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Executive Summary
In 2016, crayfish populations were monitored by the Quetico Research team in the
Basswood Area of Quetico Provincial Park, namely the lakes upstream of Basswood
Lake. This area was targeted in order to discern the ability of the invasive rusty crayfish
(Oronectes rusticus) to travel upstream of an established population, Basswood Lake.
Using baited traps, information was collected on the relative abundance, species
distribution and sex and size of all crayfish captured. Stream surveys were conducted on
the connective streams between the lakes to understand the types of obstacles relevant to
the expanding range of the rusty crayfish. Results indicate that the rusty crayfish are able
to spread upstream from the established population of Basswood Lake and is the
dominant crayfish species in the Basswood area (100% of crayfish caught). Physical
obstacles found in the connective streams seemed to matter very little in hindering their
establishment. Future recommendations include 1) collect calcium or conductivity
measurements in the sampled lakes; 2) collect quantitative measurements and photo
documentation of significant obstacles present in the connective streams; 3) continue use
of current monitoring protocols but use fresh cans of catfood as bait when possible.

QUETICO ‘ .
Q FOUNDATION = Quetico



Q

Table of Contents

2 T Uod 1 | (0] 1T 3
L0 o] 11 1 Y= 4
V1= 1 0T L RSP PP 4
LI = 10 TN o) SRR 6
Y= Yo T (o R PPPPPPPPPPPPRY
SEIEAIM SUIVEBYS. ... i e ee e e e e eee e sensssrrnnr s e e e e e e e e e e eeeeaeeeens 6.
I | | USRS 9
ST 1101 =T /PSPPI 9
Size relatioNSNIQS.........ooiiieeeeeee e e ———————————————— 10
STVl (=10 (=51 (o] o P PP P PP PPPPRRRTPPPPPPPPPP 11
Total length diStribULION............coooiii e eea 12
SUEAMSUIVEY SUMIMIAIY ... itevt e ettt e e e ettseres s e e e et s e e eet e e s ees s smanreseeta e eeeas e eeesnn e annnesesnnses 14
TrapPPING DIASES .....eeiiiiiiei e e e e e reenr e e e e e e 15
= 1 16
Dot U 1] o] o PRSP 16
Future RECOMMENAATIONS......cciiiiiiii e e ettt rnne e e e e e eeeaeeeaeeeeeeeeeeeenannnnnnns 20
ACKNOWIEAGEMENTS ... e e e e e e e e s s mnnass e e e e e eeeeeas 20
LTAY o] g ST O (- PP PERRT PP 21
AN 0] 011 o [ PP 23
FOUNDATION & Quetico



Background
Crayfish(Anisinaabemowin Zhaageshiiplay an important role ithe aquatic

communityof lakes as they make up the majoritytbe benthic invertebrate population
(Keller and Moore, 2000 As omnivores, they eat a variety of aquatic plants, fish eggs
and benthic organisn{&dwards and Jackson, 2009) and act as prkyder fish species
(Tetzlaff et al, 2011) Changes to crayfisbommunitiescan create significaraterations

to thecommunity compositiorof speciesn lakes especially when an invasiveagfish
specieexpand their range into new water bodi@hilip et al, 2009. Yet, themanner in
whichinvasivecrayfishspeciesnfluence their habitat arall other lake organisnee

not well understood.

One such speciestise aggressivand invasiveusty aayfish (Oronectes
rusticus), a large aggressive crayfighith anincreased rate of food consumptamd a
higher metabolic ratéPhillip et al, 2009. Theintroduction and ioreased abundanoé
the rusty crayfistin new waterbodigtends to displaceative crayfish through
competitionand reducéhe amount oquatic vegetatiom lakes(Olsen et al. 1991;
Petes et al. 2013)This reduction limits thabitat and food avaitality for other
speciesand is caused by the increasedsumptiverateand foraging behaviour ofi¢
rusty crayfish(Olsen et al. 1991Nilsso et al., 2011)0. virilis, the most widespread
native stream and lalgpecies of crayfish in Ontaribas expeenceda shift in
population abundandatue to the increasing spread and abundance of the rusty crayfish in
Ontariolakes(Olsen et al.1991). While little is known about theange andbundance of
O. virilis throughout the Parkt has been the only knawspecies of crayfish presant
QueticoProvincial Parkuntil recently.

In the early 90 s he rusty crayfish @as first documented in Quetioear Prairie
Portage in Basswood Lakand n 2014 and 2015t wasdocumented in Basswood Lake
as well as dowstream in the Basswood River and the east end of Crookedluakeg
scientific surveygJackson, 201&b). While themovement ratesf rusty crayfish within
and downstream d@asswood Lakéave been fairly well documentetie ability of rusty
crayfish tomove upstream in a Shield lake ecosystemaindargely unknown (Jackson,
2019%). A factorthatis thought tchinder therange expansioaf the rusty crayfislare
physical natural obstacles and the distandé®tonnetive streams between the lakes
where rusty crayfish resid@hilips et al.2009.
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Objective
Using modified minnow traps, the objective of this study was to ascertain the

dispersal ability of rusty crayfish upstream of an established popuiatuetico
Provincial Park, namely Basswobdke (Jackson, 20b). The presence/absence of rusty
crayfish will be assessed, as well as data on relative abundance (#¥caught/trap) and size
will be collected for all species of crayfish
Methods
Estimations for the watershed area and flow characteyifdirlakes upstream of

Basswood Lake were completed using OFATONtario Flow Assessment Tool)
(appendixtable 3 (figure 1). Although no surveys have been completed on them to date,
these lakes are not known to contain rusty crayfish. It is spectitatethese lakes are
within the range of potential rusty crayfish invasion, if crayfish move upstream at the
same rate as is reported for downstream movement in other shield lake ecosystems,
which is 23km/year(Jackson 2015b, Jansen et al. 2009). Lakereselected to vary in
flow and distanc€appendix table 2 andwere selectebecause of their upstream
location fromthe source population &asswood Lakéfigure 1). Dahbberg, Nest, South
and then Burke Lake were sampled in tlespectiveorder.
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Figure 1. Potential sites for rusty crayfish upstream dispersal study (Jackson, 2015).

In 2016, sampling occurred from July"230" following the protocol (Jackson
201%). Dahlberg Lake wasampled from th@2"%-24" Nestfrom 25"-26", West and
South 27-28" and Burke Lake from 2830". A full species list is only available for
Burke Lake on a lake survey conducted in 1@B&ssmanl976. Fish species for other
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lakes are only known from anecdotal observation®bservaons andncidental

captures from this study (appendable ). Dahlberg Lakean unnamed lake north of
Basswood Lakegovers 71 hectaraesgith an estimated mean annual stream flow 61.8.
m*/sec (OMNR, 2003)with a stream distance from Basmd Lake ofl90meters (m)
(figure 1)(appendix table 2)Notable specieim Dahlberginclude smalnouth bass, rock
bass andluegill sunfish which areall known to feed on crayfistKgéller and Moore,
200Q Tetzlaff et al., 2011Jackson, 2015dNest Lake has a lakarea of 75 hectares with
a stream distance of 425m awfaym Basswood Lakand a mean annual streauflow

of 0.04m*/sec It is devoid of bass, an importarayfish predator, but includake trout,
northern pikeyellow perch andhorthernlongear sufish as notable fish specieSouth
Lake has a lake area of 60 hectaedis 1280m away from Basswood Lake, with an
estimatednean annual stream flow of 0.293fsec (OMNR, 2003). Significant fish
species are largemouth bass, smallmouth bass and blBegke lake, with 268 hectares
of lake area, and st@en distance from Basswood Lake950m andhn outflow 0f0.492
m?/sec Notable species in Burke include bluegill, rdmss, smathouth and largmouth
bass.
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Figure 2. Map of the sampled lakes and general study area in Quetico Provincial Park
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Trap plots

To successfullgapturethe crayish, minnow traps were modifiedjith enlarged
entrance holes @5 cm diameterEven though traps tend to select for large, aggressive
male crayfish (Wilson et al., 2004; Hein et al., 200@)p$ can provide accurate
assessments of species composiéind relative abundance (Capelli, 2003¥sh based
catfoodwas used as bait in each trapd one can wassedfor two consecutive trap
days.Setup perpendicular to shoregaeh trap line contained 3 tragsach 3 meters apart
One plot constituted oblrtraplines, each-20m apartwith a total of twelve traps per
plot. To select the plots, the shoreline was divided Httm segments arttien randomly
selectedising a random number genergtaor to sampling. Tie raps were set ovieight
for a minimum & 12 hours The depth of each trap was measured and recorded, as well
as the st and lift time, bait type, observers, location, habitat, the nuralyveste of all
other organisms caught in the trap éimelsex of each crayfish caughiabitat was
classified as cobblemacrophyte Weedy habitgtor detritus (decaying leaf layer and
fallen woody debris)All caught crayfish were iddified to species and measured with
calipers including the total length (tip of the rostrum to the tip of the central telson
measured on the dorsal surface) and the carapace length (tip of the rostrum to the back of
the carapace measured on the dorsal syrfappendixfigure 1) (Jackson, 201d). In
total, there were 4@lotsas well as a sample pliot West Lakgtable 1) consttuting of
168 traplines and 497 traps that were set throughout all 5(fedee 3-6).

Table 1. Summary of plot and trap amounts for all the sampled lakes.

Lakes Total Plots Total trap amounts  Traps/plots
Burke | 12 142 12 (x10), 11 x2)
Nest | 12 142 12 (x10), 11 x2)
Dalhberg | 12 142 12(10), 11 x2)
South | 6 65 12 (x3), 9 (x2), 11 (x1)
West | *sample (2 traplines) 6 n/a

One trapline only contained 2 traps instead of 3, which reduced the number of
traps in some of the plots throughout this studySouth Lake 6 plots instead of 12 were
setup due taa time constraint in the field. The research team prioritised the complete
sampling of Burke Lake (i.e. 12 plots) over South Ldkake is the furthest lake away
from an estalighed rusty crayfish populan and thusmportant to better understand the
upstream range of @usticus from Basswood Lakdn addition, @idence of presence of
rusty crayfish in West Lake during a stream survey connecting South into West Lake led
the research team to sample Weateduring the same time as South Lake sampling
Only 2 traplines, 3 traps each, were moved from South into West in order to confirm
rusty crayfish presence and to better elucidate what typestofalessl es r ustysoé ar e
overcoming(figure 5. For this reasorthe crayfish data collected in West Lake is not
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used during statistical analysis and will only biemrred to while discussing the range and
type ofgeographical obstacleslevant tolie spread of the rusty crayfigpstream of
Basswood Lake.

Stream surveys
In addition to lake sampling, streams of the sampled lakes that contected

Basswood_akeweresurveyed. Surveys consisted of mappingsiiestrate/cover typef
the streanandidentifyingany potential barriers. Crayfish seen throughout the stream
were caught and measured when possible.
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Figure 3. Sample plots and surveyed streawakions of Dahlberg Lake in Quetico ProvinciarParea.
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Basswood Lake

Figure 5. Sample plots and surveyed stream locatigyscting a major obstacle to rusty crayfish upstream
dispersal found in South Lake Quetico Provincial Park area.
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Figure 6. Sample plots and surveyed stream locations of Burke Lake in Quetico Provincial Park area.

Results

Summary

A total of 1392 males and 199 femalesO. rusticus were caught, with sotal of
1591 crayfish sampledlo native crayfish, Ovirilis, werecaugh in any of these five
lakes;O. rusticus was the sole species of crayfish caught and sampled throughout these
lakes.Another invasive crayfish species, @opinguus, has also been reported from
Basswood in the past, but was not observed in any study(lasson, 2015. Of these
crayfish,136 were sampled in Dahlberg, 1408 in Nest, 25 in South, 6 in West and 16 in
Burke Lake.There existed a high degree of variation between the average catch of
crayfish per trap for each lakehowing Nest as having theghestaverage crayfish
catch/trapwith 9.92 crayfish per trap, which is significantly higher than all of the other
sampled lakesDahberg, 0.96; Nest, 9.92; South, 0.38dBurke, 0.11(figure 7).
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Figure 7. Average catch/trap for Qusticus caughtin Dahlberg, Nest, South and Burke Lake

Size relationships

Carapace length vs. total length - The total length and carapace length of@ticus are
significantly related foall sampled lakes includingahlberg, South and Burkand Nest
Lake (regresson analysis, p value <0.09)est had a slightliess significant relationship
than the other thredikely caused by measurement error from a high incidence of
sampling(figure 8. These results are consistent with surveys oti€icus completed in
2015(Jackson, 2015As such, once the regression was calculated for each lake, it was
applied to all carapace lengths of the crayfish in order to attaiora accurate total
length figure 9). The total average carapace length of all females and malestresiye
across all four lakes is 26.5 and 32.1niahlberg Lake had the smallest average size
female and male among all four lakes (23.52 mm and 30.7mm) while Burke has the
largest female and male size average (27.82mm and 32.75mm).

Size between lakes 1 Statistical tests werperformed betweethe carapace length efi
malerusty crayfish caught in Dahlberg, Nest, South and Burkeder to discover if

there was a significant differengecrayfish size between the sampled lales.

significant size diffeence was fountietweerthe male crayfish iDahlberg and Nest

Lake with a p value of 0.015 (appendeble 3 (p<0.05. The mean carapace length for
male crayfish in Dahlberg is 30.69mm and in Nest it is 32.24mm, showing that Nest Lake
harbour larger crdish than Burke Lake. It is possible that the sample size of male
crayfish was too small for the other lakes to show significant results, as the sample size
for South and Burke Lake was only 20 and 11 male crayfish respectively.
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¢) South and d) Burke Lake.
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Figure 10. Totallength distributiorfor O. rusticus collected from a) Dahlberg (n=136), b) Nest
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Stream surveys

Data was collectethrough qualitative observatipwhich is summarised below,
from the streams connecting each Idlkgure 26) to better understarttie present
obstaclepotentially hindering the geographic range expansidd.obisticus, aswell as
collect evidence oD. rusticus and/or Ovirilis presence in the streams. During these
surveys, evidence of @usticus was found in every streamith no sign ofO. virilis. In
many streams, significant obstacles were present includmdswith varying velocities
significant water flow, beger dams, bedrock cascades araderfalk of varying heights

as discussed below

Survey 1: Dahlberg to Basswood
1 Gradientdrop of streanfrom 10cm50cm.Light-moderate water flow, series of
small rapids troughaut creek. Habitat mainly cobble withucky swanp/detrius
habitatcloser to Dalberg entrancelwo live O. rusticus caught and measured
Survey 2: Nest Creek — pond
1 Significant bedrock cascade and beaver dam as obsiadhe creelSignificant
amount(~10)of baby crayfish found at the mouth of Nest Creek into the pond.
Four live O.rusticus caught and measured.
Survey 3: Nest Creek — Basswood Lake
1 3-4m gradient drop from pond creek entrance into Basswood Mjer
obstacles: baverdambedrockcascadé€first bedrock cascad&rop of -50cm,
second largecascagd m dr op, with gradual 50cm decl i
over)and minor rapidsDeadO. rusticus carcass2 live caught and measured.
Survey 4: South — Basswood Lake
1 Rusty crayfish gihted, one collected and measured. Old beaver dam, bedrock
shelfwith 1 foot drop, huge bouldes rapids with varying levels of veldgifrom
changes in creek widthnd a big waterfall.
Survey 5: West — South Lake
1 Caught and measured 2dixusty crayfish Streamwasalong portage. Fast
moving water throughougld beaver dam side stream with cobble and slower
moving watersmallrapidsandlargewaterfallwith significant water velocityt
South Lake entrandéigure 5)
Survey 6: Burke-Basswood
1 No crayfsh caught and measured, 3 dead crayfish folwehr Basswood, small
rapids with~10cm drop. Side stream with rocks, boulders, small rapids.
Significantnumberof boulders, downed trees with small rapids witl®-20cm
drop.
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Average # of Crayfish per trap

Trapping biases
The average maber of crayfistper trap includingmales and femals, was

compared between thosaughton the frst andsecond day (figurél) in orderto discern
differences of crayfish catch based on the freshness of the catfood usedRatiiaérg,

Nest and Burkéakewerethe only lakesduring the studyvhere catfood was used for

two consecutive days in the trapdl three of these lakes showed a higher incidence of
crayfish caught on Day 1 compared to Dajpahlberg Lake has an average of 1.24 and
0.65 crayfi® caught on Day 1 and Day 2, while Nest has an average ofdrid22 32
crayfish on @y land Day 2 respectivelyHowever, the data collected from Burke

showed no statistically significant results during analysis, while Dahlberg and Nest Lake
did show a gnificant relationshigi.e. p value below 0.QFappendix table 4)The p

values of the relationship between Day 1 and Day 2 for Dahlberg, Nest and Burke Lake
are 0.03, 0.01 and 0.4 respectively. It is likely that there were insufficient rusty crayfish

caught in Burke to show a significant statistical result for this difference (n=16).
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Figure 11. Average number of Quusticus caught per trap on the first and second day of trap bait used in a) Dahlberg, b

and c) Burke.
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Habitat

A significant relationship was found betwethre difference of crayfish abundance
depending on habitat type Dahlberg, Nest and Burkeake (i.e.p<0.05)(appendixtable
6). Throughout all habitat types where traps were set in all four sampled lakes, 72%
consisted of cobble, 7% detritus and 21% macrophyte (weedy) habitat @ure
Overall, the data suggest a preference for macrophyte (weedigtratar cobble in
Dahlberg and Burke Lake, yet a preference for coble and detritus over weedy habitat in
Nest Lakeln Dahlberga higher average of crayfish was caught in weedy over cobble
habitat with a p value 00.0014showing significanceTheaverae number o€rayfish
caughtper trap for cobble was 0.694hile in weedy habitait was 1.694In Burke,an
average of 0.5 crayfish per trap was caughteedy habitaind an average of 0.033 per
trap in cobble habitatln Nest,a significant differene between cobble andeedyhabitat
and detritus andeedy habitat existeavith a p value of 0.011 and 0.012 respectively
While comparing detritus and weedy habitae average catch of crayfish per trap was
10.639 in detritus and 4.83weedy habitatThe average numberayfishcaughtper
trapin cobble was 10.0&ndin weedy habitat itvas 4.83lt is important that limited
detritus habitat was sampled throughout the sampled lakes, as only Nest lake had detritus
habitat that was sampled. Hence a comngpa of preference for detritus is impossible to

verify in other lakes

80%

70%
60%

50%

40%
30%

20%

10%

0%

Cobble Detritus Macrophyte
O Burke 24% 0% 5%
O South 7% 0% 7%
= Nest 19% 7% 2%
@ Dahlberg 22% 0% 7%

Figure 12. Percentage sdmpling efforiper habitat typdéy proportion of total crayfish traps
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Discussion

Crayfish predatorgpaticularly smallmouth antargemouth bass, have ee
shown to effectively reduce crayfish numbers through predation on small and young
crayfish (Hein et al., 2006[Rock bass is also an efficient predator, snkhown to feed
on awide size range of crayfigbut especially largesrayfish(Keller and Mowoe, 2000;
Tetzlaff et al., 2011)Bluegill sunfish have also been knownctinsume youngf-year
rusty crayfish butto a lesser degree than bass (Tetzlaff et al., 20lELL Lake is devoid
of anybass andluegill fish. This lack of rusty crayfish predan is likely the reason for
thehigher average catch of rusty crayfish per trap in Nest Lake in comparison to the other
sampled lakeffigure 7). Dahlberg, South and Burke Lake all contain some of the
aforementioned rusty crayfish predators (appetatie 1) and exhibit smaller population
sizes and smaller sized rusty crayfish. Moreover, it was found that Nest also contained a
higher average of larger crayfish than other lakes, particularly in comparison to Dahlberg
Lake.The mean carapace length for malayfish in Dahlberg i80.69mm and in Nest it
is 32.2%nm, showing that Nest Lake harbour larger crayfish alnibergLake
(appendix table 3Hence, it idikely that rusty crafish havegreateropportunity to
establish a larger abundance and a lasger distribution of the rusty crayfish in lakes
(figure 10) when no predators are presergpecially sinceney experience greater
survival rates as juvenilesd grow large(Tetzlaff et al., 2011)The other sampled lakes
seemed to experience smallesydishand lessened abundancepase predation
controls thesize andpopulation abundanc&his finding is consistent witthe thesis by
Tetzlaff et al.(2011) whom discuss thatdh predatiorcan be arfficient mechanisnmn
limiting rusty crayfish desity. Hencei|t is likely thatthe most vulnerable lakes in
Quetico Provincial Parto rusty crayfish invasioarethose with few or no rusty crayfish
predators.

Further,research hashown that rusty crayfish prefer cobble habitat because it
offers morecover from pedators (Hill and Lodge, 1994; Keller and Moore, 2000
However, @ta collected from Nest, Bugkand Dahlberg Lakerovides convoluted
results. In Dahlberg and Burke, there were higher rates of habitation of rusty crayfish in
weedy habitat oer cobble habitat. However, in Nest Lake we also noticed an almost

equal habitat preference for detritus and cobble over weedy h&lmitairding to Hill and
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Lodge(1994) crayfish select their habitat based on the presence of predators. When

predation ishigh, they choose their habitat on the basis of shelter availability in order to

reduce the risk of becoming prey (Hill and Lodge, 1994). When predation is low, they

chose habitat based on food availapjlds can be seen in Nest Lakae preference for

both detritus aneveedy habitabf rusty crayfishnstead of just cobble is likely due to the

lack of crayfish predatoris Nest LakeThe high use of detritus in Nest, where there are

no crayfish specialist predators, may support the hypothesis thatraghgh use a

broader range of habitat when they dondt nee
focus on food foraging. However, it remains unclear why rusty crayfish prefer weedy

habitat over cobble in Burke and Dahlberg.

Another factor importarib the expanding upstream range of the rusty crayfish is
calcium as itis essentifor the growth and mintenance of thexoskeletorand overall
success of crustacearscording to Edwards and colleagues (2013} likely that
calcium playsa limiting factor br crayfish growth and survival, particularly in the
Canadian Shield. It is shown that a langenberof lakes in Ontario across the Shield
have calcium ranges from 1.5 rhg/2mgL (Jeziorski et al., 2008yVhile the optimal
limiting requiremenfor O. rusticus survival issuggested aé.2 mg/L (Capelli and
Magnuson, 1983), Edwards et al., suggest that Ca levels in the Shikldi@réhanin
the native range of rusty crayfish and, in consequenight limit the expansion of the
invasive spe@s beyond their curreringe(2013) However the observed range and
abundance of Qusticus in the lakes sampled in this study suggest that calcium
limitation is less likely to bsignificant in QueticoFurther, the Northwestern Region of
Ontario ircluding Quetico seems tbave higher Ca levels thavhat is suggested in the
literaturefor Shield lakegEdwards et al., 2013ackson, 2016A study using collected
data from twenty QueticorBvincial Park Lakes in 2010 looked at the influence of
bedrock gology on water chemistry. It was found that only 10% of the lakes contained
less than 2 mdy/ of calcium, while 65% had calcium levels greater than 2.3 pwjith
all the lakes less than 2 mgbcated on granitic soils (Jackson, 2016).

Further, Jackson (16) suggests that the bedrock type found in lakes might limit
and/or increase the amount of available calcium, thus potentially influencing crayfish
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abundance and survivabilitin Queticq there exists 3 basic bedkotypes: sedimentary,
granitic andvolcanic, each of which influence the water cligny of the lakes

differently. However,calcium concentrations seemnly to behighin volcanicbedrock

types in Queticd’rovincialPark,which was the only area witlreater thartr mgL of
calcium,but not in sedimentargnd granitic bedrock typeall of the 5 sampled lakes

were bund in granitic bedrock lakes (Jackson, 2016), makinglikely thatcalcium has
limited theabundance and range increase imusticus, as Edwards et al. suggests

(2013). This is particulayltrue sinceve have seen various levels of abundance and sizes
of crayfish in this study, further asserting the hypothesis that predators are the most

influential factor to rusty crayfish population establishment

Further, he expansion of Qusticus from Basswood Uee into Dahlberg, Nest,
South, West and Burke suggest that geography and physical obstaclecohtiesting
streams between lakes play a less significant role in the dispersal of rusty crayfish than
previously suggeste@Philips et al.2009). A major finding during this study was that alll
sampled upstream lakes containedSticus, with no presence of Qirilis, no matter
themean annual flow of the lakdistance from source lakietypes of obstaclesr
gradient of the strearlthough the date of movement sty crayfishinto these lakes
is not known, based on the understanding of crayfish presence and movement within
Basswood Lake, it is within the last 20 years and possibly within the last 10 years for
some lakeswWithin that relatively short time, it ggars that rusty crayfish have
completely replaced Qirilis in all the lakes surveye@f particular significance was the
connecting stream from South to West Lake, where a large cascading waterfall with a

slope gradient above 3 meters and significaltory was presenfigure 5.

Finally, the size ratio of Orusticus in the sampled lakes in this study is similar to
the 2015 survey of Basswood Lake, as the relationship between carapace length and total
length is consistent with the findings of Jawkg201%). This suggests that the total
length of the sampled rusty crayfish can be reliably extrapolated from the measured
carapace lerth, which is easier and faster, while collecting measurememtslive
crayfish in the field.
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Future Recommendations

Water samples taken at the sample sites would be helpful in understanding how
water chemistry might be influencing rusty crayfish size and population abundance in
QueticoProvincialPark. It would also provide a supplement to what we understand about
calcium levels in Quetico based on the bedrock of each(lEakson, 2016)
Conductivity measurements can be taken instead of calcium concentrations if desired, as
calcium concentrations in Quetitakes have been found to be highly correlated with
conductivity (Jackson, 2016).

Further, measuring thetream widtlof the connective streams between sampled
lakes during the stream surgeyould be useful to further understamidat types of
physical obstacles rusty crayfish can overcdrugther, more complete damentation
including photos and quantitative measurements of the obstacles present in the streams
would be useful, especially sinkittle is known on the limiting range of these factors on
the rusty crayfish.

The statistically significant reduction of tfeerage number of crayfish caught on
Day 2 versus Day 1 ibahlberg and Nest Lake suggettat fresh catfoodhould be used
every timea new plot is seffigure 11). However,using fresh catfood every time a tiap
setcan be more time consuming andyedo be more expensive and heavy in the field
Overall,theuse of current monitoring protoasdhould be continued in order to further
understand the potential range of the invasive rusty crayfi@uetico Provincial Park
butthe useof fresh cans ofatfood as bait when possitierecommended:urther, ifthe
catch/trap densitgesults of this survey are compared with other surveys that use fresh
bait each day, it is recommended to only use #ia df day 1 catch/trap numbers of this
data.
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Appendix

Figure 1. Identification of crayfish species found in Quetico Pnoial Park
(nttp://pinicola.ca/crayfishontario/index.htm).
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Table 1. Known fishspeciepresencén the five lakesampled fronthis study androm the

OMNR 2003 data.
Legend:*=OMNR (2003) data, no *= fish sampled during study, fish identfied in both.

Dahlberg Nest South West Burke
Bluegill Bluntnose minnow | Largemouth bass | Northern pike* Bluegill
Rockbass Yellow perch Smallmouth bass**| White su&er* Lake herring*

Smallmouth bass**

Blacknose shiner

Green sunfish
Longear sunfish
Lake trout*

Northern pike*

Bluegill

Smallmouth bass*
Largemouth bass*

Walleye*

Walleye*
Rock bass**
Smallmouth bass**

Largemouth bass*

Lake trout*
Lake whitefish*

Northern pike*

Table 2. Rusty crayfish dispersal study data collected from OFATIII (JagkXaif).

Stream .
. . Estimated mean Total Lake Total
Pot_ent_lal Lake distance annual stream Watershed Area in Wetland Ared|
Monitoring | Area from 3 Area .
Lake (ha) | Basswood flow (m“/sec) (ki) Watershed| in Watershed
(OMNR 2003) (km?) (km?)
Lake (m)
ADahl bl 71 190 0.013 15 0.71 0.01
Lake
Unnamed
Bay)
Nest Lake 75 550 0.04 4.65 1 0.3
South Lake 60 1280 0.292 34.05 7.1 2.6
Isabella Lake 52 2135 0.375 43.76 6.4 2.2
Burke Lake | 268 950 0.492 57.5 11.7 4.4

Table 3. Results of mtistical data analysis demonstrating the difference of male crayfish size
between lakes usingnova single factor andt-test assuming equal variances staistical tests.
Dahlberg vs. Nest Lake are the only lakes showing statistically significant results.

ANOVA (single factor summary)

Groups Count Sum Average | Variance
Dahlberg 116 3560.1 30.69 36.12
Nest 1241 40016.4 32.25 22.93
South 20 644.2 32.21 33.39
Burke 11 360.3 32.76 85.37
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ANOVA

Source of Variation SS Df MS F P-value | F crit
Between Groups 261.11 3 87.04 3.54 0.014 2.61
Within Groups 34069.28 1384 24.62

Total 34330.39 1387

T-TEST (assuming equal variance)
Dahlberg vs. Nest Dahlberg vs. Burke Nest vs. Burke

Mean 30.69052  32.24529| 30.69052| 32.75455| 32.24529 32.75455
Variance 36.11808| 22.9255 | 36.11808| 85.37073| 22.9255 | 85.37073
Observations 116 1241 116 11 1241 11
Pooled Variance 24.04516 40.05829 23.42506
Hypothesized Mean 0 0 0
Difference
df 1355 125 1250
t Stat -3.2657 -1.0337 -0.34744
P(T<=t) ore-tail 0.00056 0.151637 0.36416
t Critical onetail 1.645979 1.657135 1.646074
P(T<=t) twotail 0.001119 0.303274 0.72832
t Critical two-tail 1.961716 1.979124 1.961864

Dahlberg vs. South Nest vs. South South vs. Burke
Mean 30.69052 32.21 32.24529| 32.21 32.21| 32.75455
Variance 36.11808| 33.38832| 22.9255 | 33.38832| 33.38832 85.37073
Observations 116 20 1241 20 20 11
Pooled Variance 35.73103 23.08339 51.31329
Hypothesized Mean 0 0 0
Difference
df 134 1259 29
t Stat -1.0499 0.032583 -0.20251
P(T<=t) onetail 0.147827 0.487006 0.420465
t Critical onetail 1.656305 1.646065 1.699127
P(T<=t) twotail 0.295654 0.974012 0.840931
t Critical two-tail 1.977826 1.96185 2.04523

Table 4. Summary values from thetést analysis for Dahlberg, Nest and Burke Lake between
the difference of crayfish caught on Day 1 vs. Day 2 (i.e. fresh can of catfood vs. day old can of
catfood used as bait in the trap).

Mean
Lake P(T<=t) two-tail Day 1 Day 2
Dahlberg 1.24 0.65 0.03
Nest 11.22 8.32 0.01
Burke 0.14 0.08 0.40
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Table 5. Average Length of Carapace (mm) of female and male crayfish and the overall average
in all sampled lakes, other than West Lake.

Average of Carapace Length (mm) Sex
Lakes Female Male Total
Burke 28 33 31
Dahlberg 24 31 30
Nest 27 32 32
South 27 32 31
Grand Total 27 32 31

Table 6. Summary of Anova andtest results between all of the habitats in each lake. Found
significant results (p<0.05) in Anova test fortilaerg, Nest and Burke sddsts were performed
to find the difference between habitats. Fouradistical sgnificance in Dahlberg, Burke and Nest
Lakein t-test results

Anova Results Summary

Dahlberg Nest South Burke
Sum P value Sum P value Sum P value Sum P value
Cobble 75 0.006 967 0.032 7 0.207 4| 2.09e07
Detritus 0 383 0 0
Macrophyte 61 58 18 12

T-test results
Dahlberg Cobble vs. Macrophyte Burke Cobble vs. Macrophyte

Mean 0.694 1.694| Mean 0.033 0.5
P(T<=t) 0.001 P(T<=t) 2.76E08
two-tail two-tail
Nest Cobble vs. Macrophyte  Nest Detritus vs. Macrophyte
Mean 10.073 4.8333| Mean 10.639 4.833
P(T<=t) 0.011 P(T<=t) 0.012
two-tail two-tail
Nest Cobble vs. Detritus
Mean 10.073 10.639
P(T<=t) 0.678
two-tail
POUNDATION E Quetico



Table 7. T-test results (two sample assuming equal variances) of total crayfish (female and male)
in Dahlberg, Nest and Burke Lake demonstrating the difference between Day 1 and Day 2 of
catfood can use.

*Dahlberg *Nest Burke

Dayl Day2 | Dayl Day?2 Dayl Day2
Mean 1.24 0.65 11.22 832 0.14 0.08
Variance 3.51 1.78 50.68 42.28 0.21 0.11
Observations 72.00 72.00f 72.00 71.00 72.00 72.00
Pooled Variance 2.64 46.51 0.16
Hypothesized
Mean Difference 0.00 0.00 0.00
df 142.00 141.00 142.00
t Stat 2.15 2.54 0.84
P(T<=t) onetall 0.02 0.01 0.20
t Critical onetalil 1.66 1.66 1.66
P(T<=t) two-tail 0.03 0.01 0.40
t Critical two-tail 1.98 1.98 1.98
*significant (p value<0.05) *significant not significant p value>0.05)
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