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Abstract

Eco-certification of fisheries is becoming moreyalent as large retailers now insist on
eco-certified seafood. A key step in this processtock analysis to assess age structure,
reproductive capacity and sex composition of thedsted population. The walleye fishery at
Waterhen Lake is small scale which makes it idea&h initial eco-certification assessment.
Walleye caught on this lake in gill-nets were weidtand measured post-catch. Annular growth
rings on opercular bones and a subsample of atoldre examined to determine the age
distribution of the fish. These ages were useckterthine age at maturity and vulnerability of
age classes to mesh sizes used by the fisheryei@urarvest policy was evaluated to ensure that
sexually immature fish are not being harvestedfeef@aching reproductive age and it was
found that the province’s minimum mesh size of 3(B5 mm) may be sufficient for protecting
pre-reproductive fish but analysis with a largenpke size is recommended. Back calculated
lengths-at-age could be used to determine age randtydata from opercula in fisheries waste,
but were found to underestimate due to Lee’s Phenomand time of sampling. A stock
assessment of Waterhen Lake walleye is an impoetantent in the process of eco-certification

of this fishery.
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Introduction

Overfishing is widely recognized as a serious @mglée for global fisheries, both marine
and freshwater (Pault al, 2002; Jackson, 2001), and there is growing coes@wareness that
many fisheries are managed on an unsustainablg bAso-certification is a process whereby an
independent agency evaluates harvesting practicésedbasis of ecological, economic and
sociological sustainability (Gulbrandson, 2005)fisheries, the Marine Stewardship Council
(MSC) is widely considered as the gold standarcetmr-labelling. It has developed a rigorous
set of standards for evaluating fisheries to entakwild-capture fisheries are ecologically
sustainable and well-managed, and to implemenaisiadile fishing practices on fisheries to
ensure the fish populations and the ecosystemshachvihey depend remain healthy and
productive (MSC website) .

Eco-certification is becoming increasingly necegsa major fish buyers, particularly in
Europe and North America, are demanding fish whmme from eco-certified populations
(Gulbrandson, 2005). This poses a major challémgeommercial fisheries in Manitoba where
currently no fish populations are MSC certified.

MSC eco-certification requires detailed biologirdbrmation about the structure of the
harvested population, including the age, size amxdsgucture of the stock (MSC website). This
baseline information is required to assess whetteeharvest is conducted in an ecologically
sustainable manner.

In Manitoba, the most important species in the cenumal fishery is walleyeSander
vitreus) The fishery comprises 39% of total productionA®ight and 70% of the average
landed value of the total catch for Manitoba (Mab#& Water Stewardship Fisheries Branch,

2010). Walleye are one of the two key harvestedispdthe other being the northern piEspx



luciug) on Waterhen Lake, MB. This is a smaller fishégt is being considered for MSC eco-
certification (Geoff Klein, Manitoba Fisheries Bdm pers, comm.).

There are a variety of structures that are usedgjiimg fish including the otoliths,
opercular bones, scales and dorsal spines. Otalithasually considered the most valid aging
structures (Erickson, 1983; Kocovsky and Carlir@®. Opercular bones however are often
used by fisheries biologists for age analyses (B#ket al, 1993; Cooley and Franzin, 1995)
and usually produce age estimates similar to tposguced with otoliths. In this study,
opercular bones were used which are more easigsaed and exhibit clear growth patterns,

with a subsample of otoliths for validation.

Walleye Life History

Walleye Gander vitreug also known as pickerel, are part of the subfainiiciopercinae
of the Family Percidae. Along with sauger, memioéthis subfamily are slender and round in
cross section with strong, fang-like teeth and hlarsal fin rays. The walleye is widespread in
Manitoba, with its distribution covering almost thitire province (Stewart and Watkinson,
2004). This species is typically found in deep,-tnbbid waters such as Manitoba’s Canadian
Shield lakes and rivers. Walleye (along with nomnthgike,Esox luciu} are top fish predators in
Manitoba’s freshwater ecosystems. However, northéw are higher on the food chain than
walleye and tend to prey on walleye over much eirtrange. It may also be in direct
competition with walleye for resources in shalloaters in the north (Scott and Crossman,
1998). Walleye change their feeding habits as thenease in size. Walleye feed on zooplankton
until they reach around 30-50 mm total length (When they switch to feeding on

macroinvertebrates. Near 60 mm TL they becomevmsous (Hoxmeier, 2006; Preigel, 1969;



Mathias and Li, 1982), eating other fish includjogenile freshwater drum, white bass and
yellow perch (Isermann, 2007). Juvenile walleyesadso subject to predation by larger species
such as the northern pike and channel catfish @teamd Watkinson, 2004).

Walleye spawn in water temperatures of 4°C shaftigr the ice breaks up, the timing of
which can vary from mid- to late April to May (Staw and Watkinson, 2004), depending on
temperature and latitude (Scott and Crossman, 1998jure walleye may travel south into
warmer waters to spawn, where the females reléasedggs over a rocky substrate and mature
males fertilize the eggs with their milt, and leake fertilized eggs to develop (Stewart and
Watkinson, 2004). The eggs will then clump to thbsirate to increase hatching success by
preventing eggs from falling into the silt.

Walleye grow fast in the first few years of liférowth rates decrease after maturation of
the fish as the bulk of energy has shifted to répetion as opposed to somatic growth (von
Bertalanffy, 1938). However, changes in reproducttrategies of a species can occur in
particular environmental conditions. For examplajted resources will cause a delay in
reproduction until somatic growth is nearly comeld?opulations of fish that have been
exploited are the opposite, as they have more graarglable to them due to decreased
population numbers and thus grow faster. Theserdiabh maturity earlier and are able to then
focus on reproduction at an earlier age (Cedigl., 1995; Trippell, 1995).

Age-at-maturity is defined as the age at whichnttagority of fish are determined to be
sexually mature based on external examinationefjtinads (Babaluét al, 1993; Madenjiart
al., 1996). In walleyes, this depends on a whole bbshvironmental factors including
temperature, prey availability and predation. Fighpressure is also found accelerate the onset

of maturity as a response to high fishing mortaiities (Scott and Crossman, 1998).



Project Goals

The objective of my thesis research was to askesage, size and sex structure of
walleye in Waterhen Lake. Such information wouddemtially be valuable in the process of
eco-certification. At present, there is only on8@®leco-certified freshwater fishery in the
world: pikeperch$®ander luciopercain Lake Hjalmaren, Sweden (Tuene and Hough, 2007).
have used the eco-certification of this fishergdemplate for my own work.

The specific objectives of this study were fiveefol
1. To assess the age structure of male and fenzleye in Waterhen Lake;
2. To assess the age of maturity in male and femalleye in Waterhen Lake;
3. To assess the vulnerability of different age/sitasses of walleye to gill-nets of different
mesh size;
4. To assess the current harvest policy with rédpemesh size restrictions — i.e., are walleye
being harvested before they reach maturity; and
5. To develop statistical models of the relatiopdbetween the dimensions of opercular bones
and the length and mass of Waterhen Lake wallelyes. Will allow future workers to collect
discarded heads from the commercial fishery tosastde age and size structure of fish in the

harvest.



Methods

Study Area

Waterhen Lake is located 270 km Northwest of Wiegi52.08N, 99.58W, see
Appendix A for map), with Lake Winnipegosis to therth and Lake Manitoba to the south,
connecting to Waterhen Lake via the Waterhen Rillee. main sources of income for people on
Waterhen Lake include commercial fishing, trappang livestock production. Commercial
fishing is important to the local economy in théehtake and Northern Manitoba. Aside from the
three major producing lakes in Manitoba (Lake Woag, Lake Manitoba and Lake
Winnipegosis) there are 295 other lakes listethégrovincial commercial harvest schedule by
Manitoba Water Stewardship (2010). There was aff&stking station located in Skownan, on
the Eastern side of Waterhen Lake. This lake, alwitig others categorized as "Other Lakes" in
the Manitoba Water Stewardstpofile of Manitoba Fisheriecontributes 18.2% of yearly
production of fish in Manitoba. Commercial fishing Waterhen Lake is small scale, consisting
of just over 20 fishers, harvesting mainly walleye pike. This is a smaller fishery that is being

considered for MSC eco-certification (Geoff KleManitoba Fisheries Branch, pers. comm.).

Sample collection

Samples of fish were collected from SeptembenlSdgptember 23, 2011 in routine
annual test nets set by provincial fisheries bislisg Test netting consists of overnight sets of
gangs of gill-net mesh from 2 to 5” in %2” interval$he captured walleye were weighed to the
nearest 5 g and measured for total length (fronstiwait to the extreme tip of the longest caudal
lobe with the lobes compressed) to the nearest ifime. sex of the fish and whether it was

sexually mature, determined by external examinaticthe gonads, were recorded. The date



and location of capture were also recorded, astiamesh size from which the fish was
captured (for a subsample of walleye). Heads war®ved from the captured walleye, labelled

with an identification number, and delivered to thaversity of Winnipeg.

Opercular Extraction, Processing and Age Determorat

The right and left opercular bones were removenhftioe fish by prying them off the
head with a blunt probe and ripping off as closthtoskull as possible, being careful not to
crack the opercular bone. For difficult specimehs,head was placed in hot water to make the
bone easier to remove. Once removed from thetfighppercular bones were placed in boiling
water to loosen the skin, which was then completghped off with paper towel. The opercular
bones were rinsed and allowed to dry. Once drypgegcular bones were viewed either with the
naked eye or under a magnifying glass with a cetitrg background which allowed the annuli
to be read easily. Age was determined by countiegathinuli for both the left and right opercular
bones twice, counting on non-consecutive days toedse reader bias. A subsample of 50
opercular bones was counted by a second readecreased validity.

Counting annuli to determine fish age is much téading the age of a tree from the
rings. Two rings are laid down per year determibgdhe environmental conditions. A clear ring
(composed mostly of protein) forms in the warm stenmonths due to increased feeding and
fish growth. A dark ring (composed of minerals) efhappears in winter when feeding and

growth are minimal (Scott and Crossman, 1998). $aise effect is seen in otoliths.



Otolith Extraction, Processing and Age Determinatio

Otoliths are the inner ear bones of fish whichiaidalance and hearing. There are three
otoliths on each side of the skull (saggita, ast&is, and lapillus). Of these, the saggital otolith
was used as an age structure as it is the larfet otoliths and, like the opercular bones, has
seasonal growth rings (annuli) that are deposit@tieé bone and read as yearly markers. The pair
of saggital otoliths were dissected out of the hefaal subsample of 20 walleye. One was kept
and the other was sent to Manitoba Fisheries. Etxtraof the otoliths was via a cut through the
anterior end of the isthmus ahead of the gill gucictions thus exposing the posterior part of the
chamber where the saggital otoliths are housdth2en within, warm water was applied until
the otoliths could be extracted without breakingnth Otoliths were then rinsed with water and
allowed to dry. The nucleus of each otolith waskedrwith an ink dot and allowed to cure
completely for about a week. Epoxy resin was preghdéry mixing 2 parts Cold Cure hardener
with 1 part Cold Cure resin. Individual ice cubayticompartments were labeled with
corresponding specimen numbers. The otolith waseplan its ice cube tray compartment,
immersed in epoxy and allowed to cure for at leastek. When the blocks cured, a thin section
was taken by making two consecutive transverse €0t mm apart, with a low RPM Buehler
Isomet saw containing a diamond chip blade. Theduts were made on either side of the
marked nucleus so as to contain the nucleus arashalllar growth rings. The thin sections were

then viewed under a dissecting microscope usingstnéted light in order to count the annuli.

Data Analysis
Data were entered into a Microsoft Excel spreagished included sample number, date,

location, set number, mesh size, weight, totaltlengaturity status, sex, and age as determined



by both opercular bones and otoliths. Regressiatyaes including total length at age, total
length at weight, maturity at age, maturity at bngnd mesh size at age/length/weight were
constructed in Microsoft Office Excel. The deviatioetween opercula estimated age and otolith
estimated age, as well as the deviation of estinages between readers was calculated.

Measurements of the annuli on opercular bones used to back-calculate length-at-age
for walleye in my sample — e.g., how long was aésld walleye when itwas 5, 4, 3,2 and 1
year(s) old? As total length is linearly relatedeercular length, length-at-age is calculated as a
simple fraction of current total length. For exagpf the distance to the annulus for age "X" is
2/3 of the total operculum length, the length & tish at age "x" was 2/3 of its current total
length.

Opercular bones were scanned using a CanoScan2iDHatbed scanner and the
image files stored in the computer based on tlzenpde number. Left opercular bones were used
wherever possible, and right bones were used viherkeft were broken or incomplete.
Measurements using the software program Imageédtar the focus of the bone and were
measured to the outer edge of the annuli as welistance between the annuli along an axis
which roughly bisected the opercula into dorsal aewtral halves following the method of Le
Cren (1947). This axis was chosen in contrasteéaribthod described in Cooley and Franzin
(1995) where the axis used was closest to the alesggimous process of the operculum. When
reading manually (as opposed to using an ImageyA&isaProgram which detects variances in
luminescence on the bone) the primary annuli areerabvious and so were read here at a
perpendicular to an axis bisecting the bone inwughly equal halves (Figure 1). All
measurements of annuli were determined manualtgresh into an Excel spreadsheet, and

compared to age and length.



Actual length of the operculum was measured ifig20to the nearest 0.1mm with a
caliper and compared to those lengths in the aryitnits used on the ImageJ software
program. The mean of these measurements was usectbasersion factor between ImageJ
units and actual length of the opercula. Back-dat@n was used to determine the length-at-age
for these fish and compared to mean empirical leatfage for the sample from Waterhen Lake

using linear regression.
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Figure 1. Left walleye operculum showing origin f}dand bisecting axis (line) along which
measurements for back-calculations of length-atvegye made.
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Results
Age and Growth

161 walleye from Waterhen Lake were aged usingaoner bones. Age ranged from O
to 10 years, with a mean and median of 3 yearsu(€ig). Disagreement of ages between the
two readers was minimal, almost always resultingriragreement when reviewing the age
structure in question together and deciding upbnad age. Age estimates based on otoliths
were compared with age estimates from operculag®aosing linear regression. There was a
strong linear relationship (Figure[3= 0.998, R= 0.953, F15= 366.6, P < 0.001) indicating
that ages estimated from opercular bones correggbeidsely with ages from otoliths.

The annuli on both the opercular bones and ototifhvgalleye are fairly easily read
(Figures 4 and 5) with the exception of the firshalus which is sometimes not as clear.
Growth comparing total length of the fish againg & described by the von Bertalanffy growth
model along with its parameters. Female walleygufé 6, Table 1) reach an ultimate length of
696.9 mm where male walleye (Figure 7, Table 2)samaller with an ultimate length of 522.70
mm. The total lengths ranged from 158 mm in a yeofthe-year walleye to 679 mm in a 10-
year-old walleye. The logarithmic relationship beeém mass and length of Waterhen Lake
walleye was nearly perfectly isometric (Figure 834 (g) = 5xI&TL (mm))>'%" R*= 0.997,

F1172= 27416, P < 0.001).
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Figure 2. Age frequency distribution of walleyesighat in experimental gill nets (n=161)
from Waterhen Lake, MB.
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Figure 3. Age estimate comparison by use of o®kthd opercular bones (n=20). A correlation
of 1.00 would represent a perfect match betweeh &ging techniques.
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Figure 4. Operculum (above) and otolith sectiondive from the same 10 year old fish. Both
aging structures gave an age of 10 years. Annellivearked and numbered.
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Figure 5. Operculum (above) and otol
aging structures gave an age of 3 years. Annulirerked and numbered.
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Length

| | | | | | | | |
-1 01 2 3 4 5 6 7 8 9 10 11
Age

Figure 6. von Bertalanffy curve of total length ()nat age as determined by opercular bones of
female walleye (n=64) from Waterhen Lake, MB.

Table 1. Values for von Bertalanffy growth paramefter fitting growth curves of female
walleye from Waterhen Lake, MB.

FEMALES
Leo K to
696.59 0.244 -1.242
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Length

Figure 7. von Bertalanffy curve of total length ()nat age as determined by opercular bones of
male walleye (n=97) from Waterhen Lake, MB.

Table 2. Values for von Bertalanffy growth paramefter fitting growth curves of male walleye
from Waterhen Lake, MB.

MALES
Lo K to
522.7 0.395 -0.982
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Figure 8. Weight (g) at total length (mm) of wakegn=161) from Waterhen Lake, MB.
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Age at Maturity

Age at maturity differed by sex in Waterhen Lakaleye. Most (92.3%) males were
mature at age three, whereas no females were natage three. All four-year-old females
(100%) were mature (Table 3). These data suggaththle walleye are likely to mature
between the ages of 1 to 4 years, therefore faaivaing the following spring (when
temperatures increase) at 2-5 years. Female wallglyeeach maturity between 4 to 6 years and
first spawn from 5-7 years. A logistic regressiéig(ire 9) shows this range of maturation for
both male and female walleye. Both of these regyedmes were highly significant (Table 4)

which shows that males do in fact mature earliantfemales.

Table 3. Maturity schedule for walleye from Waterhake, MB (Numbers of mature male and
female walleye over total number caught, percentagtire fish at each age in parentheses).

Age Class
sex 0 1 2 3 4 5 6 7 8 9 10
M 0/2 1/6 6/18 36/39 17/17 10/10 3/3 - - 1/1
(0.0) (16.7) (33.3) (92.3) (100.0) (100.0) (100.0) (100.0)
F 0/1 0/13 or7 0/16 5/5 11/12 6/6 1/1 1/1 11 1/1

(0.0) (0.0) (0.0) (0.0) (100.0) (91.7) (100.0) (100.0) (100.0) (100.0) (100.0)
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Figure 9. Proportion of mature male and female ayallin relation to age (years) from Waterhen
Lake, MB.

Table 4. Logistic regression results for age atunigtof male and female walleye from
Waterhen Lake, MB.

Constant B Wald statistic df p Cox & Snell R?
Males -5.829 2.719 20.173 1 <0.001 0.431
Females -13.78 3.619 10.315 1 0.001 0.674
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Vulnerability to Mesh Sizes

Data on the mesh size at which walleye were cagtuas not personally collected.
Instead, data gathered by Geoff Klein (Manitobdé&iges Branch) in 2010 and 2011 was used to
assess the vulnerability of different age and siasses of walleye on Waterhen Lake to gill nets
at different mesh size. Stretched mesh sizes rainged2” to 5” (or 51-127 mm) in 0.5”
intervals. A variety of fish sizes were caught atle mesh size but the general trend showed the
fish with a greater total length being caught myé&ax mesh sizes. A linear regression analysis
showed a slightly positive linear relationship beén the length of fish captured and mesh size
(Figure 9, Length at capture (mm) = 2.38 x Mesk ¢imm) + 254.1, R= 0.463, FF143= 37.1, P
< 0.001). That is, younger fish were caught in $enaheshes while older fish were caught in
larger meshes. The largest mesh size (127 mm arabight a fish with a total length that would
estimate its age at ~7-8 years old where a mesto$iz02 mm (4”) caught both an estimated 3-
4 year old and an estimated 9-10 year old wall&gble 4). Percent immature fish caught in the
gill nets decreased with increasing mesh size @8a}lindicating a low vulnerability of

immature fish to the fishery.
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Figure 10. Total length (mm) of walleye caught ifieding mesh sizes (mm) of gill nets on
Waterhen Lake, MB (2010-2011 sampling years).

Table 5. Recruitment of different aged walleye &aoying mesh sizes used by Provincial
Fisheries Biologists in routine test netting on ¥hen Lake, MB.

Estimated Age (years)

MESH SIZE (in) 1-2 23 34 45 56 67 7-8 89 9-10
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Table 6. Percent mature fish caught in varying ngzaés used by Provincial Fisheries Biologists

in routine test netting on Waterhen Lake, MB.

MESH SIZE (in)

% immature
% mature

n

2.0 2.5
9 2
66.7 50.0
33.3 50.0

3.0
11

36.4
63.6

3.5
8
12.5
87.5

4.0 4.5
6 8
16.7 12.5
83.3 87.5

5.0

1

0.0

100.0
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Back-calculation of Length-at-Age

The relationship between length of the operculuchtatal length of the fish was
constructed (Figure 10,2R0.923) and was found to be a strong linear retatigp. A reduced
major axis regression was also performed to cofoeaandom error in both theandy axes
(operculum lengthy and total lengthyf]) and validates the use of the opercular bondmek-
calculation structures.

Table 6 summarizes back-calculated lengths-at-@gedlleye in my sample. Mean
empirical lengths at capture were greater than rbaak-calculated lengths for almost all age
classes, especially those in the 1-7 year ageedaBsick-calculated lengths-at-age agreed

reasonably with mean empirical lengths at captui@der age classes (8-10 years).
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Figure 11. Body — opercular relationship for wadldrom Waterhen Lake, MB.
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Discussion

My overall objective was to describe key life higtaharacteristics of walleye in
Waterhen Lake, MB in relation to exploitation imamercial fisheries in anticipation of
assessment for eco-certification of the fisherye $tarting point is to assess age and growth of

the fish.

Age and Growth

Annular growth increments were reasonably easgentify on both opercular bones and
otoliths from walleye (Figures 4 and 5). In somseasaof older fish (>6 years), the first and
second annuli were not as apparent but could leered by the relative position of those annuli
on a sample where they were more visible. Annalweling is usually seen in the oldest annuli
towards the edge of the aging structure of olddr. fBince the oldest in this sample was merely
10 years old annuli crowding did not pose a problem

According to the Minnesota Department of Naturas®eces website, a 27-year old
Walleye was found in Lake of the Woods, a lake Wwhécpart of Manitoba, Ontario and
Minnesota, in a routine sample taken in 2005. Wableye was 724 mm in length (28.5") which
was not much larger than the total length of tluesi walleye found in this sample (661 mm at
10 years old). This shows that growth rates foleyal decrease with increasing age since the 12
year difference between the fish resulted in a Bérenm length difference. Looking at growth
increments between years (Table 6) it is evideat gnowth rates are higher at younger ages and
slow down after maturity is reached. However, timelk of lengths seen at Lake of the Woods
may not have been seen in Waterhen Lake becausetleye simply do not grow that large. In

a comparison of growth and reproduction of wallegen lakes of different latitudes in
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Manitoba, Craiget al (1995) showed the walleye in the northernmos Igdew to smaller
asymptotic sizes and at a slower rate. Growthfoatealleyes is rapid during the summer and is
virtually non-existent in the cold winter months giért, 1977). Since northern lakes have a
longer winter season than their southern counttspaiten with snowfall beginning in October
and spring melt not occurring until late-April toayl their summer growing season is often cut

short.

Age at Maturity

Age at maturity is an important parameter of fihhistory and is inversely related to
growth rate meaning when the emphasis is put owtgranaturation is temporarily less
important. Due to this, age at maturity is clossyrelated with temperature (Beverton, 1987)
since faster growth rate (which is related to terapge) would cause earlier maturation (Craig
et al, 1995). Walleye mature later the further norteythve (Colbyet al, 1979) because at
higher temperatures, there is a longer period wpesg is available and thus the growing period
is extended. Northern lakes have a shorter grop@rgpd as the temperature is much lower, so
reaching the minimum length-at-age for maturatakes longer.

Age at maturity for walleye is variable among swok differing geographical locations
(Jensen, 1991), varying from 1-6 years for males2a8-7 years for females (Babalekal.,
1993; DFO, 2010; Morgaet al, 2003; Sass and Kitchell, 2005; Weaetal, 2009). According
to Scott and Crossman (1998) the general age afrityafor male walleyes is 2-4 years, or over
11" in length and for females is 3-6 years of age ¥-17" (356-432 mm).

Thus the walleye in Waterhen Lake, which were fotcnthature at 1-4 years for males

and 4-6 years for females (Table 3), with agerat §ipawn occurring from 2-5 years in males
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and 5-7 years, have somewhat later maturation stdéeedompared to other lakes. The
differences in age at maturity among lakes areathby a number of factors like water
temperature, latitude, resource availability artd of exploitation. Latitude has been shown to
strongly influence age at maturity, with populagsdarther north maturing later, proven
specifically for walleye in three Manitoba lakes @saiget al. (1995). Fewer warm days because
of shorter summers in the north leads to slowewtyand thus later maturation, which could
explain why male and female walleyes mature ladengared to more southern populations
(Scott and Crossman, 1998). Overharvesting ofréshilts in lower intraspecific competition and
which leads to greater food intake per individuad #hus faster growth. The faster growth
enables fish to achieve maturation at a younge(@gmget al., 1995, Trippel, 1995). Although
Waterhen Lake is an exploited fishery (Scott Forpess. comm.), maturation for male and
female walleye was found to be similar to thoskakes in and around Manitoba, showing that
the fishery has not had an impact on the age-atihabf walleye.

This study confirmed that male walleye generallyureone to two years earlier than
females (Scott and Crossman, 1998) with 100% oésbéing mature at age 4 and 100% of
females maturing by 6 years (Figure 9).

Once the walleye reached maturity, annual gromtheiments declined, a trend which
was also seen in Babalekal, 1993, with the exception of the small sample sizthe four
oldest categories of walleye (five fish aged 7-#@rg, Table 6). Decrease in growth rates after
maturation has occurred is due to the allocatioengfrgy to reproduce rather than to grow (von

Bertalanffy, 1938).
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Vulnerability to Mesh Sizes

Data on the vulnerability of different sizes ofllege to different gill-net mesh sizes were
gathered by the Manitoba Fisheries Branch overoaywar period (Geoff Klein, pers. comm.)
Analysis of this data showed a slightly positiveelr relationship between total length and mesh
size (Figure 9) but there was a wide range of wallengths getting caught in each mesh size.

The relationship between fish size/age and meghisicomplicated by the different
modes of fish capture in a gill net. The strongekttionship between mesh size and fish size
occurs when fish "gill" in the net — i.e., fish swheadfirst into the net and the mesh encircles
the body usually posterior to the gills. Howeveme fish become entangled around spines or
gill covers, and here the relationship between ns&shand fish size is less clear. And in still
other cases, very large fish may be captured in s/e¥all mesh sizes when they swallow smaller
fish trapped in the net.

Thus there are several explanations as to whyddigfecould possibly get caught in
smaller gill nets. Firstly, they could simply becetangled in the net. As a top predator in
freshwater ecosystems, larger walleye could alsore caught in smaller mesh sizes by
swallowing the net when eating small fish caught.ifhese fish could be prey species or even
smaller walleyes as it is known to occur that largelleyes will become cannibalistic
(Madenijianet al 1996).

Using the total lengths to estimate age (from ntetal length of known-age fish), mesh
size recruitment of different ages was producedlg@d). The trend shows as would be

expected: younger fish get caught in smaller netsader fish get caught in larger nets.
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Assessment of Current Harvest Policy

For this fishery to be considered sustainablecthieent minimum permitted mesh size of
3.75" (95 mm) must be determined sufficient to prevharvest of immature walleye in order to
avoid recruitment overfishing. Rapid fishery cpBas can be brought on by recruitment
overfishing when fish are harvested before reachaturity and thus are unable to spawn
before being removed from it. The minimum mesh siz8.75" (or 95 mm) enforced by the
province captured few immature walleye indicatihgttjuveniles were not very susceptible to
the fishery (Table 5). Ideally 1-2 years of matusihould pass before fish become vulnerable to
the fishery to allow time for a few seasons of ogjuction before harvest (Myers and Mertz,
1998). If an evaluation of the fishery finds desiag numbers of fish reaching maturity in the
sample, the harvesting policy will need to be reased to allow spawning and reproduction in
order to maintain the fish stocks. Age structurestserve as biological reference points to
signal recruitment overfishing (Peterman 2002) alialv fisheries biologists to analyze
population dynamics of the fishery. Based on thea analyzed in this study, the current
harvest policy for the walleye fishery at Waterlhake, which enforces a minimum mesh size of
3.75", is not harvesting a very large portion cd-peproductive fish (Table 5). However, in order
to ensure maturation and allow spawning at leas¢ &rom mature fish, this 3.75" mesh may not
be sufficient. In order to determine whether orthig 3.75" mesh is a sustainable minimum, a
larger sample size of fish lengths and mesh sizest be analyzed. Keeping a restriction on
minimum mesh size will allow this walleye fisheryd¢ontinue being productive and sustainable

without impairing the reproductive capacity of #teck.
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Back-calculation of Length-at-Age

Back-calculated lengths-at-age are used to praadidigional information on growth of
the study species. Lee (1920) described back-@dlonlas the growth increment of the scale
being a constant proportion of the growth increnw#rthe fish. In other words, as the fish length
increases so too does the calcified aging stru¢heét scales, opercula, spines or vertebrae) will
increase in proportion to that. This would allovuie workers to collect discarded heads from
the commercial fishery to obtain opercula and asesage and size structure of fish in the
harvest.

This "proportional method" of back-calculation madhwas used in this study and used
the length of the fish and the length of the oplentuat capture to determine previous lengths-at-
age. The back-calculated lengths for walleye froatéthen Lake were found to consistently
underestimate previous lengths-at-age (as detednipenean empirical length at capture data),
especially for younger fish (Table 6). Thus thisgortional model seems to be viable for back-
calculation only for fish over 8 years old where thfference between mean back-calculated
lengths and empirical lengths-at-capture are mihififas result is common in back-calculation,
as was found in a study using walleye dorsal spasdsack-calculation structures (Borkholder
and Edwards, 2001).

Back-calculation would be most accurate if perfairdaring the time of year when
differences in growth rates are the lowest whigluss prior to annulus formation (Weatherley
and Gill, 1987). Annulus formation is likely dued¢banges in temperature (Babakilal,

1993), which is why for walleye in Manitoba annufasmation usually coincides with spawning
(but is not directly a result of it as annuli fortiea occurs in immature walleye as well) in May

(Babaluket al, 1993). Craig (1974) found that perch, which arthe same family as walleye,
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deposit their annuli with the highest monthly freqay occurring in May. Since fish in this
sample were caught in fall, differences found betwihe back-calculated lengths (lengths at
annulus formation) and lengths at capture couldueeto somatic growth during the period from
the last annulus formation to the time of captiay-September) This same phenomenon was
seen in back-calculated lengths-at-age from Babetiak (1993) where fish were collected in
the summer and fall seasons.

These back-calculated lengths-at-age must, howbeeaecognized as simple estimates
of age at annulus formation and are not foolpr&ofors could be caused by small things like
sampling errors, or too small of a sample sizeefwesent the entire population (Mace#al,
2007).

This linear relationship is not always the caseiand fact the reason for many errors in
back-calculations as not all fish have linear fesigth-age structure length ratios over time.
Some of these ratios vary with somatic growth vétech leads to large otoliths in slow-growing
fish (Campana, 1990) and therefore does not folldinear relationship. In these cases, using a
simple back-calculation as was done in this stgdyot sufficient, and other calculations would
have to be made to account for this (see Camp&@88, fbr description of algorithms).

The underestimations of back-calculated lengthasgatof this data could also be
explained by Lee’s Phenomenon, which is found heptases to be the source of error for back-
calculation (Klumbet al, 1999). This phenomenon is caused by a sampiasgit which the
young fish in the sample are represented by omydkt-growing juvenile fish, as the slower-
growing fish are too small to be caught in the n€tss causes the empirical size at age to be
much larger than that in the wild population Wre to be sampled in its entirety (Carlander,

1997). This low percentage of small sized walleg@pces a negative Lee’s Phenomenon where
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the back-calculated lengths-at-age srallerthan empirical lengths-at-capture. Table 6
illustrates Lee’s Phenomenon when looking downctilamns at the back-calculated lengths.
The length of a one year old fish is estimatedeasgomuch higher from the opercular
measurements of a young fish than an old fish. iBhigell explained by Lee’s Phenomenon
because that 10-year old fish would have beenrtadl st age one to be caught in the nets (thus
why it was able to grow to 10 years) and the orer-wéd fish is big compared to its age class
and thus is being caught in the smaller mesh sizess Phenomenon is especially seen in lakes
with active fisheries (as opposed to natural, ingfispopulations) simply due to recruitment. As
Ricker (1975) describes, the large fish of a paldéicyear class are more vulnerable than their
smaller counterparts, and thus will be far moresen¢ in the sample. This is a reasonable

explanation as to why there was such a great usti@i@ion of back-calculated lengths-at-age.
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Implications for Eco-certification

Since MSC eco-certification requires knowledgehef biological data pertaining to the
Waterhen Lake walleye fishery before eco-certifmatan take place, this study plays an
important role in gathering initial assessmenthef fishery data. Using the data gathered in this
study as a baseline, the five-year assessmentpshich monitors this biological information
(age, size and sex structure of the stock) cantake/place. Eco-certification of this small scale
freshwater walleye fishery will be novel and img@ort to encourage eco-certification of other
freshwater fisheries in Canada. This eco-certificatvill open the possibility of the fishers
marketing the eco-labelled fish at a higher dollalie and gaining access to this new market
which sees suppliers and retailers moving towasdiance on eco-certified products. A
consumer preference for eco-labelled productske®p both the agencies' regulations and
industry's compliance with them in check, as theahof losing certification would cause
fisheries to be more precautious by keeping adigtain on harvesting regulations (Peterman
2002). The main objective of eco-certificationag¢ward sustainable fisheries by providing
them with a competitive advantage in the marketladich is the hope for Waterhen Lake’s

walleye fishery.
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Conclusions

Opercular bones are a valid aging structure foteyal having a high correlation with
ages determined from otoliths, a known valid agitigcture.

Male walleye from Waterhen Lake mature at an aggeaf 1-4 years and female
walleye mature from 4-6 years and therefore fipstven at age 2-5 years (for males) and
5-7 years (for females).

Back-calculation of length-at-age underestimateam@mpirical length-at-capture due to
Lee’s Phenomenon.

Current harvest policy at Waterhen Lake which eztgsra minimum mesh size of 3.75
inches may be sufficient to prevent recruitmentriisieing of the walleye fishery, but
analysis of a larger sample size is recommended.

With this initial study of the walleye fishery cofepe, Waterhen Lake could become eco-

certified after a five-year assessment period winthdetermine its sustainability.
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Appendix A. Map of Sample Area — Waterhen Lake, MB.
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