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ABSTRACT
Movement patterns, habitat utilization, and spagriabitat of Lake Sturgeon
(Acipenser fulvenscens) in the Pic River, a northeastern Lake Supeributary in
Ontario, Canada
Andrew Ecclestone

Lake SturgeonAcipenser fulvenscens) have undergone significant declines in abundance
and distribution throughout their native rangeha taurentian Great Lakes and are listed
as threatened under the Endangered Species Acttafi®and by the Committee on the
Status of Endangered Wildlife in Canada (COSEWIR)esponse to this, there has been
a push to identify for protection the critical LaB&urgeon habitat within spawning
tributaries in the Great Lakes, especially thoseitaries where no data currently exists.
The Pic River is one of twelve tributaries in Le&eperior that continues to support Lake
Sturgeon spawning, but very little is known abd& mmovements, habitat utilization, or
spawning habitat of this population. To addresse¢hHenowledge gaps, a radio telemetry
and spawning assessment study was undertaken 0mt@ 2010 to monitor movement
patterns as they related to abiotic conditionstaridentify and assess critical habitat in
the Pic River. Three unique migration patterns vedrgerved, two of which related to
foraging individuals and one relating to spawnindividuals. Spawning individuals
entered the river earlier and rapidly ascendeditiee to one of two uppermost barriers
(Manitou and Kagiano Falls), whereas foraging irdirals either remained at the mouth
of the river or migrated 20 km to 30 km upriverdiep pools throughout the lower
rapids. An unusually warm spring and early meR@10 resulted in Lake Sturgeon
entering, reaching their uppermost point, and egithe river roughly 55 days earlier

compared to the previous two years. The onsetedf thigrations were highly correlated



with ice conditions and when the river became iee {R=0.88), although water
temperature and discharge were not accurate poeslictr migration timing. Critical
habitat features were identified and potential spag sites were evaluated using a Lake
Sturgeon habitat suitability model (HSM). By conipgrspawning assessment results
with model predictions, this study found that th&Micould not accurately predict where
spawning would occur between different spawningssibut did reasonably well within a
spawning site for predicting the timing and locataf spawning. It is advocated that the
HSM incorporate the presence or absence of a béoriaigration to increase the validity
of its prediction. This study not only contributesthe expanding knowledge base and
conservation efforts that exist for Lake Sturgeothie Great Lakes, but will also
contribute to the decision making and planning pssdor proposed local hydroelectric

developments.
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Chapter 1: General Introduction

Lake SturgeonAcipenser fulvescens) are one of the world’s largest and longest
lived freshwater fish species, and the only speaiesturgeon species that is native to the
Laurentian Great Lakes (Scott & Crossman, 1998¢s&lpotamodromous bottom-
feeders have a primitive appearance and a downfaeany snout that enables them to
detect prey in soft bottom sediment using sensisygmd barbels (Harkness & Dymond,
1961; Peterson et al., 2007; Stelzer et al., 2QRB)eniles allocate a disproportionate
amount of energy towards somatic growth (Beamisdl.e1996), and therefore sexual
maturity is not reached until approximately 12-Fass for males and 18-27 years for
females (Kempinger, 1988; Bruch & Binkowski, 20@2terson et al., 2007; Barth et al.,
2009). These extreme life history characteristiaghe Lake Sturgeon make it a difficult
species to manage and research given the resudderee constraints of most fisheries
projects.

Each spring, when water temperatures are betwe¥htH121°C, a proportion of
each adult population migrate upriver to reprodaictneir natal spawning grounds that
contain cobble-boulder-gravel substrates and fagtirig water (Harkness & Dymond,
1961; McKinley et al., 1998; Bruch & Binkowski, 2D0Peterson et al., 2007). Bruch &
Binkowski (2002) found that spawning sites in thenki¢bago system were close to deep
overwintering pools (<2 km), had an extensive amafispawning substrate (>70F)m
that was comprised of clean rock, limestone, oniggawith clean interstitial spaces, and
high flows for cleaning rocks and aerating eggse®a other studies report Lake
Sturgeon spawning at depths of 0.1 m to 2.0 m gxearel or cobble substrate, and at

water velocities that range from 15 cm/s to 70 ofRfsegel and Wirth, 1974; LaHaye et



al., 1992; McKinley et al., 1998; Auer & Baker, 200Spawning temperatures can also
vary quite substantially. A long-term study in ¥elf River found evidence of spawning
at temperatures between 8.3°C and 23.3°C (Kempih§88) and up to 21.5°C in the
L’Assomption River (LaHaye et al., 1992). Most spatvg, however, is observed
between 13°C to 18°C (Scott & Crossman, 1973; B&uBtinkowski, 2002; Peterson et
al., 2007). Lake Sturgeon have a polyandrous matystem, whereby two to five males
will fertilize eggs that are broadcasted by a spag female while traversing the length
of the spawning habitat (Harkness, 1988; Auer &d&aRkR002; Bruch & Binkowski,
2002; Hodgeson et al., 2006; Peterson et al., 2@@ge females only spawn every 3-5
years, and males every 1-3 years, inter and impalgation variation in movement
patterns and habitat utilization are often obsethedughout the spring (Kempinger,
1988; Fortin et al., 1996; Rusak & Mosindy, 199&tdPson et al., 2007). By late-
summer, and throughout the fall and winter, popoitest typically reduce their home
range size and show strong site fidelity for deggewpools, which are typically located
in the lower sections of rivers, or a connectee Igkay-Chmielewski, 1987; Lyons &
Kempinger, 1992; Fortin et al., 1993; Rusak & Mal$in1997; McKinley et al., 1998;
Auer, 1999; Knight et al., 2002; Haxton, 2003b;laalan et al., 2008). Spawning
females are highly fecund (Harkness & Dymond, 1&&dtt & Crossman, 1998;
Peterson et al., 2007) and can potentially lay niioae@ 10,000 eggs per kilogram of fish
(Bruch et al., 2006), but natural mortality ancekl of parental care can result in less
than 0.1% of those eggs reaching age-0 (Carofiah,2010, 2011).Lake Sturgeon was
once considered one of the Great Lake’s most almiraotel widely distributed endemic

fish species (Hay-Chmielewski & Whelan, 1997; Aug99; Peterson, 2007). In the



early-1800s Lake Sturgeon were so abundant andyndisributed that they were
considered a nuisance species by most commersiedrfes (Stone & Vincent, 1900;
Harkness, 1988; Hay-Chmielewski & Whelan, 1997y tvere an essential bartering
commodity during the fur trade era and have alwmgen traditionally important to
aboriginal peoples for subsistence and culturgbpses, especially in northern Ontario
(Hannibal-Paci, 1998; Holzkamm & Waisberg, 2005td®io Ministry of Natural
Resources, 2009; Kline et al., 2010). At the R&myer, the 1868 spawning run attracted
roughly 1,000 Ojibwa people from as far east asiigeg and as far west as Lake
Superior (Holzkamm et al., 1988). While the purpokthese trips was to harvest the
meat and medicinal benefits (Hopper & Power, 19818 spawning runs also served as
social gatherings where political discussionsgrelis ceremonies, or traditional
teachings would occur (Holzkamm et al., 1988). dtistl accounts report Lake Sturgeon
being brought into the Detroit fish markets by thegon load and piled like cord-wood
where they would be sold for as low as 50 centscapand used for fertilizer or fuel
(Stone & Vincent, 1900).

Beginning in the mid-1800s, a valuable and targetedmercial fishery for Lake
Sturgeon developed, which was driven by the denf@aniertilizer, isinglass, biofuel, and
towards the start of the ®@entury, caviar (Stone & Vincent, 1900; Harknd$88;
Hay-Chmielewski & Whelan, 1997; Williamson, 2008} catches exceeded the
maximum sustainable yield in the late 1800s, Lakedggon stocks rapidly collapsed
throughout the Great Lakes Region (Baldwin etl®79; Hay-Chmielewski & Whelan,
1997; Auer, 1999; Baker & Borgeson, 1999). Thistetieavy regulations in the 1920s

followed by the closure of most American commer&itieries by 1980 (Baldwin et al.,



4

1979; Auer, 2003; Peterson et al., 2007) and tbenteclosure of the recreational fishery
in Ontario and bordering states (Ontario Ministf\Natural Resources, 2009). Despite
these mitigation measures, however, the majorigtfgeon populations have still not
rebounded in the Great Lakes.

In more recent decades, the most prominent antlgeopo threat that is inhibiting
the recovery of populations is habitat degradagiod fragmentation (Hay-Chmielewski
& Whelan, 1997; Auer, 1999; Peterson et al., 2088}imates suggest that Lake
Sturgeon require 250 km to 300 km of unimpededrfiake habitat as a minimum home
range size to complete their life cycle (Auer, 1996Lake Sturgeon do not have access
to this large river-lake habitat, then populatiomsy become vulnerable to immediate
extirpation when habitat is severely impacted aeanhable (Harkness & Dymond,
1961; Baker & Borgeson, 1999). Even if the effexfthabitat fragmentation are not
immediately felt, over time populations residinguimmpeded stretches of river have
greater abundances and faster growth rates compmapeghulations occupying
impounded sections of river (Haxton, 2002, 2003axtHn & Findlay, 2008). Natural
barriers, such as fast flowing rapids or small watks, may not fragment habitat or
population connectivity (Welsh & McLeod, 2010). Hewver artificial developments,
such as hydroelectric developments or water digassihave resulted in severely
fragmented habitats, isolated populations, andeatspawning behaviour (Haxton, 2002;
Daugherty et al., 2008a, 2008b; Paragamian é2@01). Furthermore, the altered flow
regimes that often accompany such developmentalsarhinder the spawning ability
and behavior of Lake Sturgeon, thus having an &guoabative impact on the spawning

success (Haxton, 2002; Paragamian et al., 200{prigkeoverfishing and habitat
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fragmentation, several other threats continue hdihthe recovery of Lake Sturgeon,
including invasive species and their control measyBoogard et al., 2003), pollution
and poaching (Auer, 1999), and the potential erosfdocally adapted genes (Welsh et
al., 2008; Welsh et al., 2010).

Currently, the abundance of Lake Sturgeon in treaGrakes is estimated to be
less then 1 % of its historical level and 27 popates have become extirpated from
historically active tributaries in the Great LaK8sott & Crossman, 1973; Hay-
Chmielewski & Whelan, 1997; Auer, 1999; Ontario Miny of Natural Resources,
2009). In response to this weakened state, Lak@&tn populations have been grouped
into eight designatable conservation units througtieeir native Canadian range by
COSEWIC based on their genetic and biogeograptitfarences (Ferguson &
Duckworth, 1997; COSEWIC, 2006; Welsh et al., 20K@rtanson, 2008; Hutchings &
Festa-Bianchet, 2009). Designatable unit 8 (DU8)a&ios the Upper Great Lakes and
the St. Lawrence River system, which has beendutiihoken down into three
designatable subunits (Lake Erie-Lake Huron (DUB@xthern Lake Superior (DU8b);
and St. Lawrence River (DU8c)) (Velez-Espino & Kepp009) and six genetically
significant units (Welsh et al., 2010). These desigble subunits and genetically
significant units have been developed in light @ivrevidence that focuses on population
trends, biogeography, genetic differences, andigeory characteristics within each area
(Velez-Espino & Koops, 2009; Welsh et al., 201Q)rtkermore, they have been listed as
threatened or endangered by all states and prasweounding the Laurentian Great
Lakes, which has led to an increasing amount ofeoration and research efforts (Auer,

2003; Peterson et al., 2007; Ontario Ministry otidal Resources, 2009).



Habitat restoration and stocking efforts to rehtdi#¢ populations have been
introduced with mixed success (Auer, 2003; Peteets@i., 2007; Ontario Ministry of
Natural Resources, 2009). Habitat restoration ptsjbave been largely spawning
focused, including spawning habitat enhancemenirapdbving accessibility to
potential spawning grounds (Daugherty et al., 20@888b; Trested, 2010). At the Des
Prairies River in Quebec, catch per unit of eff@PUE) of eggs and larvae increased by
three to five fold in years following the enhancenef a spawning shoal at the base of a
hydroelectric facility (Dumont et al., 2011). Spamgnwas also documented in the St.
Lawrence River following a spawning habitat enhaneet project, although comparable
baseline assessments were not performed to evauetess (Johnson et al., 2006).
Barriers to migration have also been removed teigeoaccess to historical spawning
sites in the Grasse River, New York (Trested, 2040y potential spawning sites have
been evaluated to prioritize future dam removakheGreen Bay basin of Lake
Michigan (Daugherty et al., 2006). Reintroductiord supplemental stocking efforts
have been ongoing for 20 years, with considerafibeteccurring in Michigan and
Wisconsin (Smith, 2009). Many of these programgioae with an unknown amount of
success, and several issues remain, such asdiaditable donor populations (Drauch et
al., 2008; Welsh et al., 2010) and assessing thevailland adaptability of stocked
individuals (Drauch & Rhodes, 2007; Smith, 2009.tAese rehabilitation projects are
costly and unpredictable, research that aims tatifyeand protect significant Lake
Sturgeon habitat before it becomes depleted is prathctive for conservation and more

cost-effective.



To date, the movement patterns and habitat uiitinadf Lake Sturgeon have
been identified in several rivers throughout Ndktherica (Table 1.1). Through a
combination of netting, radio telemetry, and acausiemetry, these studies were able to
successfully identify critical habitat, the timin§migration, and the environmental or
seasonal cues that stimulate these movements.dtlabitability modeling has also been
performed on the Fox, Oconto, Menominee, and RgsiRivers of Green Bay in Lake
Michigan to assess critical habitat that could Inoee@ccessible pending the removal of
an artificial obstruction (Gunderman & Elliot, 2Q@3augherty, 2006). Results from
these studies become even more powerful when movgmagéerns are associated with
the quantitative assessment of physical habitatifes, such as depth and substrate
suitability; however few studies such as this eXisspite the demand and usefulness of
results that are generated from the analysis ofemant patterns and habitat utilization,

such analyses have only been performed in a fracfidcake Sturgeon systems.



Table 1.1 — River systems and their associatedrslatds where Lake Sturgeon movement or migratiotest have already been or

continue to be undertaken.

River System

Watershed, Province/State, Country

Reference

Rainy River

Lake of the Woods Watershed, Ontarinfidsota, Canada/United States of
America (respectively)

Rusak & Mosindy, 1997

Mattagami River

Hudson Bay Watershed, Ontario, @ana

McKinley et al., 1998

Ottawa River

Ottawa River Watershed, Ontario/Queemada

Haxton, 2003b

Menominee River

Lake Michigan Watershed, Michigais®nsin, United States of America

Thuemler, 1985

Sturgeon River

Lake Superior Watershed, Michigamted States of America

Auer, 1999

Black Sturgeon River

Lake Superior Watershed, Qumt&anada

Friday, 2005a

Kaministiquia River

Lake Superior Watershed, Omta@anada

Friday, 2005b

St. Lawrence River

St. Lawrence Watershed, Orf@tiebec, Canada

Fortin et al., 1993

Namakan River

Lake of the Woods Watershed, Ontdiioiesota, Canada/United States of
America (respectively)

Welsh & McLeod, 2010

Manistee River

Lake Michigan Watershed, Michiganjted States of America

Lallaman et al., 2008

Grasse River

St. Lawrence River Watershed, New Ydrnkted States of America

Trested, 2010

Kettle River

Mississippi River Watershed, Minnesdfaited States of America

Borkholder et al., 2002

Mississippi River

Mississippi River Watershed, Masota/Wisconsin, United States of Americ

a  Knightsl.e2003

Peshtigo River

Lake Michigan Watershed, Michigars®dnsin, United States of America

Benson et aD520

Detroit River

Lake Erie Watershed, Ontario/Michig@anada/United States of America
(respectively)

Caswell et al., 2004

Lake Winnebago

Lake Michigan Watershed, Wiscorldimted States of America

Lyons & Kempinger, 199

N

Black Lake

Lake Huron Watershed, Michigan, Uniteat& of America

Smith & King, 2005

Portage Lake

Lake Superior Watershed, MichigantedrStates of America

Holtgren & Auer, 2004




The Pic River in Ontario, a tributary that draininorth eastern Lake Superior,
is a system where little is known about Lake Stargpopulation demographics,
movement patterns, and/or habitat utilization. #sidf these subjects would inevitably
help guide decision making and land use planninghi® Pic River watershed for the
enhancement and protection of critical Lake Stungeabitat. Furthermore, with no
artificial obstructions and limited developmentlhiit the watershed, the Pic River Lake
Sturgeon population may be one of the least distligmpulations in the Great Lakes,
thus making it a good reference population to coliaseline conditions. In response to
this knowledge gap, the Anishinabek/Ontario FisseeResource Centre (A/OFRC), the
Department of Fisheries and Oceans Canada (DFORiRer First Nation, the Ontario
Ministry of Natural Resources (OMNR), and the Udittates Fish and Wildlife Service
(USFWS) have been conducting research on Lake &iargp the Pic River with various
methodologies since 2002. The overall objectivths research has been to identify
critical Lake Sturgeon habitat, monitor seasonaveneent patterns, and assess baseline
conditions of the population. This thesis is thergoation of these efforts and is broken
into two main chapters that relate to Lake Sturgmomement patterns and spawning
habitat, respectively.

The second chapter of this thesis reports Lakeg8tur movement patterns that
were monitored for three years using radio teleynetidentify environmental cues for
migration, to assess commonly used habitat ancc@ded physical features, and to
describe general movement patterns as they rdlatgohwning and non-spawning
individuals. First, it was hypothesized that inkgmual differences in the timing of Lake

Sturgeon migration should coincide with abiotic dibions that deviate from average
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flow, thermal, or ice conditions in the Pic Riv8econd, it was hypothesized that Lake
Sturgeon moving from lakes to rivers, or vice vesdeuld be stimulated to do so by a
narrow range of thermal and flow conditions thatvseasonally and annually. Finally,
since spawning and non-spawning Lake Sturgeorzetilie river for different purposes,
it was hypothesized that their timing of migratexmd movement patterns should also
vary.

The third chapter of this thesis reports on Laked&on spawning habitat that
was mapped at three potential spawning sites totgatively assess the habitat
suitability using a model that was developed fatttmern Ontario rivers (Threader et al.,
1998). Spawning assessments were also perfornmahfom the location and timing of
spawning and to evaluate the predictive abilityhaf habitat suitability model (HSM) by
comparing the modeled results with empirical obaons of spawning activity. Since
the HSM evaluates the overall spawning suitabilaged on depth and substrate, and the
daily suitability by factoring in thermal and flogonditions, two hypotheses were
formulated to test the overall and daily predictiohat were generated by the HSM. The
first hypothesis for this chapter was that Laker§gton should reproduce at spawning
sites, and locations within those sites, that liaeggreatest proportion and amount of
highly suitable habitat relative to poorly suiteabitat. The second hypothesis of this
chapter is that Lake Sturgeon should spawn whemapthermal conditions of 12°C to
16°C are reached at each respective spawningTs$itedder et al., 1998). Identifying and
protecting critical Lake Sturgeon habitat has hieentified as a priority research
objective for the recovery of Lake Sturgeon in L&gperior and throughout the Great

Lakes (Auer, 2003; Hay-Chmielewski & Whelan, 199NNR, 2009). This study will
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contribute to these research efforts by monitonmayement patterns, identifying critical
habitat, and quantitatively assessing spawnin@silily at three potential spawning sites

within a tributary where very little informationguriously existed.
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Chapter 2: Patterns, Timing, and Environmental Goéske Sturgeon Migration

2.1 INTRODUCTION

Throughout the world, fish species undertake lang perilous migrations with
the intention that their overall fitness and wedify will be optimized in the habitat
conditions of their destination. Scombridae (Tumadertake long migrations in search of
highly suitable spawning and foraging habitat (Blet al., 2005), Gadidae (Cod)
undertake migrations to reduce interspecific atihgpecific competition (Laurel et al.,
2004), and Gasterosteidae (Sticklebacks) undenagpations to avoid inbreeding with
closely related individuals (Frommen & Bakker, 200@no et al., 2008). Although it is
important to understand why species and individomatgate, it is equally important to
determine the timing of these migrations and tharenmental cues that are responsible

for stimulating migration patterns.

Numerous studies have examined the timing and@mviental cues of
commercially valuable migrating fish stocks, part&ly for salmonid fishes (Svendsen
et al., 2004; Anderson & Beer, 2009; Mathes et2811,0). Many salmonid species
undertake these migrations in search of their regtalvning habitat, and fishing
regulations within these spawning tributaries dteroaligned with the timing and
environmental cues of these migrations (BardonnB&gliniere, 2000). In the Columbia
River system, for example, harvest regulation<fisinook Salmon®@nchorhynchus
tshawytscha) are related to the timing of their migrations,ievhare predicted by models
based on oceanic environmental variables (Keefak ,2008; Jepson et al., 2010). In
Norwegian rivers, Brown TrouSalmo trutta) coordinate their migrations with peaks in

water discharge in order to ascend barriers oachest on route to their natal spawning
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grounds (Rustadbakken et al., 2004). In regulata@mvays in Europe, dam operators
must establish minimum river flows to facilitateetp and downriver migration of
Atlantic Salmon §almo salar) (Lundqvist et al., 2008). Although the timing and
environmental cues to salmonid migrations, andratbenmercially valuable fish stocks,

are well studied, less is known about the migratiohLake Sturgeon.

Lake Sturgeon undertake annual migrations fromda&eivers in search of
quality foraging and spawning habitat (Bemis & Kgthal997; Peterson et al., 2007).
Although not all Lake Sturgeon populations use bakie and river habitats (Borkholder
et al., 2002; Friday, 2004), estimates suggesintiust Lake Sturgeon require 250 km to
300 km of unimpeded river-lake habitat as a minirhome range size (Auer, 1996). If
Lake Sturgeon do not have access to this largedegraded riverine habitat, then
populations are susceptible to extirpation, as these throughout the 1900s in response
to overfishing and impoundments (Harkness & Dymdr@61; Baker & Borgeson,
1999). Furthermore, Lake Sturgeon populations megith unimpeded stretches of river
had greater relative abundances and faster grat¢s compared to populations
occupying impounded sections of the river (Hax&010)2; Haxton & Findlay, 2008).
Therefore, it is well understood amongst Lake Stargbiologists that long and
unimpounded rivers, which facilitate long distamaigrations, are essential in the
recovery and long term conservation of this spegites-Chmielewski & Whelan, 1997,
Auer, 2003). However, despite this acknowledgentéete has been relatively little
research focused on the migration patterns of ISikegeon in natural unimpeded river

systems.
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In the unimpeded Rainy River and Lake of the Wogddem in northern Ontario,
spawning Lake Sturgeon entered the river with iasirey water temperatures and flows,
but researchers could not identify an absolute &zatpre or flow value that induced this
movement (Rusak & Mosindy, 1997). Inter-annualedighces in the timing of migration
were also observed in this system, where late mew&rcoincided with delayed
increases in water temperature (Rusak & Mosind9,719n the Sturgeon River, a
regulated tributary flowing into southern Lake Suge spawning Lake Sturgeon left the
spawning site in mid May, where they rapidly desiszhthe river and returned to the
lake by late June (Auer, 1999). In contrast, noaaspng Lake Sturgeon left the river
later in the season and were highly congregatéatalized distributions throughout the
lower sections of the river where deep river haligavailable (Auer, 1999). In the
Grasse River, a tributary connected to the St. bag& River system, a strong preference
for pool mesohabitats was selected for by aduleLaturgeon in all seasons except for
spring, where home range sizes expanded to inclugg riffles, and pool mesohabitats
(Trested, 2010). Similar migration patterns havernbebserved in the St. Lawrence and
Ottawa River systems in Quebec (Fortin et al., J99®@ Mattagami River system in
northern Ontario (McKinley et al., 1998), and thppér Mississippi River system
(Knights et al., 2002). Unlike these aforementioegstems, where Lake Sturgeon
migrate from lakes to rivers to facilitate spawnarg other life cycles, in the
Kaministiquia River sturgeon form a resident popatawithin the river, despite it being
connected to Lake Superior (Friday, 2004; 2005bjhé Black Sturgeon River, Lake
Sturgeon leave the river, but remain in Black Balyich is in Lake Superior, to

overwinter (Friday, 2005a). In each of these systdrake Sturgeon movements
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coincided with increases in water temperature &owl, fhowever, the timing of migration
varied from system to system and from year to geaending on thermal and flow
regimes. Cumulatively, these studies have revdakgdhere is sufficient ambiguity in
the movements of Lake Sturgeon between differestesys, between spawning and non-
spawning individuals, and in the timing of migratjevhich coincides with

environmental variables.

The objectives of this chapter are to investigatier-annual differences in the
timing of migration, to identify differences in timeigration patterns between spawning
and non-spawning individuals, and to identify eamimental variables that can be used to
accurately predict the timing of Lake Sturgeon raigm. Furthermore, this study aimed
to summarize the migration patterns of Lake Stunggead to identify commonly used
habitat within the Pic River, a relatively pristinerthern Ontario tributary that is
connected to Lake Superior. First, it is hypothegithat inter-annual differences in the
timing of Lake Sturgeon migration should coincidéwabiotic conditions that deviate
from average flow, thermal, or ice conditions ie ®ic River. It is therefore
hypothesized that delayed warming, spring freslmetige free conditions should
coincide with later migrations, and conversely)yeaarming, spring freshets, or ice free
conditions should coincide with earlier migratioBgcondly, it is hypothesized that Lake
Sturgeon moving from lakes to rivers, or vice vesdauld be stimulated to do so by
abiotic conditions, commonly referred to as envinemtal cues to migration. It is
predicted that Lake Sturgeon will enter the PicdRiduring the high flows of the spring
freshet and leave once flows have decreased ilathsummer. As well, individuals

should enter the Pic River as temperatures warnshodly after ice out, and return to
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the lake once higher temperatures are reachee ilatt summer. Finally, since spawning
and non-spawning Lake Sturgeon utilize the riverdifferent purposes; the timing of
their migrations should likewise vary. It is pre@id that spawning Lake Sturgeon should
enter the river, reach their uppermost point (#g.spawning grounds), and descend to
deep-water pools near the mouth of the river sicgmitly earlier compared to their non-

spawning counterparts.

2.2 METHODS

2.2.1 Study Area:

The Pic River drains into north-eastern Lake Supexi the community of Pic
River First Nation and Pukaskwa National Park, @aj&anada (UTM: 551435W,
5393249N). The river begins at McKay Lake Dam (UT80822W, 5497725N) near
the community of Caramat, Ontario, and has a gicsisage area of 4270 Knmaking
it a medium-sized river within Ontario (Water S Canada, 2010). Within the Pic
River watershed there are very few developmentstfarugged terrain surrounding the
river makes it difficult to access large portioristoNavigation can also be difficult due
to high turbidity and large amounts of floatingsainken debris within the river (mainly
logs).

This study was conducted in the lower 103 km ofRieeRiver from the mouth
north eastwards to the uppermost navigable poiManfitou Falls (UTM: 566912W,
5450909N) near the community of Manitouwadge, Qatdfigure 2.1). Within this
segment, there are two major tributaries that fioe the Pic River, the Black River and

the Kagiano River which confluence with the Pic&iat 4 km and 98 km from Lake
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Superior, respectively. The uppermost navigablatgoithe Black River is a
hydroelectric facility located 10.2 km from Lakepguior (UTM: 556601W, 5389998N),
whereas the uppermost navigable point in the KagRiner is a natural barrier located

99.8 km from Lake Superior (UTM: 565457W, 5449256N)

Preliminary studies, both scientific and traditibeeological knowledge,
indicated that the most heavily utilized Lake Samg habitat within the Pic River was
contained in the upper and lower 25 km of the riwetocations hereby referred to as; the
mouth (foraging; O river km), the Lower Rapids éging; 25 river km), Henry’s Honey
Hole (staging and foraging; 97 river km), Kagiarall$ (spawning; 98 river km), and
Manitou Falls (spawning; 103 river km) (Quinlan020 Couchie, 2008; Deary, 2008;
Bill Gardner, personal communication; Nikki Commangersonal communication).
Accordingly, crews of two to three people captutele Sturgeon and monitored their
migration patterns in the lower (Figure 2.2A) amgber (Figure 2.2B) 25 km of the river.
Fisheries and Oceans Canada, along with Pic Riydrddand Hatch Energy in 2010,
focused their efforts in the upper 25 km of therjwhile the Anishinabek/Ontario
Fisheries Resource Centre, on behalf of Pic Riust Nation, and Trent University
focused their efforts in the lower 25 km of theerivCrews were present at each portion
of the river in 2008, 2009, and 2010, from earlgirgpto late summer. The spring arrival
of crews varied from year-to-year and so did theailability, therefore sampling times

were limited by the availability of crews and a qguomised routine.
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Figure 2.1 — The location of the Pic River watedstedative to the Lake Superior
catchment (A) and an enlarged map of the Pic Rixaershed (B). The labeled points in

part B of this figure indicate key locations forkdeaSturgeon research in the Pic River.
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in previous studies as habitat that was frequartilized by Lake Sturgeon. Numbers
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2.2.2 Gill Netting:

Gill netting occurred in the Pic River from 20022003 and from 2007 to 2010
with varying amounts of effort. This study will prarily consider the catch data from
2008-2010, when Lake Sturgeon were radio-taggedraidmigrations monitored.
Netting occurred from May 28 to August 14 in 2008m May 24 to August 14 in 2009,
and from May 5 to June 29 in 2010. Nylon gill netre set perpendicular to shore at an
angle of roughly 90°. Stretch mesh size ranged ftétb1 cm (6.5”) to 30.48 cm (127),
with the majority of nets being between 20.32 ci) (8 25.4 cm (10”). Net lengths
ranged from 30.5 m (100’) to 91.5 m (300") depegdim the width of the river where it
was being set. Gill nets were set overnight anchuptrieval the location, duration,
depth, water temperature, net length, mesh siaadatover, and precipitation type were
recorded for each set. Nets were set throughoutvbe with the majority nets being set
in the lower 20 km and upper 10 km of the rivereTistance of each net from Lake
Superior, in kilometers, was calculated using ArpMa

Physical attributes of all captured Lake Sturgeene recorded, including; fork
length (mm), total length (mm), round weight (g)dagirth (mm). If distinguishable, the
sex and stage of gonadal development were alsodetdased on criteria provided by
Bruch et al. (2001). As well, the first fin ray frothe left pectoral fin was removed for
ageing and a small tissue sample from this locatias taken for genetic analysis. Lake
Sturgeon were tagged with a passive integratedparder (PIT) tag under their third
dorsal scute and a Floy tag to the left of thensdbfin to allow for the identification of

recaptured individuals. Individuals exceeding 450@.5 kg) were given an internal or
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external radio tag, if one was available, to mantbeir future movement patterns within

the Pic River.

2.2.3 Radio Telemetry:

For this study, five external radio tags (modehiwer: F2090) and forty five
internal radio tags (model number: F1855B) weral(Advanced Telemetry Systems
Inc., Isanti, Minnesota). Each radio tag had agudse of 55 pulses per minute (ppm), a
pulse width of 20 milliseconds, and a unique rddégquency ranging from 150.011 kHz
to 151.485 kHz. The weight and battery life varetween the two types of radio tags,
with internal radio tags weighing 87 g and havirgp#tery life of 1185 days and external
radio tags weighing 47 g and having a batterydff@086 days. Fewer external radio tags
were applied due to concerns that external tagddimecome detached and tag retention
would be low, which the results verified to be édraoncern. External radio tags were
attached to Lake Sturgeon exceeding 4500 g (4.bkgmbedding the posterior and
anterior attachments of the radio tag through teelof the dorsal fin.

Surgical procedures were undertaken to implantnaleadio tags into the body
cavity of Lake Sturgeon exceeding 9000 g (9 kgh(®@ Lake Sturgeon were selected in
order to minimize any harm or unnatural behavibiat tmay result from the application
of the tag and in accordance with the “two percat®’ (Adams et al., 1998; Brown et
al., 1999; Jepsen et al., 2003). The surgical phaeeused to implant radio tags into the
body cavity of Lake Sturgeon was similar to thadaded by Friday (2005a; 2005b) and
followed guidelines outlined by the Canadian ColiagiAnimal Care (Ackerman et al.,
2000). Lake Sturgeon were sampled and then putitaoge tub (Rubbermaid

Commercial 4244-Bla 70 Gallon Stock Tank Black)ha80 L of river water, to which 32
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mL of a clove oil and ethanol solution (1.2 mL ctowil to 10.8 mL of ethanol) was
added as an anesthetizing agent. Fish remainée iartesthetizing tub until they could
no longer control their orientation in the watacKed locomotory skills, and their
stomachs appeared to have a concave indent. Gicghfowed these symptoms of the
anesthetic (Ackerman et al., 2000), they were regzddvom the tub and placed in a
canvas surgery sling that provided adequate watrlation around the gills and
drainage. All surgical tools were thoroughly cledua@d decontaminated before
commencing the surgical procedure using isoprojoghel. A 4 cm to 6 cm incision was
then made along the mid-ventral line of the fisding a size 10 scalpel, to expose the
Lake Sturgeon’s body cavity. Another small incisiasing a 14 gauge needle tip, was
then made posterior to the initial incision to feéled antenna tail of the radio tag outside
of the body cavity. The radio tag was then acti¢atee frequency recorded, and
carefully inserted into the body cavity. The 4 @6tcm incision was then sutured
together with four to five stitches (Ethicon MongldPlus, CT-1 36 mm % Circle, Violet
Monofilament) and strengthened using tissue adbg8iM™ Vetbond™). The Lake
Sturgeon were immediately immersed in fresh rivatewand constantly monitored until
they showed symptoms of recovery from the anegiihgtegent (Ackerman et al., 2000).
The entire procedure took roughly 30 minutes armhugompletion the Lake Sturgeon
was then released in the river, away from any aetkebris.

Base stations (model number: R4500S) (Advancednietry Inc., Insanti,
Minnesota) were powered by a deep cycle marinetyatthat was charged by a solar
panel and were comprised of two antennas, oneipgidirectly upriver and the other

pointing directly downriver. Based on field testdle base stations, it was estimated that
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each antenna could detect a radio signal approzlyna00-1000 m away in the direction
of the antenna (depending on the topography ofitiee). The base stations could collect
and store up to 80,000 bytes of information betorerwriting previously recorded data,
therefore downloading times were coordinated tadalasing any data (roughly every
week during the spring/summer and twice duringféiévinter). Radio frequencies were
inputted into the receivers once they were surlyicalplanted into Lake Sturgeon. Base
stations were setup as close to the shorelinesslpe and in locations that could be
easily accessed by boat or vehicle (Figure 2.3ne&of the stations were moved
throughout the year to coordinate with the migrapatterns being observed. Upon
setup, the location of each base station (UTM)dihection of each antenna (upriver or
downriver), and the distance of the base statiomftake Superior were recorded (Table

2.1).
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Table 2.1 — Date, location, and orientation of antes for each base station that was operable log@ourse of this study. * =

Julian calendar date was one day behind until & earected or on July"62008.

ver

Station | Installation | Decommissioning Distance . :
Year 4 Date Date from Lake | Easting | Northing | Antenna 1| Antenna 2
(km)
2008* 1 June 17 November 3 0.085 5515p7 5383215 Upriver owriiver
2008 2 June 18 October 26 24.750 551645 5402597 nbwav Upriver
2008 3 July 25 November 3 4.432 554237 5386437 rDeer Upriver
2008| 3 Novzmber November 18 1.441 | 55231 5384144  Upriver  Downri
2009 1 May 21 December 31 0.085 551527 5383215 ivéelpr | Downriver
2009 3 June 3 October 26 24.75( 551645 5402597  veélprii Downriver
2010 1 January 1 December 31 0.085 551527 5383215 prived Downriver
2010 2 April 7 July 10 24.750 551645 | 5402597 Upriver Downriver
2010 3 April 25 May 21 90.456 | 564500 | 5443592 Upriver | Downriver
2010 3 May 21 July 12 103.000 | 567183 | 5450923 Upriver | Downriver
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Figure 2.3 — Location of base stations throughligt$tudy with details of the set up of

each base station provided in Table 1.
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The base stations often collected interferenceaise’ while operating on the Pic
River (especially base station #3). Therefore, thowewas developed to classify valid
and invalid information that was collected from ledase station. For a base station
recording to be considered valid, the radio freqyen question had to first be picked up
by antenna 0O (the default control antenna) and blyegmtenna 1 and/or 2. As well, the
radio frequency had to be recorded at least twécehpur by either antenna 1 and/or 2.
The classification method also factored in theorafipulses to matches, whereby the
number of pulses should vary between 10 and 1Grendumber of matches should be
between 75% and 100% of this value. This clasgifioavariable is based on the setup of
each base station, whereby each base station saelnsadio frequency for 15 seconds
per antenna at a pulse rate of 1 pulse per secahdach radio tag has a pulse rate of 55
pulses per minute (Mike Friday, personal commurocatSound Metrics Inc., personal
communication). Cumulatively, these three stepsvadie to accurately decipher and
classify valid and invalid data that were collecbstthe base stations.

Where possible and as time permitted, manual tetgraeieeps of the river were
performed throughout the study period. These wertopmed by travelling in the boat at
a speed of approximately 10-15 km/h while scaneiach radio frequency that had
already been activated (2-3 s per frequency). @ebected from afar, the precise
location of the individual (£1.5 m) would be foubg reducing the boat speed and the
amount of gain on the manual receiver (i.e. itsgdeeadius). In the lower section of the
river an Advanced Telemetry System Inc. receives used (model number: R410) and
at the upper section of the river a Lotek recewas used (model number: SRX 600).

When radio tagged Lake Sturgeon were found, thatime (Garmin eTrex), date, time,
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depth, and temperature were recorded at that otatihenever a Lake Sturgeon was
recorded, either manually or by base station, tbiawulce of that Lake Sturgeon from

Lake Superior was determined using ArcMap.

2.2.4 Abiotic Conditions:

Part of this study aimed to identify the enviromta¢ cues that may be
responsible for stimulating and terminating Laker§&on migration. Therefore,
monitoring of water temperature and discharge aeduat the mouth of the Pic River to
represent the abiotic conditions that would be ggpeed by migrating Lake Sturgeon at
that time. Water temperature was recorded onceydwat hour using a temperature data
logger (model number: HOBO Water Temp Pro v2 Daigder) which was located
approximately 500 m from Lake Superior (UTM: 55197,8%383243N). Mean daily
temperature was based on the 48 daily readingsthi@emperature logger. Mean daily
water discharge was provided by Environment Carsadé&iter Surveying Station (station
name: PIC RIVER NEAR MARATHON; station ID: 02BB0O0O@)ater Survey of
Canada, 2010). This autonomous surveying staticorde water level and calculates
water discharge based on a rating curve that hers éstablished between water level and
discharge for the Pic River. This station also rtamsiice conditions on the Pic River and
records the day when the river becomes ice freaekswith the instrumentation occurred
from June 2 to June 7, 2009 and from June 18 taugtutR, 2009, resulting in estimates
of water discharge during these dates. These dsSmgere calculated by Environment
Canada based on water discharge levels at othgimgpstations within close proximity

and weather conditions.
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2.2.5 Data Analysis:

To determine inter-annual differences in the tignari Lake Sturgeon migration,
the data collected by base station 1 (at the moiuthe river) was used to assess when
individuals entered and exited the river. Individuaere considered to have entered the
river once they were recorded by antenna 1 (irectid into the Pic River) and had been
recorded at some later point within the river. Alisandividuals were first captured or
recorded more than 10 km upriver from Lake Supgedorentry date was not given to
that individual for that particular year and thegrev excluded from the analysis.
Conversely, individuals were considered to havéeeiihe river once they were
exclusively recorded by antenna 2 (i.e. directed irake Superior) and were not
recorded at some later point within the river. Blieation that Lake Sturgeon remained
in the river (number of days) was determined byrsugdting the exit date from the entry
date. The date when Lake Sturgeon reached thearomst distance was based on data
that were collected by any of the three base ststimanual telemetry records, or catch
records. Individuals were classified into eithex g§pawning or non-spawning portion of
the population based on their uppermost point gfration.

Julian dates for when Lake Sturgeon entered tleg,meached their uppermost
point, and exited the river were compiled for egelr and analyzed using STATISTICA
(Version 6.0; StatSoft Inc.; Tulsa, Oklahoma, USBhe-way ANOVAs were performed
to identify interannual differences in the timingneigration and differences between
spawning and non-spawning individuals. A 95% caariick interval was used to identify

significant differences between years and spawnéngus non-spawning individuals.
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Year and spawning status were used as categoddables for this analysis, while
Julian date at entry, uppermost point, and exitestas dependent variables for this
analysis. Tukey post-hoc tests were then perfortmédentify which years of study were
significantly different.

Once Lake Sturgeon entered the river (location, ¥dached their uppermost
point (location = 0.5), and exited the river (laoat= 1), the mean daily water discharge
and mean daily temperature for that day was recbf8ackward stepwise multiple
regression analysis was then performed with thewnldgnt variable of location (entry,
uppermost, and exit) and the independent variaiflesean daily water discharge and
mean daily water temperature. This analysis detexdwhether temperature or water
discharge was a better environmental cue for ptiedithe timing of Lake Sturgeon
migration. Box plots, with 95% confidence intervalgere then created to show the
nature of the relationship between environmentas@and the location of migrating Lake
Sturgeon. Finally, to determine if Lake Sturgeogmaiion was stimulated by ice
conditions, a bivariate correlation between themmaanual date of entry and the day of

ice disappearance was performed.

2.3 RESULTS

Throughout the course of this study, a total & L&ke Sturgeon were captured
and 30 individuals were recaptured. Of these 13&1Sturgeon, 47 of them were fitted
with either an internal (N=43) or external (N=4Jlimtag. The mean total length for
radio tagged individuals was 1236.6 mm (1.2 m) |evtiie mean round weight of these

individuals was 13686.0 g (13.7 kg), size clasquency distributions are shown in
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Figure 2.4. Tag retention was high for the intemaalio tags (100%) and low for the
external radio tags (50%). The loss of two exteradio tags (frequencies: 150.571 kHz
and 150.612 kHz), meant that only 45 Lake Sturgeere radio tagged for the duration

of this study.
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2.3.1 Migration Patterns:

The migration patterns of Lake Sturgeon for eadr wé study, as well as their
relationship with mean daily water discharge an@mgaily water temperature are
shown in Figures 2.5a and 2.5b. There were thigtendi migration patterns that were
observed during this study. The first was that L&k&rgeon entered the river and
remained within the lower 5km to 10km of the riYer all or part of the spring-summer
months. The second was that Lake Sturgeon entieeedver and traveled upriver to the
lower rapids, which were located roughly 25km uerifrom Lake Superior. Given that
no evidence of spawning was collected at eithéhede sites (see Section 3.3.3),
combined with the fact that Lake Sturgeon wererofteind in deep water habitat with
silt or clay substrate, it is thought that Laker§&on exhibiting either of these migration
patterns were most likely seeking higher qualiyapng habitat. The third common
migration pattern that was observed was exclusitbe spawning portion of the
population. Spawning individuals tended to enterritier and ascend the river very
quickly, usually reaching Henry’'s Honey Hole (97kpriver from Lake Superior) within
10 days of entering the river. They would remaifiahry’s Honey Hole, Manitou Falls
(103km), or Kagiano Falls (99km), for a period 6fdays to 15 days and would then
rapidly descend the river, where they would spewmdreble amount of time within the
lower 10km of the river before returning to Lakep8tor for the fall and winter. These
three distinct migration patterns were observegkich year of study by a varying pool of

individuals depending on their reproductive cycle.
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Results from the manual tracking also indicated itlake Sturgeon tended to
congregate in distinct locations within the Pic &iynost noticeably within the mouth of
the Pic River (0 km to 5 km), the lower rapids k6 to 25 km), and Henry’s Honey
Hole (96 km to 100 km) (Figure 2.6). Of all theeatgtons from the manual telemetry
sweeps in 2008, 2009, and 2010, a total of 75.834 %, and 66.1 % were detected
within these three locations, respectivelydid-149; Nooog=155; Noo15=165). Although it
may appear from Figure 2.6 that there were few raki@lemetry detections within
Henry's Honey Hole, given the relatively low amowieffort at the upper Pic, it appears
that this location is the most frequently utilizedation within the upper portion of the
Pic River and therefore was considered a frequerstiyl location. Portions of the river
outside of these three destinations tended to && exclusively by transient individuals,
whereby Lake Sturgeon would use it as a corriddoospawning purposes. At the
mouth of the river Lake Sturgeon distribution wakatively uniform, with a slightly
aggregated distribution along the bedrock wall thakes up the southern shoreline of
the river’'s mouth (i.e. 0 km to 0.5 km within thie River). At the lower rapids, Lake
Sturgeon distribution was extremely aggregatediwitleep pools that were below the
start of the rapids, immediately above the rapd$n pools that occurred intermittently
between sets of rapids (Figure 2.7). Maximum depthin these pools exceeded 6 m
throughout the spring and summer months and Lakey&bn were often found within
close proximity of the shoreline that had the gestslope or that had a bedrock wall. At
Henry's Honey Hole, the inner bend drops off vegeply and the river bottom gradually
ascends towards the eastern shoreline. Like dbter rapids, Lake Sturgeon at Henry’s

Honey Hole were most frequently found within clgseximity of the inner bend, where
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a steep shoreline slope occurs. Although Lake 8turgvill inevitably depend on
transient corridors and fast-flowing spawning hatbétt some point within their
migrations and life cycles, these results indi¢thst deep slow-flowing pools are much
more frequently utilized by Lake Sturgeon withinetis during the spring and summer

months.
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2.3.2 Abiotic Conditions:

Spring abiotic conditions were substantially diéietin 2010 compared to 2008
and 2009 (Table 2.2), whereby environmental coowlititypically observed in August
were experienced in May of 2010. Water temperatgashed 20°47 days earlier and
the river was ice free 39 days earlier in 2010 carag to 2008 and 2009 (Figure 2.8).
Furthermore, the river was ice-covered for appratety 49 days longer in 2008 and
2009 compared to 2010, which coincided with thdieraiming of migration in 2010 by
roughly 50 days (see Section 2.3.3). Not only vastémperature regime very different
in 2010, the flow regime was also different, wheréie mean monthly discharge {s)
in 2010 was roughly 22%, 21%, and 17% of the meanthty discharge for April, May,
and June in 2008 and 2009, respectively. Furthexnuure to a limited amount snow
cover during the winter of 2009/2010, there watuaillty no spring freshet in 2010.
According to the Environment Canada water gaugiatjos, mean monthly discharge in
April, May, and June of 2010 were the lowest meamtily discharge rates since the
station’s existence in 1970. These warm and drgtatbtonditions provided a unique
opportunity to study potential changes in the moset® of Lake Sturgeon in a natural

setting.
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Table 2.2 — Annual comparison of spring abioticditans within the Pic River.

Date Date Number | April mean| May mean| June mean
when when of days monthly monthly | monthly
20* was | river was| withice | discharge| discharge| discharge
reached | ice free | cover (m3/s) (m3/s) (m3/s)
149 days
2008 August 5| April 21| (Nov 24 131.00 128.00 138.00
to Apr 21)
157 days
2009 August 16 April 25 | (Nov 19 76.20 128.00 39.90
to Apr 25)
104 days
2010 May 26 Mar 15| (Dec 3to 22.82 26.47 15.02
Mar 15)
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The unusually warm and dry abiotic conditions obsdrin the spring of 2010
resulted in some Lake Sturgeon modifying their leagmovement patterns and habitat
utilization within the Pic River. Manual telemetngthin the Black River in 2008 and
2009 indicated that there was limited activity witkhis tributary, with all manual
telemetry detections occurring exclusively withne ffirst 500 m of the Black River.
However in 2010, four Lake Sturgeon inhabited thecB River throughout late June and
early July for a period of two to four weeks asavdemperatures peaked within the Pic
River. They occupied a deep hole that was rough/m downriver from the mouth of
the Little Black River and had maximum depth of2lé — a depth that exceeds the
maximum depth within the Pic River by two-fold. Faamperature and dissolved
oxygen (DO) depth profiles were taken at this deale within the Black River and
compared with the mean temperature and DO depthgsrtaken from the four random
locations at the mouth of the Pic River and aftbels within the lower rapids. Results
from the lower rapids and the mouth of the Pic Riadicated that there was no thermal
stratification at either of these locations, wheredthin the Black River, the deeper pool

did establish thermal stratification (Figure 2.9).
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Not only did Lake Sturgeon alter their habitatiméition within the Pic River in
2010, their decision to enter or not to enter therrand their residency time within the
river were also modified. The percentage of radgged Lake Sturgeon entering the river
only moderately declined in 2010 (n=39) compared®09 (n=32) by just over 5%.
However, the percentage of Lake Sturgeon that estiwe river in 2010 (n=33) and
remained within the river for more than two daysrdased by over 18% from 2009
(n=32) (Figure 2.10). This substantial decreagbémresidency times of Lake Sturgeon in
2010 suggests that individuals were entering ther ridentifying the unfavourable or
unusual abiotic conditions, and returning to Lak@&ior to avoid such abiotic

conditions.



45

120
&80
o \.
=]
&
g 60
T —4+— % of Radio Tagged Lake
o Sturgeon Entering the Pic
40 +—— River
—— % of Radlio Tagged Lake
Sturgeon Remainingin the
i River for more then 2 days
20
0 T
2008 2009 2010
Year

Figure 2.10 — The percentage of Lake Sturgeonahtatred the Pic River in each year of
study and the percentage of Lake Sturgeon thatezhtee Pic River and remained within

the Pic River for a duration exceeding 2 days.



46

2.3.3 Timing of Migration:

Tagged Lake Sturgeon showed inter-annual differemt the timing of migration
(Figure 2.11). A one-way ANOVA found significantf@irences between each year of
study (2008, 2009, 2010) and the timing of Laker@tan migration (entry, uppermost,
exit) (Rs, 148712.891, p<0.01). An earlier onset to spring in@Q8ee Section 2.3.2)
resulted in a much earlier entry into the river{#lJulian days or April 27+4.6 days),
an earlier uppermost distance (140.9 Julian daygayr 20" +5.09 days), and an earlier
exit from the river (203.1 Julian days or July®#7.83 days). On average, Lake
Sturgeon migration occurred roughly 50 days eani€010 compared to the mean entry
date (168.5 Julian days or Jund'#4.9 days), uppermost date (187.5 Julian daysilgr J
6" +6.0 days), and the exit date (275.6 Julian daydab 2 +6.4 days) of 2008 and
2009. Tukey post-hoc tests indicated that the gnahexit was significantly different
between each year of study, with the earliest tiosesirring in 2010 (Table 2.3C). As
well, Tukey post-hoc tests found that Lake Sturgeiered the river and reached their
uppermost distance significantly earlier in 201énpared to 2008 and 2009; however
there was no significant difference between 2082009 (Table 2.3A and Table 2.3B).
Finally, there was no significant inter-annual eiffnce in the duration of time that Lake
Sturgeon were in the river (Table 2.3D); indicatthgt Lake Sturgeon shifted their

timing of migration, as opposed to their total amtoof time spent within the river.
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Table 2.3 — Tukey Post-hoc summaries to test tmifscant inter-annual differences in
the timing of Lake Sturgeon entry (A), exit (B),damppermost point (C), as well as the
duration (D) that Lake Sturgeon spent within the River, showing probability values

for differences between years, with significantea (p< 0.05) shown in bold.

A (Entry)

2008
2009
2010

B (Uppermost)

2008
2009
2010

C (Exit)

2008
2009
2010

D (Duration)

2008
2009
2010
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A one-way ANOVA found no significant differencestime timing of migration
between spawning and non-spawning individualsz£F1.86, p=0.126) (Figure 2.12).
However, these results were based on a low sangg@tspawning individuals in each
year of study (2008 N=3; 2009 N=8; 2010 N=15). Dkesthere being no overall
differences in the movement patterns of spawnithreon-spawning individuals,
spawning Lake Sturgeon did enter the river (128I&d days or May 1 £7.0 days)
significantly earlier compared to their non-spavgnaounterparts (154.8 Julian days or
June 3 £2.7 days) (F77)= 41.20, p<0.001). Therefore it appears that sjpagvibake
Sturgeon enter the river earlier, but otherwiseirtmovements are fairly similar to non-

spawning individuals.
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2.3.4 Environmental Cues:

Results from the multiple regression analysis datid that mean daily water
discharge was a better environmental cue then nuzdly water temperature for
predicting the timing of Lake Sturgeon migration gss=22.672, p<0.01, £0.07455)
(Figure 2.13). Although water discharge was a beitevironmental cue to predict the
timing of Lake Sturgeon migration, there was adbtariation within this relationship,
therefore indicating that neither environmental caeld accurately predict the timing of
migration. Lake Sturgeon entered the river at amukly water discharge of 60.53
(+4.86 ni/s), reached their uppermost distance at a medy diatharge of 49.54 ifs
(+4.54 ni/s), and exited the river at a mean daily discharigg2.62 ni/s (+2.53 ni/s),
therefore suggesting that Lake Sturgeon entereditbe at higher water discharges and
exited the river once discharges subsided in tteedammer or early-fall. As for mean
daily water temperature, Lake Sturgeon entereditlee at temperatures of 11.55°C (+
0.61°C), reached their uppermost point at tempezataf 15.03°C (+ 0.56°C), and exited

the river at temperatures of 13.12° (+ 0.57°C).
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Although results from the multiple regression ged no definitive environmental
cues to migration, it is still possible to ascertanvironmental cues to migration by
plotting temperature and discharge with the imntigreand emigration of Lake
Sturgeon (Figure 2.14a and Figure 2.14b). For wditaharge, results indicated that
Lake Sturgeon entered the river shortly after flpeaked during the spring freshet. This
was even the case in 2010, when individuals entetexving a peak in water discharge,
albeit a relatively small peak due to the dry ctinds. Lake Sturgeon emigration from
the Pic River occurred later in the fall once bdleals were reached. Therefore, in
general, Lake Sturgeon entered and began thewarpmigration shortly after peak flows
and began their downriver migration and exitedriber once basal flows were reached
(Figure 2.14a). For water temperature, resultcated that Lake Sturgeon entered the
river when temperatures were less then 7°C andhliéga upriver migration once
temperatures reached 9°C, therefore suggestinghebse temperatures induced upriver
migrations. This was also confirmed by manual tefgynin 2010, when three individuals
promptly retreated downriver when water temperataecreased from 9.3°C to 7.8°C
overnight. In general, Lake Sturgeon entered ter and began their upriver migration
prior to peak thermal condition and began their gldver migration and exited the river
shortly after peak thermal conditions (Figure 2)14Mnerefore, it appears that Lake
Sturgeon are responding to trends in environmeotaditions, as opposed to distinct and

narrow ranges of environmental conditions.
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Ice cover was the only environmental variable tdwatelated with the timing of
migration, whereby the ice free date of the rivarelated with the mean entry date of
Lake Sturgeon in each year of study<£R8879) (Figure 2.15). According to these
results, Lake Sturgeon entered the river 47 d&/slags, and 36 days after it became ice
free in 2008, 2009, and 2010, respectively, foremmentry of 42 days post ice-free
conditions. This relationship is only based on¢hdata points; however the strong
relationship suggests that ice cover, and the geaance of ice, may be the best
environmental cue to predicting the timing of L&ergeon movements into the Pic

River.
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2.4 DISCUSSION

The objectives of this study were three fold. Tih& objective was to determine
if inter-annual differences in the patterns or tigiof Lake Sturgeon migration existed
when unusual abiotic conditions occurred. Thesdipted differences were indeed
observed, with individuals entering, reaching thgipermost point, and exiting the river
significantly earlier in 2010 compared to the poem two years (2008 and 2009). The
earlier timing of migration in 2010 coincided withusually warm and dry abiotic
conditions, which resulted in virtually no springshet, earlier disappearance of ice,
fewer ice covered days, and higher rates of tenyperéncrease. To offset these
conditions, Lake Sturgeon utilized novel deep-gwaiitat within the Black River and
fewer foraging individuals remained within the msystem for an extended period of
time (> 2 days). Therefore it appears that Lakedeton modified their habitat utilization
in 2010 by occupying habitats that would providenthwith a cool water refuge from the
elevated water temperatures in the Pic River.

The second objective of this study was to deterniitieere were differences in
the patterns or timing of migration between spagrand non-spawning individuals.
Consistent with hypothesis two of this study, spagrindividuals did enter the river
significantly earlier compare to non-spawning indioals. Furthermore, analysis of the
manual radio telemetry results indicated that spagvimdividuals migrated further
upriver, had greater daily movement rates durimgy tinpriver and downriver migration,
and remained at the mouth of the river for a siguéeiod of time throughout the

spring/summer before returning to Lake Superior.
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The third objective of this study was to determiviesther environmental cues
such as water temperature, water flow, and iceromeee responsible for stimulating
Lake Sturgeon migration between Lake Superior AadPic River. Ice cover, and the
disappearance of ice, was the best indicator troh@he when Lake Sturgeon would
enter the Pic River from Lake Superior in the sprifihis environmental cue to migration
was also identified by elders of Pic River FirstiNa, who suggested that Lake Sturgeon
entered the river shortly after the disappearamieeqCouchie, 2009). Water discharge,
and not temperature, was a better environmentahlarfor predicting the timing of
migration. However less than 10% of the variatiaswexplained in this relationship,
indicating that neither variable accurately preglicthe timing of migration. Therefore
Lake Sturgeon movements did not appear to be siteaiby specific abiotic conditions,
but rather by trends in abiotic conditions. Lakar§eon were stimulated to enter the
river shortly after the peak of the spring frestiedl as temperatures increased to
approximately 9°C. While their exit from the rivarcurred once water flows subside to
base levels and temperatures exceeded 20°C.

2.4.1: Migration Patterns

The migration patterns of Lake Sturgeon variedegsuibstantially from one
system to another and especially between natudairandified systems. One consistent
finding, regardless of the system, is that Laked&ton express strong site fidelity for
specific pool mesohabitats within riverine systemghe Grasse River, 60% of all
manual telemetry detections occurred within threas over a 22-month period (Trested,
2010). In the Mississippi River, 50% of all mantelemetry detections occurred within

one area over an 18-month period (Knight et aD220In a natural reach of the Ottawa
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River, Lake Sturgeon had a tendency to remain withie basin, and although they may
have left periodically, they always returned to shene basin (Haxton, 2003b). Finally, in
the Kettle River, 80% of all manual telemetry détats occurred within a 1 km portion
of the lower river over a 23-month study period ((Bwlder et al., 2002). These locations
have been identified as core areas (Knights e2@02) or activity centers (Borkholder et
al., 2002) that Lake Sturgeon depend upon for fagagnd/or spawning purposes. In this
study, 46% of all manual telemetry recordings omdiwithin the 16.1 km to 25 km
portion of the river, and more specifically, witifour slow flowing pools in the lower
rapids.

This study also found strong site fidelity for ttmeuth of the Pic River, with 22%
of manual telemetry detections occurring within lineer 5 km of the river and over
350,000 detections from the respective base stafios finding is consistent with other
findings in unfragmented lake-river systems, inahgdhe Rainy River, the Jackfish
River, and the Grasse River systems (Rusak & Mesih@97; Kim Tremblay, personal
communication; Trested, 2010; respectively). In@rasse River, three Lake Sturgeon
were radio tagged in the lower portion of the rigad 72% of all their manual telemetry
detections thereafter came within the same lowatiseof the river, indicating that Lake
Sturgeon at the mouth of the Grasse River undeffeknovements throughout the
summer and fall seasons of the year (Trested, 20%i@)in a Lake Superior river
system, Auer et al. (1999) found that post-spawheke Sturgeon remained at the
mouth of the Sturgeon River for a period of 3 todays before dispersing into Portage

Lake or Lake Superior in late August.
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Beyond the mouth of the river and the pools thraughhe lower rapids, Lake
Sturgeon also showed fidelity for Henry’s Honey &jakhich is located 98 km upriver
from Lake Superior (King, 2010; Bill Gardner, parabcommunication). Pre- and post-
spawning Lake Sturgeon would congregate in largebars within this staging pool,
presumably to synchronize spawning times amongstiguals and to descend the river
post-spawning (Auer, 1996; Bruch & Binkowski, 20@3ugherty, 2006; Daugherty et
al., 2008a). Unlike some systems, where non-spayinitividuals mimic spawning
individuals at these staging locations (Friday,£2d@D05b; Lallaman et al., 2008; Tim
Haxton, personal communication), this did not séeive the case in the Pic River.
Beyond the 50 km mark of the river, captured Lakedon tended to be ripe unless
they were caught prior to the estimated spawnmeg {isee Section 3.3.3). This may be
the case in the Pic River since it is a relativehg tributary with suitable foraging
habitat that is close to Lake Superior. Under stariditions, it appears that non-
spawning Lake Sturgeon tended to exploit neardakaging locations that were
energetically profitable (i.e. Lower Rapids insteddHenry’s Honey Hole).

Although not statistically tested, differenceshe movement rates also existed
between spawning and non-spawning Lake Sturgedh,spawning individuals
ascending the entire river within 10 days of emig(~10 km/day) and foraging
individuals meandering with minimal displacemersttainces. This is quite common
amongst other populations of Lake Sturgeon. INGhesse River, upriver migration rates
of spawning individuals moved between 4.3 km/day &.1 km/day, while their non-
spawning counterparts were between 0.82 km/dayl&flkm/day (Trested, 2010). In

the Rainy River, foraging and spawning individuadsl a two-fold increase in movement
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rates during the spring and summer compared ttathand winter (Rusak and Mosindy,
1997). Similar observations can be seen in othegsbn species, including the Gulf
Sturgeon, whereby spawning individuals entereditabes earlier and travelled greater
distances in shorter time periods compared to pawsing Gulf Sturgeon (Fox et al.,
2002). The current study was not able to accuratetgct small changes in the daily
movements of Lake Sturgeon given the size andvelataccessibility of the river.
However, despite these limitations, it was quitpapnt that spawning individuals
migrated further and had greater migration ratespared to their non-spawning
counterparts. This finding was particularly trueidg the late-spring for the Pic River.
This study also found that Pic River Lake Sturgamnot a resident population,
meaning that they return to Lake Superior in thietdeoverwinter. There are examples of
similar and alternate residency strategies initeeakure. In the Sturgeon River, Lake
Sturgeon dispersed into Lake Superior in late Atgod were found up to 280 km away
(Auer et al., 1999). In the Grasse River, non-spagrhake Sturgeon returned to either
Lake St. Francis or the St. Lawrence River forgheng and summer, whereas spawning
individuals remained within the river for the sgriand the previous winter to increase
energy reserves and to reach the spawning siterlysas possible (Trested, 2010). This
finding was also reported in the Rainy River systesmere spawning Lake Sturgeon
overwintered and spent the spring in the river mowkspawning individuals left the river
during the spring but returned in the fall to ovener (Rusak & Mosindy, 1997). Friday
(2004) found a non-resident population of Lake @on within the Black River, but
within a relatively close tributary (i.e. Kaminigtiai River), Lake Sturgeon formed a

resident population (Friday 2005b). Resident paparia are also very common in
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fragmented systems, where populations have becsoteed due to anthropogenic
obstructions or developments and have few otheomp{Haxton, 2002, 2003b; Haxton
& Findlay, 2008). In the Kettle River, Lake Sturgewontinue to form a resident
population, despite all obstructions being moveer@/decade ago (Borkholder et al.,
2008). Even within a system, the population coddllvided into resident and non-
resident groups; such is the case in the Fox RWelf River, and Embarrass River
(Lyons & Kempinger, 1992). Lake Sturgeon may letieeriver to over winter for
various reasons, but regardless of their reasoitilyassumed that they must encounter
more suitable habitat within the lake ecosystentt migration pattern to be
maintained. Although this study did not look atgydtal habitat within Lake Superior, it
has been identified as a future direction for #tigly and more broadly as an emerging
field of interest in Lake Sturgeon ecology (TomtEnaersonal communication).

2.4.2: Environmental Cues & Timing of Migration

This study found a significant inter-annual diffiece in the timing of migration,
particularly in 2010 when an earlier spring on3étese results are consistent with those
found on the Rainy River, Ontario, where unusuabtabconditions observed in 1988,
characterized by warm temperatures, low flows, thedcearly disappearance of ice,
resulted in an earlier spawning time by individualeo entered the river (Rusak &
Mosindy, 1997). Using Rusak & Mosindy’s (1997) naitjon data for mean entry times
from 1988 to 1990 and the same hydrometric datanha used for this study to
determine the disappearance of ice (i.e. Watereyuo¥ Canada), a bivariate correlation
between mean entry date and the date of ice diaggpee was performed for the Rainy

River (Figure 2.16). Although the correlation wad as strong for the Rainy River as it



63

was for the Pic River BRany = 0.57 versus Ric = 0.89), there is still strong evidence
within both systems to support the hypothesis $pahg movements are strongly
influenced by ice conditions. Bruch & Binkowski (), reiterated this finding through
angling records and electrofishing surveys in thandbago system. Annual angling
records show in increase in the accidental by-catdtake Sturgeon and a large number
of gravid males and females at the spawning sibetlgtafter ice-out in late-March
(Bruch & Binkowski, 2002). Although the current gyudid not look at ice out as it
relates to spawning times, it did find strong ewickerelating ice-out to entry times,
which could then be used to estimate spawning tignhesn the movement rates of

spawning Lake Sturgeon.
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Figure 2.16 — Correlation between mean entry dade@-out date for the Rainy River
(Rusak & Mosindy, 1997), Ontario, combined with ®ie River data. The purple, yellow
and orange points represent the Pic River data 2008, 2009, and 2010, respectively.
The blue, red and green points represent the RRivgr data from 1988, 1989, and 1990,

respectively.
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Unlike most studies that have found a significatationship between either
water temperature or flow and Lake Sturgeon moveésaéms study did not. In the Kettle
River movements were strongly correlated with wdischarge and mildly correlated
with temperature; however, this is a resident Lakegeon population that does not
experience two environmental mediums (i.e. rivet ke conditions) (Borkholder et al.,
2002). In the Rainy River, Lake Sturgeon that ovetgred in the river were stimulated
to migrate from the river into Lake of the Woodsibgreases in both temperature and
flow, whereas their return movements from the kakéhe river always coincided with
thermal maximas in the Rainy River (Rusak & Mosinti§97). In Lake Winnebago,
long-term movement records are correlated with txatpre, whereby Lake Sturgeon
moved onto and off of the spawning site at tempeeatbetween 6°C and 16°C and at
15°C to 21.1°C, respectively (Bruch & Binkowski02). The results of this study
indicated no overall relationship between Lake §gton movements into or out of the
river and temperature or flow. It is possible thatrelationship was found because this
study focused on both the spawning and non-spawporigpn of the population. Given
that these two groups are utilizing the river fofedent purposes, it is likely that these
groups are responding to different abiotic cuesthadefore no statistical relationship
can be established (Bruch & Binkowski, 2002; Az03; Peterson et al., 2007). Despite
not being able to find statistical relationshipsamen the movements of Lake Sturgeon
and environmental variables, it was possible topdess environmental cues from trends
in water temperature and flow relative to the distof Lake Sturgeon from Lake

Superior. A similar approach and result was foupdriiday (2005 and 2006), whereby
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movement onto the spawning site and spawning ibelfirred eight days prior to peaks
in water flow.

Perhaps even more interesting than determininggbeific environmental cues
that induce movements, and certainly more conatysive the results related to Lake
Sturgeon modifying their habitat utilization anching of migration in the face of
unusually warm abiotic conditions. Shifts in thaitig and patterns of migration have
become an important field of research for migragpgcies of ichthyo and avian fauna,
especially given the threats of climate change @& Adams, 1996; Sims et al., 2004;
Hodgson et al., 2006; Ydenberg et al., 2005). is shudy, Lake Sturgeon shifted their
migrations by roughly 50 days earlier and utilizexvel habitats within the system to
mitigate the extremely warm conditions within the River throughout the summer of
2010. These results are most likely related tditideng by McKinley (1998), which
found that Lake Sturgeon significantly reduce timavements during the thermal
maxima to reduce metabolic stress on the body.fitial perception of these results
may be viewed as positive, since Lake Sturgeon ¢edra able to offset drastic
increases in temperature that may be foreseealkr some climate change predictions.
However it is important to understand the implicas of this modified behaviour to truly
understand what the long term impacts of thesegdgmmay be (Nilo et al., 1997).
Adams (2004) and Adams et al. (2006) found thaelLaturgeon year class strength and
water levels were positively correlated for Rairgkke in Minnesota and Ontario. Also,
unlike warm water fish species, Lake Sturgeon bammhdition and size is negatively
correlated with air temperature (Fortin et al., @98nd a latitudinal counter gradient in

the thermal opportunity for growth exists, meaningt the potential for growth decreases



67

once temperatures exceed a thermal threshold (R&WKinley, 1997). Furthermore,
with reduced water levels, parts of the river magdme unnavigable or portions of the
spawning habitat may rise above the water levekimgagthem completely unusable for
spawning — such may have been the case at Kagallsoi-2010. Therefore, the results
presented here should not be considered as evidlesiceake Sturgeon are resilient to
climate change, but rather that they can offseeedmgly high thermal conditions for
short periods of time, potentially at the costtdit long term fitness.

2.4.3: General Conclusions

Consistent with the findings of other studies @ké& Sturgeon movement patterns
(Lyons & Kempinger, 1992; Auer 1996; Rusak & Mogmd997; Borkholder et al.,
2002; Fox et al., 2002; Knight et al., 2002; Haxt®®03b; Friday, 2005a, 2005b;
Trested, 2010), adult Lake Sturgeon showed stridadidelity on an annual basis for
three deep-pool habitats in the Pic River. Laked&ton movements were stimulated by
ice cover and the disappearance of ice in the ReerRespecially movements by non-
spawning individuals. Although the relationshipvbetn ice-out and the onset of
migration has not been as defined as the relatiprsttween water temperature or flow
and migration, there is some primary and anecdntidence of this relationship
suggesting that it should be investigated furtisorfe &Vincent, 1900; Rusak &
Mosindy, 1997; Bruch & Binkowski, 2002; Couchie 02).

The identification and protection of critical Lals¢éurgeon habitat is, at least
contemporarily, the highest priority for consereatiefforts and for the long-term
sustainability of this endemic species (Harkned3y&nond, 1961; Hay-Chmielewski &

Whelan, 1997; Holey et al., 2000; Auer, 2003). Tdhiapter of the study was able to
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identify critical habitat that was used on a seatand annual basis, assess the
environmental cues that stimulated the onset ofatimn, and monitored the changes in
movement patterns that were induced by droughtdlketic conditions. Daily

movement rates, home range sizes, and diurnaltiersan movement patterns were not
able to be assessed in this study because ofvilresrsize and relative inaccessibility.
More base stations (1 base station per 10 km ef)and a greater amount of manual
telemetry effort (2 sweeps of the river per dayulddhave to be considered to accurately
measure the aforementioned variables. Neverthalgssstudy should aid fisheries
biologists within this region, and more broadly it Ontario, to develop and implement
policies that not only protect Lake Sturgeon spagrtiabitat, but also the deep pool

habitats that are frequently utilized on a seasandlannual basis.
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Chapter 3: Validation of a Lake Sturgeon Habitataulity Model for Spawning

3.1 INTRODUCTION

Habitat suitability models (HSMs) are an importaodl in fisheries management
that enable the quantitative assessment of geogedlata and have been used for a
wide range of applications (Fisher & Toepfer, 1988her & Rahel, 2004; Zorn et al.,
2011). HSMs typically incorporate spatially refeced habitat information about
physical features with temporal changes in abimtichemical conditions to predict what
habitat will be most suitable for a given speci@i\eil et al., 1988; Rubec et al., 1999;
Valavanis et al., 2008). On the St. Marys RiverMs$have been used to retroactively
assess the impacts of developments on fish stogkstine (Bray, 1996). In contrast, on
the Yangtze River, they have been used to for¢kagiotential impacts of the Three
Gorges and Gezhouba Dams on Chinese Sturgeppefiser sinensis) and Common
Carp Cyprinus carpio) (Chen & Wu, 2011; Yi et al., 2010; respectivelyheir
applications are not limited to only predicting labsuitability, as they have also been
used to estimate fish abundance (Toepfer et 2Q2&nd to assess the recovery potential
of a species within a river (Daugherty et al., 20@6though HSMs are widely used and
critical decisions are based upon them, few ofdhmedels have ever been validated
(Ortigosa et al., 2000; Morris & Ball, 2006; Vinaget al., 2006) and therefore their
predictive ability or transferability may be weakd#or unreliable (Burgman et al., 2001,
Olden et al., 2002).

In theory, these models should be able to accyrpteldict habitat suitability

since they are based on pre-existing studies hesetpredictions are frequently
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contested. A long-standing deficiency of HSMs mittinability to incorporate biological
features such as stream ecology, population dyrsmieergetics, predation, and
competition, which influence both population abumoiaand distribution (Orth, 1987).
Cianfrani et al. (2010) advocated for the use otemative HSM for non-equilibrium
species such as species at risk or invasive spattesfinding that over 50% of HSMs
for the threatened Eurasian otteutfa lutra) provided unreliable recolonization
predictions. Other common criticisms of HSMs ara they lack variability in the input
variables, they use inappropriate spatial scatesda not sample over long enough
temporal periods (Brooks, 1997; Roloff & Kernoh&B99). Despite these limitations,
the temptation to use them remains high becauyecthebe easily applied and produce
seemingly powerful results that are spatially refeed and relative to a target species.

For Lake SturgeonAcipenser fulvescens), Threader et al. (1998) developed a
HSM to predict the suitability of foraging and spamg habitat based on substrate, depth,
temperature, and flow. The foraging component ©f HEM has been independently
validated on the Ottawa River by comparing CPUBRd{lt and juveniles at locations
with high and low foraging suitability (Haxton dt,&008). Although the variation in
CPUE was significant between high and low foragingability areas, the predictions of
the model was low (Haxton et al., 2008). The spagiomponent of the HSM has not
been independently validated, despite it being tséfluence management decisions
and restoration efforts (Daugherty, 2006; Daugh&®p7; 2008a; 2008b). This
component of the HSM evaluates the overall suitgtwf a potential spawning site based
on substrate and depth, and the daily suitabifily potential spawning site by

incorporating temperature and flow into its preidics (Threader et al., 1998). In this
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study, the spawning component of the HSM will bdejpendently validated by
comparing the model’s predictions with empiricatetvations of spawning behaviour.

Lake Sturgeon typically spawn at the uppermost saghble barrier immediately
below a water chute or within the rapids of a rator artificial waterfall (Auer, 1996;
Seylor, 1997a; Threader et al., 1998; Bruch & Bimkki, 2002; Peterson et al., 2007,
Ontario Ministry of Natural Resources, 2009), alth spawning can also occur within
the lower portions of rivers or on lake shorelifidarkness & Dymond, 1961; Carlson,
1995). Bruch & Binkowski (2002) found that spawnsites in the Winnebago system
were close to deep overwintering pools (<2 km), &aeéxtensive amount of spawning
substrate (>700 fthat was comprised of clean rock, limestone,ranige with clean
interstitial spaces, and high flows for cleaningadks and aerating eggs. Several other
studies report Lake Sturgeon spawning at deptl@slof to 2.0 m over gravel or cobble
substrate, and at water velocities that range ftbram/s to 70 cm/s (Priegel and Wirth,
1974; LaHaye et al., 1992; McKinley et al., 199&eA & Baker, 2002). Spawning
temperatures can also vary quite substantiallyordgdterm study in the Wolf River found
evidence of spawning at temperatures between &B8823.3°C (Kempinger, 1988) and
up to 21.5°C in the L’Assomption River (LaHaye ket 8992). Most spawning, however,
is observed between 13°C to 18°C (Scott & Crossa®ir; Bruch & Binkowski, 2002;
Peterson et al., 2007). Spawning typically occwer @ very short period, lasting only a
matter of a few hours (Auer & Baker, 2002), andssociated with a polyandrous mating
system, whereby two to five males will swim besadiemale and fertilize her eggs as
they are being expelled (Bruch & Binkowski, 2002f{d?son et al., 2007; Ontario

Ministry of Natural Resources, 2009). These charastics of Lake Sturgeon spawning
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habitat and behaviour were used to develop thedtaiitability index values for
substrate, depth, temperature, and flow, whichappdied to calculate the overall and
daily suitability of potential spawning sites (Thder et al., 1998).

There are three objectives for this chapter andhyypmtheses that are derived
from postulates of the HSM (Threader et al., 1998 first objective is to model the
overall suitability of spawning habitat based obsttate composition and depth at three
potential spawning sites (i.e. the Lower Rapidsnittau Falls, and Kagiano Falls). The
second objective will build onto this model by paithg the spawning times of Lake
Sturgeon based on mean daily water temperaturellyrihe model’s predictions will be
compared with empirical observations of spawningrtmund truth its results and
evaluate its predictive ability. The first hypotlsesf the HSM is that Lake Sturgeon
should spawn at locations that increase theirihkeld of success and therefore have
higher suitability indices (Threader et al., 1998}his is the case, then there should be a
higher CPUE of ripe adults, eggs, and larvae aitions with greater proportions of
highly suited habitat relative to poorly suited iat The HSM also hypothesizes that
peak spawning times should occur when water terntyresaare optimal, between 12°C
and 16°C because this is when temperature suitaisilat its highest level (Threader et
al., 1998). If the HSM’s daily predictions for opi@l spawning times are valid, then
empirical evidence of spawning, such as eggs, ¢éarmad the movement of ripe adults
onto the spawning habitat, should coincide withkgea the spawning suitability of that

respective site.
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3.2 METHODS

3.2.1 Habitat Variables:

Substrate Composition

Substrate composition analysis was performed kethee days of May 36
2010 and May 30, 2010 using a Dual-frequency Identification SofADSON)

(DIDSON 300m, Sound Metrics, Chesapeake, VA., USAe DIDSON was operated
from an anchored boat at a known UTM coordinatevaas! held over the side of the boat
at a downward angle of 1° to 7° depending on wagpth. Once in the water, the
DIDSON began recording as it was slowly rotated°36Qigitally record the substrate

in the 30 m diameter circle surrounding the boae DIDSON's built in compass
simultaneously recorded the direction of the DIDSfobtage in degrees.

Using the DIDSON™ Software (V.5) (Sound Metrics eSapeake, VA., USA), a
grid with 1 m intervals was overlaid onto the fayao determine the distance of the
substrate relative to the boat. Substrate typg@rbgortion, was classified at the intersect
of every 8° interval (starting at 4°) (i.e. 4°, 120° ... 340°, 348°, 356°) and every 2.5 m
away from the boat (starting at 5m) (i.e. 5 m,m,5.0 m, 12.5 m, 15 m). Therefore, for
each site that the boat was anchored at, a to2®habitat points were classified and a
total area of 706 frwas observed. At each point, the proportion of,cilt, sand, gravel,
cobble, boulder, bedrock, or other (i.e. woody @glwas estimated. Clay, silt, and sand
substrates were classified based on their coloratedlectivity, and amount of
backscatter (bright white and no shadows = clagketeshades and grainy shadows =

sand). Whereas gravel, cobble, boulder, bedroakp#imer materials were classified
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using the measuring tool within the DIDSON softwanel by criteria in Threader et al.

(1998) (Table 3.1).
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Table 3.1 — Substrate particle size statistics essowred by Threader et al. (1998).

Substrate Type

Particle size range

(mm)

Median Particle Size

(mm)

Other (i.e. logs, woody

Highly variable

Highly variable

debris, etc.)
Clay 0
Silt <1 0.5

Sand 1to2 15

Gravel 2.1t0 80 41.1

Cobble 81 to 250 166.5

Boulder >250 250
500

Bedrock
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The UTM coordinates of each habitat point were daled using the cosine
(Easting) and sine (Northing) of the footage dict®), multiplied by the distance (m)
of the habitat point from the boat. This value when added to the known UTM
coordinate of the boat to produce new coordindtas deoreferenced each habitat point.
A total of 55 boat sites, 12,375 habitat points] 88830 M was observed along the three
potential spawning sites, including; the Lower Rigpin= 23 boat sites; n= 5,175 habitat
points, A= 16,238 R), Manitou Falls (n= 22 boat sites; n= 4,950 hdbjtaints, A=
15,532 M), and the lower Kagiano River (n= 10 boat sites:2250 habitat points, A=
7,060 ).

Georeferenced substrate point data were then dewetbto ArcMap 9.1 (ESRI
(Environmental Systems Research Institute), Redla@dlifornia) to create a point shape
file for each substrate type, whereby each poipresented the proportion of that
particular substrate. Point data were then intatpdl using inverse distance weighting
(Bolstad, 2002) with a variable search radius ® riearest four points, a power of 0.5,
and a cell size of 25 MmThe rasters were then masked to remove portibtiseoraster
that existed outside of the river polygon bound@rgols; Spatial Analyst; Extraction;
Extract by Mask). Therefore at each potential spawsite, there was a substrate raster
for each substrate type with a value ranging froto D.

Depth

Bathymetry maps were created for the Lower Rapidianitou Falls, and the
lower Kagiano River using a bathymetric automated/esying system (BASS) and a
Garmin 421s sonar unit. Data from each locationewesllected from July to August

2009 and in June of 2010. Georeferenced depthvadata added to ArcMap 9.1 [(ESRI
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(Environmental Systems Research Institute), Redla@a@lifornia)] to generate a point
shape file. Depth data were then interpolated u3iogogrid to generate a bathymetry
raster for Manitou Falls, Kagiano Falls, and theveo Rapids. The bathymetry raster was
then masked to remove portions of the raster thstesl outside of the river polygon
boundary.
Temperature

At Manitou Falls, temperature was recorded evehod@rs from April 28, 2010
to July 30", 2010 using a temperature data logger (TidbiT le2pted directly above
Manitou Falls (Easting: 566904, Northing: 545097Mean daily temperature at this
location was based on 12 readings per day ovaerdhese of this period (Appendix 2). At
Kagiano Falls, temperature was recorded every 2shfoom April 29", 2010 to July 35,
2010 using a temperature data logger (TidbiT v2ated immediately below the rapids
of Kagiano Falls (Easting: 565486, Northing: 544B1IMean daily temperature at this
location was based on 6 readings per day overdhese of this period (Appendix 2). At
the Lower Rapids, temperature was recorded fouediataily from April 28, 2010 to
July 30", 2010 using a temperature data logger (TidbiT le2ated immediately below
the rapids (Easting: 552000, Northing: 5400155)aMdaily temperature at this location
was based on 4 readings per day over the coutbésgieriod (Appendix 2).

3.2.2 Habitat Suitability Model:

According to Threader et al. (1998), the suit&pibf Lake Sturgeon spawning
habitat is dependent on substrate, depth, temperadnd flow. For this study, detailed
measurements and monitoring of flow were not ab&laand therefore only substrate,

depth, and temperature were considered for suttabitalysis. The HSM was developed
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based on habitat preferences of spawning Lake &argn northern Ontario rivers
(Groundhog River & Moose River; Seylor et al. 19%/&eylor, 1997b; respectively).
The model provides suitability index values for leatbstrate type, depth interval, and
temperature interval (Table 3.2, Table 3.3, and |daB.4, respectively). Two
modifications to Threader et al.’s (1998) origirsalitability indices were made. First,
sand was given a suitability index of 0.0 instedd.d because of evidence that Lake
Sturgeon spawn near sand bars or beaches, buhsatinaly substrates (Daugherty et al.,
2008a; Daugherty et al., 2008b). Secondly, thiglystturther refined the depth and
temperature intervals so that small scale changeake overall suitability of spawning

habitat could be observed, these revised valuegrasented below.
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Table 3.2 — Suitability index values for each stdisttype based on Threader et al.

(1998).
Substrate Type Suitability Index Value
Other (i.e. logs, woody debris, etc) 0.0

Clay 0.0

Silt 0.0

Sand 0.0
Bedrock 0.3
Gravel 0.5
Cobble 1.0
Boulder 1.0




Table 3.3 — Suitability index values for each daptkrval based on Threader et al

(1998).

80

Depth Interval (m)

Suitability Index Value

<0.3 0.0
3to<5 1.0
5 to<8 0.75

8to<11 0.5
11 to <14 0.2
14 to <18 0.1

>18 0.0
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Table 3.4 — Suitability index values for each terapge interval based on Threader et al

(1998).
Temperature Interval(°C) Suitability Index Value
<8.3 0.0
8.3t0 <10 0.25
10to <12 0.75
12 to <16 1.0
16 to <20 0.75
20 to <23.3 0.25
>23.3 0.0
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To determine the suitability of substrate at gaatential spawning site, the raster
calculator was used in ArcMap 9.1 (Tools; Spatiab#st). The overall substrate
suitability was equal to the sum of the proportidreach substrate type (i.e. the substrate
rasters) multiplied by its respective suitabilitglex value. Therefore, the substrate
rasters representing the proportion of “other”a$gl“silt”, “sand”, “bedrock”, “gravel”,
“cobble”, and “boulder” were multiplied by 0.0, 0.0@.0, 0.0, 0.3, 0.5, 1.0, and 1.0,
respectively, to determine the substrate suitgifiit spawning. The new raster layer
produced from this calculation had 25 cells with a value ranging from 0 to 1; 0 being
very unsuitable substrate for spawning and 1 bkighly suitable substrate for
spawning. The depth rasters were then reclasgifiedl; Spatial Analyst; Reclass;
Reclassify) to convert negative depth values imsitpre depth suitability index values
based on Table 3.3. The reclassification resutietldepth raster with each 25 cell
having a value ranging from 0 to 1; O being a hjgimisuitable depth for spawning and 1
being a highly suitable depth for spawning.

Upon generating depth and substrate suitabdsyers, the raster calculator was
once again used to calculate the geometric meaaatf cell within the depth and
substrate suitability rasters. The raster thatpvaduced from this calculation
represented the overall suitability of each potdrgjpawning site based solely on depth
and substrate type. The final variable for the HiSIvhean daily water temperature. Since
this variable changes daily, so do the model’s iptexhs of daily suitability. To
accommodate this, a suitability map representiegtrerall suitability of each potential
spawning location had to be created for each day fpril 29", 2010 to July 36, 2010.

To do this, mean daily water temperature was cdagiento a suitability value based on
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Table 2.4 (Appendix 2). Upon converting the meaifydamperature to a suitability
index value, the raster calculator was once agseéa to calculate the geometric mean of
the water temperature suitability index and theéadulity index in each cell within the
depth and substrate suitability rasters. The rdayer that was produced from this
calculation represented the daily suitability ofle@otential spawning site based on
water temperature, substrate composition, and depth

Upon generating the overall and daily suitabilitigputs, the proportion of cells
with a spawning suitability value of very poor (.poor (>0.0 to 0.2), fair (>0.2 to 0.5),
good (>0.5 to 0.8), and excellent (>0.8 to 1.0) determined. To rank each of the
potential spawning sites based on their overatability, the proportion of cells within
each suitability class were compared. Spawning svere ranked higher if they had a
higher proportion of highly suitable spawning habrelative to poorly suitable spawning
habitat and vice-versa. Once spawning sites wedathfrom first to third, the spawning
assessments were considered to determine if threessevaigher presence of spawning
adults and a greater contribution to natural récrent at higher ranked spawning sites
versus poorly ranked spawning sites.

Cells within the daily habitat suitability outpuigre also classified into each of
the five suitability classes (i.e. very poor, pdait, good, and excellent) and were used
to estimate the theoretical timing of Lake Sturgepawning at each of the potential
spawning sites. The proportion of cells within ealtdss was plotted against time for
each spawning site and results from the spawnisgsaments were used to determine the
accuracy of the HSM'’s predictions. According to H®M's daily outputs for spawning

suitability, Lake Sturgeon spawning should occudags where there is the greatest
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proportion of highly suitable spawning habitat tekato poorly suited spawning habitat.
Therefore the HSM’s prediction for the timing ofasgning was compared with empirical
evidence for the timing of spawning to test theuaacy of the model’'s predictions.

3.3.3 Spawning Assessments:

To determine the validity of the HSM’s predictidias spawning suitability
(described in Section 3.3.2), spring spawning assests were performed at all three
potential spawning sites within the Pic River. Aga of methodological approaches was
applied throughout the study to determine if spagmwas occurring at particular
locations, and if so, the relative importance @&f $ppawning site to natural recruitment.
To address these questions, the methodologicabapipes to assess spawning included,;
visual observations, gill netting, larval drift tiety, and deploying egg mats in prime
spawning locations.

Visual Observations

Visual observations of spawning were extremelytiehiwithin the Pic River due
to high levels of turbidity. In 2010, lower flowséfewer heavy rain events enabled
some visual observations to be made at Manitows Fapart from these observations, no
other evidence of spawning was collected throughrtiethod.

Gill Netting

For this portion of the study, only gill nettingtd collected in 2008 and 2009
were considered, as these were the only two yelaes gill netting was performed at all
three potential spawning sites. Netting occurredifMay 28 to August 14 in 2008 and
from May 24 to August 14 in 2009. Nylon gill neten® set perpendicular to shore at an

angle of roughly 90° with stretch mesh sizes ragd@iom 20.32 cm (8”) to 25.4 cm
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(207). Gill nets were set overnight and upon retaiehe location, duration, depth, water
temperature, net length, mesh size, cloud cover pagecipitation type were recorded for
each set. Since this portion of the study was fedus) spawning individuals at each of
the potential spawning sites, only data that wetkected from ripe individuals within
500m of a potential spawning site were used torgete catch per unit of effort (CPUE)
(# ripe adults/day). CPUE of ripe adults at eacdwspng site was used as a surrogate
measure of abundance to rank the relative impogtaheach potential spawning site
within the Pic River.
Larval Drift Netting

Larval drift netting occurred in 2010 at the lowapids, Manitou Falls, and
Kagiano Falls, from May 22 to June 28, from May 24" to July &, and from May 28
to June 186, respectively. Larval drift nets with a mesh 52600 um were anchored in
the river channel overnight at various depths acdtions within 1 km of potential
spawning sites. Larval drift nets that were sebwehe confluence of the Pic and
Kagiano Rivers were not included in this analysiea it could not be determined
whether their natal site was Manitou or Kagiandg=&ll contents collected in the larval
drift nets were preserved in 95% Ethanol Alcohol @) and identified through a
dissecting microscope. In cases where larvae awatlthe identified through a
microscope, DNA sequencing was used to identifysfhecies. Using methods outlined in
the NRDPFC Laboratory Manual, the mitochondriabchtrome b gene was amplified
and sequenced, and the nucleotide sequence watethnto BLAST (Basic Local

Alignment Search Tool) to determine the specieg fbital number of Lake Sturgeon
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larvae captured at each spawning site was diviggtidototal amount of effort at that
respective site to assess the relative recruitnagatbased on CPUE of larvae.
Egg Mats

Egg mats were deployed in 2010 at the lower rapiidsitou Falls, and Kagiano
Falls, from May 28 to June #, from May 18 to June 5, and from May 2% to June
7" respectively. Egg mats were deployed overnigthtiwi50 m of Manitou and Kagiano
Falls and in fast flowing waters that were along libwer rapids. Egg mats were
thoroughly checked each day and all eggs wereatetlefrom the mats, regardless of
their appearance. All eggs that were collected wesserved in 95% ETOH and
identified as Lake Sturgeon, if they were a darkesbrown colouration. To confirm that
visual observations were sufficient, a subsamplEO@ftransparent eggs that were
collected at the lower rapids and Manitou Fallsexggnetically sequenced for the
mitochondrial cytochrome b gene. This confirmed thay were not sturgeon. All olive-
black coloured eggs were then identified as Lakedggbn based solely on visual
observation. The total number of Lake Sturgeon egliected per spawning site was
divided by the total amount of effort at that respee site to assess the relative

recruitment based on CPUE of eggs.

3.3 RESULTS

3.3.1 Overall Spawning Habitat Suitability:

At each potential spawning location, a substraster was generated that
represented the proportion of that particular salbsttype at that location (8 substrate

types total x 3 potential spawning sites) (Figuretd Figure 3.21 in Appendix 1). The
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resultant suitability index values were then usedadnvert the proportion of substrate
type to a composite substrate suitability indexigdbr the Lower Rapids, Manitou Falls,
and Kagiano Falls (Figure 3.22; Figure 3.23; Figai@4; respectively). Cells with an
area of 25 mwere then classified into 5 different groups defieg on their substrate
suitability index value, defined as: 0.0 (very pe&i0.0 to <0.2 (poor), 0.2 to <0.5 (fair),
0.5 to < 0.8 (good), and 0.8 to 1.0 (excellentsuits indicated that the lower rapids had
the largest proportion of highly suitable substratiéh nearly a threefold higher
proportion of highly suitable substrate relativéManitou and Kagiano Falls (Figure
3.25). Furthermore, the lower rapids were neaftyuafold lower in the proportion of
very poor, poor, and fair substrate suitability $pawning. According to these results, the
substrate suitability for spawning Lake Sturgeopredicted to be substantially better at
the lower rapids compared to Manitou and Kagiants Fahereas the proportions of

high and low substrate suitability were roughly &cat these two latter locations.
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Figure 3.22 — Substrate suitability of the LowepRla based on the suitability index values (Tab®).3
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Figure 3.23 — Substrate suitability of Manitou Bdlased on the suitability index values (Table.3.2)
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Figure 3.24 — Substrate suitability of Kagiano #ldsed on the suitability index values (Table.3.2)
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At each potential spawning site, a bathymetryarastis generated and each 25
m? cell was converted from a depth value to a depitalsility index value based on
Table 3.3. Since Lake Sturgeon have a broad defgrahce for spawning, 90% and 97%
of the habitat at the lower rapids and at both Kagiand Manitou Falls (respectively)
was classified as excellent depth for spawning diepth suitability index value greater
than or equal to 0.8). The depth suitability restdictored out the deep foraging and/or
staging habitat at the lower rapids, Kagiano Falt&l Manitou Falls, including plunge
pools immediately below both falls and deep poleéd bccur intermittently throughout

the lower rapids.
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Upon generating substrate and depth suitabilgtera, the geometric means of
these two layers were calculated to generate a sontpmodel estimate of the overall
spawning suitability of the Lower Rapids, Manitaails, and Kagiano Falls (Figure 3.27;
Figure 3.28; Figure 3.29; respectively). As wasdage when only substrate was
considered, the lower rapids had nearly a threefadase in the proportion of highly
suitable habitat when both substrate and depth easidered (Figure 3.30). With the
exception of a 1700fpatch at the top of the site and a 550@atch in the middle of the
site, all of the habitat at the lower rapids ranfyech fairly to highly suitable for Lake
Sturgeon spawning (Figure 3.27). Additionally, Maniand Kagiano Falls had a greater
proportion of spawning habitat that was very poastijted compared to excellently suited
habitat for Lake Sturgeon spawning. Of the entiemdhat was modeled at the lower
rapids (78,475 R), Manitou Falls (23,775 fi and Kagiano Falls (13,1009na total
area of 69,575 M 8,925 M, 4,200 m (respectively) was considered excellently suited

for Lake Sturgeon spawning based on the compourt&hior overall suitability.
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Figure 3.27 — Overall suitability of the lower rdpibased on the depth and substrate suitabiligxindlues (Table 3.2 & 3.3).
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Figure 3.28 — Overall suitability of Manitou Fablased on the depth and substrate suitability ivdéxes (Table 3.2 & 3.3).
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Figure 3.29 — Overall suitability of Kagiano Fatlased on the depth and substrate suitability ivdéxes (Table 3.2 & 3.3).
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Although Manitou and Kagiano Falls had less highlitable spawning habitat,
there was nonetheless some highly suitable spawrahiat that warrants attention. At
Manitou Falls there was a large patch (1,7GD@hhighly suitable spawning habitat that
is immediately to the left of the base of the féiggure 3.28 and Figure 3.31). As well,
there are four large patches (609tm900 ) of highly suitable spawning habitat
located where the river first begins to narrow keManitou Falls. There was an
additional six smaller habitat patches (30btm700 ) that were located immediately
below the first bend that is located below Manikalls. At Kagiano Falls, there were
two large patches (roughly 1,306)nof highly suitable Lake Sturgeon spawning habitat
one occurring immediately below the uppermost revig point and another occurring at
the second bend below the uppermost navigable ffigire 3.29 and Figure 3.32).
There were a few more intermittent patches of bletapawning habitat near the mouth
of the Kagiano River; however, given the low padcde and moderate suitability, these
are unlikely spawning locations. It is also impatts note that for both of these
locations, sampling methods were not feasible imately below the water chute of the
falls because of boat accessibility and water fissues (Figure 3.33). Although not
navigable by boat or feasible to assess using tB&ON camera, fish could still
navigate these areas with relative ease. Therafoitais possible that both Manitou and
Kagiano Falls had a greater proportion of highlyadle spawning habitat within these
unsampled portions, especially given that thesasaneere mostly comprised of boulder
and cobble substrate. The limiting factor to thieeduility of both of these locations is

depth, since ephemeral conditions exist withineh@srtions. It is likely that these two
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unsampled locations could add up to 6,06Ganm 9,000 rmof highly suitable spawning

habitat to both Kagiano and Manitou Falls, respetyi
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Figure 3.31 — Aerial photograph of Manitou Fallstba Pic River with circles indicating

the locations of highly suitable Lake Sturgeon spiag habitat patches.
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Figure 3.32 — Aerial photograph of Kagiano Fallslom Kagiano River with circles

indicating the locations of highly suitable Lakei$geon spawning habitat patches.
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Figure 3.33 — Areas of Kagiano (left) and Manitall$-(right) that could not be sampled
because of accessibility and/or water flow issBegh areas are immediately above the

uppermost navigable points of the river, but stargeere observed in these areas.
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3.3.2 Daily Spawning Habitat Suitability:

To produce daily habitat suitability values forkieaSturgeon spawning habitat,
the geometric mean of each cell was calculateddasehe substrate, depth, and
temperature suitability index value. The proporsi@f very poor (0), poor (>0.0-0.2), fair
(>0.2-0.5), good (>0.5-0.8), and excellent (>0.8) habitat were plotted against time
(days) to determine when optimal spawning timesaah spawning site occurred.
According to the HSM, spawning should occur whepawning site reaches its optimal
spawning temperature or when there is a very highgstion of highly suitable
spawning habitat. Results indicated that optimalspng conditions were reached at
roughly the same time at each of the potential sjragvsites. According to the modeled
results, optimal spawning conditions were reachi¢dealower rapids on May 182010
to May 22, 2010, and again on Jun8 2010 (Figure 3.34). Modeled results were very
similar at both Manitou and Kagiano Falls, wher#iyy HSM predicted that spawning
was most likely to occur between Ma¥!, 22010 and May%, 2010, between May 7
2010 and May 18 2010, or on June 102010 (Figure 3.35 and Figure 3.36,
respectively). It is also important to note thathe 2 to 3 days preceding and proceeding
the aforementioned optimal spawning windows, theral suitability was at its second
highest level at all three potential spawning sjies overall suitability < 0.8). The model
therefore suggests, albeit with less confidencd, lthke Sturgeon could spawn in the 2

to 3 days before and after these windows as well.
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Figure 3.34 — Daily suitability of Lake Sturgeorasming habitat at the lower rapids

based on substrate, depth, and temperature.
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on substrate, depth, and temperature.
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3.3.3 Spawning Assessments:

To compare habitat utilization by spawning adalké Sturgeon at each of the
potential spawning sites, three different methodsawused to estimate the relative
importance and rate of recruitment at each site.firet such measure was CPUE of ripe
adults in 2008 and 2009 that were caught within B0&f each potential spawning site
(Figure 3.37). Results indicated that Manitou Falisl the greatest CPUE of ripe adults
in 2009 compared to any other site in any given Y@#&7 ripe adults captured per day).
In 2008, no ripe adult Lake Sturgeon were captatedanitou Falls, however, this is
likely because the sampling period was inconsiskgttit the timing of migration at this
location. In 2008 and 2009, CPUE of ripe adult&agiano Falls was relatively constant,
with 0.37 ripe adults captured per day and 0.44 aigults captured per day, respectively.
At the lower rapids, only two ripe adults were eaptl in 2008, resulting in a CPUE of
0.04 ripe adults captured per day in 2008 andipdadults captured per day in 2009.
Given the date that these two individuals were wagk (i.e. pre-spawning), it is likely
that these two individuals were not spawning atdleer rapids, but instead migrating
through the lower rapids to either Manitou or Kagidalls. These results suggest that
based on CPUE of ripe adults, spawning Lake Sturgeast frequently utilized Manitou
Falls followed closely by Kagiano Falls. Furthermdinese results show very limited
evidence of spawning activity or habitat utilizatiby ripe spawning adults at the lower

rapids.
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Figure 3.37 — CPUE (fish per day) of ripe adultstaeed within 500m of the Lower
Rapids, Kagiano Falls, or Manitou Falls in 2008 2809. In 2008, no ripe adults were

captured at Manitou Falls because of a late stagampling.
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The second and third measures that were useditoagsthe importance of each
site were egg and larvae collections (Figure 3.88)eggs or larvae were captured at the
lower rapids in 2010, despite logging over 4,300rs@f egg mat sampling and over
8,600 hours of larval drift net sampling. No egggevcaptured at Kagiano Falls in 2010,
possibly because of reduced effort (just over 168@rs) or because sampling times did
not coordinate with spawning times. Of the thregeptal spawning sites, Manitou Falls
was the only location where Lake Sturgeon eggs wapéured in 2010. A total of 9 Lake
Sturgeon eggs were captured on Ma¥,2010 at Manitou Falls, for a CPUE of 0.02
eggs per day. All of these eggs were capturedeasdme location, which was
immediately above the waterfall break, in the ragltat are located to the left of the
waterfall fan (Easting: 566936, Northing: 5450880igure 3.39). A total of 2 and 5 Lake
Sturgeon larvae were captured a Kagiano and Mafkiatis in 2010, respectively,
resulting in a CPUE 0.03 larvae per day at Kagigalts and 0.06 larvae per day at
Manitou Falls. As was the case for CPUE of ripelscat each spawning site, these
results indicate that Manitou Falls is the mostjérently utilized and most important
spawning site to natural recruitment within the Riger. Evidence of spawning also
suggests that Kagiano Falls is an important spagvsite for recruitment within the Pic
River, while the lack of spawning evidence colléicé the lower rapids suggests that

Lake Sturgeon may not spawn at this location.
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Figure 3.39 — Daily suitability at Manitou Falls day 24", 2011, when Lake Sturgeon eggs were collected.
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3.4 DISCUSSION

The objective of this chapter was to model the alVand daily suitability of
three potential spawning sites in the Pic River @ncompare these modeled predictions
with empirical evidence of Lake Sturgeon spawniaiivéy at each respective spawning
site. First, it was hypothesized that Lake Sturggwoould spawn at sites that maximize
their chances of successfully reproducing. Accardothe HSM (Threader et al., 1998),
this would be the site with a greatest proportiod amount of highly suitable habitat
relative to poorly suitable habitat. Using thigeria, the HSM predicted that spawning
would most likely occur at the lower rapids, folledvby Manitou and Kagiano Falls
respectively. However no empirical evidence of spiagy was collected at the lower
rapids, therefore rejecting the predictions of &M and the first hypothesis of this
chapter. Secondly, it was hypothesized that Lakeg®bn should spawn at the most
highly suitable locations within each spawning sitel at temperatures between 12°C and
16°C (i.e. the temperature range with a suitabiidex of 1.0) (Threader et al., 1998).
Lake Sturgeon eggs were collected on Ma¥} @4Manitou Falls, which coincided with
the HSM’s predictions of when spawning would ocauthis location. Furthermore, the
eggs were captured near a large patch of spawibigalh, indicating that the model
accurately predicted the spawning times and looatal Lake Sturgeon at Manitou Falls.
This evidence supports the second hypothesis ®ttiapter since empirical evidence of
spawning was collected during and at the locatian was predicted by the HSM.
Discussion surrounding the first hypothesis (he. predictive ability of the HSM

between different spawning sites) and the second hypashesi. the predictive ability of
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the HSMwithin a spawning site) is respectively outlined in thikofving two
subsections.

3.4.1 Predictive AbilityBetween Sites:

According to the results of the spawning asses@nirappears that the lower
rapids is the least utilized and contributes tlastiéo natural recruitment within the Pic
River. However, results from the habitat suitapifitodeling indicated that this site had
the greatest proportion and the greatest quaritityghly suitable spawning habitat. This
inconsistency between the modeled and empirical slaggests that the HSM may not
accurately reflect the likelihood of Lake Sturgespawning at a potential spawning sites
(i.e. between different sites). If the HSM for spémg Lake Sturgeon were accurate, then
the lower rapids would have contributed more tod_8kurgeon recruitment within the
Pic River and would have been more frequentlyagdiby spawning Lake Sturgeon
relative to Manitou and Kagiano Falls. The HSM \aa$ to accurately discriminate
between Manitou and Kagiano Falls, whereby it mtedi that there was a greater
proportion and quantity of highly suitable spawni@bitat at Manitou Falls and this
location was more frequently used by and spawnég atlult Lake Sturgeon.
Conversely, Kagiano Falls was ranked below Mankialls and appeared to have slightly
less spawning adults per season and contributglttlgiiess to natural recruitment.
Therefore between Manitou and Kagiano Falls, th&ki&s able to accurately predict
which site would be more significant to naturalrceitnent. Despite this, the lower
rapids, where no evidence of spawning was collectetked higher than both Manitou
and Kagiano Falls, suggesting that the overallipteg value of the HSM between

spawning sites is relatively poor.
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When assessing differences between the three @ltgpawning sites, the
biggest fault of the Lake Sturgeon HSM was thatédicted the lower rapids to be the
most highly suitable spawning site despite no ewideof spawning at this location
(Threader et al., 1998). This may be because thetisie and interstitial spaces at the
lower rapids were covered by a fine layer of clag ailt (Figure 3.2 and Figure 3.3,
respectively). In the Wolf River, Wisconsin, Lakigeon were less likely to spawn on
substrates that were covered by a thin layer of cldt, detritus, or heavy algal growth
(Floz & Myers, 1985; Kempinger, 1988). Spawningesssnents in the St. Lawrence, St.
Clair, and Detroit River systems also found thajsegere deposited on substrates that
were dominated by cobble or boulders and contaangmall mixture of medium to
coarse gravel (LeHaye et al., 1992; Manny & Kenn@®p2; Nichols et al., 2003;
Caswell et al., 2004). In the lower rapids thers @wavery limited amount of medium to
coarse gravel substrate (Figure 3.6), whereas attMaand Kagiano Falls there was a
large proportion of substrate that had a mixtureatible and/or boulders with coarse
sand or gravel (see Section 3.3.1). When claylbc®vers suitable spawning substrate,
Lake Sturgeon eggs lose their adhesive abilitythatefore cannot develop properly
(LeHaye et al., 1992). As well, eggs may become=e with silt or clay, preventing
them from being oxygenated and developing (Threatdat., 1998; Peterson et al.,
2007). The covering of suitable spawning subs@atéeggs by fine particulate sediment
may prevent or discourage Lake Sturgeon from spagvai the lower rapids. At both
Manitou and Kagiano Falls, this is currently notissue; however with a proposed dam
at Manitou Falls, sedimentation at this spawnimg sould become an issue in the future

(Ligon et al., 1995; Hay-Chmielewski & Whelan, 19%uer, 2003).
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It is also possible that Lake Sturgeon do not spatithe lower rapids because of
its topography. Although the lower rapids have,fastling, white water like Manitou
and Kagiano Falls, it does not present any batwienigration and it does not have a
waterfall. A waterfall and fan, that presents aith@omplete or partial barrier to
migration, is a key topographical feature thatrisspnt at nearly all Lake Sturgeon
spawning sites (Priegel and Wirth, 1974; LaHayalet1992; Nilo et al., 1997; Rusak &
Mosindy, 1997; Seylor 1997a; Seylor 1997b; McKiné&tal., 1998; Auer & Baker,
2002; Peterson et al., 2007; Chiotti et al., 2008)are cases, Lake Sturgeon will spawn
along bedrock formations at the mouth of a tribptaralong lake shorelines (Harkness
& Dymond, 1961; Carlson, 1995). However there ieamence of Lake Sturgeon
spawning in the middle portions of any tributargttis connected to a lake, such as the
lower rapids are in the Pic River. Sturgeon spagmireas may be associated with
waterfalls because they offer hydraulic complezityl a diversity of substrate and flow
conditions (Le Haye et al., 1992; Perrin et alQ20Sulak & Clugston, 1998). In the Big
Manistee River, Lake Sturgeon spawning occurrétieabase of barchans that were
produced by waterfalls, as they provided turbusert irregular water flows (Chiotti et
al., 2008).

Finally, the relatively short distance betweenltwer rapids and Lake Superior
may also influence Lake Sturgeon to not spawn tlggven the necessary development
time for eggs and larvae. The relationship betwaggration distance and egg
development has been well studied and most litexatulicates that there is a positive
correlation between these two variables (Kinnisioal.e 2001). This positive correlation

between gonadal somatic index (GSI) and migratistadce was observed in White
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Sturgeon in the Lower Columbia River and Atlantiar§eon in the Hudson River
(Devore et al., 1995; Van Eenennaam et al., 1998} relationship has not been well
established for Lake Sturgeon, although Auer (1%@@jpests that gonad development
occurs during the migration of all Sturgeon spedist only do eggs require
development time during their upriver migrationst bake Sturgeon larvae also require
development time during their downriver migratidresore being swept into the
connected lake environment. Lake Sturgeon lansgetision occurs 5 to 11 days after
spawning and at temperatures of approximately 16¥lth & King, 2005b). Upon
hatching, the larvae depend exclusively on thelk gacs for nutrition and lack the most
basic anatomical features for survival and locooro{Peterson et al., 2007). Their
phototactic lifestyle consists of rising to thefage during the night and drifting for a
period of several hours downstream until findingesv hiding spot or refuge (Peterson et
al., 2007). This process continues until Lake Stargreach roughly 400 mm (Peterson et
al., 2007), at which point they become juveniled apend upwards of a year at their
nursery habitat, which is typically at the moutttloé river (Auer & Baker, 2002; Nichols
et al., 2003; Smith & King, 2005). In the Sturgéiner, after 61 km of drift in the river,
larvae were still only 24.4 mm, just barely capaifiswimming and controlling
locomotion (Auer & Baker, 2002). The small size atalv development time for larval
Lake Sturgeon may require them to be within a rhadsitat for a period of one year
before entering a lake habitat. Therefore Lakedgtoin may not spawn at the lower
rapids because it does not give larvae adequatdajeuent time prior to entering the

lake environment.
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Despite not finding any physical evidence of spagrat the lower rapids (i.e.
eggs or larvae), Lake Sturgeon movements neaother Irapids were consistent with
spawning movements reported in the literature dsdwed at Manitou and Kagiano
Falls, whereby individuals would reside in deeplpdor long periods of time (2-3 days)
and partake on short range movements through gesrduring optimal spawning
conditions (Rusak & Mosindy, 1992; Auer & Baker02( Peterson et al., 2007,
Lallaman et al., 2008). It is probable that Laker§eon exhibiting this movement pattern
were foraging at the lower rapids and their disititns were congruent with the density
of foraging biomass (Harkness & Dymond, 1961; Hawywizlewski, 1987; Peterson et
al., 2007). Stelzer et al. (2008) performed gut statble isotope analysis and found that
Lake Sturgeon were not only feeding on benthicritel@ates (primarily chironomous
larvae), but also dead age-0 Gizzard Slaa ¢soma cepedianum) in the soft sediments
of the profundal zone in Lake Winnebago, Wisconairthe lower rapids,
macroinvertebrates could have higher abundancie isoft bottomed pools that are
adjacent to riffles (Brown & Brusak, 1991). Furtmere, with the spawning of several
fish species at the lower rapids (Wallegander vitreus; Trout-PerchPercopsis
omiscomaycus, and Emerald ShineNotropis atherinoides), it is suggested that foraging
Lake Sturgeon were utilizing the lower rapids tetadvantage of high food availability.
Therefore movement patterns at the lower rapidslghmt be confused with spawning
behaviour since no physical evidence of spawning eadlected; rather, these individuals
may have been seeking optimal foraging habitdtetawer rapids. Future work should

try and relate the distribution of Lake Sturgeothatlower rapids with the available
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foraging biomass at that respective location temheine if this explains the movements
surrounding the lower rapids.

To improve the predictive ability of the HSM forsassing differences between
spawning sites, three modifications are suggesteddon this research. The first
suggestion is that the model factors in the retatiistance of the potential spawning site
from the mouth of the river. Given the developménges for both eggs and larvae, it is
suggested that Lake Sturgeon will always spawhetippermost navigable barrier to
increase the chances of larvae survival. Secoitdf/suggested that the HSM for Lake
Sturgeon spawning habitat should factor in watksrial contour gradients within its
predictions. At Manitou and Kagiano Falls, topodnammaps show a contour gradient
that transects the water polygon layer (i.e. a kate At the lower rapids this feature
does not exist, therefore the lower rapids coulédmly factored out if the HSM
considered contour gradients as well. These twafilnations to the HSM would have
factored out the lower rapids as a potential spagsite, therefore leaving Manitou and
Kagiano Falls as the highest-suited spawning hishitethe Pic River, respectively. Had
this been the prediction of the HSM, then the medeésults would have been consistent
with empirical observations, therefore validatihg predictive ability of the HSM.

3.4.2 Predictive Ability\ithin Sites:

Although the model could not accurately determirgctv spawning site would be
most frequently utilized by spawning adult Laker§e&on, it did provide relatively good
estimates for spawning timing and locations witkites. A total of 9 Lake Sturgeon eggs
were captured on May 242010 at the base of Manitou Falls (Easting: 56693

Northing: 5450850), indicating that Lake Sturgepawned on the night of May 23
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2010. These eggs were collected at a locationathatcharacterized by a 4:1 boulder to
bedrock ratio, a depth of 1.2 m, and a mean dadlemtemperature of 17°C (King,
2010). Given these values, the daily suitabilitiyeaat that specific location was 0.74.
Although these eggs were not collected at a looatiith a daily suitability index value
of 1.0, they were located within 20 m of locatitiatt had an abundance of excellent
spawning habitat (1600%mvith a spawning suitability index of 1.0). Lakeaufeon have
a polyandrous mating system, whereby the broadpastning females will fertilize their
eggs by two to five males while she traversesehgth of the spawning habitat
(Harkness, 1988; Auer & Baker, 2002; Bruch & Binlaity 2002; Hodgeson et al., 2006;
Peterson et al., 2007). Given this spawning behayibis not surprising that eggs were
not collected at a location that was in close prowi to a large upstream patch of highly
suitable spawning habitat. Visual observations afguited two spawning females on
May 18, 2010, and a third spawning female on tHeweng day (King, 2010). An
additional 20 Lake Sturgeon were observed immelgiagedow Manitou Falls between
May 18" and May 21, 2011 (King, 2011). All of these visual observasavere made
within spawning habitat that had an overall sultgbindex value that ranged from 0.69

to 1.00.
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Chapter 4: General Discussion

Significant Lake Sturgeon habitat includes posiofthe river or lake that are
suitable for spawning, nursing, rearing, foragiaggd migration (Auer, 2003). In Ontario,
the most prevalent threats to these habitats ans dad hydroelectric facilities, pollution
and contamination, siltation and sedimentation, @ediging and channelization (Kerr et
al., 2011). Ultimately, the successful recovery aadservation of Lake Sturgeon will
depend on our collective ability to identify, evale, and protect significant habitat in
spawning tributaries throughout the Great Lakes/{Bbamielewsky & Whelan, 1997,
Auer, 2003; Daugherty et al., 2008a; Kerr et &1 D).

4.1 Significant Habitat, Movement Patterns, andiiemmental Cues:

Lake Sturgeon movement patterns in the Pic Rivarewonsistent with
observations in other Great Lakes tributaries, ebgispawning and non-spawning
individuals exhibited different patterns throughthe spring, but aggregated in distinct
locations throughout the summer and fall beforeww@ering in Lake Superior. Despite
long spawning migrations that are undertaken byelLakirgeon (Auer, 1996), research
from the Rainy River (Rusak & Mosindy, 1997), Gesiver (Trested, 2010),
Mississippi River (Knight et al., 2002), Ottawa BiHaxton, 2003b), Manistee River
(Lallaman et al., 2008), Sturgeon River (Auer, 1929d Kettle River (Borkholder et al.,
2002) have all indicated that Lake Sturgeon sha@ivang annual and seasonal site
fidelity for deep water habitat that exists witlsipawning tributaries. Strong site fidelity
is not only expressed by Lake Sturgeon, but israngon behaviour amongst all living

sturgeon species (Bemis & Kynard, 1997). It iséaedd that the strong homing abilities
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are responsible for this site fidelity, whereby plapion-specific adaptations have
evolved that reinforce the selection of such h&bitathin specific tributaries (Legget,
1977; Lyons & Kempinger, 1992; Auer, 1996). In geest, it has been difficult to assess
the site fidelity and homing capacities of Laker§aon, but with the advancement of
novel molecular techniques, research in this fiéldtudy has become much more
feasible (Welsh et al., 2008; 2010; Welsh & McLe2d10).

Environmental cues to Lake Sturgeon migration vpemially identified through
this study, but further research and revised metlaod required to accurately distinguish
abiotic conditions that stimulate migration. In Kettle River, movements were strongly
correlated with water discharge and mildly corrediatvith temperature (Borkholder et
al., 2002). In Lake Winnebago, long-term movemenbrds were correlated with
temperature, whereby Lake Sturgeon moved onto Hraf the spawning site at
temperatures between 6°C and 16°C and at 15°C18C Tespectively (Bruch &
Binkowski, 2002). These same movements were mavagly related to water flow in
the Kaministiquai River, where movements onto {e@ing grounds were strongly
correlated with water discharges that ranged frdrmis to 23 n¥/s (Friday 2004;

Friday 2005b). For foraging Lake Sturgeon, optimater temperatures and flows are
estimated to range from £ifo 18€ and from 3 cm/s to 25 cm/s; however, both of these
ranges can experience substantial spatial and t@mriation (Scott and Crossman,
1973; Peterson et al., 2007; Ontario Ministry ofuMal Resources, 2009; Kerr et al.,
2011). Several studies have also related the lligtoin of juvenile Lake Sturgeon to prey

availability (Chiasson et al., 1997; Nilo et al00B).
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In Lake Winnebago, adult Lake Sturgeon distribigiand movements have been
compared with detailed substrate and benthic iebeate mapping to determine that
Lake Sturgeon distributions were influenced by paegilability (Probst & Cooper, 1955;
Stelzer et al., 2009). Furthermore, several stutbee suggested that locations associated
with high site fidelity are also associated witgher benthic invertebrates, but this has
not been substantiated through the collection ieingific evidence (Rusak & Mosindy,
1997; McKinley et al., 1998; Auer, 1999; Petersbalg 2007). This study found no
significant relationship between environmental caied the timing of Lake Sturgeon
entering, reaching their uppermost point, and egithe Pic River. It is possible that no
significant relationship was found because the nitgjof Lake Sturgeon that entered the
Pic River in each year of study were there to farta foraging and not spawning
activities. Therefore, it appears that environmlecuas to migration are only applicable
to spawning individuals within a population, whes¢le distribution and movements of
foraging individuals are much more strongly inflaed by substrate type, depth, and
prey availability. Not only does this rationale yiae an explanation for why no
significant environmental cues to migration werentified, but it also explains the
distribution of Lake Sturgeon at the lower rapifishe Pic River.

This study also determined that Lake SturgeortheftPic River to overwinter out
of the river, presumably in Lake Superior. Althougts not entirely clear where Lake
Sturgeon went upon leaving the Pic River, fouraddgged Lake Sturgeon were tracked
in the White River on July 2 2010, and one other individual was found at Gigs®ay,
approximately 40 km south of the Pic River. As wello Lake Sturgeon were captured

in the Pic River in 2008 that had originally beagded in the Black Sturgeon River,
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approximately 200 km west of the Pic River neardite of Thunder Bay, Ontario
(Dreary, 2008). Although it has been acknowledgetth lnere and within the literature
that site fidelity and homing capabilities appeabé strong for Lake Sturgeon, these
results suggest that straying is somewhat commamgst Lake Sturgeon populations.
In light of this evidence, it is advocated that tdoecept of a metapopulation be given
greater consideration for Lake Sturgeon. Metapdpualynamics have been suggested
for Lake Sturgeon in the St. Marys River (Baumaalgt2011), for populations in the
Lower Niagara and Detroit/St. Clair Rivers (Welsiv&Clain, 2001), and for White
Sturgeon in the highly fragmented Columbia Rivestegn (Jager et al., 2001; Coutant,
2004). This possibility will be investigated furtia 2011 by studying Lake Sturgeon in
the White River and assessing rates of immigradiwh emigration. Also, a proposed
study by Fisheries and Oceans Canada and the IdiBaid Wildlife Service could
apply novel molecular techniques to identify to gib#ity of metapopulation dynamics
throughout each basin in the Laurentian Great Lékes Pratt, personal
communication).

4.2 Suitability Modeling of Lake Sturgeon Spawnhabitat:

Lake Sturgeon spawning habitat is typically assteci with gravel-cobble-
boulder substrate and depths of 0.3 m to 10 m @deeet al., 1998; Bruch &
Binkowsky, 2002; Peterson et al., 2007; Kerr et2011). Using these variables, the
overall suitability of three potential spawningesitin the Pic River was assessed using a
HSM that was developed for Lake Sturgeon spawnaigtat (Threader et al., 1998).
Temperature was also included in the suitabilitydeido estimate the spawning times of

Lake Sturgeon in 2010. Empirical evidence of spagiti.e. CPUE of eggs, larvae, and
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ripe adults) was then compared with modeled resultetermine if the HSM could
accurately predict the amount of spawning actibigjween each site and where
spawning activity would occur within a site. TheM$ould not accurately predict which
spawning site would be most frequently used by syagvindividuals, since it predicted
that the lower rapids had the greatest proportimhanount of high quality habitat, but
no evidence of spawning was collected there. Ca@lgrspawning evidence was
collected and both Manitou and Kagiano Falls, betgroportion and amount of high
quality habitat was far outweighed by low qualigbitat at both of these sites. Despite
the HSM’s ability to predict which spawning site wid be most frequently utilized by
spawning individuals, its ability to predict thening and location of spawning within a
site was reasonably good. Lake Sturgeon eggs framtbu Falls were collected within
close proximity of the largest patch of highly abie spawning habitat and during the
optimal spawning times as predicted by temperafiherefore, although the HSM for
Lake Sturgeon spawning habitat did relatively vaglpredicting spawning locations and
times within a site, clearly some modifications ché@ be made for the model to
accurately predict the relative amount of spawrmiatyity between different spawning
sites.

To improve the predictive ability of the HSM belwmespawning sites, is it
recommended that the model include the relativiwdé® of the potential spawning site
from the uppermost barrier and the presence arehabsf a waterfall or comparative
hydrological feature. Topographical features, sashvaterfalls that generate
hydrological complexities or underwater barcha@as, lse a good indicator of a potential

Lake sturgeon spawning site (Le Haye et al., 189d¢ch & Binkowski, 2002; Perrin et
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al., 2003; Chiotti et al., 2008). Given that mosthese features pose a barrier to further
migration, the relative distance of a spawning Bien the uppermost barrier should also
be considered, especially in lake-river systemé suscthe Pic River. Lake Sturgeon may
also spawn at the uppermost barrier to maximizedahand larval development times,
to increase the oxygen supply eggs for eggs, oritdmize egg predation (Auer, 1996;
Kinnison et al., 2001; Auer & Baker, 2002; Smithk&ng, 2005; Peterson et al., 2007,
Kerr et al., 2011). On rare occasions, spawning atayr at a location that does not
represent the uppermost barrier to migration (Heskr& Dymond, 1961; Carlson, 1995),
however the likelihood of this occurring is mininaadd therefore the HSM should also
consider this variable. The embeddedness of graebhle, and boulder substrates at the
lower rapids could have also reduced the likelihobspawning occurring here; however
this is also not reflected in the HSM’s predictiobake Sturgeon spawning has not only
been associated with gravel-cobble-boulder sulestraut it has also been negatively
associated with habitat that lacks clean inteadt§jpaces or contains a thin layer of silt
(Floz & Myers, 1985; Kempinger, 1988; LeHaye et 8892; Manny & Kennedy, 2002;
Nichols et al., 2003; Caswell et al., 2004). Newthnds of measuring embeddedness
should be applied and integrated into the HSM tth&r improve its predictive ability
between potential spawning sites (McHugh & Budy)205enatt et al., 2007).
Daugherty et al. (2006, 2008a, 2008b) used the Balkegeon HSM with depth,
substrate, and flow potential as habitat parametesrioritize and evaluate the cost-
benefit ratio of removing or modifying artificianpediments to migration in five
tributaries that drain into Green Bay, Lake Michighn this study, Daugherty et al.

(2006; 2008a; 2008b) suggest that new Lake Sturbabitat can be generated by
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removing barriers and assume that individuals autiomatically spawn and/or stage at
the existing habitat and at the newly accessibletéia Using this assumption, Daugherty
et al. (2006; 2008a; 2008b) propose that dam relm@raGreen Bay tributaries will
result in an increase of highly suitable spawrang staging habitat 94% to 99% and
59% to 83% (respectively). | would argue againsséhclaims of habitat generation by
barrier removal, however, since spawning Lake &oingn the Pic River bypassed
suitable spawning habitat at the lower rapids ichexge for spawning habitat that was at
the uppermost barrier to migration. | believe thakte Sturgeon in these Green Bay
tributaries would do the same and bypass the agisiabitat in exchange for the habitat
at the new uppermost barrier to migration. Theeefbrs plausible that Daugherty et al.
(2006; 2008a; 2008b) vastly overestimated the pialespawning and staging habitat
that could be generated by the removal of artifiogediments because they assumed
that spawning and staging would occur at both #tiag and newly accessible habitat.
My argument is also supported by evidence fromkigtle River, whereby Lake
Sturgeon movements and habitat utilization didama@inge despite the removal
Sandstone Dam (Borkholder et al., 2002). While damoval has increasingly been
advocated as a tool for habitat rehabilitation (8an, 1995; Hay-Chmielewski &
Whelan, 1997; Furlong et al., 2006; Daugherty gP@06), and in some cases for good
reasons, these projects should take a more haiggicoach to river ecology and consider
how the entire river ecosystem will respond tor#raoval of artificial barriers (Roni et
al., 2008).

The obvious habitat parameter that was missing ttee HSM in this study was

measurements of water flow and spatial variatiofhow that exists from topographical
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and bathymetric features. Inclusion of these datalavhave refined and improved the
accuracy of the HSM predictions for daily spawnsugtability and estimates of the
spawning time. Although spawning has been obseavédws that range from 50 cm/s
to 200 cm/s (Threader et al., 1998; Bruch & Binkkiw2002; Peterson et al., 2007),
however spawning has been observed at flows aa$oi® cm/s in the Lake Winnebago
system (Kempinger, 1988) and as high as 550 cnrigke Namakan Reservoir system
(Shaw, 2010). The collection of spatially expliitd time lapsing hydrological flow data
requires a fair amount of resources and expewsibgh were unfortunately not available
to this study. Given difficulties involved in acately measure water flow, an alternative
method has been developed that measures the fltmmtfd of a location based on a
single point measurement (Chaudhry, 1993). Thisrtiegie was used by Daugherty et al.
(2006; 2008a; 2008b) and therefore already haalsliiy index values associated with
respective intervals of stream flow potential. Asfdom this limitation, this study did
provide a novel method for assessing substrate asitign using the DIDSON camera in
turbid, remote, and difficult to access river. Taial the DIDSON camera has been used
to estimate fish abundance and sizes in varioes systems (Boswell et al., 2008;
Maxwell & Gove, 2007), identify Chinook Salmon redd the Columbia River (Tiffen

et al., 2004), and to assess underwater fish stei¢Moursaud et al., 2003). However
this is the first Lake Sturgeon study to use thB®DN camera and the first study to
apply the hand-held overboard approach to captdooigge of substrate composition.

4.3 Implications and Future Directions:

Amongst the threats that continue to impact Lakedgton, hydroelectric

developments have been identified as the numbeissuoe that continues to inhibit their
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recovery and compromise their long-term sustaintgl{ihuer, 1996; Rosenberg et al.,
1997; Auer, 1999; Peterson et al., 2007; Ontarioidfiiy of Natural Resources, 2009;
Kerr et al., 2011). More specifically, hydroelectdevelopments have been associated
with harming Lake Sturgeon by reducing or altespgng freshets (Zhong & Power,
1996; Haxton, 2002), reducing spawning successesrditment through altered water
flows (Carrofino et al., 2010; Ferguson and DuckWwpit997), altering thermal regimes
(Zhong & Power, 1996; Horne, 2004; Paragamian.ef@01; Kappenman et al., 2009),
entrainment (Seylor, 1997a; Seylor, 1997b), redweategr quality (Zhong & Power,
1999), and impediments or barriers to access gatspawning or foraging sites
(Ferguson & Duckworth, 1997; McLeod et al., 199@xkbn, 2002; Knights et al., 2002;
Friday, 2005b; Daugherty et al., 2008b). Theseofactor a combination of them, may
have occurred with the development of the BlackeRhydroelectric facility, since
several elders from Pic River First Nation repoiftestorical spawning at this location
prior to the construction of this facility (Couch2009). Hydroelectric facilities can also
influence the movements and behaviours of spawinutigiduals. In the Mattagami
River for example, manipulated water flows resultedpawning at subprime locations
and compromised the likelihood of successfully oejpicing (McKinley et al., 1998).
Some of these impacts can be mitigated; run-of-fiaeilities can reduce their impact by
establishing minimum water flows and mimicking matthydrological cycles (Auer,
1996b and Poff et al., 1997; respectively).

Despite the concerns and impacts that are assdeiétie hydroelectric
developments, especially when considering Lakegstum, recently passed legislation in

Ontario has created socio-economic incentives rfodycers of renewable energy, which
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has led to the proposal and development of manyhyelnoelectric facilities (Green
Energy Act, 2009) (Figure 4.2). On April 28009, Pic River First Nation procured the
hydroelectric rights to Manitou Falls and has pigabto construct a 2.8MW run-of-river
generating station at this location (Figure 4.1)e Tesults of this study have indicated
that Manitou Falls is the most likely spawning sftat contributes to the natural
recruitment of Lake Sturgeon on an annual basisyf@n 3). As well, the location of the
proposed dam will inevitably influence water flomdathermal regimes at the location
where definitive evidence of spawning (eggs andalisbservations) was collected

(King, 2010).
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Despite the relatively minimal amount of impacttthan-of-river generating
stations have, they do still alter Lake Sturgecanspng behaviour and can negatively
impact recruitment (Auer, 1999). The Endangered:i®geAct of Ontario, makes it
illegal to kill, harm, harass, or capture a threatespecies, a classification that Lake
Sturgeon were given in September of 2009 (Endaddgepecies Act, 2007; Ontario
Ministry of Natural Resources, 2009). Based onltsstom the spawning assessments,
habitat suitability modeling, and movement patteitnseems likely that Lake Sturgeon
will be harassed and/or harmed during the constmueind subsequent operation of the
Manitou Falls generating station. It is stronglgoemmended that the evidence provided
within this report be considered in the approvald planning of the Manitou Falls
generating station and more broadly throughoutralposed hydroelectric developments

in Ontario (Figure 4.2).
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This thesis successfully identified critical hab#ad movement patterns in the
Pic River, related the timing of movements to abiobnditions, and evaluated the
predictive ability for a Lake Sturgeon HSM that bles the quantitative assessment of
spawning habitat suitability. Beyond the tributapecific implications of this research
that were discussed above, this research providggdicant contribution towards
identified research needs for Lake Sturgeon in L&eerior and throughout the Great
Lakes basin, especially because it is the firstlewwac report that focuses specifically on
the Pic River tributary. A spatially explicit HSNif spawning habitat was also evaluated,
which could be used as a management tool for Lake&on biologists to predict and
prioritize spawning locations based on habitat peters alone (Daugherty et al., 2008a;
Daugherty et al., 2008b). Based on the resultdaualission from this research, it is
suggested that future studies should further inyat& the relationship between Lake
Sturgeon and their prey biomass, the possibilitsnefapopulation dynamics between
populations, the predictive ability of the HSM wipatially variable flow data and a
greater collection of eggs, and most importanthytmue to monitor Lake Sturgeon
movements upon the construction of Manitou Fallsegating station to determine if

movements are negatively influenced by its openatio
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APPENDIX

Appendix 1: Proportion of each substrate typdatidwer rapids, Manitou Falls, and
Kagiano Falls. Appendix includes Figure 3.1 to Fegl.21 and relates to

Section 3.3.1.
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Figure 3.1 - Proportion of other as substrate type at the Lower Rapids.

136



137

Legend

Lorap-Clay (extract)

<MALLUE>

m
] B v-01
=jo1-02
[Joz-03
[Jna-o04
[Jo4-0s5
[CJos-0s
Jos-o07
07-04
[ 0.E-03
[ o09-1
ORN

o PopulatedPlace

[] WaterpotygonSegment
] Watershed

: e s Kilometers
0 01503 06 09

Figure 3.2 - Proportion of clay as substrate type at the Lower Rapids.
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Figure 3.3 - Proportion of silt as substrate type at the Lower Rapids.
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Figure 3.4 - Proportion of sand as substrate type at the Lower Rapids.
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Figure 3.5 - Proportion of bedrock as substrate type at the Lower Rapids.
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Figure 3.6 - Proportion of gravel as substrate type at the Lower Rapids.
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Figure 3.7 - Proportion of cobble as substrate type at the Lower Rapids.
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Figure 3.5 - Proportion of boulder as substrate type at the Lower Rapids.
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Figure 3.9 - Proportion of other as substrate type at Manitou Falls.
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Figure 3.10 - Proportion of clay as substrate type at Manitou Falls.
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Figure 3.11 - Proportion of sand as substrate type at Manitou Falls.
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Figure 3.12 - Proportion of bedrock as substrate tvpe at Manitou Falls.
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Figure 3.13 - Proportion of gravel as substrate type at Manitou Falls.
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Figure 3.14 - Proportion of cobble as substrate type at Manitou Falls.
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Figure 3.15 - Proportion of boulder as substrate type at Manitou Falls.
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Figure 3.16 - Proportion of other as substrate type at Kagiano Falls.
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Figure 3.17 - Proportion of clay as substrate tvpe at Kagiano Falls.
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Figure 3.18 - Proportion of sand as substrate type at Kagiano Falls.




154

Legend
Kagiano-gravel (exiract)
<VALUE>
B 0
= o-o04
i L
[Joz-03
[jo3-o4
[Jo04-05
[J0s5-08
[Joe-o7
= u B Em07-08
B os-08
B 0s-1
ORN

o PopulatedPlace
[] WaterpotygonSegment

E ] Watershed

i I i lometers

005 01 02 0.3

Figure 3.19 - Proportion of gravel as substrate type at Kagiano Falls.




155

[ i I i lometers

Legend
Kagiano-cobble (exiract)
<AL LE>

m
=1 o-01
jo1-02
[Joz-03
[Jo3-04
[Jo04-05

jos-07
Eor-0a
B 08 -09
| REE
ORN

-Fq i

[] WaterpotygonSegment
[] Watershed

005 01 02 0.3

Figure 3.20 - Proportion of cobble as substrate type at Kagiano Falls.
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Figure 3.21 - Proportion of boulder as substrate type at Kagiano Falls.
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Appendix 2:  Mean daily temperature (°C) and tempeeasuitability index values
above Manitou Falls (Easting: 566904, Northing: @#57), Kagiano Falls
(Easting: 565486, Northing: 5449117), and belowltbeer Rapids
(Easting: 552000, Northing: 5400155).
, Temp. Temp.
Manitou Suitabli?ity Kagiano Suitab?lity Low_er T_emp_.
Date Falls at Ealls at Rapids | Suitability
TEmp. Manitou | Temp. (°C)| Kagiano Tcimp. at Loyver
(°C) Falls Falls (°C) Rapids
4/29/2010 | 10.50 0.75 10.32 0.75 9.00 0.25
4/30/2010 | 11.46 0.75 11.28 0.75 9.50 0.25
05/01/2010 11.81 0.75 11.63 0.75 10.00 0.25
05/02/2010| 12.98 1.00 12.80 1.00 10.00 0.25
05/03/2010 13.23 1.00 13.05 1.00 11.00 0.75
05/04/2010| 13.06 1.00 12.88 1.00 11.50 0.75
05/05/2010| 11.97 0.75 11.79 0.75 11.50 0.75
05/06/2010| 9.48 0.25 9.30 0.25 8.50 0.25
05/07/2010) 8.23 0.00 8.05 0.00 8.00 0.00
05/08/2010| 8.08 0.00 7.90 0.00 8.00 0.00
05/09/2010| 7.86 0.00 7.68 0.00 8.00 0.00
05/10/2010| 8.03 0.00 7.85 0.00 9.00 0.25
05/11/2010) 9.08 0.25 8.90 0.25 9.00 0.25
05/12/2010| 10.69 0.75 10.51 0.75 9.50 0.25
5/13/2010 | 11.05 0.75 10.87 0.75 9.00 0.25
5/14/2010 | 10.56 0.75 10.38 0.75 10.00 0.25
5/15/2010 | 10.81 0.75 10.63 0.75 11.00 0.75
5/16/2010 | 11.96 0.75 11.78 0.75 12.00 0.75
5/17/2010 | 13.44 1.00 13.26 1.00 12.00 0.75
5/18/2010 | 14.63 1.00 14.45 1.00 13.00 1.00
5/19/2010 | 16.14 0.75 16.32 0.75 14.00 1.00
5/20/2010 | 16.27 0.75 16.45 0.75 13.50 1.00
5/21/2010 | 15.76 1.00 15.94 1.00 14.50 1.00
5/22/2010 | 16.36 0.75 16.54 0.75 15.80 1.00
5/23/2010 | 17.09 0.75 17.27 0.75 17.00 0.75
5/24/2010 | 18.50 0.75 18.68 0.75 17.00 0.75
5/25/2010 | 21.35 0.25 21.53 0.25 18.50 0.75
5/26/2010 | 22.63 0.25 22.81 0.25 21.00 0.25
5/27/2010 | 22.26 0.25 22.44 0.25 21.00 0.25
5/28/2010 | 21.70 0.25 21.88 0.25 22.00 0.25
5/29/2010 | 20.62 0.25 20.80 0.25 22.00 0.25
5/30/2010 | 19.36 0.75 19.54 0.75 21.00 0.25
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5/31/2010 | 20.01 0.25 20.19 0.25 20.00 0.75
06/01/2010| 19.39 0.75 19.57 0.75 19.00 0.75
06/02/2010| 17.61 0.75 17.79 0.75 20.00 0.75
06/03/2010} 17.61 0.75 17.79 0.75 19.50 0.75
06/04/2010) 17.65 0.75 17.83 0.75 19.00 0.75
06/05/2010) 17.10 0.75 17.28 0.75 18.00 0.75
06/06/2010) 16.40 0.75 16.22 0.75 18.00 0.75
06/07/2010) 16.34 0.75 16.16 0.75 16.00 1.00
06/08/2010) 16.96 0.75 16.70 0.75 17.00 0.75
06/09/2010} 17.19 0.75 16.93 0.75 17.00 0.75
06/10/2010) 15.98 1.00 15.72 1.00 17.00 0.75
06/11/2010) 16.51 0.75 16.25 0.75 17.50 0.75
06/12/2010) 16.44 0.75 16.18 0.75 17.50 0.75
6/13/2010 | 17.16 0.75 16.90 0.75 17.50 0.75
6/14/2010 | 17.34 0.75 17.08 0.75 18.00 0.75
6/15/2010 | 18.47 0.75 18.21 0.75 18.00 0.75
6/16/2010 | 19.09 0.75 18.83 0.75 18.50 0.75
6/17/2010 | 20.29 0.25 20.03 0.25 19.00 0.75
6/18/2010 | 21.50 0.25 21.24 0.25 19.00 0.75
6/19/2010 | 21.56 0.25 21.01 0.25 19.00 0.75
6/20/2010 | 20.14 0.25 19.59 0.25 20.00 0.75
6/21/2010 | 20.36 0.25 19.81 0.25 20.50 0.25
6/22/2010 | 20.56 0.25 20.01 0.25 20.00 0.75
6/23/2010 | 20.09 0.25 19.54 0.25 19.00 0.75
6/24/2010 | 20.29 0.25 19.74 0.25 18.00 0.75
6/25/2010 | 20.08 0.25 19.53 0.25 20.00 0.75
6/26/2010 | 20.18 0.25 19.63 0.25 19.40 0.75
6/27/2010 | 20.28 0.25 19.73 0.25 19.00 0.75
6/28/2010 | 18.34 0.75 17.79 0.75 19.00 0.75
6/29/2010 | 17.23 0.75 16.68 0.75 19.20 0.75
6/30/2010 | 17.48 0.75 16.93 0.75 19.00 0.75
07/01/2010) 18.56 0.75 18.01 0.75 19.00 0.75
07/02/2010) 20.28 0.25 19.73 0.25 19.50 0.75
07/03/2010] 21.31 0.25 20.76 0.25 19.00 0.75
07/04/2010) 20.18 0.25 19.63 0.25 20.00 0.75
07/05/2010) 20.93 0.25 20.38 0.25 19.50 0.75
07/06/2010] 22.81 0.25 22.93 0.25 20.00 0.75
07/07/2010) 23.83 0.00 23.95 0.00 21.00 0.25
07/08/2010) 24.30 0.00 24.42 0.00 21.80 0.25
07/09/2010| 23.67 0.00 23.79 0.00 22.50 0.25
07/10/2010) 23.28 0.25 23.40 0.25 23.00 0.25
07/11/2010) 22.86 0.25 22.98 0.25 24.00 0.00
07/12/2010) 21.63 0.25 21.75 0.25 24.00 0.00
7/13/2010 | 22.18 0.25 22.30 0.25 23.00 0.25
7/14/2010 | 22.59 0.25 22.71 0.25 23.00 0.25
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7/15/2010 | 22.99 0.25 23.11 0.25 22.00 0.25
7/16/2010 | 23.00 0.25 23.12 0.25 22.00 0.25
7/17/2010 | 21.89 0.25 22.01 0.25 23.00 0.25
7/18/2010 | 21.28 0.25 21.40 0.25 21.89 0.25
7/19/2010 | 21.25 0.25 21.37 0.25 21.28 0.25
7/20/2010 | 21.95 0.25 22.07 0.25 21.25 0.25
7/21/2010 | 21.58 0.25 21.70 0.25 21.95 0.25
7/22/2010 | 21.45 0.25 21.42 0.25 21.58 0.25
7/23/2010 | 22.28 0.25 22.25 0.25 21.45 0.25
7/24/2010 | 21.25 0.25 21.22 0.25 22.28 0.25
7/25/2010 | 21.16 0.25 21.13 0.25 21.25 0.25
7/26/2010 | 22.23 0.25 22.20 0.25 21.16 0.25
7/27/2010 | 22.71 0.25 22.68 0.25 22.23 0.25
7/28/2010 | 22.33 0.25 22.30 0.25 22.71 0.25
7/29/2010 | 21.31 0.25 21.28 0.25 22.33 0.25
7/30/2010 | 20.54 0.25 20.51 0.25 21.31 0.25
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