
Yoldia myalis
GASTROPODA

Lacuna vincta

Lora bicarinata
Melampus bidentatus
Odostomia sp.

Retusa obtuse

Thais sp.
ECHINODERMATA
Echinarachinus parma
Ponaster sp.

Family Ophiuridae

CRUSTACEA
Acanthostepheia malmgreni
Gammarus mucronatus

Hyvuas coarctatus alutaceus (c)

Buccinum sp. *

Natica clausa *

Ophiacantha bidentata *

Ophiopleura borealis *

Gorgoncephalus sp. *

I ometra glacialis *

Ponaster tenuispinuys

Rhachotropis sp. *

A *

& ocephalus inflatus
Onismus sp. *
Mesidotea sp. *

Hyas coarctutus alutaceus

Mysis sp. *
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