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ABSTRACT

Brook trout population parameters were assesstuteée lakes within the Tangier — Grand
Lake Wilderness Area, Halifax County, Nova Sco#aological parameters assessed included
population, density, biomass, size structure, ikgatveight, age, growth, mortality, and potential
egg deposition. Additionally, angling activity anexploitation were estimated. The above
parameters were also assessed against limnolagidaphysical habitat parameters. The influence
of competitor species was also evaluated.

Though these lakes were separated by only a fewlred meters and no impediments to
fish passage were present, the population parasneteach lake were highly varied. Each of these
three lakes could be considered productive to giginbductive when compared to other Nova
Scotia trout lakes with density estimated of betwéel and 37.6 trout per hectare and biomass
estimates of between 1.8 and 5.3 kg per hectaceedsing density and biomass correlated with
decreasing mean length, mean weight, mean agegmdpecific survival rate. Consequently, the
size/age of trout providing the greatest contrimutio total potential egg deposition varied greatly
between lakes with 90% of eggs being depositeadayt smaller than between 25.0 cm to 31.0 cm.

Management implications and research needs aresdisd.

Suggested Citation:

Halfyard, E.A., J.L. MacMillan and R. Madden. 2008out Population Parameters of Select Lakes
within the Southern Tangier — Grand Lake Wildern&ssa. Unpublished report. Inland Fisheries
Division, Nova Scotia Department of Fisheries ampi@culture. Pictou, Nova Scotia.



Brook Trout Population Parameters TGLWA NSDFA 2008

Table of Contents

BACKGROUND ... ... e e e e e e e e e e et e e e e et et e e e 1
METHO D S . ..o e e e e e e e e e e e e e e 3
Sampling design 3
Laboratory Procedures 3
Statistical Analysis 3
Lake A 5
Lake B 7
Lake C 9
Limnological Data 10
Additional Information 11
Summary of Results 12
IS CUS S ON . .. i e et e e e e e et e e e e e e e 12
MANAGEMENT IMPLICATIONS . .. ... e i e et e 19
ACKNOWLEDGEMENTS ...t e e e ettt e e a0 20
LITERATURE CITED. ... ot e e et e e e e et e D)



Brook Trout Population Parameters TGLWA NSDFA 2008

LIST OF TABLES
Table 1 —Population, biomass and density estimates for sal®s...................cccevennel. 24

Table 2 —Description of length frequencies for Lake A, Lakand Lake C. Data represents trout
sampled by all researchers. ... e e 2D

Table 3 —Description of relative weight for Lake A, Lake BdaLake C. Data represents trout
sampled by NSDFA ONlY.......our e e 25

Table 4 - Age proportions of trout in total sample for eaéhhwee study lakes. Length classes for
each age determined as the midpoint betweeletigth of the longest fish aged a-1 from
the length of the shortest fishaged a.............co it e i 25

Table 5 —Description of back-calculated length at age datdake A, Lake B and Lake C. No
age 4 (or older) trout were sampled from LAk&ample size indicates only the number
of trout for which back-calculated length geavas assessed...........................26

Table 6— Brook trout growth for all three study lakesSN/ None sampled. Note A — Trout
assumed to be age 5+ trout were capturedhe B, though no scale samples were

ODLAINEA. . e e e e e e e 20
Table 7— Growth parameters derived from the von Bert&jagifowth curve and mean length and

standard deviation of the ten largest trout_fake A, Lake B and Lake C............... 27
Table 8— Estimates of annual mortality for the three gtladtes......................ooo . 28
Table 9- Summary of potential egg deposition paramdtarall study lakes....................... 28
Table 10—-Summary of water chemistry parameters for Lakeake B and Lake C..............29
Table 11 -Morphoedaphic parameters for the three study lakes................................. 30

Table 12—Comparative summary of various population andhdifogical parameters for all study
lakes. Age N Growth is a ranking, with 1rtg3the fastest growth and 3 being the
slowest growth... PRI X |



Brook Trout Population Parameters TGLWA NSDFA 2008

LIST OF FIGURES

Figure 1 — Map of study lakes and surrounding watershetimthe lower Tangier — Grand Lake
A AT 1[0 [T g TS T TS AN = - 2

Figure 2 —Length frequency histograms for Lake A, Lake B aalle Cs. Fork length bins
represent 1.0 cm increments. Sample sizesepted in parentheses (N). Data
represents brook trout captured by all redess. ... 32

Figure 3 — Boxplots of fork length (cm) of brook trout salegh during each month from each lake.
Sample size represented in parentheses @ l@presents brook trout captured by all
PO S AN CNEIS. .. e e 33

Figure 4 — Boxplots of relative weight for Lake A, Lake BdaLake C brook trout. Also, the
sunflower plot represents the sampling distion for each respective lake. Each dot of
the sunflower plot represents a single sangrld each additional “petal”’ attached to the
dot represents an additional sample..............ccoooiiiicece . 34

Figure 5 — Regression plot of relative weight for Lake Aakie B and Lake Cs against sampling
date. No regression line was constructedbfook trout from Lake C as weight

measurements were recorded from Octoberonly.................ccoeeevei il 35
Figure 6 — von Bertalanffy growth curves for Lake A, LakeaBd Lake C brook trout............. 36
Figure 7 — Cumulative proportion of the total potential egteposited based on fork length....... 37

Figure 8 — Percent of total potential egg deposition cbated by each length class for Lake A,
Lake B and Lake C.. ..o e e 38

Figure 9 — Temperature (°C) and dissolved oxygen (% sarbtm)aliepth proflles for Lake A, Lake
B and Lake C.. e .39

Figure 10— A plot of correlation between the number of cetitpr species and the density of
brook trout in Nova Scotia lakes. Dataunid Lake A, Lake B and Lake C (this
study) in addition to lakes outlined in \M&itan and Crandlemere (2005)............ 40

Figure 11— A plot of correlation between the number of cetitpr species and the standardized
biomass of brook trout in Nova Scotia lakes. Datdude Lake A, Lake B and Lake C
(this study) in addition to lakes outlined in Madlslin and Crandlemere (2005)....... 40



Brook Trout Population Parameters TGLWA NSDFA 2008

BACKGROUND

Brook trout Galvelinus fontinalis) are the most popular sport fish in the provinegh
anglers spending over 500 thousand days anglingatathing an estimated 1.4 million trout in the
year 2005 (Sport Fishing in Nova Scotia, 2005).

Brook trout are thought to be highly sensitive habitat alteration, with increased
temperatures (Lee and Rinne 1980, MacMilllan e®2805, Wehrly et al. 2007), physical habitat
destruction (Grant et al. 1986, Carline et al. J99&er-species competition (Faush and White
1986, Clark and Rose 1997, Rumsey et al. 2007)aed fishing (MacMillan and Madden 2007)
all shown to adversely affect the number and sizer@ok trout. As climate change and land use
patterns are anticipated to place continuing amdeasing stress on the province’s brook trout
populations, a comprehensive understanding ofdkeurce is essential to effective and sustainable
management.

One approach to understanding the dynamics ofkaroaoit in Nova Scotia is via modelling
production. The formation of a model hinges onisight and biologically relevant data collected
from Nova Scotia lakes and rivers. Several geoplsiemical grouping of both lake and river
habitats exist in this province (Halfyard et al.080 MacMillan et al. 2008n press) and while
substantial data has been collected on the broak &f Nova Scotia (Alexander and Merrill 1976,
Leblanc 2000, MacMillan and Crandlemere 2005, Mdlevi and Madden 2007) substantial
additional information on population parametergdaquired to adequately describe brook trout
across Nova Scotia.

The primary objectives of this study were to:

1) Estimate the population size of brook trout in sedd lakes of the lower Tangier-Grand
Lake Wilderness Area,

2) Estimate/assess population parameters for trotlteirsame systems to use in the formation
of trout production models,

3) Describe typical angling activity in the area,

4) Test the morphoedaphic against trout populatioarpaters, and

5) Assess exploitation in the study lakes and poterggulation

By achieving these four objectives, we aim to paeddata-supported fisheries management
options for the system. Furthermore, data obtaimékdis study can be used to compare trout
populations from other ecologically/ limnologicaymilar lakes in an effort to understand
provincially distributed trends in trout production

STUDY AREA

Lakes sampled in this study lie in the lower ($euah) Tangier — Grand Lake Wilderness
Area (TGLWA) (Figure 1). The TGLWA is a 16 000 haat, provincially-designated wilderness
protected area managed by the Nova Scotia Departwhé&mvironment. These areas are designed
to protect portions of representative natural laages and ecosystems as well as to provide
scientific, educational and recreational opportasjt including angling. Forestry, mining and
hydroelectric operations are prohibited with wildess areas.
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The geology of the area is dominated by grani@lesand greywacke and thin or non-
existent soils. Some glacially-derived till depesitre dispersed throughout the area, though they
cover only a small proportion of the land surfdéerest type is generally coniferous, with various
spruce specied(cea spp.), white pineRinus strobus) and balsam fir Abies balsamea) the most
prevalent. Sugar maplé&d¢er saccharum) and yellow birch Betula alleghaniensis) are also present.

This area is relatively remote with no direct r@adess to the study lakes. These lakes are
highly organic-stained systems, representativehefrhajority of Eastern Shore/ Southern Upland
systems. Lake A is the smallest of all three lag@sipled, at approximately 11.8 ha. Lake C is
slightly larger at approx. 13.6 ha while Lake Bhe largest at approx. 63.0 ha.

Macrophyte growth in these lakes is limited. Of tkpecies present, the family
Nymphaeaceae (water lily) appears the most abundance. Alsol.ake C a submerged grass
(potentiallyVallisneria spp.) covers many shallow areas.

Figure 1 — Map of study lakes and surrounding watershetimithe lower Tangier — Grand Lake
Wilderness Area. The watershed includes addititadeds (not shown) but in general drains from
Caribou Lake to Little River Lake and eventually gi@s into Ship Harbour (Atlantic Ocean).
Lake A, Lake B and Lake C are approximately 11.833a0 ha and 13.6 ha, respectively.
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METHODS

Sampling design

This project is unique as data collection was qrened by four parties. The Nova Scotia
Department of Fisheries and Aquaculture (NSDFA) thasprimary investigator, and co-ordinated
the sampling of the volunteer groups. Volunteerlensginclude a group of camps owners from
Lake B (NELCO) as well as anglers representingateservation group of Trout Nova Scotia
(TNS). Additionally, Anthony Heggelin, a student skimg at Dalhousie University (AH-Dal), was
also sampling fish in the area and agreed to dotlata useful for this project. Both volunteer
groups captured fish via angling, measured fisthéonearest mm, marked the fish with an adipose
clip and retained a sample of scales for age datation. Anthony Heggelin also captured fish
with monofilament gill nets (mesh sizes 2.54cm,18r@ and 5.08cm), again measuring, clipping
adipose fins and obtaining scale samples.

Finally, the NSDFA captured fish using a combinataf angling, the aforementioned gill
nets as well as trap net (1.5m opening). Fish wesasured, weighed to the neared gram, scale
sampled, sexed based on phenotypic features (aubamighand also marked. Marks consisted of
Carlin tags applied to the anterior — posterioth#® dorsal fin. Furthermore, a subsample of gravid
females were retained for a separate fecundityys{ithlfyard et al. 2008), and thusly sex
determination was verified.

Sampling was conducted over two distinct peridlds,spring/summer period (April-July)
and the fall period (Sept.-Oct.). All parties coatkd sampling during the spring/summer period,
while only the NSDFA sampled in the autumn period.

Limnological data were collected on all lakes atel July, primarily to investigate the
availability of thermal refugia provided by stratdtion, but also to give a general description of
summer period water quality parameters. Variablesasured included conductivity (uS/cm),
dissolved oxygen (mg/L) and Secchi disk measuresneinivater clarity/ transparency.

Laboratory Processing

Scales were read by two NSDFA researchers andcmles where differing ages were
estimated, a third researcher was asked to reasttie. Back-calculation was conducted using the
Fraser-Lee method as described in Murphy and Wili&96).

Water chemistry samples were sent to the Capitatritt Health Authority —
Environmental Services Division. Analysis includewjor ions, nutrients, metals and standard
limnological parameters.

Surface area and shoreline length estimateshfsrstudy were measured using ARCGIS
software (ESRI ArcGIS v.9).

Statistical Analysis

Trout populations in each lake were estimatedgu$wo equations. The single census
adjusted Petersen equation (Ricker 1975) is thet miogplistic and used only one “marking”
sample and one “recapture” sample for each lakeeré&/lapplicable (recapture8); a Schnabel
maximum likelihood estimate (Ricker 1975) was alsed. A major assumptions used for these
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estimates was that each lake is a discrete popunjand that no movement occurred between lakes
(closed populations).

Because it is reasonable to assume that some ltyoiita associated capture and tag
application, we made conservative estimates of afityt with 5% mortality applied to all angled
fish that were fin clipped, 10% mortality applieal &ll trout that were angled and tagged with a
Carlin tag and 50% mortality for all trout that weret-caught and marked in any manor.

Density estimates were calculated by dividing pgulation estimate by the lakes surface
area. Biomass was estimated by segregating thehlémguency data into 1 cm bins, and
determining the proportion of the total sample tregiresents fish in any given length class. This
proportion was then multiplied by the populatiotireate to give the estimated total number of
trout of that length within the lake. This numbexsathen multiplied by the expected weight for the
mid-point of the length class, using the lengthgiirelationship. The sum total of the expected
weights for all length categories represented ttal tbiomass for the lake. This total biomass
estimate divided by the lake’s surface area to ghee fall standing crop biomass per hectare
estimate.

The relative weight equation, as described by (Waagk Anderson 1978) is W& W / (Ws
-100), where Wis the length-specific standard weight equatiendatermined via length-weight
regression representing the species over its amamge (Murphy 1991). Standard weight equations
have been derived for many species across theger@urphy and Willis 1996, Murphy 1991)
including the brook trout.

Only brook trout over 13.0 cm fork length were ugethe relative weight calculations(Murphy
et al. 1990, Murphy 1991) and parameters usedeirstiimdard weight equation were an intercept of
-5.085 and a slope of 3.043.

Because the relative weight equation was develapeatescribe weight based on total length,
and in this study we measured fork length, a cawas factor was applied to the length data.
Using brook trout data from nearby Dollar Lake, il Co. (NSDFA, unpublished data), a
correction factor was calculated by dividing fogndth by total length. This correction factor was
then regressed on fork length to calculate a theection factor based on length. The regression
equation used was; total length (cm) =-0.0016 (ferigth (cm)) + 1.0966, with®= 0.42.

Fish lengths at past ages were back-calculatedtinéhrraser-Lee back-calculation equation as
described by Murphy and Willis (1996). Annual grbwtas calculated as the mean difference of
FL (age a+1) — FL (age a). Length-at-age and ageifgp growth was assessed using analysis of
variance (ANOVA) with age as a factor.

To further assess growth, von Bertalanffy growdingmeters were calculated as discussed
by Ricker (1975). As the von Bertalanffy equatioeguently provides unrealistic estimates of L
the mean fork length of the ten largest trout faclesample was calculated to provide an empirical
reference point (Adams and Hutchings 2004).

Mortality estimates were obtained via the Heinckéineate of age composition and the
Chapman-Robson combined estimates of survival @RitR75).

Estimated potential egg deposition for each lake walculated by again segregating the
length-frequency data into 1 cm bins, and detemmgirthe proportion of the total sample that
represents fish in any given length class. Thigpproon was then multiplied by the population
estimate to give the estimated total number ofttoduhat length within the lake. This number was
then multiplied by the expected mean number of dggshe mid-point of the length class, using
the pooled fecundity data from Lake A, Lake B ardké C (Halfyard et al. 2007). The sum total of
all egg deposition for each length class was ceneaithe potential total egg deposition.
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For trout larger than 32.2 cm, fecundity may bdarastimated as no fish larger than this
were sampled and the fecundity curve estimationthadexponent of the fecundity regression is
lower than those reported in other studies (Vladyk®56, Van Zyll de Jong et al. 1999).

Angling activity was assessed using only the daforted by the Lake B camp owners as
this group represent “normal” angling activity. Theata were reported as they angled under
normal routines, that is, no angling effort wasrgm®lely for the purpose of providing data foisthi
study. Catch per unit effort (CPUE) was determiasdhe total number of trout caught by the total
effort (in hours) spent angling.

Exploitation was estimated by estimating total ptsg catch of trout by estimated retention
rates (as determined by angler log books) and eémag of angling-induced catch-and-release
mortality as determined in the literature.

Lake survey data from 1020 lakes across the prewwere compiled (NSDFAnpublished
data) from which mean depth was regressed on maximysthdé strong relationship was shown
where mean depth increased at a rate of 0.3 * maxirdepth (R=0.75). Mean depth was
estimated by multiplying the slope (0.3) of theresgion of mean depth on maximum depth by the
measured maximum depth of each lake. From theseatat the measured concentration of total
dissolved solids, Ryder’'s morphoedaphic index cdaddcalculated where M.E.l. = TDS (mg/L) /
mean depth (m) (Ryder et al. 1964, Ryder 1974)ngJghe conversion factor provided by Ryder
(1964), the square root of the M.E.l. was multigpliby 0.996 to give an estimate of yield
(kg/halyear).

RESULTS

It should be stated that very few small trout (<BPevere sampled during this study, thus
the data described below is only for catchablettroat young-of-year (YOY). One year old trout
and likely 2 year old trout are also thought taubelerrepresented as a result of gear selectisty, a
there numbers, relative to older trout, were lbas texpected.

Lake A

Population Estimates, Density and Biomass

A single census adjusted Petersen estimationedfake A brook trout population indicated
a population of 703 trout (95% CI (408, 1317)). Ani#ar Schnabel maximum likelihood
estimation indicated a trout population of 613 tr¢@5% CI (380, 1043))(Table 1). Because a
Schnabel estimate provides a mean estimate ofiessa#rratios as well the fact that the Schnabel
equations confidence intervals are relatively gght the estimated mean, it is assumed that the
Schnabel equation provides a better estimate cd¢heal trout population.

Assuming a population of 613 brook trout, Lake A lagfall standing crop biomass estimate
of 7.3 kg / ha and a density estimate of 51.9 frbat (Table 1). If shoreline length is used to
standardize, density becomes 37.6 trout/ 100m Bher@and biomass becomes 5.3kg/ 100m
shoreline (Table 1).
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Population Size Structure
Mean fork length of 220 brook trout sampled fromké A was 22.9cm, with a median
value of 23.9cm and a range of 10.9cm to 28.2cmbl€T2). Our data suggests that in Lake A, the
proportion of catchable trout greater that 30cne (@ngth preferred by anglers) is extremely low as
none were captured in our sample (Figure 2). Meak length showed no obvious relationship
with the time (month) of sampling (Figure 3).

Relative Weight

The condition, as expressed by relative weightyadit in Lake A is in general low, well
below the “species level” average value of 100. ther 129 trout which were weighed, the mean
relative weight was 79.2 (sd=11.8) (Table 3, FiglireRelative weight of Lake A brook trout did
increase slightly throughout the sampling year, éwav this increase was not significant as
indicated by both an ANOVA (P=0.76) and simple esgion of relative weight on date
(R?=0.06)(Figure 5). As a result, these relative weighlues can be compared to other lakes
without compensation for seasonal trends.

Age and Growth

Based on scale analysis and the sample’s lengtudreey distribution, the percent
composition of the Lake A sample for 1, 2 and 3ryad trout is 12.7%, 75.0% and 12.3% (Table
4). Back-calculated length at age provided evidewicgrowth rates at each year (Table 5). The
relative rate of growth during the first year (a@jewas 8.8 cm/year (sd=1.5, N=42), during the
second year (age 1) was 8.6 cm /year (sd=1.5, N=44@ during the third year (age 2) was 6.4
cm/year (sd=1.5, N=10) (Table 6). A von Bertalargipwth curve was estimated from which the
Brody growth coefficient was estimated at 0.198 dsymptotic length (1) was 48.0cm and the
length at t=0 was estimated at=t -0.421 (Table 7, Figure 6). The mean lengthheften largest
trout sampled from Lake A was 27.3cm (SD= 0.4) (&ah.

Mortalit
Estimations of mortality were restricted to traaged 3+ and older as the younger age

classes were thought to be under sampled as & wdsgéar selectivity. Chi-square analysis of
Chapman-Robson survival estimates reaffirmed gizar for all study lakes, with® values for 1
year old trout equal to 245.1 and for 2 year oduity® = 4.2 (Table 8).

In Lake A, no trout older than 3 year old were plad, therefore mortality estimates were
not obtainable for this lake.

Potential Egg Deposition
Estimates of potential maximum egg deposition ifkd.& indicates that 157 880 eggs
would be deposited given current fecundity rated papulation structure. This equates to an
estimate of 17 542 eggs/ha. Length of fish by whs€86 70% and 90% of cumulative total
potential egg deposition occurs is approximatelpe®, 24.3cm and 26.5cm (Figure 7). Maximum
potential egg deposition occurs at a length of apipnately 25.0 cm (Figure 8, Table 9).

Angling Activity Estimates
Camp owners did not intensively angle in Lakec#&pturing only 3 trout. Therefore
angling effort could not be assessed. If trout @thdly NSDFA is examined, a total of 129 trout
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were angled. Based on the estimate of 613 troutke A, NSDFA angled approximately 21% of
the total population.

Lake B

Population Estimates, Density and Biomass

A single census adjusted Petersen estimation ofbtbek trout population in Lake B
indicated a population of 1126 trout (95% CI (67A®76)). A similar Schnabel maximum
likelihood estimation indicated a trout populatioh1038 trout (95% CI (629, 1771)) (Table 1).
Again, because the Schnabel estimate provides a estenate of a series of ratios as well the fact
that the Schnabel equations confidence intervasaatively tighter to the estimated mean, it is
assumed that the Schnabel equation provides a lsttmate of the actual trout population.

Assuming a population of 1038 brook trout, Lake &s ha fall standing crop biomass
estimate of 4.8 kg/ ha and a density estimate o 1@®ut/ ha (Table 1). When compared to
shoreline length, biomass becomes 2.9 kg/ 100mesherwith a trout density of 11.8 trout/ 100m
shoreline and a (Table 1).

By segmenting the tagging data into age categorgeewere able to estimate the populations
of 2 year old and 3 year old trout in Lake B viseapecific mark-recapture experiments. These
indicated that there were 543 aged 2 trout (95% (243,1358)). Similarly, the estimated
population of 3 year old trout was 249 trout (95% CL30, 524)). No estimate could be made for
age 1 trout as few were sampled.

Population Size Structure
Mean fork length of 468 brook trout sampled fronkéa was 27.6cm, with a median value of
28.0cm and a range of 12.5cm to 42.5cm (Table 2. @ata suggests that in Lake B, the
proportion of catchable trout greater that 30cne(ded preferred by anglers) is moderate to high
relative to other TGLWA lakes, as 165 of the 46 tr(35%) captured in our sample were of this
length or greater (Figure 2). Mean fork length sbdva slight decrease with the time (month) of
sampling, where fall-sampled fish were shorter (Feg3).

Relative Weight

The condition, as expressed by relative weightrait in Lake B is generally lower than
the “species level” average value of 100. For thearBut which were weighed, the mean relative
weight was 85.5 (sd=11.0) (Table 3, Figure 4). Redaweight of Lake B brook trout did increase
slightly throughout the sampling year, however tinisrease was not significant as indicated by
both an ANOVA (P=0.76) and simple regression cdtieé weight on date @0.09)(Figure 5). As
a result, these relative weight values can be coedpto other lakes without compensation for
seasonal trends.

Age and Growth
Based on scale analysis and the sample’s lengtjudreey distribution, the percent
composition of the Lake B sample for 1, 2, 3, 4 &ngkar old trout is 6.4%, 27.2%, 56.5%, 9.0%
and 0.9|%, respectively (Table 4). Back-calculdéedjth at age provided evidence of growth rates
at each year (Table 5). Mean growth during the fiesr (age 0) was 8.7 cm/year (sd=1.6, N=52),




Brook Trout Population Parameters TGLWA NSDFA 2008

during the second year (age 1) was 10.3 cm /ydarl(8, N=36)), during the third year (age 2) was
6.3 cm/year (sd=1.4, N=10) and during the fourtary@ge 3) was 5.9 cm/year (N=1) (Table 6).
No growth was estimated for age 4 trout. A von Blariffy growth curve was estimated from
which the Brody growth coefficient was estimated 849, the asymptotic length{Lwas 41.8cm
and p was estimated at -0.322 (Table 7, Figure 6). Teamiength of the ten largest trout sampled
from Lake B was 36.5cm (SD= 3.6) (Table 7).

Mortalit
Estimates of mortality for Lake B were restrictedrout aged 3+ and older as the younger

age classes were again thought to be under samapled result of gear selectivity. Chi-square
analysis of Chapman-Robson survival estimates irestl gear bias for all study lakes, with
values for 1 year old trout equal to 295.3 and2fgear old trouf® = 258.1 (Table 8).

In Lake B, Chapman-Robson estimates of mortatiyicated that 3 year old trout are
subject to 86% mortality (95% C.I. = (82%, 90%)= 1.6 ) and that 4 year old trout are subject to
92% mortality (95% C.I. (85%,100%)) (Table 8). Thesstimates were similar to those obtained
using Heinke’s method, where 84% and 90% mortaliyg calculated for 3 year old and 4 year old
trout respectively.

For comparative purposes, mortality was estiméted the mark-recapture estimates of
age 2 and age 3 trout populations using the rag¢ithad. Mortality from age 2 to age 3 is estimated
at 54%. This is similar to the Chapman-Robson eggnithough invalid based on Chi-square
values) of 55% (Table 8).

Potential Egg Deposition
Estimates of potential maximum egg deposition ke ®8 indicates that 310 720 eggs
would be deposited given current fecundity rated papulation structure. This equates to an
estimate of 5 650 eggs/ha. Length of fish by whiBko 70% and 90% of cumulative total potential
egg deposition occurs is approximately 26.6 cm128n and 30.5 cm (Figure 7). Maximum
potential egg deposition occurs at a length of apipnately 28.5 cm (Figure 8, Table 9).

Angling Activity Estimates

Camp owners reported catching a total of 271 ahtjleut from Lake B. Based on the
population estimate of 1038, this represents apprately 26.1% of the total population. Most
trout are released following capture (85.2%) withlyo40 of the 271 trout retained. The vast
majority of trout capture occurred in May (86.3%tatlal captures), with only 7.4% and 6.3% being
captured in April and June, respectively. Of tlmutrcaught by the Lake B camp owners, 69% were
3 years old or older.

Anglers reported spending a total of 210.5 houngliag on Lake B giving mean annual
effort of 3.3 hours/ha. Angler success, as meadoydtie number of trout caught per hour angling
or catch-per-unit-effort (CPUE) was 1.27 trout peur (1.27 +/- 0.13 [mean +/- 1 S.E.]).

In a meta-analysis of hooking mortality on nondgnoaous trout, Taylor and White (1992)
found that mean mortality of brook trout was 3.4%ew caught on artificial fly or lure (4 studies).
When caught on bait, they found that mortality v883% (2 studies). Similarly, Nuhfer and
Alexander (1992) found that brook trout caught otifiaial lures was 4.3%. Though no formal
survey of equipment was conducted, anglers in lBkadicated that artificial fly and artificial
lures were the preferred method. To be conservatveeassume an angling-induced mortality on
released trout of 10%.
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Mean length of all trout caught by Lake B camp ewmnwas 28.1cm while the estimated
mean weight is 2759, equating to fish primarily d@eyears. If we assume that 85.2% of angled
trout were released and of these and that angtidgeied mortality of released trout was at a rate of
iLO%, }hen the exploitation rate is approximateBf6.and the current yield of trout is 0.28-lkg

-year-.

We assume total angling pressure to be greatertti@rof the camp owners exploitation,
hence if we double the catch to 52.2% of the testimated population and assume the same
retention rates and angling-induced mortality feleased trout, the yield estimate then becomes
0.55 kgha®- year". Effort would also be increased to 6.6 hours/ha.

When we combine all angled trout, those of NELC®8STand NSDFA, a total of 423 trout
were captured, representing 41% of the catchalpelaton.

Lake C

Population Estimates, Density and Biomass
A single census adjusted Petersen estimation ofbtbek trout population in Lake C

indicated a population of 179 trout (95% CI (6681%4 These estimates use a small sample size,
namely a small number of recaptured trout (R=2)slh the population estimate is likely not
reliable. However, assuming a population of 195ckrtrout, Lake C has a fall standing crop
biomass estimate of 3.9 kg / ha and a density agtimof 13.2 trout/ ha. Again, if we use shoreline
length to standardize these measurements, deresinies 6.1 trout/ 100m shoreline and biomass
becomes 1.8kg/ 100m shoreline (Table 1).

Population Size Structure
Mean fork length of 78 brook trout sampled fronk&aC was 29.7cm, with a median value
of 31.0cm and a range of 11.4cm to 42.0cm (TableQ2)r data suggests that in Lake C, the
proportion of catchable trout greater that 30cne (8ngth preferred by anglers) is extremely high
as 46 out of 78 (59%) trout in our sample werehef size or larger (Figure 2). Mean fork length
again showed a slight decrease with the time (mawitlsampling, where fall-sampled fish were
shorter (Figure 3). Sample sizes were low in thiestamples.

Relative Weight

The condition, as expressed by relative weightrait in Lake C is generally very near the
“species level” average value of 100. For the Wtthich were weighed, the median relative
weight was 96.9 (sd=11.1) (Table 3, Figure 4). 8ealkchanges in relative weight of Lake C
brook trout could not be assessed as only fishucagtin the autumn were sampled. If Lake C is
similar to the other two study lakes, relative wtigoes not significantly change throughout the
year. Comparison of relative weight measurement®otter lakes should be done cautiously
however as both low sample size and the uncertaifilseasonal trends in relative weight may
influence the mean relative weight of this sample.

Age and Growth
Based on scale analysis and the sample’s lengtjudreey distribution, the percent
composition of the Lake C sample for 1, 2, 3, 4 &ngear old trout is 10.3%, 15.4%, 59.0%,
12.8% and 2.6% (Table 4). Back-calculated lengtdgat provided evidence of growth rates at each




Brook Trout Population Parameters TGLWA NSDFA 2008

year (Table 5). Mean growth during the first yeagd 0) was 8.6 cm/year (sd=2.4, N=19), during
the second year (age 1) was 8.0 cm /year (sd=2:34N during the third year (age 2) was 6.8
cm/year (sd=1.5, N=10). During the fourth year (8)yevas 6.0 cm/year (sd=1.0, N=9) and during
the fifth year (age 4) was 7.3 cm/year (N=1) (Tab)e A von Bertalanffy growth curve was
estimated from which the Brody growth coefficierdsiestimated at 0.087 , the asymptotic length
(L) was 97.0cm and, tvas estimated to be -0.094cm (Table 7, Figurdkg. mean length of the
ten largest trout sampled from Lake C was 36.58DH2.1)(Table 7).

Mortalit
As with the other two study lakes, estimates oftality for Lake C were restricted to trout

aged 3+ and older as the younger age classes harght to be under sampled as a result of gear
selectivity. Chi-square analysis of Chapman-Rolmganival estimates reaffirmed gear bias for all
study lakes, with/ values for 1 year old trout equal to 32.8 and Zoyear old trout® = 55.8
(Table 8).

In Lake C, Chapman-Robson estimates of mortalidicated that 3 year old trout are
subject to 80% mortality (95% C.I. = (71%, 90%)= 0.2 ) and that 4 year old trout are subject to
85% mortality (95% C.I. (64%,100%)) (Table 8). Thesstimates were similar to those obtained
using Weinke’s method, where 78% and 80% mortalég calculated for 3 year old and 4 year old
trout respectively.

Potential Egg Deposition
Estimates of potential maximum egg deposition ikd_& indicates that 61 833 eggs would
be deposited given current fecundity rates and jabipa structure. This equates to an estimate of
5 622 eggs/ha. Length of fish by which 50% 70% 8086 of cumulative total potential egg
deposition occurs is approximately 31.0cm, 32.0ach 24.0cm (Figure 7). Maximum potential egg
deposition occurs at a length of approximately 3rx(Figure 8, Table 9).

Angling Activity Estimates
Again, Lake B camp owners did not intensively anglé.ake C, capturing only 11 trout.
Therefore angling effort could not be assessedo,Atsly 5 trout were angled by the NSDFA,
therefore exploitation rates based on angling caatdbe calculated.

Limnological data

Bathymetry of these lakes is largely unknown, haavesbservations suggest that a large
proportion of the lakes is <2m depth, though degoes of 7.5m, 6.2 and 11.0m were identified in
Lakes A, B and C, respectively. Oxygen & tempemtprofiles conducted on July 302007
identified thermoclines in each lake (Figure 9)eThypolimnetic zone shows some evidence of
providing suitable trout habitat as dissolved oxygemained above 60% saturation for some depth
within the hypolimnion (Figure 9).

Water clarity was as anticipated for the area, r@tegh organic carbon (TOC 6.7 to 13.7
mg/L) (Table 9) contributed to a brown stain (Seatisk readings showed water clarity to be
1.95m, 1.5m and 0.95m for Lakes A, B and C, respelgt Conductivity, acidity, total organic
carbon (TOC), total phosphorous, color and totséalived solids (TDS) was lowest in Lake A and
highest in Lake C, with Lake B in the middle (Tahl@).
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Calculation of the morphoedaphic index (M.E.l.) ealed that Lake A is the least
productive lake with a value of 3.33 and a caladayield of 1.76 kcha'-year' and that Lake B
had the highest M.E.I. at 10.75 leading to an extidh yield of 3.17 kda'-year’. Finally,
calculation of the M.E.I. for Lake C showed a cédted M.E.I. of 7.58 and an estimated yield of
2.66 kgha'-year’, ranking Lake C as moderately productive relativeLake A and Lake B
Based on mean weight of trout in each lake, totedual trout yield (ignoring resource use by
American eels) was calculated as 148, 735 and fAdf# per year from Lakes A, B and C,
respectively (Table 11).

Additional Information

In these lakes, we found very few additional fiple@es. American eel (Anguilla rostrata,
Lesueur) were the only other species sampled andeoBkillifish (Fundulus diaphanus, Lesueur)
were observed in the littoral zones of Lake A aa#td B. Presumably, Killifish also reside in Lake
C.

Summary of Results

As indicated by the population estimates, biomasshectare was highest in Lake A and
lowest in Lake C, however these estimates werestaistically significant (based on 95% C.1.’s).
Density estimates followed the same trend howewakelLA density was statistically significantly
higher than either Lake B or Lake C (based on 958sL

Relative weight of brook trout was lowest in LakeaAd highest in Lake C. The difference
in the mean relative weight was significant incases (Tukey HSD, P<0.04)

Unequal variances of length frequencies betweesslakade statistical comparison of mean
length of the population awkward therefore meargtlerat age was compared. Back-calculated
length at age was not significantly different foydar old trout (ANOVA, P=0.92) however age 2
trout from Lake B were significantly larger thamut in both Lake A (Tukey HSD, P=0.03) and
Lake C (Tukey HSD, P=0.00). Length of age 2 traanf Lake A and Lake C were statistically
similar (Tukey HSD, P=0.36). This same trend careth for age 3 trout, where again Lake A and
Lake C trout were not statistically different (TykdSD, P=0.84) but Lake B was larger than both
Lake A (Tukey HSD, P=0.00) and Lake C (Tukey HSB0QP?2). By age 4, the sample size of trout
from each lake was sufficiently small that statstidifferences in the means could not be tested.

In a similar manor, growth was assessed betweeass.lakge-specific growth is a better
indicator of conditions that length-at-age becdesgth-at-age is not independent of fork length at
the start of each growing season. Absolute ageHgpgcowth was statistically similar (ANOVA
P>0.05) for all year classes across all lakes théhexception of age 1+ trout, where Lake B fish
grew faster than did trout from either Lake A orkeaC (Tukey HSD, P=0.00 & P=0.00,
respectively). Insufficient sample size restrictedhparison of growth for trout older than 3 years.

Mortality estimates are deemed unreliable for trgounger than age 3, therefore
comparison between all lakes is not possible. Hewder age 3 and age 4 mortality, the
differences between Lake B and Lake C were notfgignt (based on 95% C.1.’s) (Table 8).

In general, and without consideration of significencalculated mean length, age and
relative weight (condition) were negatively relatedh density and standardized biomass while
mortality was positively related with density andrglardized biomass (Table 11). Growth was also
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positively related with density & biomass for yguaof-year (YOY) trout, but no such relation
occurred for growth in older trout (Table 12).

Additionally, density and standardized biomass wegatively related with conductivity,
total organic carbon (TOC), color, total phospharototal dissolved solids (TDS) and hydrogen
ion concentration (Table 12).

Unlike parameters for productivity described bytevachemistry analysis, calculation of the
morphoedaphic index revealed that density and atdibd biomass did not show a relationship
with density or biomass (Table 11). The highestsd&s and the highest biomass per hectare (Lake
A) were related to the lowest M.E.I. values. Comedy, the lake with the lowest density and
biomass per hectare (Lake C) ranked mid-way wiktixe M.E.I. values.

Using population parameter data reported in Ma@vithnd Crandlemere (2005) in addition
to the data collected in these three study lakes;egressed trout density and standardized biomass
on the number of competitor species (Figures 101& 1Both were significantly negatively
correlated (R= 0.60 & 0.72, respectively) with fewer competispecies correlating with higher
trout density and high trout biomass. Competit@cgs used in this regression included American
eel Anguilla rostrata (Lesueur)), white perchMorone Americana (Gmelin)), yellow perchRerca
flavescens (Mitchell)), white sucker Catostomus commersoni (Lacepedg) and brown bullhead
(Ictalurus nebulosus (Lesueur)).

DISCUSSION

Estimates of trout populations in the three stuake$ were considered accurate with the
exception of Lake C where the total number of ceggtand recaptures was insufficient. However,
the Petersen estimate of 172 trout is used thraugth® paper as this estimate is in line with
anecdotal evidence of low catch rates by angledsvannetting.

Estimates of trout density were considerably highelLake A than in Lake B and Lake C.
These estimates were not unlike density estimabes dther Tangier Grand Lake Wilderness Area
estimates, though Lake A was more similar (33%e8r¢p the estimate for Ingonish Lake in the
Cape Breton Highlands. Also, in general, the Sauti&LWA lakes had higher density estimates
than lakes from other parts of the province.

The ratio of shoreline length to total lake suefarea may play a role in food resource
availability (Fish 1968). Because many prey itemsfgrred by trout associate with littoral zones,
(increased invertebrate production) the amounittofél zone habitat may provide an indication of
prey availability. For example, two lakes of sinitotal surface size and similar mean depth but
drastically different shoreline complexity, and sequently length, would offer more habitat
preferred by prey — and thus a larger food sou®ee.trends suggest that in these lakes however,
the trends of density and biomass are similar wdtandardized by either surface area or shoreline
length.

Based on the length frequencies of these data,safie to assume that we underestimated
the populations of smaller (younger) trout. Thissigely a reflection of the selectivity of the
sampling gear and is an important considerationinterpreting these data. Using the mark-
recapture data to assess the populations of agd age 3 trout did indeed indicate a larger 2 year
old population than did length frequencies. Ondbatrary, M-R estimates showed the population
of age 3 trout to be smaller than estimated bytlefiggquencies. For the purposes of this study,
both as an indication of trout availability to angl and as a comparative study between lake
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(within study area and within the province), thepplation estimates obtained from the length
frequency data has been used.

The negative slope of fork length plotted agairegttare date is perplexing. Presumably,
mean length of trout would increase throughoutythar as the fish grew. This was not the case.
One could argue that the larger trout were captaretiretained at the start of the year, however
based on our estimates of exploitation few troet r@tained from the lake. Additionally, as fish
were removed from the system via angling, it issoeable to expect that growth would increase
with in the remaining individuals as a result ohgligy-dependence.

The size of trout is one of the more importantdes controlling anglers’ perceptions on the
quality of angling. The size structures of thedeegaindicate that the trout in Lake B and Lake Cs
are much more desirable than those of Lake A. hregd, we assume trout over 30cm (12”) to be
trout preferred by most anglers. The fact that LAkiead no fish larger than 30cm while Lake B
had 35 % and Lake C had 59% of the samples overntlark indicates that trout either had a)
higher mortality resulting in few fish old enough rteach this size, b) slower growth resulting in
few fish reaching this size by the end of thew,libr c) a major emigration of out of Lake A prior
reaching the preferred size. Mortality and growth @discussed below and are likely controlling the
size of trout in these lakes.

It is unlikely that emigration of any magnitude acs as no tags we recovered from
adjacent lakes in 2007, nor in the spring of 2@®o0k trout in Newfoundland lakes also showed
high lake fidelity in the absence of physical barsiand consequently formed distinct and isolated
spawning populations (Adams and Hutchings 2003).

Another proposed explanation of the size stractoir fish in some lakes is related to
decreased efficiency in distributing oxygen as fisbw. As objects increase in volume (exponent
of 3), their surface area increases at a disprmpatiely slower rate (exponent 2). Similarly, fish
experience a decreasing surface area to body volatite of fish as they grow. Smaller fish are
therefore more efficient at respiration than largeh (von Bertalanffy 1957, Pauly 1997) as qill
surface area increases at a lower rate than tlatad bvolume. Older trout may therefore be more
affected by oxygen deficiencies. In lakes wheraqgolsrof low oxygen infrequently occur for short
durations, the larger individuals within a popuwatimay be more adversely affected. Fish (1968)
suggested a similar circumstance for New Zealamboav trout. In Lake A few large trout were
observed and periods of low oxygen may contribatthé selective mortality of larger trout. This
however is not likely the case for two reasonsth@ye was evidence of sufficient hypolimnetic
habitat in Lake A, and b) summer conditions wouddvénto consistently reach a state where only
small fish could survive.

Relative weight, as a measure of “plumpness” glewian indication of resource usage,
where a relatively low mean relative weight (i.eldw the average relative weight value) indicates
that resources may be limiting. Mean relative wtsghell below the species standard are often
exhibited by stunted trout populations (Johnsoraletl992). Conversely, if the mean relative
weight of a population is above the mean of 10@nttesources are in excess and there is potential
for additional fish production.

Relative weight estimates for the three study dakere such that trout condition was
highest where densities were low and lowest wheresities were high. This supports the theory
that relative weight increases with increasing uvese availability and decreased competition
(Murphy and Willis 1996).

From an anglers perspective, fish of a highertik&gaveight or condition are preferred to
those in poorer condition. The relative weight akke A would be considered poor by most anglers
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while the condition of trout in Lake C would genléragplease most anglers. The trout in Lake B
would likely be acceptable, however the show s@frs physiological trade off between individual
mass and population density, therefore anglers dvbkily accept the weight of trout provided
they had opportunity to catch more trout.

Length at age in the three study lakes showedidenrable variation. In all lakes
length at age 1+ was statistically similar, indiegtthat the quality of rearing habitats is similar
However, we do not know the overall availabilityuéaptity) of spawning habitat in each lake nor
how recruitment is affected as a result of spawalitat availability. By the age of 2 years and
carried through to age 3, brook trout in Lake B larger than those of the other two lakes. This
indicates that in Lake B density-dependant effetdy better balance prey and habitat availability
with trout population size. Presumably, densityatefence does not control growth in all lakes.
Lake C brook trout experience lower densities tifese in Lake B yet growth is higher in Lake B.
Therefore it may be that growing conditions in Ldkeare more favourable for growth of larger
trout.

Length at age may not be an ideal indicator of gmgveonditions calculations are highly
influenced by the length of trout as they entergh®wing year. Therefore, the use of age-specific
growth is a much better indicator. Age specificwgtto was statistically similar between all lakes,
over all ages with the exception of age 1 (secarat ¢f growth) thus we can assume that growing
conditions are similar between lakes. The signifigahigher rate of growth for age 1 trout in Lake
B may support our theory of prey shifts or anglingrtality (and thus density) controlling growth.
By age 3, growth was again similar among lakescatahg that the discrepancies in length at age
observed for age 2 trout was a function of substhgtowth disparities in the previous year (age
1).

Because length-at-age showed significant largert tab age 2 and age 3 in Lake B, but
growth-at-age showed that only age 1+ trout hageifgtantly greater growth, we can conclude
that the age of 2 is where trout from Lake B eittpew faster than the adjacent lakes or when Lake
A and Lake B experience growth bottlenecks.

It is probable that substantial gear selectivitguwsoed and larger individuals were likely
targeted. Evidence to support this is the lengdlgudency plot where the number of 2+ trout was
less that the number of 3+ trout. With the excepbdé massive immigration from adjacent areas,
the number of trout in each successive cohort shdetrease with age.

When estimating mortality, chi-square results iated that sampling by our gears was
incomplete for age 1 and age 2 trout. The ageHspaetark-recapture estimates of age 2 and age 3
and the subsequent ratio-method mortality estinsatikely representative of actually mortality at
that age. Incorporating all mortality estimatessibbvious that mortality increased with age. This
is likely primarily due to the increasing vulnerilyito angling.

Mortality is generally expressed at Z = F + M, whet = total mortality, F= fishing
mortality and M = natural mortality (Ricker 197%ecause calculated rate of exploitation (Lake B
only) was quite low, it stands to reason that teotartality (Z) is driven primarily by natural
mortality (M). Sources of natural mortality in #eesystems are undefined however the absence of
other large predators (with the exception of emlay limit the impact of predators. Furthermore,
piscivorous fish (Gregory and Levings 1998) andaaviand terrestrial trout predators may
experience reduce hunting success due to redusddlity resulting from high dissolved organics
concentrations.

Knowledge of potential egg deposition for a popalats essential for assessment of early
life-stage mortality (Serns 1982) and for modellipgpulation dynamics. Unfortunately, in this
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study estimation of 1 year old trout was not pdssdnd thus early survival as YOY was not
possible.

By examining total potential egg production we @dso assess the importance of age
classes and fish length on the overall reproductlyaamics of lakes. It is obvious that in
populations with larger trout, the relative contition of small fish is reduced. Thus, in Lake C the
larger trout (> 30cm ) which are most likely totbegeted by anglers contribute a major proportion
of the total egg production. In Lake B, removalarfje trout would have less of an impact on total
egg deposition than in Lake C as their contribugiare less than the more abundant 25cm to 30cm
trout. In Lake A, the only trout likely to be takéy anglers are below the preferred size of 30cm.
The vast majority of egg deposition in Lake A oschy trout of 23cm to 27cm, therefore removal
of the largest trout in the population (26cm tor2®evould have only slight implications for total
egg deposition.

Removal of large individuals based on reducing legg may not ideal however as there is
some evidence that larger individuals are gendyipaedisposed to fast growth and removing these
individuals can result in a population-level redostin growth potential (Biro and Post 2008). This
has yet to be observed in Nova Scotia trout, whetarally fast growth as a result of conditions
may supersede genetic constraints on growth.

Anglers in Lake B catch primarily trout aged 3+ andan length of their catch was 28.1cm.
Looking at the plot of egg contribution by size see that anglers target trout that contribute the
largest proportion of eggs to total deposition. §hif exploitation increased a concomitant
decrease in egg deposition would occur.

A limited number of larger specimens used to dethve fecundity curve expressed in
Halfyard et al. (2008) may lead to underestimatéfecundity for trout longer than 32.2cm, thus
their importance as egg contributors may also beerestimated. Similarly, estimates of total
potential egg deposition are highly influenced bg tength frequency distribution of our samples
and any bias in length frequency associated witn gelectivity would influence this estimate.
Because age 1 and age 2 trout were under-reprdsémt¢he length frequency data, their
contribution may also be underrepresented. Thusjutative egg deposition may potentially
exhibit a faster initial increase and a slower @ase for larger sized trout.

Angling activity reported by the Lake B Camp ows&s likely a conservative estimate of
exploitation. Over-land access to the study areasticted to non-motorized vehicles and anglers
accessing these lakes over-water are requiredrty oae (Lake B) or two (Lake A & Lake C)
portages. It is therefore reasonable to assume ahgling pressure in these lakes would be
primarily (though not entirely) by camp owners aquests. Also, it is likely that these areas receive
less angling pressure than more easily accesses. lak

Our calculations of current yield are likely repratative of actual current yield. Retention
rates for angled trout and angling-induced mostalite not thought to significantly differ from the
values used in this study. The one assumption rifet alter estimates of current yield is the
assumption that we sampled roughly half of the iagghctivity on the lake. Our estimate of catch
(double the catch of the Lake B camp owners) mayreyaresent actual angling pressure, however
it is thought to be a fair estimate based on feweolations of other anglers using these lakes
during the study.

Survival of trout post-release from angling iseafed by temperature, where higher
temperatures correlated with decreased survivahi®and Alexander 1992). Because most trout
are captured in the cool water period of April addy, with only a few in early June, water
temperature is likely sufficiently low to promotegh survival of released fish. The 10% angling-

15



Brook Trout Population Parameters TGLWA NSDFA 2008

induced mortality is double that suggested foffiaid lure or fly but one third of that for natura
bait (Taylor and White 1992, Nuhfer and Alexand®92). In the last survey of Nova Scotia
anglers, it was estimates that 20.6% of residegleas prefer artificial lures, 23.0% prefer artidic

fly, 17.2% prefer lure/bait combinations and thenander prefer bait fishing (Sport Fishing in
Nova Scotia, 2005). In this area however, the asghom frequent the area indicated that the
majority of their angling is done with fly-fishingear. We are therefore confident that a 10%
angling-induced mortality following release is sibke for these purposes.

Based on camp owners’ preferred lakes to fish,oitldv seem that Lake B attracts the
majoring of angling pressure while Lakes A and €enee substantially less pressure. In Lake C the
small population and lower trout density may rdfldee impact of angling in terms of overall
fishing mortality, F, where the current level ofgéing is sufficient to thin the population. On the
contrary, angling pressure experienced in Lake dbigously insufficient to thin the population as
trout density and biomass is relatively high.

Estimated current yield in Lake B (0.55-kg* year'.) is well below the maximum
sustainable yield as estimated by the M.E.l. of73irha’-year’. Current yield in Lake C is
unknown, however assuming even low effort and ogunsetly small catch and knowing that Lake
C trout are the largest of all three lakes, theent yield is likely closer to the MSY. This would
support our observations of low density and bion@asssidering MSY calculated by the M.E.I.
(2.66 kgha'-year') was lower than in Lake B but substantially higtieen Lake A. Other factors
potentially controlling density in Lake C are lackrecruitment caused by inadequate spawning
habitat, or additional sources of mortality asstdawith environmental conditions, though no
such conditions were identified in this study.

Current yield in Lake A is also unknown, howeveglarg effort is considered low relative
to Lake B. Maximum sustainable yield was calculatsd1.76 keha'-year' and knowing that
mean weight is quite low, it is reasonable to asstimat the removal of trout biomass is quite low
and presumably well below MSY. The removal of traut_ake A appears insufficient to offset
density-dependant reductions in growth and survival

The exclusion of American eel (and potentially dwoh killifish) when discussing
maximum sustainable yield likely leads to substdntverestimation of trout MSY. Because no
empirical data exist for the eel or Killifish poptibns in these lakes, we cannot calculate exact
trout MSY.

Brook trout prefer temperatures generally less th@°C (Raleigh, R.F. 1982) and when
summer temperatures exceed this threshold, brook will often seek areas of cool water refugia,
primarily ground water seepages (Biro 1998, Baind &rueger 2003) or hypolimnetic habitat
provided it is well oxygenated. In Nova Scotia leke is therefore reasonable to assume a
relationship between the minimum volume of suitdate summer hypolimnetic habitat and brook
trout population size. In the study lakes, adequaittsummer hypolimnetic habitat indicates that
these lakes are not likely limited by lack of hyipmletic habitat, however further investigation of
the volume and quality of the habitat in late sum(ead of August).

Discrepancies in standardized biomass, densitysa&lstructure between populations are
likely driven by factors that can be placed int@ @i three categories. The first group are physical
environment conditions such as habitat and tempezat

Differences in habitat and water chemistry betwstudy lakes are thought to be non-
significant. The exception may be in spawning rativailability which we did not asse¥/here
suitable spawning habitat exists, “stunted” highmgigy brook trout populations often occur
(Donald and Alger 1989, Johnson et al. 1992) andrevinadequate spawning habitat occurs, the
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age/size structure of brook trout populations igmidominated by larger and older individuals at
much lower densities (Rabe 1970, Johnson et aRkR)19hus, it may be possible that spawning
conditions are relatively superior in Lake A. Immsed spawning habitat and thus increased
recruitment in Lake B and Lake C may potentiallgdeto increased trout density. Curry et al.
(2003) suggest that redd superimposition reducedvsi of embryos in an Ontario brook trout
population. In previous studies on the same pojomait was suggested that limited spawning
habitat lead to fixed recruitment such that typi€atker stock-recruit relationships were not
suitable and the “hockey stick” model of Barrownsnd Myers (2000) would better describe the
relationship (Curry and Noakes 1995). Similar ctods may exist in lakes of the TGLWA such
that total available spawning habitat limits judensurvival / recruitment independent of total
population fecundity past a critical quantity ofgeg Trout population would then therefore be
limited by available spawning habitat.

The second category of factors potentially driviliiferences in population parameters
includes water chemistry and quality. The role atev chemistry on brook trout population
parameters within these lakes is not entirely ustded, however in general the trends were as
anticipated. Lake A had the highest pH and thedsghensity, while Lake C was most acidic and
exhibited the lowest density. The change in acidityong lakes may have biologically significance
and a pH change of 0.5 units may lead to differemc@®smoregulatory stress, efficiency of oxygen
uptake and ultimately survival.

It is essential to note that the trends expresseithe data (as summarized in Table 11),
represent the trends of the data and not indicatfostatistical significance is given. Biologically
the differences in water chemistry parameters betwlakes are likely insignificant (with the
aforementioned exemption of pH). For example, catidity was lowest in Lake A and highest in
Lake C, however conductivity values were only 2am6l 32.4, respectively. This change is likely
not sufficiently large to affect trout populatioarameters. There is insufficient data to suggest th
differences in water chemistry control brook trpapulation parameters in these lakes.

The final group of factors potentially driving pdation parameter discrepancies are the
mortality-related influences such as predation padthaps more importantly density-dependant
mortality and angling pressure (exploitation). Tatartality (Z) is equal to the sum of natural
mortality (M) and fishing mortality (F). Assumingedsity-dependant mortality drives current
population structure, Lake A must be exposed td lignsity-dependant M, and the rate of F is
presumably low, allowing densities to reach theirrent state. Conversely, rates of F in Lake B
and Lake C are presumably at levels that suffityethin population density, resulting in reduced
natural mortality M, reduced total mortality Z, reased condition, larger size and an older age
structure.

When trout population parameters were assessetsagi@ie morphoedaphic index, the
relationship between trout density and biomass ned<clear. Factors affecting total potential fish
production in lakes is generally associated witlotabinfluences (primarily nutrient concentration
or some proxy there of), the morphometry of theslakd the local climate. Often the chemical (or
edaphic) characteristics of a lake are the primfagus when determining the potential fish
production. This is largely because the limitindrimant in freshwaters is phosphorous, which is the
principal control of primary productivity and cogently fish production. In an effort to simplify
estimations of total potential fish production, sl indices have been proposed, the most popular
of which is the morphoedaphic index (Ryder 1965).

The morphoedaphic index appears best suited faslakhere nutrients are the limiting
factor (thus the inclusion of total dissolved sslak a proxy for nutrients). In dark, organic sdin
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Nova Scotia lakes where light may limit nutrientcltyg, the morphoedaphic index may not
accurately predict maximum sustainable fish yieltheut compensation for light attenuation and
the depth of the photic zone. At this point, it slidbbe stated that water clarity in Lake A, Lake B
and Lake C, as measured by secchi disk, showediavporelationship with density and biomass.
This supports our theory that photic zone deptligpéarole in the production of fish in Nova Scotia
lakes. A larger data set should be analyzed tdhdurassess the relationship of dystrophy and the
morphoedaphic index.

Discrepancies between the calculated mean depthhentfue mean depth would alter the
M.E.l. values and may potentially explain the ureoted relationship between trout density/
biomass and the morphoedaphic index.

An additional potential cause of the disparity betw the M.E.l. and observed density/
biomass is the current exploitation rates of thedptlakes, in particular Lake A. Maximum
sustainable fish yield as an estimate derived ftbe M.E.I. is ideally used in lakes where
exploitation by fishing is sufficiently large soathdensity-dependant compensation effects are
experienced by the fish (Ryder 1964). The balarfa#easity and growth is dramatically different
between Lake A and the other two study lakes, piain reflecting exploitation, intra-lake
comparison of M.E.I. predicted MSY may not be valid

To relate M.E.I. and maximum sustainable fisHdyiwe used data for lakes in Algonquin
national park, Ontario (Ryder 1964). Alexander afelrill (1976) also used this data to describe
fish production in Big Indian Lake, Halifax Co. N.Slimatic conditions of Algonquin Park are not
drastically different than Nova Scotia thus thatiehship of morphoedaphic and climatic factors is
likely similar and these values are suitable foz usNova Scotia. Unlike Alexander and Merrill,
we could not estimate maximum sustainable yieltradt using the Algonquin data because fish
species diversity of Lake A, Lake B and Lake Cign#icantly lower than in the Ontario lakes as
well as most mainland lakes of Nova Scotia andithgact of this has yet to be elucidated.

In waters with marginal brook trout habitat, it apps probable that factors limiting trout
production may also be related to habitat suitgbsuch as adequate hypolimnetic habitat, the
availability of other thermal refugia and sufficierspawning habitat. These parameters could be
loosely grouped as climatic factors controlling gwotion, with some influence of localized
hydrology. To streamline calculations, Ryder’s ntaredaphic index did not incorporate climatic
influences though he discussed its potential ingrme.

Finally, the apparent trend of standardized traatnass estimates negatively correlating
the number of fish species competing with troutriesources is of interest. In Nova Scotia lakes,
our limited productivity is divided among all fipecies leading to relatively poor production of
each species. It has been suggested that inteffispeempetition can negatively affect trout
populations (Fraser 1972, Alexander and Merrill @9Alexander et al. 1986, Tremblay and
Magnan 1991) as species with a competitive advantagr trout are likely to be more successful
and thus sequester a larger portion of the fooduregs. This is likely exasperated in marginal
trout habitat, leading to poor trout productionexemplified by Smith (1938). It has been shown
that removal of competitor species can increasd ooduction and yield (Hayes and Livingstone
1955, Flick and Webster 1992). In Nova Scotia, \fery lakes have species assemblages similar to
the lakes in this study. Using the lake survey lbiada (FINS), it was determined that of the 395 NS
mainland lakes where brook trout were sampled, aplgrox. 18% of these had similar species
assemblages (i.e. no spiny-rayed fishes or majampetitors). If we examine all 1283 surveyed
lakes on the mainland (with or without brook trouhly 10% are of similar species assemblages.
This suggests that the lakes in this study areesgmtative of a small proportion of all brook trout
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lakes on the mainland and that there are very fdaitianal lakes where the species assemblage is
favourable for brook trout production and brookutrare absent.

MANAGEMENT IMPLICATIONS

In an experiment using the closely related ardtiricSalvelinus alpinus), Amundsen et al.
(1993) found that a stunted population showed t &hblder and larger individuals and increased
growth following large-scale artificial exploitatio Regulations encouraging increased harvest in
Lake A could be used to increase the size and getwre of this apparently stunted population.
However, similar regulations in nearby Lake B araké C, separated by only 100m and without
barriers for trout migration, would most probabdad to over-exploitation and a reduction in the
overall quality of angling. Thus a single set ofukations may not provide the desired resulting
trout populations for this area. There is a needake-by-lake assessment of trout populations and
likely lake-by-lake regulations. Given the sheaminer of lakes in Nova Scotia (~3500) this of
course is grossly cost-prohibitive and largely isgible to enforce regulation. Therefore, the
grouping of lakes based on surficial geology, tropgtate and the presence of competitor species
tempered with the most common issue facing bromlt tpopulations in these groupings (i.e. water
quality, physical habitat or exploitation) is thesbapproach for regulating trout exploitationhist
province. Additionally, it may be reasonable to exfpthat exploitation does not currently limit
some trout populations as seen in recent histodoa¢l survey comparisons (MacMillan and
Madden,in press) and thus regulation may not lead to the desimmiiease in trout population
abundance and size.

To create a model for trout production in Nova t&cdakes additional data must be
collected and various parameters require evaluaianh parameters include:

1) Assessment of typical recruitment (i.e. egg to YSlvival, egg to age 1+) and the factors
that influence early survival in Nova Scotia,

2) Assessment of inter-relationship between the Moeghaphic index, the role of dystrophy
and fish yield in Nova Scotia Lakes, and

3) The collection and interpretation of a larger datahe set on the relationship between trout
production and the number of competitor speciddama Scotia lakes.
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TABLES

Table 1 —Population, biomass and density estimates for skaklys. 95% C.l. = 95% confidence intervals. * lads shoreline of
islands. ** lake surface was re-calculated using@S as outlined in methods section. *** As detared by Copper Sulfate

poisioning

Lake Area (ha) Shordline Petersen Schnabel Biomass Density Biomass Density Number of
Length Estimate Estimate (kg/ha) (# (kg/100m  (#trout/ Competitor
(km) trout/ha) shoreline) 100m Species

shoreline)

Lake A 11.8 1.63 703 613 7.3 51.9 5.3 37.6 1

(95% C.1.) (408, 1317) (380, 1043) (4.5,12.4) (32.2,88.4) (3.3,9.0)0 (23.3,64.0)

Lake B 63.0 8.78* 1115 1038 4.1 16.5 2.9 11.8 1

(95% C.1.) (670, 1976) (629, 1771) (2.5,7.1) (10.0,28.1) (1.8,5.1) (7.2,20.2)

Lake C 13.6 2.94 179 n/a 3.9 13.2 1.8 6.1 1

(95% C.1.) (66, 448) (n/a) (1.6,10.8) (4.6,329) (0.7,5.00 (2.2,15.2)

Comparative Lake — MacMillan and Crandlemere (2005)

Ingonish 32 1262 3.7 39 1

Fourth 12.3% 2.45 212 2.2 17.2 1.08 8.7 2

Bluewoods 24.8** 4.65* 102 0.7 4.1 0.37 2.2 3

Croucher 13.6** 2.44 172 1.8 12.6 1.02 7.0 3

Big Indian 106 2346 N/A 2.3 22 1

L. Jesse 18 29 0.4 2 4

Trefry 21 O*** 0.0 0 4

Boarsback 23 23%* 0.1 1 4

Tedford 21 O*** 0.0 0 4
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Table 2 —Description of length frequencies for Lake A, Ldkend Lake C. Data represents trout
sampled by all researchers.

Lake A Lake B LakeC
Minimum (cm) 10.9 12.5 114
Mean (cm) 22.9 27.6 29.7
Median (cm) 23.9 28.0 31.0
Maximum (cm) 28.2 42.5 42.0
% > 30cm 0 35 59
Sample Size (N) 220 468 78

Table 3 —Description of relative weight for Lake A, Lake BichLake C. Data represents trout
sampled by NSDFA only.

Lake A LakeB LakeC
Minimum 46 58 79
Mean 79 86 97
Median 78 86 97
Maximum 131 114 112
Sample Size (N) 129 89 7

Table 4 - Age proportions of trout in total sample for eadhlwee study lakes. Length classes for

each age determined as the midpoint between tigghlerfi the longest fish aged a-1 from the length
of the shortest fish aged a.

Total
% Age 1+ % Age 2+ % Age 3+ % Age 4+ % Age 5+ Sample
Size
Lake A 12.7 75.0 12.3 0.0 0.0 N=220
Lake B 6.4 27.2 56.5 9.0 0.9 N=468
Lake C 10.3 15.4 59.0 12.8 2.6 N=78
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Table 5 —Description of back-calculated length at age datd_ake A, Lake B and Lake C. No
age 4 (or older) trout were sampled from Lake AmBia size indicates only the number of trout
for which back-calculated length at age was asde$3® example, only one aged 4+ trout from
Lake B was processed, though 42 were sampled éowtiole project. Additionally, there were 4
trout estimated to be aged 5+ captured from Laked®B?2 additional 5 year old trout captured from
Lake C. n/s = none sampletrom MacMillan and Crandlemere (2003From Alexander and
Merrill (1975), °*From MacMillan and Crandlemere (2004from MacMillan and Leblanc (2002).

Lake A
Age 1l Age 2 Age 3 Age 4
Mean 8.77 17.38 21.96 n/a
Std. Deviation 1.54 2.05 1.99 n/a
Sample Size (N) 42 40 10 n/a
Lake B
Age 1l Age 2 Age 3 Age 4
Mean 8.65 18.64 25.30 29.18
Std. Deviation 1.59 1.84 1.56 n/a
Sample Size (N) 52 36 10 1
Lake C
Age 1l Age 2 Age 3 Age 4
Mean 8.59 16.49 22.50 28.43
Std. Deviation 2.42 2.84 2.73 2.51
Sample Size (N) 19 14 10 9

Age 1 (mean)

Age 2 (mean)

Age 3 (mean)

Age 4 (mean)

Fourth* 10.4 17.3 24.4 34.9
Bluewoods 17.4 21.8 25.7 30.3
Long® 12.6 18.9 26.1 n/s
Croucher? 10.9 17.9 26.4 n/s
Big Indian? 10.8 17.9 25.5 n/s
East Taylor® 7.6 15.4 23.8 n/s
CB Highlands® 8.4 13.9 19.0 23.2
Other Halifax —

Guysborough 10.2 17.6 23.5 n/s
Co. Laked
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Table 6 — Brook trout growth for all three study lakes.S\+ None sampled. Note A — Trout
assumed to be age 5+ trout were captured in LaklkrdBgh no scale samples were obtained.

Lake A
Age 0+ Age 1+ Age 2+ Age 3+ Age 4+

Mean 8.8cm 8.6cm 6.4cm N/S N/S
Standard 1.5cm 1.5cm 1.5cm
Deviation
Sample Size 42 40 10

Lake B
Mean 8.7cm 10.3cm 6.3cm 5.9cm
Standard 1.6cm 1.8cm 1.4cm n/a Note A
Deviation
Sample Size 52 36 10 1

Lake C
Mean 8.6cm 8.0cm 6.8cm 6.0cm 7.3cm
Standard 2.4cm 2.5cm 1.5cm 1.0cm n/a
Deviation
Sample Size 19 14 10 9 1

Table 7 — Growth parameters derived from the von Bert&agfowth curve and mean length and
standard deviation of the ten largest trout ford &k Lake B and Lake C.

Lo* Brody Growth  Hypothetical Mean FL of  Standard
(cm) Coefficient sizeattimeO tenlargest  Deviation ten
K* to trout (cm) largest trout
(cm)
Lake A 48.0 0.197 -0.421 27.3 0.4
Lake B 41.8 0.349 -0.322 36.4 3.6
Lake C 97.0 0.087 -0.094 36.5 2.1
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Table 8 — Estimates of annual mortality for the threedgtiakes. # — Heincke’s estimate of survival (andsequent mortality) not
calculated as the proportion of trout aged 1+ an@v@re not thought to be truly representative efpbpulation.

* Chi-square test indicates that the cohort wasfulbt recruited by capture gear and that the statviand thus mortality) estimate is
likely inaccurate. n/a = not applicable. Presumatigrtality of 5 year old trout in Lake B and La&eis 100%, as no 6 year old trout

were captured.

Age
Heincke’'s 1+
Method 2+
3+
4+

Chapman- 1+

Robson 2+
Method 3+
4+

Lake A Lake B
Estimated 95% Cl 1 Estimated 95% Cl r
Mortality Mortality
# n/a n/a # n/a n/a
# n/a n/a # n/a n/a
n/a n/a n/a 0.84 n/a n/a
n/a n/a n/a 0.90 n/a n/a
0.50* (0.45,0.55) 245.1 0.37* (0.34,0.40) 295.3
0.87* (0.83,0.92) 4.2 0.55* (0.51,0.58) 258.1
n/a n/a 0.86 (0.82,0.90) 1.6
n/a n/a 0.92 (0.85,1.0) n/a

Estimated

Mortality
#
#

0.78

0.80

0.35*

0.49*

0.80
0.85

Lake C
95% ClI r
n/a n/a
n/a n/a
n/a n/a
n/a n/a
(0.29,0.42) 32.8
(0.41,0.51) 55.8

(0.71,0.0.90) 0.2
(0.64,1.0) /a n

.Table 9 - Summary of potential egg deposition paramef@rsall study lakes. Length @ x% TPED is the poawttere x% of the
TPED is potentially deposited by fish smaller thhat length. Length @ Maximum egg contributionhe theoretical length which
contribute the largest proportion of eggs to th&DFFecundity x Abundance).

Lake Total Potential Egg Eggs/ ha Length @50% Length @70% Length @90% Length @ Max.
Deposition TPED TPED TPED Egg Contribution

A 157 880 17 542 23.5 24.3 26.5 25.0

B 310 720 5 650 26.6 28.1 30.5 28.5

C 61 833 5622 31.0 32.0 34.0 31.5
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Table 10— Summary of water chemistry parameters for Lakeake B and Lake C.
TCU = True color units. Level of detection for tbédkalinity is 3.0 mg/L and 5.0 mg/L for total
calcium.

Parameter Statistic Lake A LakeB LakeC
Conductivity Mean 27.5 30.7 32.4
uS/cm SD 2.2 1.6 3.3

N 4 4 4
Total Organic Mean 6.70 9.00 13.73
Carbon (TOC) mg/L SD 0.36 0.61 1.59

N 3 3 3
Acidity Mean 5.2 4.9 4.7
pH units SD 0 0 0.2

N 3 3 3
Total Alkalinity Mean <3.0 <3.0 <3.0
mg/L SD

N 3 3 3
Total Calcium Mean <5.0 <5.0 <5.0
mg/L SD

N 3 3 3
Total Phosphorous Mean 0.005 0.009 0.015
mg/L SD 0.001 0.004 0.009

N 3 3 3
Total Dissolved Mean 7.5 20.0 25.0
Solids (TDS) mg/L SD

N 1 1 1
Color Mean 62.5 86.3 135.3
TCU SD 4.3 6.8 15.5

N 3 3 3
Clarity Mean
(Secchi Disk) (m) SD 1.95 1.50 0.95

N
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Table 11 - Morphoedaphic parameters for the three study lakie$ = total dissolved solids,
M.E.l. = morphoedaphic index, Yield is the potelyield of all fish based on the M.E.I., TPAY =
total potential annual yield.

Parameter Lake A Lake B Lake C
Maximum Depth (m) 7.50 6.2 11.0
Est. Mean Depth (m) 2.25 1.86 3.3
TDS (mg/L) 7.5 20.0 25.0
M.E.L 3.3 10.8 7.6
Yield (kg/halyear) 1.8 3.2 2.7
Total Potential

Annual Yield 20.8 199.7 36.2
(kglyear)

Number of Trout 148 735 118
Harvested @ TPAY (mean = 1419) (mean = 2729) (mean = 308g)
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Table 12— Comparative summary of various population amhdlogical parameters for all study
lakes. Age N Growth is a ranking, with 1 being thstest growth and 3 being the slowest growth.
No age 4 growth was available for Lake A becaustrout older then 3 years were sampled. TDS
= Total Dissolved Solids, TOC = Total Organic Carbo

Lake A Lake B Lake C

Density <
Biomass / unit <

Mean Length >

Relative Weight >
Mean Age of Trout >

Mortality < I

1 2 3
YOY Growth

2 1 3
Age 1 Growth

3 1 2
Age 2 Growth

pH —

Conductivity — TDS
Phosphorus

TOC - Color

Morphoedaphic 3 1 2
Index
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Figure 2 — Length frequency histograms for Lake A, Lake B drake Cs. Fork length bins
represent 1.0 cm increments. Sample size represamtparentheses (N). Data represents brook
trout captured by all researchers.
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Figure 3 — Boxplots of fork length (cm) of brook trout salegh during each month from each lake.
Sample size represented in parentheses (N). Datesents brook trout captured by all researchers.
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Figure 4 — Boxplots of relative weight for Lake A, Lake BicaLake C brook trout. Also, the
sunflower plot represents the sampling distribution each respective lake. Each dot of the
sunflower plot represents a single sample, and addhional “petal” attached to the dot represents
an additional sample. Thus, on April®2at Lake B, 4 samples were collected. Data reptesen
brook trout captured by NSDFA only.

34



Brook Trout Population Parameters TGLWA NSDFA 2008

o
Q7 ° Lake A N=129
* LakeB N=89
A Lake C N=7
o
q- —
—
° o
o
N —
—
=
2
o o
= 9] : .
(] « *
= .
© .« %
_e
& 8 RS o
SRS A ¢ y=0.045x + 79.994 b
. § S R2 =0.089 ° e
o _| o
o [ )
o o
o _|
<
T T T T
April 1 June 1 August 1 October 1
Date

Figure 5 —Regression plot of relative weight for Lake AkkaB and Lake Cs against sampling
date. No regression line was constructed for btomlt from Lake C as weight measurements were
recorded from October only. The solid (black) regren line represents trout from Lake A while
the dashed (blue) line represents trout from LakeDBta represents brook trout captured by
NSDFA only.
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Figure 6 — von Bertalanffy growth curves for Lake A, LakeaBd Lake C brook trout. The Lake
As Lake sample contained no trout older than 3 sy@ard the Lake B back-calculated sample
contained no trout older than 4 years (though thene trout assumed to be age 5+ trout captured).
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Figure 7 — Cumulative proportion of the total potential sgipposited based on fork length. For
example, in Lake C, approximately 0.2 of total mitd egg deposition is contributed by fish less
than 27.7cm, and 0.5 of total potential egg deosis contributed by fish less than 30.9cm. Data
represents brook trout captured by NSDFA only.
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Figure 8 — Percent of total potential egg deposition cboted by each length class for Lake A,
Lake B and Lake C. For example, in Lake C, troggragimately 31.5cm of fork length provide the
largest percentage of total potential egg depositid%), relative to other lengths, as indicated by
the arrow. Data represents brook trout captured®RFA only.
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Figure 9 — Temperature (°C) and dissolved oxygen (% sadm)adepth profiles for Lake A, Lake
B and Lake C. The area in the box (grey) represeg@slepths at which trout may find suitable
habitat (>60% DO saturation and < 20°C. Note —&lat-axes are of equal scale.
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Figure 10 — A plot of correlation between the number of cefitpr species and the density of
brook trout in Nova Scotia lakes. Data include L&kd ake B and Lake C (this study) in addition
to lakes outlined in MacMillan and Crandlemere 200
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Figure 11— A plot of correlation between the number of cefitpr species and the standardized
biomass of brook trout in Nova Scotia lakes. Datduide Lake A, Lake B and Lake C (this study)
in addition to lakes outlined in MacMillan and Cdéemere (2005).
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