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Executive Summary

Surveyswere conducted during the summers of 2015 and 2016 in Wolseley Lake, Pickerel Lak
and Stannakake.Crayfish were captured using modified minnow traps baited with cat food.
Information on crayfistsize, relative abundance, sex, and habitat distribwtamcollected.

This report also draws from figtomach samples collected through 2016 Broadscale
FisheriesVionitoring program.

Across all lakes 655 crayfish were caught, with the majority (607) caught in Stannar Lake. All
crayfishwere the native virile crayfistQ( virilis). Results suggeshat crayfish distribution is
influenced by thggresencibsence of predatorsarticularly nornnative smallmath bass. Catch

per trapin Stannar Lake (containing no smallmouth bass) was rigtler compared to

Wolseley and Pickerel Lake€rayfish size may be smaller in lakes containing smallmouth bass;
however more data is required to confirm this relationship.

Future monitoring reaamendations include 1) Includeater chemistry measurement

specifically dissolved calcium measuren®ein the crayfish sampling protocol. Crayfish

survival is expected to be linked to calcium concentrations because this mineral is important for
the growth and mai nt enance Sampleikeswittandhy f i shos
without smallmouthbasso better understand the relationship between this predator and crayfish
size and abundanc®) Only use cat food bait fane day of trappingr only use data from the

first day of trapping for comparison between studsesause significantly fewer crayfish were
caughton the second day of bait use, and 4) Trap crayfish in different habitats to help understand
their use of these habitats.
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Introduction

Crayfish(Zhaagheshiiare an important part of freshwater ecosystenaking up the majority

of benthc invertebrate biomass (Keller and Moore, 2000). They are omnivores, eating a variety
of aquatic plants, fish eggs, and benthic organisms (Hanson and Chambers, 1995¢t#dilson
2004), as well as an important source of food for larger fish specietaff et al.2011).

However, little is known about the mechanisms by which crayfish influence their habitat and
other species.

Historically, Quetico Provincial Park has bdeme to one species of crayfish, tieethern or
virile crayfish(Orconectesili s). In the past few years nanativerusty crayfisn(Orconectes
rusticug havearrived and reached high densities in lakes along the southern boarder of Quetico
Park. Rusty cayfish are slightly largeand more aggressive than virile crayfesttdhave been
found to displace this native species as they move into (8&éson et al.2004) Decreased
macrophyte cover has beassociated with the arrival of rustsagfish(Hanson and Chambers,
1995) which may have subsequent effects on benthiatebetes and fish communities.
However virile crayfishpopulationsincluding their population structure, habitat preferences,
and role in freshwater ecosystehas/e rarely beestudied prior to the arrival of rusty crayfish
especially in northwester@ntario. A guide to identifying virile and rusty crayfish is available in
Appendix 1.

Several species of centrachids that are present in Quetico Provincial Park, including
pumpkinseed sunfish, bluegill sunfish, rock basglénouth bass, andrgenouthbass are
known to feed on crayfisfGarveyet al.2003) Bass particularly smallmouth bass are crayfish
specialists.In 2010, Broadscale Fisheriesokitoring (BsM) surveys conducted in Quetico
found that 50% of all smallmouth bass caught with food e stomachs had consumed
crayfish (Jackson, 2015bComparativelyless than 20% of northern pike with food in their
stomachs had consumed crayfish, and less than 10% of walleye. Smallmoutavesalso been
shown to be effective at population contwbinvading rusty crayfish (Heiat al. 2006).
Smallmouth baskave been caught in all but one of the lak@wveyedoy the BsM program
within Quetico Park as of fall, 2018ndwere introducd to the area in the 1940sy Bie 1970s
theywere wide spradthroughout the Parlkdowever, heir influence on native crayfish
populations in Quetico Provincial Park has not been considered.

Objectives
These surveys are a first assessment of the abundance, distribution, andisleecodyfish
populations irQuetico Provincial in order to:

1) better understand the distribution, size and abundance of matigecrayfish(O. virilis) in
Quetico Provincial P&t

2) begin to understand the impact of introdusethlimouthbass on crayfish populations in
Quetico Provincial Park.
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Methods

Study Sites

Quetico Provincial Park is located iveten Thunder Bay and Fort Fraaae the Province of

Ontario, sharing a border with the Boundary Waters Canoe Area in Minnesotare@lis

underlain by Canadian Shidgbédrockin a ransition zone between southenixedwood forests

and northern boreal forests. Numerous lakes and stregpers 48 species of fish oold and

warm water habitatd hree lakes in Quetico Provincial Pavkre selected for this study:

Wolseley Lake, Pickerel Lake, and a previously unnamed lake near Stanton Narrows on Pickerel
Lake, which will be referred to as Stannar L§Kable1l).

Table 1profiles of the lakes trapped in 2015 and 2016

Lake Stanrar Pickerel Wolseley
Stain clear dark
Thermal Regime warmwater coldwater coldwater
Area (ha) 39 5754 1307
Average Depth (m) 17.7 12.6
Maximum Depth (m) 6 40
Mean Secchi Depth (m) 34 4.3 2.6
Mean Conductivity 16.5 31.6 30.0
(umhos/cm)
Common Fislspecies pumpkinseed sunfish, smallmouth bass, smallmouth bass,
northern pike, walleye, pumpkinseed sunfish, largemouth bass, rock
yellow perch northern pike, walleye, bass, pumpkinseed
lake trout, yellow perch  sunfish, bluegill sunfish,
northern pike, wakye,
lake trout, yellow perch
Total #FishSpecies 7 19 26

* full fish species list available in Appendix 2

Trap Method

Modified minnow traps were used as a standardized method of crayfish collédtiongh traps
are known to select for large, aggressive, male crayfish (Wéisah2004; Heinet al.2006),

they can still provide accurate assessments of species composition and relative abundance
(Capelli, 2003), andssessmestof population densityrad catch rates between sites (Jareten
al., 2009).

Minnow trapswere modified to have entranbeles enlarged to 3.5 cm in diameter. Traps were
baited with canned fishased cat food which was used for two consecutive trap days. Traps were
set in linesof three,spaced 3 m apart, andnning perpendicular to the shore. Four lines of three
traps each approximately 10 m aparnstituted one plot for a total of twelve traps per.plot

Plots were choseny dividing the shoreline (includinglands) intdb0 m segments and randomly
selecting from these segmeniaps of the plot locatiaare available idppendix 3 Traps

were set over night for a minimum of 12 hours and the depth of each trap measured. Set and lift
time, bait type, observers, location, habitat, the number, total |@mmtf the rostrum to the tip

of the central telson measured on the dorsdhse) carapace lengtttip of the rostrum to the

back of the carapace measured on the dorsal suréamkyex of &h crayfish caught, and a note

of any other organisms caught in the trap was recof@ieyfish were then released at the site

that they wee trapped.Habitat was classified as cobble, macrophyte (aguatic vegetation),
detritus (decaying leaf layer and fallen woody debris) or soft bottom (muck)
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Sampling Period

Sampling occurred June 280, 2016 on Wolseley Lake, August 2, 2016 on Stanar Lake,
and August 9 10, 2016 on Pickerel Lake in Quetico Provincial Park. Additionally data
collected using the same protocols from August 29 in 2015 on Pickerel ka was included
in this analyss to increase the size of the data set avaifabie Pickerel Lake.In total, 10 plots
were surveyed on Wolseley Lake (120 tdgys), 10 plots on Stannar Lake (118 id@ys, (one
missing trap)), 2 on Pickerel Lake in 2016 (24 tdays) and 1 on Pickerel Lake in 2015 (12
trap-days).

StatisticalAnalysis

Total number of males vs female crayfish and-page comparisons between trapping days,
males and females within habitats and within depth stratum were made tsmgample-test
for populations with equal variances. Equal variance betwepulations was verified using an
f-test statisticSingle factor ANOVA was used to compare crayfish size and number per trap
across four habitats and five depth strata. Following detection of a difference between
populations, two sampletésts for poputions with equal variances were used to determine
which pairs of habitats were significantly differefihe significance of a linear line of best fit for
the ratio between total length and carapace length was determined using regression analysis. A p
value of 0.05 was used as the-cft for all determinations of statistical significance. Statistical
analysis was completed using MS Ex@hta summaes are available in Appendix 4

Results

A total of 655virile crayfish were caugtdcross all lakes and both years. 607 of these crayfish
were capturedn Stannar Lake, 13 on Wolseley Lake and the remaining 35 from Pickerel Lake.
This represets a catch per trap of 5.14 crayfish Stannar Lakevhich is significantly higher

than on Rikerel (1.13 crayfisiper trap, p = 5.4H2), and on Wolseley (0.12 crayfish per trap, p

= 1.3E30) (Figure 1) No rusty crayfistwere caught.

Number of Crayfish Caught Per Trap
w

2 -

1 _ T

0 1 T T 1
Stannar Pickerel Wolseley

Figure 1 Virile crayfish catch per trap for 2015 and 2016 trapping on Stannar, Wolseley
and Pickerel Lakes
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Dueto the volume of crayfish caugand time constraintsize sampling as not completed for
145 crayfish fronStannar Lake. Furthermorgze data collected from the crayfish caught in
Pickerel Lakan 2016had cacerns about its redbility and therefore will not&usel in this
analysis. e to the low saple size of crayfish caught in Wolseley and Pickerel LUmkited
corclusions can be drawn frothesedata.

Carapacel Total Length Ratio

Consistent withsurveys of rusty crayfisbompleted last year (Jackson, 28) %otd length and
carapace length of virile crayfisheasignificantly correlated (regression analysis, p valQeOs)
for virile crayfish @ptured from Stannar LaKEigure 2) Virile crayfish sampled from Pickerel
Lake in 2015 have carapace lengths that fitStesmnar Lakeegressiomwell, though twaoof the
five individuals have shorter total lengths and carapace letigthobserved in Stannafhree
of the thirteen virile crayfishasnpled fom Wolseley Lake were also outside fbever range
observed in Stannar Lakénough most overlap

Carapace length is a more reliable measurement than total length (as well as being faster and
easier to obtain in the field) because crayfish can besidt#ils while being measured. This

leadsto total length measurements tbhétenunderestimate the true valum addition to

representing crayfish caught in Wolseley and Pickerel Lakes, the regression line tetating
lengthto carapace lengtior virile crayfishobtairedfrom Stannar Lake is similar to the

relationship observed fatirile crayfishcaught in Basswood and Crooked Lakes in Quetico Park
last year (Jackson, 2015¥his indicates that n@surements of carapace leng#m be reliably

related to crayfish total lengthzor ease of interpretatioryrther data analysis and results
presented in this report will work from a calculated total length obtained using the Stannar Lake
carapacdotal length regression equation (Equation 1).

Equation 1: Calculating total length using the carap#aial length regression equation obtained from crayfish
caught on Stannar Lake=74

6O W0 EYOOHBBEMDG 6 O1 ONEIETD 6  1.643 +8.063
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Figure2: Total length vs carapace lengthuifile colleded from a) Stannar Lake (2016)
n =74, h Wolseley Lake (2018)= 13, and dpikerel Lake (2016nly) n =5

Size Distribution

On Stannatake, the calculated total length of all crayfish caught ranged in size from 39 to 72
mm. Female virilecrayfish(average calculated toti@ngh 54.6mm) were significantly (p =
3.52E21) smaller than males@rage calculated total length 6@nin) (Figure 3).In Wolseley
and Pickerel Lakeasnple sizes were too small to determine if a difference inesiséed

between female and male virile crayfistalculatedtotal lengths fronPickerel fall within the
range obseved from Stannar Lake, while the callated total lengths of Gut of 13 virile
crayfishcaught in Wolseley Lakare outside the lower range of those observed on Stannar.
Average calculated total length of crayfish in Stannar Lake waa®®.5 T-tests using the
available data indicate thairile crayfish caught on Stannar Lake were significantly larger than
crayfish in either Wolseley or Pickerel Lakes (average 47.62 ff, p = 6.0%Hd average 50.1
mm, p = 0.002 respectiwgl However, ample sizes from both Pickerel and Wolseleyd ake
too small to make accurate comparisons of crayfish size between lakes.
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Figure 3: Calculated total length distributiGmm)for virile crayfishcollected from a)
StannarLake (2016) n = 462, b) Pickerel Lake (201§) n =5 and c) Wolseley Lake
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Habitat Preferences

In Stannar Lake,ignificantly more virile crayfistwere caught per trap in the macrophyte habitat
(mean8.09, 5.46, 5.06, 4.22 virile crayfigter trap for macrophyte, cobble, detritus, and soft
bottom respectivelygompared to all other habitat typgs= 0.034 macrophyidetritus, p =

0.031 macrophytsoft bottom, and p = 0.017 macrophgtabble)(Figure4). No significant
difference was found between cobble, detritus or the soft bottom habitats. Whhatid)a
significantly more male virile crayfisper trapcompared to female virile crayfistere found in

the cobble and macrophyte habitats thoughetieas no difference in sex ratio for the desi

and soft bottom habitats. d\significant difference in virile crayfiséize was detected between
habitats.Traps were placed only in cobble habitats in Pickerel Lake. Traps were placed in
cobble and macphyte habitats in Wekley Lake, however though more virile crayfigére
trapped in the cobble habitats, the sample size was too low to determine if this was significant.

2 9
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“é 7
O 6
; = 5 m Male
2, 1N . Female
. -
= 3
S 2 |
g
o 1 —
>
< 0 T T T 1

Cobble Detritus  Macrophtye Soft Bottom

Habitat

Figure 4: Average number vifile caught per trap across four habitats$tannar Lake,
2016 Cobble = 71 traps, Detritus = 15 traps, Macrophyte = 11 traps, Soft bottom = 12
traps.

Trapping Biases

Sampling conducted in Stannar Lake confirmeny of therapping biases noted in other studies.
Significantly morevirile crayfishwere caught per trap on Day 1 compared to Day 2 (Day 1 mean
=5.84, Day 2 mean = 4.44, p = 0.08Bigure 5) More male virile crayfish were also caught per
trap onDay 1, though no significant differenees detected between the number of females
caught r trap on Day 1 and Day 2 (Males Day 1 mean = 4.69, Males Day 2 = 3.02, p = 0.017).
No difference in calculated total length was detected between Day 1 and Day 2 though female
virile crayfish were slightly larger on day two of trapping (Female CaledlBotal Length Mean

Day 1 =5311, Female Qaulated Total Length Mean Day=255.45, p = 0.009 Overall

differencein number of crayfish caught astzebetween days is likely because bait was used

two days in a row at different trajoyg locations. Therefore, all Day Tw@lots were baited with

cat food that had been in the lake overnight,raagt have lost some of its efficiency at attracting
crayfish.
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Figure 5: Average number wifile crayfishcaught per trap on the first and second day
of bait use in Stannar Lake, 20TBotal 607 crayfish, 118 traps.

No relationship btween trap depth and number of virile crayfislught was found overall or
within each habitat. This is contrary to the findings of Jaesah (2009) who found that the
catch per traparied with depth, depending on the crayfish species under consideration.
However, trap lines set by Jansral.ranged from 0.5 to 12 m in depth, much deeper than the
traps set for this study. Traps set with a maximum depth of 2.5 m may not be sufficient to
capture this relationship.

Discussion of Findings

Crayfish predators, specifically smallmouth bass, hava beewn to effectively reduce crayfish
numbes through predation on small and young of the year crayfish (éteah, 2006). Thiss
consistent with the lower catch per trap fountMalseley and Pickerel Lakes, both of which

contain smallmouth bass iddition to othegeneralispredators. Stanar Lake, on the other

hand does not contain smallmouth bass, though other crayfish predators are present in the lake.

Predation pressure is higher on small crayfish, which are less formidable and can be eaten by
small as well as larger fish speciess a result, Keller and Moore (2000) showed that smaller
crayfish tend to be more stationary overall, and remain statitovaygr after the presence of a
predator compared to larger crayfish. Therefore, in lakes with predators, it is expected that a
higher proportiorof large crayfish existompared to lakes without predatassd thathese

crayfish are more likelyo be caght in trapsContrary to this predictionje of thevirile
crayfishcaught in Wolseley and Pickerel Lakehichbothcontain smallmouth basare outside
thelower end of the size range of virile crayfislught in Stannar Lake, with no specialist

crayfish predators.However, withousufficient sample sizfrom Pickerel and Wolseley Lake it

is difficult to determine if the relative abundance of large crayfish is larger in Stannar Lake.

Sanpling in Wolseley and Stannar ke occurred during potentiatoulting periods, Wwich may
have influenced the catch per trgportedand the size distribution of virile crayfish discussed
above Crayfish mailt twice per season, during mid to late June and again frendldy to early
August,depending on the lakend the specig€apelli, 2003) During and in the few days
following a mault, the usually hard carapace is soft, leaving crayfish more vulnerable to
predation. The moulting periodisually ocurs over the course of X0 days for thentire
population wihin a lake. During this periogtayfish will remain relatively stationary and hidden
in refugiaand are less likely to be caught in traps (Edwards, Jackson, and Sommers, 2009)
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In Stannar Lake, more crayfish were caught in macrophyte habitats compacddable, detritus,
and soft bottom areas. This is consistent with the findingsllodnd Lodge (1994yvho showed
in a controlled experimentdin the absence of predators, virile crayfisuld choose hatat
based on food availability. abitats withmore refugighiding placesere preferred once a
predator was introduce8urthermore, crayfish preferred cobble habitats during the day when
bass are active and moved into macrophyte habitats at night to f@tgmar Lake has fewer
fish species thgrey on crayfish, and specifically e&not contain smallmouthass which has
been shown to bacrayfish specialist (Jackson, 20156yayfish in this lake are therefore able
to move into macrophyte areas with less risk of predationickerel andwolseley, however, it
could be expected that crayfish would make more use of cobble habitats for protection.

Future Monitoring

1) Take water samples conductivity measurements at each lake that crayfish are trapped in
next year to determine the concentration of calcium present in the lake.

The success of crustaceans is linked to calcium concentrations because it is an essential nutrient
for shell @nstruction and maintenance. Edwaetial (2013)exposed crayfish to calcium
concentrations currently found in lakes located on the Canadian Shield and expected future
concentrations as the climate surrounding these lakes changes. Both concenteatons w

sufficient to stress the crayfish, resulting in increased vigilance, decreased grooming behaviour
and altered locomotion. In extreme cases, crayfish did not survive after tolgandt is
thoughtthatthe altered water chemistfgund in Shield dkesmay inpede the northward

expansion of rusty crayfiséind it is possible that changing water chemigiiti climate change

will affect established populations of rusty crayfisMater samples/ould help to understand

how crayfishare responding to dérences in water chemistry between lakes.

2) Use a fresh tin of cébod in every trap set to prevent Day 1 (fresh bait) vs Day 2 (day old
bait) trapping biases.

Significantly more virile crayfishverecapturedper trapwith fresh (Day Onegatfood compared
to old (Day Two) catood. This bias could be prevented by always using freshHbanever,
catfood can become very heavy to carry irdmotetrap sites. Alternativelygess remote sites
trapped using fresh bait every day would provide a auetf standardizing data collected with
fresh and day old bait. dda analysis could also only use Day 1 trap data when comparing
between lakes and studies.

3) Continue to colleatrayfish size data through the Broadscale Monitoring progoamelp
deternine the size of crayfish that are vulnerable to predation as well as which fish species prey
most heavily a native crayfish.

Broadscale Mororing in Fisheries Management Zone 5 in 28h0wed thatwer 50% of all
smallmouth bass anmdck bassaughtwith food in their stomach hashten crayfistiJackson,
2015b) Continued samplingn Wolseley and Pickerel Lageill allow for more accurateize
distributionsof consumed crayfisfor these lakesAdditional sampling should continue to look
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at lakes wih and witlout smallmouth and rock bass becapislation pressure from these
species may influence crayfish densities and distribution across habitats.

4) Traps should be set in multiple habitats within each lake to allow for a better comparison of
crayfish distribution between habitats.

This and other studies have suggested crayfish preferentially select habitat depending on
predation pressure. Understanding how this selection pressure combined with food and shelter
availabilityinfluences the disibution of crayfish will help illuminate how crayfish interact with

the benthic community.
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Appendix 1

Identification of Crayfish Species Found in Quetico Park

Orconectes virilis
Rostrum: sides stralght
Chglas: whilsh wan-lks

tubsrcuies, o black
bands at tips.

(5

Most widespread native stream & fake
spacies; reddish or brownish, bive claws
y . - Carapace: nanw aredia
between branch

Orconectes virilis virite Crayfish
max carapaces length 55mm

Orconectes rusticus rusty crayish
max carapace lengh S1mm

Smal, native, stream & lake spacies;
“~._ active In daylight

l‘
> . \ # ‘ )
Orconectes propinqQuus norhem J
Clearwater
max carapace kength 35Smm Crayfish
mr B

Orconectes immunis calico Crayfish

7 Eih o S SR RE - il 5
; o : - |
max carapace length 49mm T

(from http://pinicola.ca/crayfishontario/index.htm
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Appendix 2

Study Lakes FistSpecies Lists

Wolseley Lake
Black Crappie
Blacknose Shiner
Bluegill Sunfish
Bluntnosed Minnow
burbot

Common Shiner
Finescale Dace
lowa Darter
Herring

Johnny Darter
Lake Trout

Marge Mouth Bass
Log Perch

Mimic Shiner

Stannar Lake
Black Nose Shiner
Darter spp.

(likely Johnny Darter)
Northern Pike

Mottled Sculpin
Northern Pike
Pumpkinseed Sunfish
Rock Bass
Sauger
SmallmouthBass
Spottail Shiner
Tadpole Madtom
Trout Perch
Walleye
Whitefish

White Sucker
Yellow Perch

Pumpkinseed Sunfish
Walleye

White Sucker

Yellow Perch

Pickerel Lake
Black Nos&hiner
Burbot

Cisco

Deepwater Sculpin
Johnny Darter
Lake Trout

Log Perch

Mimic Shiner
Northern Pike
Sauger

Rainbow Smelt
Redfin Shiner
Shorthead Redhorse
Slimy Sculpin
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Appendix 3
Plot Locations
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