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Abstract

This study compared life history traits in three populations of broad whitefrsh

(Coregonus nasus) from the Mackenzie Delta, Canada and evaluated the Peel River fish-

monitoring program. First, size-at-age, reproductive investment (fecundity and egg size),

and the age when growth (infened from otoliths) slowed were compared between two

anadromous populations, the Peel River and Arctic Red River, and a population from

Travaillant Lake. Age-at-maturity for the anadromous populations were estimated, but

an estimate for whitefish from Travaillant Lake could not be made. Therefore, a general

comparison was made using information from a previous study.

Broad whitefish size-at-age was significantly different at younger ages among the

anadromous populations, but were not significantly different by age 15 and beyond. Fish

from Travaillant Lake were significantly larger than fish from the Peel River at all ages.

Fish from the Arctic Red River and Travaillant Lake were significantly different at ages 2

and 3, not significantly different from ages 4 to 9, and significant againfrom age 10 and

beyond. The youngest spawning whitefish in the Peel River and Arctic Red River were

ages 7 and 6 years, respectively, while those in Travaillant Lake have been observed to

spawn al age - 5.5 years. Broad whitefish from the two anadromous populations were

not significantly different in estimates of reproductive investment or the age when growth

slowed, but both differed significantly from the broad whitefish of Travaillant Lake.

Next, to determine the potential of using adult length-at-age and fecundity to

monitor for effects of exploitation in broad whitefish from the Peel River, I evaluated the

Peel River fish-monitoring program and simulated alternative designs. Each design was



modeled for effects of exploitation and the statistical power was determined via computer

simulation. My simulation results were compared to exploitation experiments from the

literature. Estimates of length-at-age were unaffected by the monitoring design, but

fecundity could vary due to the influence of a supervisor and monitoring location. The

statistical power of all monitoring designs initially increased proportionally when more

fish were included in the sample and when the effect size was large. However, the

benefits of improved sensitivity in the design, by increasing the sample size, diminished

after approximately 50 fish were included in the sample. The predicted results of my

simulations for broad whitefish from the Peel River matched most outcomes of

exploitation experiments from the literature.
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CHAPTER 1. GENERAL INTRODUCTION

Life history traits, such as age-at-maturity, fecundity, and growth Íate, are

important factors in population regulation and persistence, and also in fishery population

assessment models (Steams 1992,Beverton & Holt 1957). Investigating life history traits

can aid in understanding the dynamics of fish populations, and can also be used to

monitor populations for changes.

Both anadromous and lacustrine populations of broad whitefish are believed to

exist in the Mackenzie Delta (Freeman 1997). Since anadromous fish generally undergo

a much greater migration than lacustrine fish, it is expected that their life history traits

will differ (Roff 1992). Description of these traits in the different populations is

important for independent management of these populations.

Chudobiak (1995) investigated life history traits of broad whitefish from the

Mackenzie River and Travaillant Lake to determine if there were differences between the

populations. He further questioned whether the differences were likely attributable to the

energetic cost of migration (life history difference) or exploitation pressure

(environmental difference). Chudobiak investigated reproductive investment (fecundity

and GSI) and mean size (mm) and found that broad whitefish from the Mackenzie River

had a significantly higher average fecundity, but no significant difference in mean size

(mm) than broad whitefish from Travaillant Lake. He concluded that the differences

found in life history traits of broad whitefish from the Mackenzie River were more likely

due to exploitation pressure than migration. However, he did not report the exploitation

pressure for either population.



Describing the life history traits of broad whitefish can also be useful in detecting

changes in fish populations, for example, from exploitation. Anadromous broad

whitefish migrate extensively throughout their lives and traverse many aboriginal

settlement areas where they are subjected to fishing exploitation (Treble 1996, Reist &

Treble 1998). For this reason, and because the Gwich'in community expressed concerns

that development on or near the Peel River may affect the fish stocks, the Peel River fish-

monitoring program was initiated.

Fish-monitoring programs are an important aspect of fisheries management and

can provide information on reactions of a population to environmental or anthropogenic

effects (Skalski & McKenzie 1982). However, monitoring programs are not always

tailored to a specific stock. Instead, general rules may be applied to all stocks in an area

which can result in inefficient collection of data and less than optimal management. The

calculation of statistical power before the implementation of a project can provide

resource managers with valuable information on the allocation of sample effort and the

reliability of the results as indicators of the true parameters being studied (Peterman

1ee0).

Thesis objectives

Chapter 2 elaborates on previous research (Chudobiak 1995) by including broad

whitefish from an additional anadromous population (the Peel River). I refined the data

selection and analysis, limiting the data to winter samples from the Peel River, Arctic



Red River, and Travaillant Lake. I also compared two additional traits, age-at-maturity

and the age when growth slowed (based on otolith annuli growth).

I hypothesizethat the life history traits of broad whitefish from the Peel River and

Arctic Red River will be similar to one another because they share a cornmon migratory

pattern. I then compare these populations to broad whitef,ish from Travaillant Lake.

In chapter 3, I utilize the information gained on variation in broad whitefish

fecundity and length-at-age, and apply it to the design of the Peel River fish-monitoring

program. I evaluate the effectiveness of the present, and alternative, monitoring designs

by simulating variation in the Peel River fish-monitoring program based upon field data

on broad whitefish fecundity and size-at-age. Each design is modeled for effects of

exploitation and the statistical power is determined via computer simulations.

This thesis combines potential uses for life history traits to improve our

understanding of broad whitefish in the Mackenzie Delta. My results provide the

Gwich'in with information to aid in the management of broad whitefish populations and

demonstrates the importance of proper experimental design in fish-monitoring progïams.

Literature Cited

Beverton, R.J.H., and Holt, S.J. 1957. On the dynamics of exploited fish populations.

Fisheries Investigations, Series 2-I9: 533 p.



Chudobiak, D.H. 1995. An examination of lacustrine and estuarine populations of

Mackenzie broad whitefish (Coregonus nasus Pallus): the role of migration and

commercial exploitation on life history variation. M. Sc. thesis, University of

Manitoba, Winnipeg.

Freeman, M.M.R. 1997. Broad whitefish traditional knowledge study, p.23-52.12 R.F.

Tallman and J.D. Reist (ed.), The proceedings of the broad whitefish workshop:

the biology, traditional knowledge and scientific management of broad whitefish

(Coregonus nasus (Pallus)) in the lower Mackenzie River. Can. Tech. Rep. Fish.

Aquat. Sci. No. 2193.

Peterman, R.M. 1990. Statistical power analysis can improve fisheries research and

management. Can. J. Fish. Aquat. Sci. 47:2-L5.

Reist, J.D., and Treble, M.. 1998. Challenges facing Northern Canadian fisheries and

their co-managers. Issues in the North 3: 155-165.

Roff, D.A. 1992. The evolution of life histories: theory and analysis. Chapman & Hall,

New York.

Skalski, J.R., and McKenzie, D.H. 1982. A design for aquatic monitoring programs. J.

Environ. Manage. 14: 237-251.

Stearns, S.C. 1992. The evolution of life histories. Oxford University Press, Oxford.

Treble, M. 1996. Broad whitefish (Coregonus nasus) of the lower Mackenzie River:

Biological characteristics, commercial and subsistence harvest trends, and local

management. M.N.R.M. Practicum, University of Manitoba, wiruripeg.



CHAPTER 2. COMPARISON OF GROWTH, AGE-AT-MATURTTY, AND

FECUNDITY FOR BROAD WHITEFISH (COREGONUS NASUÐ IN THE

LOWER MACKEN ZTE DELTA, NWT

Abstract

Population structure of broad whitefish (Coregonus nasus) was examined during

the winter of 1993,1998, and 1999 in the lower Mackenzie River System, NWT, Canada.

Size-at-age, reproductive investment (fecundity and egg size), and the age when growth

slowed were compared between two anadromous populations, the Peel River and Arctic

Red River, and a population from Travaillant Lake whose life history type is unclear,

Age-at-maturity for the anadromous populations were estimated and compared to an

estimate for Travaillant Lake from a previous study.

Broad whitefish size-at-age was significantly different at younger ages in the

anadromous populations, but were increasingly more similar and not significantly

different by age 15 and beyond. Fish from Travaillant Lake were significantly larger

than fish from the Peel River at all ages. Fish from the Arctic Red River and Travaillant

Lake were significantly different in size at ages 2 and 3, not significantly different fiom

ages 4 to 9, and significant again from age 10 and beyond. Estimated age-at-maturity for

spawning whitefish in the Peel River and Arctic Red River were ages 7 and 6 years,

respectively. Broad whitefish from the fwo anadromous populations were not

significantly different in estimates of reproductive investment (fecundity and egg size),

but both had a significantly higher reproductive investment than broad whitefish from



Travaillant Lake. Similarly, the anadromous populations were not significantly different

in estimates of the age when growth slowed, but growth in both of these populations

slowed at a significantly earlier age than whitefish from Travaillant Lake. While these

results are not conclusive, it appears that the broad whitefish in Travaillant Lake are

different from the anadromous populations and do not appear to be anadromous

themselves.

Introduction

Broad whitefish life history in the Mackenzie Delta

Broad whitefish (Coregonus nasus) can be found in fresh and brackish waters of

northwestern North America and northern Eurasia. Within North America, they inhabit

Alaskan Rivers, the headwaters of the Yukon River, and the Nofthwest Territories.

Within the Northwest Territories, they inhabit waters from the Perry River east to the

Coppermine River (Scott & Crossman 1973). Broad whitefish is an important species in

the Mackenzie Delta because they are fished by Gwich'in, Inuvialuit, Sahtu Dene, Metis,

and Inuit communities for food, local sale, and cultural tradition (Bond 1982, Treble

1996). Therefore, identification and description of different life history types of broad

whitefish is necessary for proper management. Anadromous broad whitefish migrate

between the sea and freshwater at some point in their lives, while lacustrine broad

whitefish spend their entire life cycle within or near lakes (Reist & Chang-Kue 1997).
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Anadromous broad whitefish

Broad whitefish from the Peel River and Arctic Red River rarcly enter wholly

marine waters, therefore Reist & Chang-Kue (1997) suggested a more appropriate

description is semi-anadromous. For simplicity, I will use the term anadromous in this

paper.

Life for anadromous broad whitefish begin when eggs hatch in spring at upstream

river spawning areas (Reist & Bond i988). The young-oÊthe-year migrate or are washed

downstream into the outer Mackenzie delta and Tuktoyaktuk Peninsula with the spring

flood (Reist & Bond 1988, Reist & Chang-Kue 1997). The young-of-the-year and small

juveniles later migrate upstream to extensive lake systems within the Tuktoyaktuk

Peninsula and the outer delta to over-winter (Bond 1982, Bond & Erickson 1985,1992,

Chang-Kue & Jessop 199L,1992). These fish remain in the lakes and streams to over-

winter and feed for several years before re-entering coastal waters (Reist & Bond 1988,

Chang-Kue & Jessop 1991). The large juveniles then begin an annual migratory cycle

consisting of a downstream migration to coastal feeding areas and a return upstream

migration to over-winter in the lakes of the Tuktoyaktuk Peninsula (Bond 1982). In late

summer, fish ready to spawn for the first time (age 7 to 9, Bond 1982, Bond & Erickson

1985, 1987) leave the coastal feeding grounds to join mature fish in the pre-spawn

migration upstream to the inner delta (Chang-Kue & Jessop 1983). Spawning occurs in

mid October or early November further upstream in the Mackenzie River or its two main

tributaries, the Peel River and Arctic Red River (Reist & Bond 1988, Stein et al. 1973,

Jessop et al. r974, Change-Kue & Jessop 1983). Shortly after spawning, the adults



migrate downstream to over-winter in the outer delta (Stein et al. 7973, Chang-Kue &

Jessop 1997).

Alt ern ativ e life hi s t or í e s

Some fish may spend most of their lives in or near a particular lake. Short

migrations may occur to reach feeding or spawning areas, but long migrations to coastal

or brackish waters does not occur (Reist & Chang-Kue 1997). The local water bodies

must therefore contain all critical habitats such as spawning, nursery, feeding, and over-

wintering areas.

Travaillant Lake has many features that may permit it to contain a local

population of broad whitefish. The lake has deep and shallow areas that provide good

feeding, rearing, and over-wintering areas (Craig 1989). Also, areas in Travaillant River

contain high water clarity and gravel substrate that is ideal spawning habitat (Dryden et

al. 1973, Chudobiak 1995). Further, ripe and spent broad whitefish have been caught in

the lake, although these individuals may have come from an anadromous population

(Reist & Bond 1988). However, in the fall, Travaillant River freezes to the bottom in

areas which may prevent migrating anadromous individuals from entering Travaillant

Lake (Hatfield et al. 1972), except possibly in high water years. Young-of-the-year broad

whitefish have also been captured in Travaillant Lake, suggesting that nursery areas are

nearby (Strange & MacDonell 1985, Chudobiak 1995).

There is also genetic, biochemical, and morphological evidence which suggests

that Travaillant Lake may contain an unusual population of broad whitef,rsh. Using



polymorphic enzyrne analysis, Reist (1997) found that the frequency of alternative forms

of variable enzlirnes for broad whitefish from Travaillant Lake were distinctly different

from two known anadromous populations (the Peel River & Arctic Red River). Also,

Babaluk & Reist (1996) found that the strontium concentration in otoliths of spawning

broad whitefish from Travaillant Lake were low and constant, concluding that the fish

remained in freshwater throughout life. Finally, aboriginal harvesters differentiate river

and lake forms of broad whitefish via morphological variation (Freeman 1997) and have

observed that broad whitefish from Travaillant Lake appeat lacustrine in morphology.

Conversely, Hesslein et al. (1991) tested the ô34S isotopic ratio of broad whitefish

from Travaillant Lake and found that the fish were feeding on sources outside the local

food base. The ô3aS isotopic ratio of broad whitefish was highly variable and ranged

from * I0.7 % to - i5.8 o/o. The ratio for all other fish species in the lake ranged from

- 8.2 % to - I0.2 Yo, which was higher (less negative) and less variable than the broad

whitefish. They concluded that it was impossible for the flesh of broad whitefish to have

been produced from sulfur-containing amino acids found in Travaillant Lake and that

those fish were migrant visitors to the lake. Also, no tracking studies have yet been

performed on broad whitefish from Travaillant Lake. Therefore it is uncertain whether

this system contains anadromous or lacustrine broad whitefish, or perhaps both.

Life history related to migration

Life history traits (or vital rates) are those traits that influence the fitness of an

individual or population (Stearns 1992). These include age-at-maturity, reproductive
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investment, length-at-age, and others. These traits are shaped by natural selection and

often involve phenotypic, genetic, and behavioral trade-ofß (Stearns 1992). Variations

in these characteristics occur widely in both inter- and intra-specific situations (Roff

teez).

Hypotheses regarding life history theory suggest that the selection of migration in

fish will correspond with larger relative size,later age-at-maturity, and increased

reproductive effort (Roff 1988). A large cost of migration is the use of energy contained

in tissue (Roff 1992). Larger fish expend less energy relative to smaller fish to travel the

same distance, and therefore suffer less relative tissue depletion (Glebe & Leggett 1981,

Roff 1992). Consequently, the energetic cost of migration is inversely proportional to

body size (length) and a larger size is expected in migrants relative to non-migrants (Roff

1988). Obtaining a larger size to minimize the costs of migration leads to direct or

indirect energetic trade-offs in other life history traits (Roff 1991). Life history theory

predicts that migratory individuals will direct more energy into growth by delayng

sexual maturation. This results in a larger size-at-age and later age-at-maturity. Since

size (length) is commonly correlated to fecundity (Hocutt & Stauffer 1980), it is expected

that larger anadromous fish will also be more fecund (Roff 1988).

Theories regarding growth, age-at-maturity, and reproductive investment have

been well developed in the literature. However, few studies have recognized, the age

when growth slowed. It is commonly accepted that fish growth in length slows after

sexual maturation, but few researchers have distinguished the age when growth slowed

from the age-at-maturity (Jensen 1985). To my knowledge, no studies have been
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performed to determine the age when growth slowed in different populations of fish.

Also, only Jensen (1985) differentiated between the age when growth slowed (described

as the inflection point in the growth curve by Jensen) and the age-at-maturity. It is likely

that different fish populations would display differences in the age when growth slowed,

and it also possible that the amount of time between the age when growth slowed and the

age - at-maturity may differ b etwe en p opulations.

In this paper, I compare life history traits between known anadromous broad

whitefish populations in the Peel River and Arctic Red River, and broad whitefish caught

in Travaillant Lake. I hypothesi ze that life history traits of the Peel River and Arctic Red

River populations will be similar because they share a common migratory pattern. In

saying this, I am assuming that the constraints of meeting the demands of a long distance

migration will mask any local population differences in the life history traits. The broad

whitefish caught in Travaillant Lake could also be similar to the Peel River and Arctic

Red River populations based on the conclusion of Hesslein et al. (1991) that the broad

whitefish are incorporating ô3aS from outside the system. If these broad whitefish have

extensive migrations out of Travaillant Lake (for example, to the coast) then their life

history traits will probably match those of the known anadromous populations.

Conversely, if these fish do not have extensive migrations out of Travaillant Lake then

their life history traits will probably be significantly different from the anadromous

populations.
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Methods and Materials

Study Area

The Peel River and Arctic Red River are large tributaries of the Mackenzie River

in the lower Mackenzie Delta (Figure 2.1). The Peel River diverts from the Mackenzie

River downstream from Fort McPherson. The Arctic Red River diverts from the

Mackenzie River at the town of Arctic Red River (Tsiigehtchic). The Peel River and

Arctic Red fuver have total lengths of 440 km and 357 Wn, with total drainage areas of

TI0,149 km2 and 3I,701km2 respectively (Hatfield et al. l9TL,Dryden et aL. 1973).

Both Rivers contain coarse and fine gravel substrate upstream, which provides ideal

spawning habitat for broad whitefish (Hatfield et aL.1972, Dryden et al. 1973).

Travaillant River originates at the Lost Reindeer Lakes and empties into the

Mackenzie River (Figure 2.I). h has a length of 126 km and a total drainage area of 308

km2 iOryden et al. lg73). The substrate is coarse and fine gravel with a low silt load,

good spawning habitat for broad whitefish (Hatfield et al. 1972, Dryden et al. 1973). The

depth of this river ranges from 0.1 m to 5.0 m (Hatfield et al. 1972, Chudobiak 1995).

Travaillant Lake is approximately 40 km northeast of the Mackenzie - Travaillant

River confluence (Figure 2.1). l-Jhas an area of 115 km2 (Hesslein et al. 1991) that

contains both deep and shallow areas that are suitable for broad whitefish rearing and

feeding (Craig 1989). The west shore contains a littoral zone, but the east shore is made

up of gravel shoals in deep water. Broad whitefish spawning has occurred on the eastem

shoal and the sandy southern region (Chudobiak 1995).
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Figure 2.1. }l4ap of the Mackenzie Delta, Canada, illustrating the Peel River, Arctic Red

River, and Travaillant Lake.



t4

qTravalllant Lake

\

VIl/

iigehichic
cPherson



l5

Data Collection

Broad whitefish were collected from the Peel River in the fall of 1998 and 1999.

The Peel River fish-monitoring program was a co-management project between the

Gwich'in Renewable Resource Board (GRRB), the Department of Fisheries & Oceans,

Freshwater Institute (DFO), and the Tetlit Renewable Resource Council (RRC). Broad

whitefish from the Arctic Red River and Travaillant Lake were collected in the summer

and fall of 1993, as part of a study performed by DFO (Chudobiak 1995). In all studies,

fish were caught most commonly by 12.7 cm (5 inch) stretched-mesh gill nets, as well as

experimental gill nets with panels of 3.8 cm (1.5 inch) to 10.1cm (4 inch) stretched-mesh

size. Gill nets were set perpendicular to shore in eddies and left in the water

continuously, except during ice freeze-up. After ice freeze-up, the nets were set under

the ice. All fish were sampled by measuring fork length (mm), round weight (kg), sex,

maturity stage, gonad weight, and collecting the sagittal otoliths. Female gonads from

broad whitefish were also collected and frozen. Sampling locations for each study are

shown in Figures 2.2,2.3, and2.4. For this paper, I restricted the data from the Arctic

Red River to winter samples (September to mid-November) to maintain consistency with

the data of broad whitefish from the Peel River.

Biological Sampling

Sex of all broad whitefish were assigned based on the presence or absence of eggs.

Qualitative assessments of maturity for fish were assigned based on definitions by Bond

& Erickson (1985). All fish were aged using two sagittal otoliths via the 'break and
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Figure 2.2. }./.ap of the Peel River indicating sampling locations (X) at Cutoff (1999),

Scrapper Hill (1998 &.1999), Road River (1999), and Trail River (1998), and on

the Peel Channel at Basook Creek (1998). Filled circles indicate towns. See

Figure 2.I for geographic context.
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Figure 2.3. }l4ap of the Arctic Red River indicating sampling locations (X) (Chudobiak

1995). See Figure 2.I for geographic context.
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Figure 2.4. };4,ap of Travaillant Lake indicating sampling locations (X) (Chudobiak

1995). See Figure 2.1 for geographic context.
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burn" procedure of Chilton & Beamish (1982). A sub-sample of sagittal otoliths from

Arctic Red River and Travaillant Lake were re-aged to quantify consistency with

previous researchers (Chudobiak 1 995).

The gonads of female broad whitefish from the Peel River were collected and

frozen in the field. In the lab, they were thawed in preservative for 2 days. The gonads

were then rinsed under tap water and the eggs were manually separated from the

connective tissue. Eggs were either dried in an oven at a low temperature, or air-dried

under a fume hood, until the total egg weight was consistent (+/- 5g). Three sub-samples

of 200 eggs were counted and weighted to the nearest 0.001g. Fecundity was calculated

as the average weight of the sub-sample / weight of all eggs * size of sub-sample.

Chudobiak (1995) estimated fecundity for broad whitefish from the Arctic Red

River and Travaillant Lake using similar methods. However, Chudobiak counted and

weighed one sub-sample of 1000 eggs rather than averaging three sub-samples of 200

eggs.

A procedure similar to back-calculation was used to obtain estimates of size-at-

age for broad whitefish from the Peel River, Arctic Red River, and Travaillant Lake. The

information on the estimated growth curve produced was also used to determine the age

when growth slowed. To do so, a digital image of a broken and bumt otolith was taken

using a Kodak@ DCl20 ZoomDigital camera attached with a Kodak@ MDS120

Universal Adapter to a Zeiss@ dissecting microscope at a magnification of 50X. Scion

Image@ was used to measure the distance from the otolith nucleus to each annulus along a

45o angle of the slow growing portion of the otolith (Figure 2.5).
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Figure 2.5. Cross section of a broken and burnt sagittal otolith from a broad whitefish

illustrating measurement angle of 45o, plus summer feeding zones and winter non-

feeding zones.
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Scion Image@ was calibrated to 0.001 mm with a micrometer slide, and then reported

distance in millimeters to three decimal places. ln my analysis of the age when growth

slowed, 'size' refers to the distance from the otolith nucleus to each annulus and 'age'

refers to the number of annuli from the otolith nucleus.

This technique is similar to back calculation in that as a first step I determined if

there was a relationship between otolith growth and body length growth via analysis of

covariance (ANCOVA). Back calculation techniques plot the otolith size: body size

relationship for individuals of all age classes and a formula is used to predict the length of

the f,rsh at younger ages (Ricker 1975). I was unable to do this because I did not have

representatives of younger age classes to produce the completed otolith: body

relationship, therefore I focused analysis on the distance between annuli within each

otolith.

Statistical Analysis

To ensure that broad whitefish otolith growth is proportional to fish growth in my

analysis ofsize-at-age, I regressed otolith size on fork length for each population and

calculated the Pearson Correlation Coefficient (r). To ensure that the relationship

between otolith size and fish fork length is equal in all populations I tested for equality of

slopes via ANCOVA. Next, to compare male and female broad whitefish growth within

each population, I tested for differences in mean size via two tailed t-tests.
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Finally, to compare broad whitefish growth between populations, I tested for

differences in size-at-age via analysis of variance (ANOVA) and the post hoc Bonferonni

test. Broad whitefish srze-at-age was tested independently for fish aged2-r7 .

Anadromous broad whitefish use the Peel River and Arctic Red River solely for

spawning, therefore representatives of the young (immature) age classes were not

available. Consequently, population age-at-maturity was estimated by the youngest

mature age which constituted more than 5o/o of the total sample age-frequency

distribution. However, there was not adequate samples of all age classes of mature broad

whitefish from Travaillant Lake (almost 50% were age 16 and some age classes had no

fish), rendering the age-frequency method futile. Age-at-maturity for broad whitefish

from Travaillant Lake was therefore not included in my statistical analysis. Since the

age- frequency method for the Peel River and Arctic Red River data did not provide a

distribution of individual ages-at-maturity, broad whitefîsh age-at-maturity could not be

compared statistically.

To ensure the procedures for estimating fecundity used by Chudobiak (1995) and

this studyproduce equivalent results, I estimated fecundity for 10 (whole gonads stored

in preservative) broad whitefish from the Arctic Red River, using sub-samples of both

1000 eggs as well as averaging three sub-samples of 200 eggs. Next, I tested for

differences in mean fecundity due to methodology using a two tailed paired t-test. I

compared the regression of broad whitefish fecundity on fork length for Chudobiak's data

and the samples I analyzed from Arctic Red River to determine if the data could be

pooled to increase the number of broad whitefish represented in the Arctic Red River. A
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relationship commonly exists between fecundity and fork length (Hocutt & Stauffer

1980), therefore I used ANCOVA to ensure the regression estimates of fecundity on fork

length I analyzed were within the observed data from Chudobiak (1995) for broad

whitefish from the Arctic Red River and could therefore be pooled. Fecundity was the

dependent variable, fork length was the continuous variable (covariate), and both were

transformed to natural logarithms.

I also compared the size (glegg) of broad whitefish eggs between Chudobiak's

samples and the samples I analyzed from Arctic Red River to determine if they could also

be pooled to increase the data for broad whitefish from the Arctic Red River. A

relationship commonly exists between size of eggs and size of fish (Hocutt & Stauffer

1980), therefore I used ANCOVA to test for differences in the size of eggs between

Chudobiak's (1995) samples and the samples I analyzed from the Arctic Red River. The

size of eggs was the dependent variable and fork length was the continuous variable

(transformed to natural lo garithms).

Covariance analysis was then used to test for differences in fecundity between

broad whitefish populations from the Peel River, Arctic Red River, and Travaillant Lake.

However, comparing fecundity could only determine if there was a difference in the

number of eggs per individual in each population, not if the overall reproductive

investment was different. Therefore, to determine if the size (g) per eggwas similar in all

populations, I compared the ratio of gonad weight (g) to fecundity between each

population, via ANCOVA with ln fork length as the covariate.
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To estimate the age when female broad whitefish growth slowed, I performed a

sequence of paired linear regressions comparing the distance of each annulus from the

otolith nucleus (Figure 2.6). For example, for a 10 year old fish the first linear regression

was for ages 2-3 and the second for ages 4-I0. I then fit both regressions independently

via least squares and calculated the total residual sum of squares. Next, I performed

another pair of linear regressions, the first for ages 2-4 and the second for ages 5- 10.

Again, I fit the regressions with least squares and calculated the total residual sum of

squares for this group. I repeated this procedure through all possible age groups (i.e. to

ages 2-8 and 9-10). The age when growth slowed was then classified as the oldest age of

the first linear regression from the pair of regressions with the lowest total residual sum

of squares. This procedure was repeated for each otolith independently for broad

whitefish from the Peel River, Arctic Red River, and Travaillant Lake. To ensure

stability in the data,I limited the ages from2-12 years, as suggested by J. Babb of the

Statistical Advisory Service, University of Manitoba.

To determine if an otolith growth pattern was better represented by a continuous

curvilinear line, I also fit each otolith growth pattern using the Von Bertalanaffy Growth

Equation (VBGE). I compared the total resSS from the 2linear regressions and the

VBGE via paired t-test to determine if there was a significant difference between the two

methods. If so, only the data in which the 2 linear regressions produced a better fitting

model was used in further analysis. The average age when growth slowed from each

population was then compared statistically using ANOVA and the post hoc Bonferonni

test.
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Figure 2.6. Example of the paired linear regressions used to determine the age when

growth slowed for broad whitefish from the Peel River, Arctic Red River, and

Travaillant Lake. The asterisks (*) indicate the potential age when growth slowed

for each pair ofregressions.
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Results

Size-at-age

Otolith size was significantly correlated to fork length for broad whitefish from

the Peel River (r:0.52, p < 0.000), the Arctic Red River (r:0.544, p < 0.000), and

Travaillant Lake (r :0.42, p < 0.000). The slope of the regressions for otolith size on

fork length was not significantly different for broad whitefish in any population (df :2,

F :1.979, p:0.142). No significant difference was found between the size of male and

female broad whitefish in any population (Peel River t : 1.00, p : 0.31, power : 95.2 %o

for an effect size of 0.015 mm, Arctic Red River t : 0.89, p : 0.37 , power : 98.2 o/o for

an effect size of 0.015 mm, and Travaillant Lake t: 0.92, p : 0.35, power :81.2 Yo for

an effect size of 0.015 mm). Therefore, I pooled male and female data within each

population.

At all ages, broad whitefish from the Peel River were significantly smaller than

those from Travaillant Lake (Table 2.1 and Figure 2.7). Broad whitefish from the Peel

River were significantly smaller than those from Arctic Red River at younger ages, but

were increasingly more similar, and were not significantly different at age 15 and

beyond. Broad whitefish from Arctic Red River were significantly smaller than those

from Travaillant Lake after age 10.
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Table 2.1. Summary of results from the post-hoc Bonferonni test of an analysis of

variance for size-(distance from nucleus) at-age (annuli) of broad whitefish from the Peel

River, Arctic Red River, and Travaillant Lake. Significant results are indicated by an

asterisk (*).

Bonferonni test þ-value)

Peel - Arctic Red Peel - Travaillant Arctic Red -
Travaillant

2

J

4

5

6

7

8

9

10

11

T2

13

T4

15

T6

T7

0.000+

0.000*

0.000x

0.000x

0.000*

0.000*

0.001*

0.001*

0.005*

0.014*

0.013*

0.007*

0.019*

0.232

0.940

i.000

0.000+

0.000*

0.000*

0.000*

0.000*

0.000*

0.000*

0.000*

0.000x

0.000*

0,000*

0.000*

0.000*

0.000*

0.000*

0.000*

0.000*

0.000*

0.1 88

1.000

1.000

0.587

0.1 95

0.063

0.0i4*

0.003*

0.000*

0.001*

0.012*

0.000+

0.004x

0.013x
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Figure 2.7. Mean size-at-age (distance from nucleus to annuli) for broad whitefish from

the Peel River (o), Arctic Red River (x), and Travaillant Lake (r). Trend lines

are shown for the Peel River (thick solid line), Arctic Red River (dashed line), and

Travaillant Lake (thin solid line).
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Age-at-maturity

All broad whitefish caught in the Peel River and Arctic Red River during the

sampling period used in this paper were sexually mature. The youngest broad whitefish

caught in the Peel River (n: 694) and Arctic Red River (n:286) were ages 5 and 3

respectively (Figure 2.8). The youngest ages which constituted more than 5Yo of each

population were ages 7 8.6 respectively (Figure 2.8). Therefore, the estimated age-at-

maturity for broad whitefish in the Peel River and Arctic Red River populations were 7 &

6 years respectively.

Both mature and immature broad whitefish were caught in Travaillant Lake

during the sampling period used in this paper. The youngest immature broad whitefish

caught in Travaillant Lake was 1 year old and the youngest mature broad whitefish was 6

years old (Figure 2.8). The youngest age which constituted more than 5%o of thetotal

mature age-frequency distribution was age 14 years (Figure 2.8). However, this can not

be considered to be an accurate estimate of age-at-maturity for broad whitefish in

Travaillant Lake because not all ages of mature fish were adequately represented and

almost 50% of the fish caught were 16 years old (Figure 2.8).

Rep r o ductiv e Inv es tm ent

The methods of counting different sub-samples of eggs to estimate fecundity used

in this study and by Chudobiak (1995) produced equivalent estimates for broad whitefish

mean fecundity (df : 1 l, t: 2.20, p : 0.788, power : 80.0o/o for an effect size of - 3000
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Figure 2.8. Age-frequency distribution for broad whitefish from a) the Peel River, b) the

Arctic Red River, and c) Travaillant Lake.
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eggs). Also, there was no significant difference between the regressions for the samples I

analyzed and Chudobiak's samples (df : 1, F: 0.607, p:0.443, power :80o/o for an

effect size of - 6000 eggs). Therefore the new fecundity data for broad whitefish from

the Arctic Red River was added to Chudobiak's data for the comparison of the regression

of fecundity on fork length between populations. However, the size of broad whitefish

eggs from the Arctic Red River estimated from Chudobiak's (1995) data were

significantly larger than the samples I analyzed from Arctic Red River (df : 20, t: 2.08,

p : 0.003). Therefore, the samples I analyzed from Arctic Red River were not included

in the analysis of gram per egg between populations.

As expected, fecundity was significantly correlated to fork length in all cases

(Peel - ARR: df: 1, F : 79.057, p < 0.000, Peel - Travaillant: df: 1, F : 60.914,

p < 0.000, ARR - Travaillant: df : 1, F :22.756, p < 0.000, Figure 2.9). No significant

difference in fecundity was found between broad whitefish from the Peel River and

Travaillant Lake (df : 1, F: 14.76, p < 0.000 and df : 1, F: 44.92, p < 0.000

respectively).

Broad whitefish egg size was not significantly related to fork length (df : i,

F : 2.838, p : 0.095) and no significant difference was found in the size of eggs (g/egg)

between populations (df : 2,F:1.35, p :0.263, power > 80.0% with an effect size of

- 0.0008 g). Arctic Red River (df : 1, F : 3.79, p : 0.078, power > 80.0% for an effect

size of - 4000 eggs). However, both were significantly more fecund than broad whitefish

from Travaillant Lake (df : 1, F:14.J6, p < 0.000 and df : 1, F: 44.92,p < 0.000

respectively).
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Figure 2.9. Regression of natural log (1n) fecundity on ln fork length for broad whitefish

from the Peel River (o), Arctic Red River (X), and Travaillant Lake (r).

Trendlines are presented for broad whitefish from the Peel River (thick solid line),

Arctic Red River (dashed line), and Travaillant Lake (thin solid line).
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Age when growth slowed

The 2linear regression method to estimate the growth pattern for broad whitefish

otoliths produced significantly smaller resSS than the VBGE (Table 2.2). Therefore,

only the data in which the 2linear regressions produced a smaller resSS were used to

determine the mean age when growth slowed.

The mean age when growth slowed for broad whitefish from the Peel River (4.86

years) and Arctic Red River (4.81 years) were not signif,rcantly different (df : 55,

p : 1.00, power > 80.0 Yo for an effect size of 0.5 years). However, broad whitefish from

both of these populations slowed growth in length at a significantly younger age than that

of broad whitefish from Travaillant Lake (5.30 years) (Peel-Travaillant df : 68,

p : 0.045, Arctic Red-Travaillant df : 64, p : 0.026, Figure 2.I0).
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Table 2.2. Comparison of methods to determine growth of broad whitefish otoliths. The

asterisks (8) indicate a significant difference in a paired t-test between resSS for each

method.

# with lower resSS
Location Paired t-test (p)

VBGE

Peel River 30 (70 %) 13 (30 %) 0.002 *

Arctic Red River 26 (6s %) 14 (3s %) < 0.000 *

Travaillant Lake 3e (8s %0 7 (rs %) < 0.000 *
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Figure 2.10. Mean age when growth slowed for broad whitefish from the Peel River (x)

(n :30), Arctic Red River (o) (n :26) and rravaillant Lake(n) (n : 39). Bars represent

1 standard eTTor.
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Discussion

I compared life history traits between known anadromous broad whitefish populations in

the Peel River and Arctic Red River, and broad whitefish caught in Travaillant Lake. I

hypothesized that the life history traits of the Peel River and Arctic Red River

populations would be similar because they share a common migratory pattern. The life

history of broad whitefish from Travaillant Lake is uncertain, but I hypothesized that

these fish could be similar to the anadromous populations based on the conclusion of

Hesslein et al. (1991) that the broad whitefish are a migrant population which

incorporated ô34S from outside the Travaillant system. I suggested that if these broad

whitefish had extensive migrations out of Travaillant Lake then their life history traits

would probably match those of the known anadromous populations.

As predicted, the anadromous broad whitefish from the Peel fuver and Arctic Red

River were similar to one another in estimates of reproductive investment and the age

when growth slowed. However, these populations were significantly different in

estimates of size-at-ase, except for ages 15 and beyond. Broad whitefish caught in

Travaillant Lake had an earlier age-at-maturity (Tallman, R., Department of Fisheries &

oceans, Freshwater Institute, 501 university cres., winnipeg, MB., R3T 2N6, personal

communication) than the anadromous populations, but this was not analyzed statistically.

Somewhat consistent with prediction, the whitefish caught in Travaillant Lake were

similar in size to those from Arctic Red River up to and including age 9,but were

significantly different in subsequent ages. Contrary to prediction, the whitefish from the

Peel River and Travaillant Lake were significantly different at all ages. Also contrary to
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prediction, the whitefish caught in Travaillant Lake were significantly different than both

anadromous populations in estimates of reproductive investment and the age when

growth slowed.

Size-at-age

At ages 3-9, þresumably immature) broad whitefish from the Arctic Red River

and Travaillant Lake were not significantly different in size. However, young broad

whitefish from the Peel River were significantly smaller than those from both Travaillant

Lake and Arctic Red River. Change-Kue and Jessop (1997) proposed that broad

whitefish which spawn in the Peel River remain on the western side of the delta while

broad whitefish which spawn in the Arctic Red River remain on the eastern side of the

delta. If so, my results suggest that feeding areas in the eastern Mackenzie delta may be

more productive than those in the west, resulting in a larger size-at-age in the Travaillant

Lake and Arctic Red River populations.

At older ages (presumably after sexual maturity), the size of the anadromous

broad whitefish in the Peel River and Arctic Red River converged and were not

significantly different by age 15, and beyond. This may reflect the life history of the

population since the mature portion of life is presumably more energetically demanding.

That is, after sexual maturity the fish migrate long distances, against the curent, to

spawning areas (Change-Kue & Jessop 1997). Also, the spawning migration seems

energetically costly since the fish are fat with firm tissue initially during the upstream
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migration, but then skinny with soft tissue as they return downstream (Fred Koe, local

fisherman, Fort McPherson, NWT, personal communication).

However, this was not consistent with observation of the broad whitefish from

Arctic Red River and Travaillant Lake. These populations were initially similar in size

(age 4-9), but diverged in similarity, and were significantly different by age 10 and

beyond. Possible reasons for the differences in size at older ages in these two populations

may be due to differences in local food availability, population density, or exploitation

pressure.

Babaluk & Reist (1996) found that broad whitefish caught in Travaillant Lake

were unlikely to have moved between freshwater and marine or brackish waters, because

analysis of otolith microchemistry showed that they had remained in an area with a

relatively stable concentration of strontium. Therefore, it is also possible that the fish

caught in Travaillant Lake may not be migrating as extensively as the known anadromous

populations. Although, if these fish migrated less extensively than the known

anadromous populations, they would be expected to be smaller than the anadromous

populations (Hutchings & Morris 1985, Gross 1987, Roff 1988, 1991, Snyder & Dingle

1989, 1990). This was not the case. After age 9, the fish in Travaillant Lake were larger

than the anadromous populations. Chudobiak (1995) suggested that broad whitefish from

Travaillant Lake might continue feeding during the spawning migration. In conjunction

with a potentially better feeding habitat, this may suggest that the larger size observed in

broad whitefish from Travaillant Lake may be due to better feeding habitat or longer

feeding duration.
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My analysis of size-at-age was based on measurements from sagittal otoliths;

therefore, effects of Lee's phenomena (Ricker 1969, Ricker 1975) are possible.

However, instead of using a formula (based on a fitted trend line) to back-calculate fork

length, I directly measured the distance from the nucleus to each annuli. By measuring

otoliths individually, I have included the natural variation in the population. Gear

selectivity also influences effects of Lee's phenomena, but all studies included in my

analysis used the same equipment. Further, for the 2 anadromous populations, no broad

whitefish were caught in mesh size smaller than 4-inch, therefore variation in size of fish

is due to natural causes and not gear selectivity. Also, in all populations I used older fish

(age 7 and beyond) for the annulus measurements, and the same estimation technique.

Therefore, bias introduced by Lee's phenomena should be approximately equal in all

populations and result in minimal repercussions for my analyses.

Age-at-maturity

The youngest mature broad whitefish which constituted more than 5Yo of The age-

frequency distribution from the Peel River and Arctic Red River were approximately ages

7 years and 6 years, respectively. These estimates are consistent with (Peel River) and

slightly less than (Arctic Red River) age-at-maturity estimates reported for anadromous

broad whitefish in the Mackenzie Delta (age7 to 9 years) (Bond i982, Bond & Erickson

i985, 1987). My data did not permit an estimate of the age-at-maturity for broad

whitefish from Travaillant Lake. However, (Tallman, R., Department of Fisheries &

oceans, Freshwater Institute, 501 university cres., winnipeg, MB., R3T 2N6, personal
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communication) estimated the age-at-maturity for this population to be approximately 5.5

years (using the methods described by DeMaster (1978) in which age-at-maturity is based

on the calculated probability of spawning). This age is younger than the age reported for

anadromous broad whitefish populations in this study, and the above mentioned studies.

The fish caught in Travaillant Lake may be reaching sexual maturity at an earlier

age since they are larger than those from the anadromous populations. However, the fish

from Arctic Red River were similar in size until age 9, but still exhibited a relatively

delayed age-at-maturity. Fish that undertake a longer migration have been shown to

delay sexual maturity with respect to non-migratory or lesser migratory counterparts

(Tallman et al. 1996, Gross 1987, Hutchings & Morris 1985). However, this comparison

of age-at-maturity in broad whitefish from the Peel River, Arctic Red River, and

Travaiilant Lake is restricted to general comment and not scientific analysis due to

differences in the methods used to estimate it among studies.

Repro ductive Inves tment

Fecundity data for broad whitefish from the Arctic Red River and Travaillant

Lake used in this study were from Chudobiak (1995). This may introduce bias due to

differences in methods or sampling precision. However, I tested the data for these

potential problems and found no significant difference in estimates of fecundity due to

either of the above mentioned factors.

The estimated fecundity for the anadromous broad whitefish populations from the

Peel River and Arctic Red River were not significantly different from one another, yet
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both were significantly more fecund than broad whitefish caught in Travaillant Lake. In

other studies, it has been found that populations which migrate extensively have ahigher

average fecundity than populations that do not migrate as far (Snyder & Dingle 1989,

1990, Tallman et al. 1996).

However, higher fecundity is not synonymous with higher reproductive effort.

For example, a fish may have more eggs and therefore higher fecundity, but egg mass

may be smaller. In this situation, the overall reproductive effort has not increased, but

simply altered its form. Egg size for broad whitefish from the Peel River, Arctic Red

River, and Travaillant Lake were not significantly different, therefore the anadromous

populations did appear to have higher reproductive effort than the broad whitefish caught

in Travaillant Lake.

Age when growth slowed

It is commonly accepted that fish growth slows after sexual maturation, and this

can be reflected in the distance between otolith annuli. Jensen (1985) identified the

inflection point in the growth curve and found that it was slightly before or corresponded

with age-at-maturity of individual fish. However, these conclusions were reached

through manipulation of the Von Bertalanaffy Growth Equation and biological

considerations were not discussed. Therefore, I investigated individual annulus

increments in otoliths of broad whitefish from the Peel River, Arctic Red River, and

Travaillant Lake.
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I found no significant difference in the age when growth slowed for the

anadromous broad whitefish populations in the Peel River (4.86) and Arctic Red River

(4.81). Further, in both of these populations, growth in length slowed approximately one

to two years before the estimated age-at-maturity (7 &. 6 years respectively), not at or

slightly before as suggested by Jensen (1985). Bond (1982) also reported that growth of

broad whitefish caught in the Tuktoyaktuk Harbor (a nursery area for anadromous

populations) slowed after age 4 years, but that the age-at-maturity was 7-9 years.

When the anadromous populations were compared to fish caught in Travaillant

Lake, those from the lake were different in two ways. First, the growth of the

anadromous populations slowed a significantly earlier age than the broad whitefish from

Travaillant Lake (5.30 years). Second, contrary to the anadromous populations but in

support of Jensen (1985), the broad whitefish caught in Travaillant Lake slowed growth

at approximately age 5.30 years which was near the age-at-maturity of 5.5 years

(Tallman, R., Department of Fisheries & Oceans, Freshwater lnstitute, 501 University

Cres., Winnipeg, MB., R3T 2N6, personal communication).

There may be many possible reasons why the anadromous fish slowed growth at

an earlier age than the fish in Travaillant Lake including differences in environment,

behavior, or physiological energy input, diversion, or storage.

Environmental factors influence all aspects of fish life and could certainly

influence the growth pattern. Such factors may include food availability or local climate

condition. Fish behavior could also influence the growth pattern. For example, a shift in
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diet may occur as the fish grows and can ingest larger prey items. However, this alone

would likely result in the fish growth increasing and not decreasing.

Explanation for the differences between the anadromous broad whitefish and

those caught in Travaillant Lake may also be hypothesized based on life history theory in

conjunction with physiological energy. Fish eat and therefore obtain energy. This

energy can then be used for growth in length, body maintenance, reproductive

development, stored as fat þotentially for migration), or other uses. Broad whitefish

continue to feed as adults, but I found that growth in length was minimal. Therefore, I

questioned if the energy was being diverted from growth and into reproductive

investment and storage for migration. Using my estimates of age-at-maturity for

anadromous broad whitefish from the Peel River and Arctic Red River, the estimated

age-at-maturity for broad whitefish from Travaillant Lake (Tallman, R., Department of

Fisheries & oceans, Freshwater Institute, 501 university cres., winnipeg, MB., R3T

2N6, personal communication), and my estimated age when growth slowed for all three

populations, I estimated the amount of time potentially spent in preparation for sexual

maturation and migration to spawning areas. Based upon the annuli growth pattem in the

otoliths, the anadromous broad whitefish potentially diverted energy from growth

(growth slowed and distance between annuli decreased) approximately one or two years

before spawning occurred. However, broad whitefish from Travaillant Lake slowed in

growth less than half a year before the population age-at-maturity. Since fish from the

Peel River and Arctic Red River spent more time hypothetically preparing for maturation,

life history theory can be used to hypothesize that the activities for which they were
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preparing were more demanding than those for fish from Travaillant Lake. If so, this

may suggest that the broad whitefish caught in Travaillant Lake are different from the

anadromous populations. I hypothesize that the anadromous broad whitefish spent more

time, and energy, preparing for a longer migration to spawning areas and, as I've shown

previously, had a larger reproductive output. A longer period of reproductive investment

and lipid storage may also explain how the broad whitefish from the anadromous

populations were able to presumably migrate further and have higher reproductive effort

even though their adult size-at-age was smaller than those of broad whitefish from

Travaillant Lake.

General summqry

The broad whitefish caught in Travaillant Lake appear to be different than the

anadromous populations in the Peel River and Arctic Red River. Initially the fish from

the Arctic Red River and Travaillant Lake were similar in size, but the trend in size-aT.-

age diverged after age 9 years (presumable after sexual maturation). The fish from

Travaillant lake were then significantly larger that the anadromous populations. Broad

whitefish caught in Travaillant Lake also had an earlier relative age-at-maturity (based

upon previous estimates and not statistically analyzed), lower reproductive effort, later

age when growth slowed, and they had a shorter time between the age when growth

slowed and the age-aÍ.-maturity. While this study suggests that broad whitefish in

Travaillant Lake are not similar to the anadromous populations, more research including

tagging or tracking studies would be useful to clarify the activities of these fish.
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Broad whitefish is an important species in the Mackenzie Delta because many

aboriginal communities rely on these fish for consumption, local sale, and cultural

tradition (Treble 1996). However, management of this species is difficult because

different life history types may exist (Reist 1997) and anadromous populations traverse

Aboriginal Settlement Areas (Bond & Erickson 1985, 1987, 1992, Change-Kue & Jessop

1991,1992, Reist & Bond 1988, Reist and Change-Kue 1997). This study has provided

information on the variation in growth, age-at-maturity, reproductive investment, and age

when growth slowed for anadromous broad whitefish populations in the Peel River and

the Arctic Red River, and broad whitefish caught in Travaillant Lake. This information

can be used by resource managers in the Mackenzie Delta to enhance the understanding

of the broad whitefish population dynamics, compare to future data to detect potential

changes in the populations, and generally aid in management decisions for the

populations.
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CHAPTER 3. EVALUATION OF THE PEEL RIVER FISH-MONITORING

PROGRAM

Abstract

Monitoring life history traits provides useful information for management decisions.

However, variability of the information collected can mask natural or anthropogenic

trends. To evaluate the effectiveness of different monitoring designs, I simulated

variation in the Peel River fish-monitoring program based upon field data on broad

whitefish fecundity and length-at-age. Length-at-age estimates were found to be

unaffected by the design, but fecundity could vary due to the influence of a supervisor

and location. Each design was modeled for effects of exploitation and the statistical

power was determined via computer simulations. Sites that deviated from the general

trend were removed from subsequent monitoring designs. The statistical power of all

monitoring designs initially increased proportionally when more fish were included in the

sample and when the effect size was large. However, the benefits of improved sensitivity

in the design, by increasing the sample size, diminished after approximately 50 fish were

included in the sample. The results of my simulations on fecundity of broad whitefish

from the Peel River correctly predicted the outcomes of exploitation experiments from

Healey (1978) with lake whitefish and lake trout, and Baccante & Reid (i988) with

walleye. The results of my simulations on length-at-age of broad whitefish from the Peel

River coincided with the outcomes of exploitation experiments from Chevalier (1977)

with walleye, Healey (1980) for 7 of 11 populations of lake whitefish, and Amundsen

(1988) for 2 of 4 stunted populations of common whitefish.
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Introduction

Fish-monitoring programs are an important aspect of fisheries management and

can provide information on reactions of a population to environmental or anthropogenic

effects (Skalski & McKenzie 1982). However, many programs examine several stocks

simultaneously over broad geographical ranges. Fish-monitoring programs can be

improved if they consider factors involved with specific projects. Fisheries research in

the Arctic involves consideration for co-management, the biology of the species in

question, environmental and logistic constraints, and proper experimental design (Reist &

Treble 1998, Peterman 1990).

Historically, aboriginal groups and western scientists have not worked together in

the management of renewable resources (Agrawal 1995, Oakes & fuewe 1996). ln 1989,

1992, and 1993 aboriginal land claims were settled in the Canadian Arctic with the

Inuvialuit, Gwich'in, and Sahtu and Metis, respectively (Reist & Treble 199S). This gave

aboriginal resource boards the responsibility of resource management in their

communities. From this, co-management projects have developed between many

aboriginal groups and the Canadian federal government. Today, many aboriginal groups

and westem scientists reahze that partnership is the key to maintaining healthy wildlife

populations. One example is the development of co-managed fish-monitoring projects in

the Canadian Arctic.

Northern aboriginal communities rely upon fish as an important source for food

and cultural tradition (Treble 1996). Gwich'in, lnuvialuit, Sahtu Dene, and Metis

communities in the lower Mackenzie delta rely upon broad whitefish (Coregonus nasus)
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for this purpose. However, ensuring the population is not depleted is complex due to the

biology of the species. Anadromous and lacustrine populations of broad whitefish are

believed to occur in the Mackenzie delta (Freeman 1997 , Reist 1997). Lacustrine

populations do not venture far from their resident lake; therefore, over-exploitation

should be easily detected. However, the anadromous broad whitefish migrate extensively

throughout their lives and traverse many settlement areas (Bond 1982, Bond & Erickson

1985, 1987,1992, Chang-Kue & Jessop 1991, L992, Reist & Bond 1988, Reist & Chang-

Kue 1997). The spatial and temporal congregation of anadromous broad whitefish

subjects them to fishing exploitation at several points along their migration routes (Treble

1996, Reist & Treble 1998). The ability to detect over-exploitation of these fish is

therefore more problematic. For this reason, fish-monitoring projects have been

established to study important fish species such as arctic charr and broad whitefish

(Gillman & Sparling 1985, Sandstrom & Harwood 1997). To ensure that the fish

sampled are from discreet genetic populations, monitoring programs in the Mackenzie

delta generally occur while the fish are migrating to spawning areas. For broad whitefish,

this migration occurs in the fall just after the spawning river freezes (Stein et al. 1973,

Jessop et al.1974).

Executing a fish-monitoring program in the Arctic during the fall introduces

many problems beyond working outdoors in -30oC temperatures. Fishing must cease for

a period when the river ice is freezing. Fish may pass by the monitoring stations during

this time and therefore may not be represented in the analysis. Also, monitoring stations

are often isolated Aboriginal family camps, which lack electricity and heat. The lack of
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electricity means that the processing of fish and data collection must be performed using

natural light or gas lantems. However, daylight hours are dramatically reduced in the

fall, limiting the time available for processing the fish, and gas lanterns do not provide

sufficient light. Rushing to complete processing of the fish caught for a day or working

in non-optimal lighting can lead to incorrect measurement of biological traits, mis-

identification between sexes, or inability to locate aging structures. Further, the lack of

heat in monitoring stations, coupled with cold temperatures, can cause the fish to freeze

before processing is complete. ln such cases, the fish must be thawed before processing

and measurement of length and weight may be underestimated due to drying of the fish.

Also, roads are often non-existent along rivers in the Arctic, which limits mobility to

boat, snow machine, or helicopter. This can cause delays in sampling due to lack of

equipment or imprecise data collection from use of available, but non-optimal,

equipment. Finally, communications with co-workers or supervisors may be limited to

two-way radio and orally relayed messages, leading to lack of or mis-interpretation of

suggestions, required supplies, or the progress of the monitoring program.

Monitoring fish populations during a concerted spawning migration also produces

difficulties with subsequent data analysis. The effects of exploitation are often examined

through the analysis of catch-per-unit-effort (CPI-IE). Catch and effort can provide a

useful indicator of population changes and are often incorporated in more complex

populations analysis (i.e. virtual population analysis) (Hocutt & Stauffer 1980).

However, when populations are aggregated, such as during migrations, CPIIE will not

decrease noticeably until the population has been dramatically reduced in size (Ricker
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1975, Swain & Sinclair 1994,Mackinson et al.1997, Tallman 1997). Thus, it may

appear that the population is stable through a period of decline.

Monitoring of life history traits provide an alternative to CPUE for studying the

impacts of exploitation. Life history theory predicts that reduced adult survival selects

for increased fecundity and larger size-at-age (Silliman et al. 1958, Stearns 1983, Reznick

et al. 1990). This can result from a decrease in density of the population, thus providing

more food for the survivors, or evolutionary selection of traits (Borisov 1978). lncreased

mortality later in life reduces the costs of reproducing now (Gadgil and Bossert I970).

Therefore, if the probability of reproducing in future years is uncertain, it can be

advantageous to put more effofi into each reproductive event (increase fecundity).

Once identification has been made as to what will be monitored, the next step is to

identify possible sources of variation (or error) in the experimental design. In a

monitoring program that contains different monitors with unique sampling locations,

biases are likely. Monitoring progïams must also consider the annual variation in the

biology of the population being studied, and the experience of the monitors. Finally,

when working collaboratively on a project, the results must be presented in a way that

will be useful for all contributors.

Once the relevant factors involved in designing a monitoring program have been

identified, the next critical (and often omitted) step is to ensure the design has adequate

statistical power. While most scientists report the Type I error (probability of falsely

rejecting the Ho), few report the Type II error þrobability of falsely accepting the Ho¡, or

the statistical power þrobability of correctly rejecting the Ho) (Peterman 1990, McClave
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& Dietrich II 1994). Statistical power reveals the ability of an experiment to detect an

effect if one does occur (McAllister et al. 1992). It is still uncommon to see statistical

power reported in literature studies in ecology, but awareness of it's importance is

growing (Bernstein & Zalinski 1983, de la Mare 1984, Green 1988, Peterman 1989,

Peterman 1990, Osenberg et aL.1994, Van Strien etal.1997). Generally, an experiment

with a large effect,large number of observations in the sample, and small variability

among observations will yield a more powerful test and require less sampling effort

(Osenberg et al. 1994). Power analysis is therefore a useful tool in planning and

assessing experiments or programs. The calculation of statistical power before the

implementation of a project can provide project managers with valuable information on

the allocation of sample effort and the reliability of the results as indicators of the true

parameter (Peterman 1990). This requires preliminary data to estimate the variability in

the factors being studied. For many classical experimental designs, expected power can

be read from published power tables (Cohen 1988, Dixon & Massey 1969). An

alternative method for novel designs, such as those likely to be employed in field studies,

is to use preliminary data from the field to construct power tables with simulations based

on the observed variation. This method is more complicated and computer intensive.

However, it can be used with non-normal data and can tailor the results to a specific fish

population.

In this paper, I evaluate the efficiency of the Peel River fish-monitoring program.

Specifically, I identify sources of variation in the program and simulate altemative fish-

monitoring designs. The effects of exploitation on life history variables are modeled to
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determine the statistical power of the various designs. Finally, I compare the results

my simulations to results of exploitation experiments in the literature.

Methods and Materials

The Peel River Fish-Monitoring Program

The sampling of broad whitefish and other species in the Peel River was the basis

for the Peel River fish-monitoring program, a co-management project between the

Gwich'in Renewable Resource Board (GRRB), the Department of Fisheries & Oceans,

Freshwater lnstitute (DFO), and the Tetlit Renewable Resource Council (RRC). The

Gwich'in Settlement area spans 57,000 km2 lcwich'in Tribal Council Ig92),

encompassing a portion of the Peel River (Figure 3.1). The Peel River fish-monitoring

project was initiated to monitor the broad whitefish population for effects of exploitation,

and because the Gwich'in community expressed concerns that potential developments

near the Peel River could cause declines in broad whitefish stocks. The objectives of this

study were to: 1) collect an ongoing series of biological data on broad whitefish in the

Peel River and2) test different monitoring designs to assess their sensitivity to changes in

broad whitefish fecundity and length-at-age.

To ensure mutually beneficial results and community involvement, personnel

from the GRRB and DFO met with the RRC and community members of Fort

McPherson on several occasions to decide, as a group, the procedural details for the field

study. Three monitoring stations were chosen at various points along the Peel River to

of
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Figure 3.1. Map of the Mackenzie Delta, Canada, indicating the Gwich'in Settlement

Area and the Peel River.
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identify migration timing of the fish as they passed by on their upstream spawning

migration (an objective in the project not discussed in this paper). The Tetlit RRC

selected three men from Fort McPherson based on their camp location, experience,

financial need, and interest in the project. Monitoring stations (Figure 3.2) in1998

included the Peel Channel at Basook Creek (67'44.42N, 134o38.33W), Peel River at

Scrapper Hill (67"15.72N, 134o53.16W), and Peel River at Trail River (66o40.30N,

134o33.55V/). In 1999, a monitoring station on the Peel River at Cutoff (67o38.955N,

134"38.89V/) replaced Basook. Basook was located near the mouth of the Peel River and

caught many more fish than the other two locations. This raised concern that the fish

caught in the Peel River may have come from the Mackenzie River or the Arctic Red

River populations. A monitoring station on the Peel River at Road River (66"52.79N,

I35o00.122W) replaced the monitoring station at Trail River because the monitor at Trail

River was not interested in continuing with the study. Scraper Hill continued to be a

monitoring station in 1999. The field portion of the study occurred in the fall (September

to November) of 1998 and 1999. During the study, fish were caught primarily using a

45 m long, 2.4 m deep and 12.7 cm stretched mesh multi-filament nets, but a 45 m long

and2.4 m deep, multi-filament experimental mesh net with panels of 3.8 cm to 10.1 cm

stretched-mesh size was also used. Gill nets were set perpendicular to the shore in eddies

and left in the water continuously, excluding periods of ice freeze-up. After ice freeze-

up, the nets were set under the ice.
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Figure 3.2. };4ap of the Peel River indicating sampling locations (X), name of monitor,

and year of sampling. Dots indicate towns.
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Biological sampling

Monitors checked the nets and processed fish once or twice a day,3 times a week,

to allow time for necessary camp responsibilities (such as chopping wood for a fire and

collecting water). Information collected from each fish included fork length (mm),

weight (g), sex, maturity stage, gonad weight, and otoliths. Sex and maturity designated

for each fish depended on the presence or absence ofeggs, and on gonadal development

(modification of Bond & Erickson 1985). Age determination of broad whitefish was

performed using both sagittal otoliths via the "break and bum" procedure (Chilton &

Beamish 1982). Both gonads of female broad whitef,rsh were removed and frozen

immediately for fecundity analysis. The eggs were thawed in formalin preservative,

rinsed, dried, and weighed. Three sub-samples of 200 eggs were then counted and

weighed to the nearest 0.001g. Fecundity was calculated as the average weight of sub-

sample / weight of all eggs o size of sub-sample.

Broad whitefish life history traits

Broad whitefish fecundity and length-at-age were chosen for analyses because the

raw materials for these are easily obtained in a fish-monitoring program. In addition, the

effects of increased adult mortality (as occurs with size-selective exploitation) on these

traits has been well established in the literature (Silliman et al. 1958, Stearns 1983,

Reznick et al. 1990). Broad whiteñsh in the Mackenzie Delta reach sexual maturity

between the ages of 7 &.9 (Bond 1982, Bond & Erickson 1985,1987). Full recruitment
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to the fishery can therefore be expected by age 9. My analyses of length-at-age included

broad whitefish age9, but also age 11 and 13 to reduce bias of specific age classes.

Sources ofvariation

The first step in the analysis of the Peel River fish-monitoring program was to

investigate sources of variation in the estimates of fecundity and length-at-age (Figure

3.3). To determine if inter-annual variation in the spawning stock composition would

influence the results, I compared variation in the data collected in 1998 and 1999. The

broad whitefish which spawn in the same year can represent a sub-population that may

have experienced different environmental influences and therefore exhibit different

fecundity and length-at-age. To determine if the presence of a supervisor influenced the

results, I compared the variation found in the data for broad whitefish fecundity and

length-at-age at times of supervisor presence or absence during data collection. The

supervisor (M. Van Gerwen-Toyne) trained the monitors before the initiation of the

study and then moved among the camps throughout the study. The training was brief,

and in 1999 occurred three weeks before the study initiated. Consequently, there was

potential sampling error introduced during times of no supervision. Third, to determine if

the location of the monitoring station or monitor bias influenced the resulting estimates of

fecundity and length-at-age,I compared variation in the data for broad whitefish

fecundity and length-at-age between monitoring stations. With five monitors at unique

locations, there was potential for sampling bias due to both location and monitor

performance. Finally, to determine if there were differences in growth between the male
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Figure 3.3. Flow diagram illustrating the steps in evaluating an experimental design that

tests for a specific effect of exploitation on fecundity or length-at-age.



76

@
I

Choose experimental design (n, and amount of manipulation)

test Ho: m onginat - z esrímaror: 0

c¿:0.05



71

and female broad whitef,rsh, I compared variation in broad whitefish length-at-age data

befween sexes.

Since there is commonly a correlation between fecundity and size (Hocutt &

Stauffer 1980), I tested each hypothesis for fecundity using dummy variable regression.

Fecundity was the dependent variable and fork length was the continuous variable

(covariate). Both variables were transformed to natural logarithms. The dummy variable

was a categorical variable specific to the hypothesis (i.e. year of sampling, supervisor's

presence, and individual camp). The regression equation was,

(3.1) Y-Fo+ÞrX+FzD+83(XoD)

Where Y: ln fecundity (dependent variable)

X: ln fork length (mm) (covariate)

D : dummy variable

The test for determining the influence of the supervisor on fecundity estimates at

Scrapper Hill 1998 could not be performed due to insufficient data (n :4). The data for

fecundity which were not significantly different were pooled and used to estimate

variability in field data when testing different monitoring designs (Figure 3.3).

All hypotheses for broad whitefish length-at-age were tested using two-tailed

t-tests. V/ithin each general hypothesis, I compared mean fork length independently for

broad whitefish aged 9, 11, and 13. Tests for determining the influence of the supervisor

on mean fork length could not be performed on broad whitefish age 9,11, and 13 from
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Scrapper Hill, and from broad whitefish age 9 and i3 from Trail River, due to insufficient

data (n: 0 for one variable). The data for length-at-age which were not significantly

different were pooled as starting data for testing different monitoring designs (Figure

3.3).

Experimental design

My procedures for simulating and testing different experimental monitoring

designs followed a sequence of events modified from McAllister et al. (1992). The

evaluation of each monitoring design consisted of 6 steps (Figure 3.3): 1) choosing the

experimental design to be used (the number of fish and amount of manipulation that will

be simulated),2) simulating new data, by re-sampling with replacement from the original

data,3) manipulating the simulated data to model effects of exploitation, 4) adding

normal random error to the simulated data, 5) testing the null hypothesis of no difference

between the original and simulated data, and 6) estimating the power of the monitoring

design.

The simulated data included a predetermined number of fish. The number of fish

in a single sample reported in various fecundity studies ranged from n : 1 to almost 100

fish (Bell et al. 1977, Healey 1978, Healey & Heard 1984, Baccante & Reid 1988, Snyder

& Dingle 1989). Therefore, my experimental designs for fecundity simulated samples

ranging in size from n: 10 to 150. Length-at-age data collected in various studies

resulted in n: 1 to over 1000 individuals at one age (Healey 1980, Prasolov 1989,

Lockwood et al. 1991, Bond & Erickson 1992, Gt'lfftths et aL 1992, Treble & Tallman
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1997). However, only in Treble & Tallman (1997) and Griffiths et al. (1992) did samples

exceed 50 fish per year of one age group. Therefore, my experimental designs for lenglh-

at-age also simulated samples ranging in size from n: 10 to150 fish.

The simulated data were then manipulated to model effects of exploitation.

Manipulation included adding a predetermined amount of change (i.e. an addition of

1000 eggs, or 10 mm). Healey (1978) experimentally exploited lake whitefish from four

lakes in the Northwest Territories and found that fecundity increased from an addition of

1000 to 7000 eggs per individual. Therefore, in my experimental designs, I manipulated

the simulated data by adding increments of 1000 eggs, starting with no change.

However, I did not limit the manipulations to an increase of 7000 eggs. I continued to

increase the manipulations until at least 80% power of detection was observed

(manipulations from no change to a maximum addition of 14000 eggs per individual).

Healey (1980) found a mean increase in length-at-age up to 44 mm, depending on the

level of exploitation. Therefore, I manipulated the simulated data by adding from 0 to a

maximum addition of 45 mm, at 5 mm increments, until at least 80% power of detection

was observed.

To introduce variability to the simulated data, a computer generated normal

random error was added to individual estimates of fecundity and fork length in the

simulated data. For fecundity monitoring designs, the residuals from the regression of ln

fecundity on ln fork length were calculated and tested for normality. The standard

deviation of the residuals were then used to generate a random number from a normal

distribution. This randomly generated number represented error in fecundity which was
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added to individual estimates of fecundity in the simulated data. For length-at-age

monitoring designs, the residuals from the mean fork length at age 9,1I, and 13 were

calculated and tested for normality. The standard deviation of the residuals were then

used to generate a random number from a normal distribution. The randomly generated

number represented error which was added to each fork length in the simulated data.

The specific experimental design for fecundity (Figure 3.4) included all of the

above steps, plus additional procedures. After the monitoring design to be tested was

selected (number of fish and amount of manipulation in simulated data) the original

fecundity and fork length were regressed to determine the slope and intercept. New fork

lengths (X,.) were then re-sampled from the original broad whitefish data. The re-

sampled fork lengths were used to estimate simulated fecundity (Y,") of each individual

(nr.) from the regression of the original data. The simulated fecundity (Y,") was then

manipulated to model effects of exploitation and a normal random error term was added

(Equation 3.2).

(3.2) Yr, : Þo' + Fl'(Xr.) * e f manipulation

'Where p6' and Þr' are estimated from the original data, Xr. is a re-sampled fork length,

and e is a normal random variable with mean 0 and standard deviation estimated from the

residuals of the regression of the original field data.

After generating Yr", the simulated fecundities (Yri-) were regressed on the re-

sampled fork length (X,"). The original and simulated regression were then compared for

equality of slopes and intercepts using an F-test for coincidence (Zar T996). If the test for

coincident regressions was significant the simulation continued to test for a change in
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Figure 3.4. Flow diagram illustrating the steps in evaluating an experimental design that

tests for a specific effect of exploitation on fecundity.



82

Repeat
1000
times

Choose experimental design (number of fish)

Re-sample n1 of X¡s from original data, with replacement

t

t
Test for coincidence in slopes and intercepts

of original and simulated data, F-test, cr: 0.05

t
@

t
Test equality of slopes between original and

simulated data, t-test, cr:0.05

No significant difference

Test equality of intercepts between original
and simulated data, t-test, c¿: 0.05

No signifi cant difference

significant difference

No significant difference significant difference

T



83

slope. If the slopes were not significantly different, the simulation again continued to test

for differences in the intercepts of the original and simulated data. However, if the test

for coincident regressions was not significant, or the test for equality of slopes was

significant, that simulation was stopped. Each monitoring design was repeated 1000

times. Since I created and manipulated the simulated data, the null hypothesis of no

change is false. The 'power' of that design was therefore calculated as the percent of

times, out of 1000, a significant difference was found between the intercepts of the

original and simulated data.

Testing the power of different monitoring designs in detecting changes in length-

at-age of broad whitefish from the Peel River, was less complicated (Figure 3.5). The

experimental design (number of fish and amount of manipulation in simulated data) was

chosen and new fork length data was re-sampled with replacement from the original data.

The re-sampled data was manipulated to model effects of exploitation and normal

random elror was added. A two-tailed t-test was then used to test for differences in mean

length-at-age. As before, each monitoring design was repeated 1000 times, and the

power of that design to detect changes in mean fork length was determined as the percent

of times, out of 1000, a significant t-test was found between the original and simulated

data. This procedure was repeated independently for broad whitefish aged9,11, and 13.

For graphical purposes, linear interpolation was used to determine the exact

increase in fecundity and mean fork length that was required to produce statistical power

of 30o/o, 50o/o, and 80%. This was performed for each design with the number of fish in
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Figure 3.5. Flow diagram illustrating the steps in evaluating an experimental design that

tests for a specific effect of exploitation on length-at-age.
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each sample ranging from n: 10 to 150 ñsh. For length-at-age, this was performed

independently for broad whitefish aged9,11, and 13. Also, for the three age classes in

the length-at-age analyses, the estimates of the statistical power at each size of sample

were averaged among the age classes. This was performed independently for power of

30o/o, 50Yo, and 80Yo.

Finally, I compared the results of my simulations on broad whitefish fecundity

and length-at-age (averaged for age 9, \1, and 13 year old broad whitefish) to

exploitation experiments in the literature. The data from the literature were converted to

percent increase in the mean for each trait (i.e. percent increase in mean fecundity or

percent increase in mean fork length). The percentage was then used to determine the

same relative increase (# eggs or mm) in the trait for broad whitefish from the Peel River.

Though many papers discussed exploitation effects on fish fecundity and growth,

few provided the detail of information that was required to compare with my work.

Therefore, the results of my fecundity simulations were compared to Healey (1978) for

lake whitefish (Coregonus clupeaformis) and lake trout (Salvelinus namycush) from 3

lakes in the Northwest Territories, and Baccante & Reid (1988) for walleye (Stizostedion

vitreum) from2lakes in Ontario. My averaged length-at-age results were compared to

results from Healey (1980) for lake whitefish (Coregonus clupeafor,zrs) from 3 lakes in

the Northwest Territories, Chevalier (1977) for walleye (Stizostedion vitreum) from 1

lake in Ontario, and Amundsen (i988) for a stunted population of the common whitefish

(Coregonus lavaretus L. s./.) from 1 lake in Norway.
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Results

Broad whiturtsh hfe history traits

Fecundity was significantly correlated to fork length in general (Table 3.1), and at

each monitoring station when examined separately (Table 3.2). This correlation was also

observed when testing the influence of a supervisor at Basook Creek and Scraper Hill

1999. However, when testing the influence of a supervisor at Trail River, Cutoff, and

Road River the correlation between fecundity and fork length was not significant (Table

3.3).

Year of sampling did not contribute significantly to explaining fecundity (Table

3.1). The presence of the superuisor significantly contributed to observed fecundity at

Basook Creek (Table 3.2). V/hen the influence of each camp was compared to all other

camps independently at a: 0.05, no single camp was found to contribute significantly to

observed fecundity (Table 3.3). However, Cutoff was close to significant (p : 0.056),

and the regression was visibly lower than all other camps (Figure 3.6). Therefore,

fecundity data from Basook Creek and Cutoff were omitted from fuither analyses, and all

other data were pooled.

No significant difference was found between male and female broad whitefish

mean fork length, for any age (Table 3.4). Mean fork length of broad whitefish was also

consistent in 1998 and L999, for all ages (Table 3.5). Differences in mean fork length of

broad whitefish caught during the presence and absence of the supervisor were not

significant for any monitoring station, at any age (Table 3.6). Mean fork length of broad

whitefish was not different between any of the stations, in any age class (Table 3.7).
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Table 3.1. Results from dummy variable regression to test the contribution of ln fork

length, year of sampling (1998 and 1999), and the interaction of ln fork length . year of

sampling, to explaining fecundity. df is the hypothesis degrees of freedom. Residual

degrees of freedom is 85 for all factors. The statistical power of the test is also given

where the null hypothesis was not rejected.

33.r70
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Table 3.2. Results for dummy variable regression for testing the contribution of natural

1og (ln) fork length, individual camps, and the interaction of ln fork length . individual

camps, in describing fecundity. df is the hypothesis degrees of freedom.

Ln fork length Ln fork lengthe
campCamp

Scraper
Hill 1998

Trail R.

Cutoff

Scraper
Hiil 1999

Road R.

9.965 0.002

8.687 0.004

30.344 0.000

48.404 0.000

T5.921 0.000

0.036

0.1 53

3.400

0.072

0.3 r9

0.850

0.696

0.056

0.788

0.574

0.040 0.842

0.145 0.704

4.340 0.051

0.064 0,801

0.329 0.s68
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Table 3.3. Results from dummy variable regression to test the contribution of natural log

(ln) fork length, the supervisor, and the interaction of ln fork length o the supervisor, in

contributing to explain fecundity. df is the hypothesis degrees of freedom.

Ln fork length Supervisor
Ln fork length o

Camp

Basook

Scraper
Hill 1998

Trail R.

Cutoff

Scraper
Hill i999

Road R.

S

9.1 1

N/A

0.4r

0.47

0.01

N/A

0.53

0.s0

9.12

N/A

0.15

0.t4

0.04

0.00

0.01

N/A

0.70

0.7r

0.83

0.95

df

10.08 0.00

4.90 0.06

0.73

N/A

0.15

0.r4

0.04

0.00

0.01

N/A

0.70

0.11

0.82

0.95
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Figure 3.6. Comparison of the regression of ln fecundity on ln fork length (mm) for

broad whitefish sampled from monitoring stations at Basook Creek (BC),

Scrapper Hill 1998 (SH 98), Trail River 1998 (TR), Cutoff 1999 (CO), Scrapper

Hill 1999 (SH 99), and Road River 1999 (RR).
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Table 3.4. Results of two-tailed t-test (cr: 0.05) for the hypothesis that mean fork length

(mm) is not significantly different between female and male broad whitefish from the

Peel River. Broad whitefish aged 9, 11, and 13 are represented. Standard deviations of

the mean fork lengths (mm) are given in brackets.

Age

Descriptives
Two-tailed students

t-test

Female Male

Mean Meann length n 
leneth

t p

9

i1

13

3e 4ee (33) 68 s04 (31)

2s s03 (2e) 47 513 (38)

33 s12 (38) sl s04 (38)

1.98

2.00

2.00

0.38

0.30

0.26
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Table 3.5. Two tailed t-test for the hypothesis of equivalence of broad whitefish mean

fork length (mm) between 1998 and 1999. Standard deviations for mean fork lengths

(mm) are given in brackets. Results for broad whitefish age 9,11, and 13 are

represented.

Two-tailed student's
t-test

9

11

13

0.067

0.1 55

1.4s8

0.947

0.877

0.1 50

Descriptives

1 998

Mean

t999

Mean
lensth

s0 s03 (26) s6 504 (34)

s8 s10 (23) 2s sje (22)

38 sr6 (34) 34 s03 (42)
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Table 3.6. Two-tailed t-test comparing the supervisors influence on mean fork length

(mm) of broad whitefish caught at Basook Creek, Scraper Hill 1998, Trail River, Cutoff,

Scraper Hill 1999, and Road River. Results are presented for broad whitefish age 9, Il,

and 13. Standard deviations of the mean fork lengths (mm) are given in brackets.

Camp

Age 9

Basook Cr.

Scraper Hill 1998

Trail R.

Cutoff

Scraper Hill 1999

Road R.

Supervisor present Supervisor not present

n Mean length n Mean length

t p

7 sr2(28) 20 s07(30)

0-2r
0-2
e 4e6(32) 20 sr0(44)

12 s04(31) e 500(21)

2 s0e(26) 4 4e2(24)

0.36 0.73

0.96 0.34

0.34 0.73

0.73 0.53

Age 11

Basook Cr.

Scraper Hill 1998

Trail R.

Cutoff

Scraper Hill 1999

Road R.

8 48s(88) 26 srr(zs)
0-2t
1 s2s(0) 3 4e5(18)

7 s06(re) 3 s24(t2)

6 50s(30) 6 503(1e)

2 s25(28) 1 530(0)

t.37 0.r7

r.44 0.28

1.46 0.18

0.09 0.92

0.14 0.91

Age 13

Basook Cr.

Scraper Hill 1998

Trail R.

Cutoff

Scraper Hill 1999

Road R.

4 s4e(41) 12 s23(27)

0 - 19 -

3-0
3 s02(s3) 12 4e2(s8)

10 srr(29) 2 498(11)

2 s02(r4) s 517(35)

r.r7 0.30

0.27 0.80

1.09 0.32

0.82 0.44
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Table 3.7. Two-tailed t-test comparing each individual camp's influence on mean fork

length (mm) of broad whitef,rsh caught at Basook Creek, Scraper Hill 1998, Trail River,

Cutoff, Scraper Hill 1999, and Road River. Results are presented for broad whitefish age

9,ll, and 13. Standard deviations of the mean fork lengths (mm) are given in brackets.

Camp

Age 9

Basook Cr.

Scraper Hill 1998

Trail R.

Cutoff

Scraper Hill 1999

Road R.

Camp in question All other camps

Mean Meann leneth n 
leneth

t p

27 s09(29) 79 s02(31)

21 4e6(22) 8s 506(31)

2 srs(7) T04 s04(31)

2e 506(40) 77 s02(26)

2r s03(26) 85 s04(31)

6 4e7(24) 100 s04(31)

1.00 0.32

1.68 0.10

t.94 0.20

0.42 0.68

0.2r 0.84

0.65 0.54

Age 11

Basook Cr.

Scraper Hill i998

Trail R.

Cutoff

Scraper Hill 1999

Road R.

34 s0s(48) s0 s0e(23)

2r s0e(24) 63 507(38)

4 s03(21) 80 508(35)

10 stz(re) 74 s07(36)

12 s0s(24) 72 s08(36)

3 s27(20) 81 s07(3s)

0.42 0.61

0.35 0.73

0.48 0.65

0.59 0.s6

0.4s 0.66

1.60 0.23

Age 13

Basook Cr.

Scraper Hill
1 998

Trail R.

Cutoff
Scraper Hill

t999
Road R.

16 ste(32) 56 504(38)

19 s01(30) s2 513(41)

3 538(31) 68 s0e(38)

15 494(ss) s7 sr4(32)

12 s08(27) s9 510(40)

7 s13(30) 6s s10(39)

1170 0.11

1.35 0.18

1.50 0.25

1.3s 0.19

0.20 0.84

0.27 0.79
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Exp er im ental mo nit or in g des i gns

The monitoring designs for testing for changes in broad whitefish life history

traits resulted in the usual relationship between power, effect size, and the number of

fish in a sample. The statistical power increased when more fish were included in the

sample and when larger changes in the traits were added (Figure 3.7).

The results of the monitoring designs for fecundity are summarized in Figure 3.8.

The increase in fecundity required for 80% detection power ranged from - 5200 to

- 13000 eggs (10% to 25Yo of mean fecundity) with samples including n: 150 to n : 10

fish, respectively. For the same number of fish, the increase in fecundity for 50% power

ranged from - 4300 to - 9900 (- 8% to - l9%o of mean fecundity), and for 30% power

ranged from - 3500 to - 7900 (- 7% to - I5o/o of mean fecundity).

The results of my simulations for broad whitefish fecundity from the Peel River

were compatible with the outcome of previous exploitation experiments on lake whitef,rsh

and lake trout from 3 lakes in the Northwest Territories (Healey 1978), and on walleye

from?lakes in Ontario (Baccante & Reid 1988). Three out of 4 populations that were

found to have significantly increased fecundity after exploitation were above my 80%o

power of detection line, given the number of fish in the sample. In 2 populations Healey

(1978) did not find a significant increase in fecundity af|er exploitation, both of which

were below my 80%o power of detection line.



98

Figure 3.7. Statistical power of detecting simulated exploitation to broad whitefish with

an addition of no eggs to 14000 eggs. Representatives are given for simulations

containing 10, 50, 100, and 150 fishper sample.
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Figure 3.8. The amount of increase in broad whitefish fecundity (# eggs) required for

detection with various numbers of fish included in the simulated data. Lines refer

to my simulation results for ability to detect changes in fecundity with a power of

80o/o, 50yo, and30o/o. Data points refer to exploitation experiments from the

literature. Circles are from Healey (1978) with lake whitefish, squares are from

Baccante & Ried (1988) for walleye, the triangle is from Healey (1978) with lake

trout. Filled data points indicate a statistically significant increase in fecundity

after exploitation. Open data points indicate no significant difference was found

in fecundity after exploitation.
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The results of the monitoring design for broad whitefish length-at-age differed

for each age group. Broad whitefish of age 13 required the greatest manipulation for

80% detection regardless of the number of {ish in the sample. Broad whitef,rsh of age 9

followed, and broad whitefish of age 11 required the least amount of manipulation for

80% detection. The averaged results of the monitoring designs for detecting changes in

length-at-age are summarized in Figure 3.9. The increase in fork length required for

80% detection power ranged from - 12 to - 39 mm (- 2% to - 8o/o of mean fork length)

with samples including n: 150 to n: 10 fish, respectively. For the same number of

fish, the increase in fork length for 50o/o power ranged from - 9 to - 27 mm (- 2% lo

- 5% of mean fork length) and for 30% power ranged from - 7 to - 19 mm (- I%to

- 4o/o of mean fork length).

The results of my simulations for broad whitefish length-at-age corresponded with

the results of exploitation experiments from Healey (1980) for lake whitefish from 3

lakes in the Northwest Territories, Chevalier (1977) for walleye from 1 lake in Ontario,

and Amundsen (1988) for a stunted population of the common whitefish from 1 lake in

Norway. However, in 1 population Healey (1980) detected a significant increase in lake

whitefish length-at-age which the results of my simulations predicted would have had

about a30o/o chance of being detected. In 2 populations, Amundsen (1988) found no

significant increase in mean fork length of stunted common whitefish, even though the

fish grew almost 4 cm larger after exploitation. My results estimated that this stunted

whitefish population had over 80% probability of detecting the increase.
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Figure 3.9. The relative amount of increase in broad whitefish fork length (mm) required

for detection with the number of fish in a sample ranging from 10 to 150.

Contour lines are my simulation results for ability to detect changes in fork length

with a power of 80Yo, 50Yo, and3}Yo. Datapoints are exploitation experiments

from the literature. Circles are from Healey (1980) with lake whitef,rsh, squares

are from Chevalier (1977) with walleye, and the triangles are from Amundsen

(1988) with stunted whitefish. Filled data points indicate a statistically significant

increase in fork length after exploitation. Open data points indicate no signif,rcant

difference was found in fork length after exploitation.
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Discussion

The predictions of my simulations for broad whitefish length-at-age and fecundity

after exploitation were consistent with the observed outcome of most exploitation

experiments for a variety of lacustrine species in the literature. In most cases where non-

significant results were found, the data were below my simulated results for 80% power

of detection. However, there were three cases in my comparison of length-at-age where

my results were not able to predict the results of experiments from the literature. This

may be attributed to many possible causes. It is plausible that the disagreements

demonstrate a difference between the species. Different species or populations may have

different relative plasticity for exploitation effects on length-at-age. Also, the data may

not have the same pattern of variability that is assumed by this comparison. This

difference in results may also be due to the comparison of anadromous (current study)

and lacustrine (all other studies) populations. Instead, given these differences, it is

interesting that the powers simulated correspond well with the literature results.

While many authors have investigated increases in growth and fecundity after

experimental exploitation in fish populations (Bell et al. 1977, Chevalier 1977,Healey

l978,Healey 1980, Baccante & Reid 1988, Snyder & Dingle 1989), most studies are

performed for lake dwelling populations of fish. Some studies on non-lake-dwelling

populations have not found increases in growth and fecundity after exploitation. Knutsen

& Ward (1999) experimentally exploited northem pikeminnow (Ptychocheilus

oregonensis) in the lower Columbia River and Snake River. The experiment ran from

1991to 1996 and the average annual rate of removal was 12.I% of the initial population.
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They reported that even though catch rate decreased and mortality rate increased,

fecundity and growth did not increase. They suggested that the relationship between

fecundity and abundance was not density dependent. However, the statistical power was

not reported. Similarly, Gyselman & Broughton (1991) studied anadromous arctic charr

(Salvelinus alpinus) from Nauyrk Lake that were exploited from I97 4-1981. Again, no

increase in fecundity or growth was observed, nor was statistical power reported.

ln lake populations, fecundity and growth may be limited to food availability and

the density of the population. Gyselman (1997) suggested that in anadromous

populations, feeding often occurs in the marine environment where food is not a limiting

factor. Therefore, growth might not be a good indicator for detecting effects of

exploitation in anadromous broad whitefish. Conversely, Healey & Heard (1984) found

that the level of anadromy did not contribute significantly to variation in fecundity of

chinook salmon (Oncorhynchus tshauytscha). Silliman et al. (1958) found that there was

an optimal rate of exploitation on laboratory reared guppies (Lebistes reticulatus) thal

enabled the population to adapt with increased survival and growth rates.

When investigating changes in fecundity one must acknowledge that an increase

in fecundity may not represent an increase in reproductive effort. For example, a fish

may have more eggs and therefore higher fecundity, but egg mass may be smaller. In this

situation, the overail reproductive effort has not increased, but simply altered its form.

My simulations were based on exploitation experiments from the literature, which

only addressed an increase in fecundity as the number of eggs. Likewise, my results will

apply to broad whitefish in the Peel River only if they compensate for effects of
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exploitation via increasing total reproductive effort and not just fecundity (i.e. the eggs

are of equal mass, but more plentiful). To address this, measurements should be made

each year to determine if egg mass (diameter or weight) remains constant though time.

Understanding the life history of the species being fished is important to fisheries

management. Likewise, proper experimental design and power analysis are also

important to prevent misinformed decisions. Many authors have reviewed the statistical

power of previously published research and found that decisions were being made based

on the inability to reject the null hypothesis (de la Mare 1984, Peterman 1989). Note that

contrary to common practice, the inability to reject the null hypothesis does not infer that

the nuli hypothesis is true (Peterman 1990). The purpose of the Peel River project was to

prepare for changes in the fish populations due to exploitation or potential developments

near the Peel River. In the case of development, the statistical power of the monitoring

program becomes crucial. Often when development occurs in Aboriginal Settlement

Areas (or elsewhere), an agteement is made for some level of compensation due to

effects of the development. These may include rebuilding habitat for the population

affected or financial compensation for the community. If the power of the test is not

high, one may mistakenly conclude that no adverse effects have occurred and therefore

no compensation would be paid (i.e. make a Type II error of hypothesis testing). The

negative repercussions of this are obvious and managers should therefore design

management actions so that true responses can be detected with high probability

(McAliister & Peterman 1992).
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The Peel River fish-monitoring program enabled the Gwich'in community to

address their concems about the fish populations and participate in all decisions for the

field study. The project began as a co-management study, but has since continued

independently by the Gwich'in in 2000.

Many logistic constraints were encountered during the implementation of the

monitoring project, but I will mention those with the greatest potential impact on the data.

Uncertain environmental conditions limited the amount of time each monitor could fish.

For example, one net was lost in rurming ice slush and poor ice conditions restricted safe

travel and work on the ice. Logistic hurdles also included limited communication

between monitors and supervisors. Also, distributing equipment was hampered by lack

of roads and limited travel by boat, snow machine, or helicopter. In spite of these

difficulties, the Peel River project has (and will continue to) collect valuable information

that can be compared to fish population data collected in the future.

My simulations to determine the power of the Peel River monitoring program

were guided by effects of exploitation. But potential development on or near the Peel

River is not limited to exploitation. Therefore it should be noted that my simulations,

while guided by exploitation, were simple increases in fecundity and length-at-age. Due

to this general approach my results can be applied to other areas in which an increase in

the life history traits may be expected. For example, Reist (1994) hypothesizedthe

possible increase in growth resulting from global warming and the associated increases in

water temperature.



109

Recommendation to resource managers for the Peel River broad whitefTsh

With the issues of life history in mind, the results of my evaluation of the Peel

River fish-monitoring program suggest that the Gwich'in resource managers continue to

investigate both fecundity and length-at-age trends, but with informed caution. The

results of my simulations suggest that approximately 50 fish should be sampled for

fecundity analyses. Irecognize that the financial cost of obtaining fecundity information

may be a limiting factor in the project, and 50 fish is often more than is normally

collected (Bell et al. 1977, Healey I978,Healey & Heard 1984, Snyder & Dingle 1989).

For the present study, 30 pair of gonads from broad whitefish were collected in 1998 and

59 in 1999, 30 of which were purchased from an Aboriginal fisherman from the area.

But according to the results of my simulations for broad whitefish from the Peel River,

the benefit of increasing the number of samples collected improves the statistical power

greatly until the sample reaches approximately 50 fish. In the same manner, the

collection of more than 50 fish would provide minimal improvement in power. Making a

recoÍrmendation for monitoring length-at-age is slightly more complex. One can not

plan to catch a certain number of specific age classes of broad whitefish. However, the

results of my simulations can be used post-hoc to establish the strength of the observed

results from the broad whitefish monitoring program in the Peel River. This will provide

the managers with an idea of how reliable the observed results are before acting upon

them.

To summarize, this research has provided information on the Peel River fish-

monitoring program which can be directly used by Resource Managers in the Gwich'in
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Settlement Area. But the benefits of this research expand to illustrate the importance of

proper experimental design and statistical power in fish-monitoring programs in general.
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GENERAL SUMMARY

The Peel River, Arctic Red River, and Travaillant Lake populations of broad

whitefish have been genetically differentiated by Reist (1997), but no comparison of

whether their life history traits reflect that genetic distinctness is yet published. I have

provided information on natural variation in broad whitefish length-at-age, age-at-

maturity, reproductive investment (fecundity and egg size), and the age when growth

slowed. I further def,rned differences in these traits between anadromous broad whitefish

populations in the Peel River and Arctic Red River and broad whitefish caught in

Travaillant Lake.

I also provided the Gwich'in community with information on the ability of the

Peel River fish-monitoring program to detect changes in broad whitefish fecundity and

length-at-age. I provided an explanation of exploitation effects on the life history traits

and estimated the sample effort required for detecting changes in fecundity and length-at-

agethat could be expected with exploitation. A model of this type can be modified to

assess other arctic broad whitefish populations, such as those in the Arctic Red River and

Mackenzie River.

This research will enhance the scientific knowledge of broad whitefish in the

iower Mackenzie Delta and provide practical information on monitoring techniques

useful to the Gwich'in and surrounding communities. Further research should involve

elaboration on the examination of life history traits for broad whitefish in the Mackenzie

Delta, clarification on the life history of the Travaillant Lake population, and ensuring

that fish-monitoring programs are designed with adequate statistical power.
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APPENDIX I. Biological data for broad whitefish (BDWT) caught in the Peel River in

1998 and 1999 as part of the Peel River fish-monitoring program. S#: sample number,

FL: fork length (mm), WT: round weight (g), GW: gonad weight (g).

S# DATE Camp FL
lmm)

WT
ls)

SEX maturlfy GW
ls)

AGE
lw)

Fecundity

1 25-Sep-98 Basook Creek 210 1600 M 7 16 11

2 25-Sep-98 Basook Creek 530 2200 M 1 16 13

3 24-Sep-98 Basook Creek 565 3050 M 8 32 13

4 24-Sep-98 Basook Creek 504 1 800 F 3 310 13

5 24-Sep-98 Basook Creek 493 2750 M 7 24 9

6 24-Sep-98 Basook Creek 545 2350 M 7 22 ll
7 24-Seo-98 Basook Creek 490 1950 M 7 20 10

8 24-Seo-98 Basook Creek 485 t750 F 4 37 7

9 24-Sep-98 Basook Creek 490 I 800 M 6 I1 10

0 25-Sep-98 Basook Creek 512 2500 F J 675 1l

25-Sep-98 Basook Creek 515 2500 M 7 46 8

2 25-Sen-98 Basook Creek 490 1 800 F J 300 10

3 25-Seo-98 Basook Creek 535 2650 F 4 600 15

4 25-Sep-98 Basook Creek 490 1700 M 5 L4 9

5 25-Sep-98 Basook Creek 515 2350 M 6 26 ll
6 25-Seo-98 Basook Creek s00 1750 F 3 350 t4
7 25-Seo-98 Basook Creek 522 2250 F 2 400 t2
8 25-Sep-98 Basook Creek 490 l1 50 M 7 t6 10

9 25-Sep-98 Basook Creek 490 1650 M 7 t6 t2
20 28-Sep-98 Basook Creek 573 3600 F 4 1000 11

21 30-Sep-98 Basook Creek 506 2050 F 4 500 ll 61443

22 30-Seo-98 Basook Creek 493 1 600 F 4 200 12

23 30-Sep-98 Basook Creek 500 1750 M '7 11 10

24 02-Oct98 Basook Creek 580 1 600 M 1 14 13

25 05-Ocr98 Basook Creek 487 1 650 M 8 18 7

26 07-Oct-98 Basook C¡eek 504 1 850 M 7 29 11

27 07-Oct-98 Basook Creek 551 3 150 F 4 271 9 95912
28 15-Oct-98 Basook Creek 527 2580 F 3 310 2

29 15-Oct-98 Basook Creek 477 1700 F 3 320 2

30 l5-Oct-98 Basook Creek 558 2940 F 3 414 2

31 15-Oct-98 Basook Creek 523 2300 M 2 27 I
32 15-Oct-98 Basook Creek 556 3090 F 3 343 5 80045
JJ 15-Ocl98 Basook Creek 507 2050 M 9 24 2

34 15-Oct-98 Basook Creek 515 2010 M 8 5.) 0

35 15-Oct-98 Basook Creek 530 2400 M I 34 2

36 15-Oct-98 Basook Creek 525 2200 M 9 29 5

)t 15-Oct-98 Basook Creek 530 1950 M 9 24 2

38 15-Oct-98 Basook Creek 483 1400 M 9 16 2

39 15-Oct-98 Basook Creek 499 2000 M 1 26 9

40 i5-Oct-98 Basook Creek 515 2200 M 7 34 1l
4t 15-Oct-98 Basook Creek 523 1780 M 9 27 8
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42 15-Oct-98 Basook Creek 662 3050 M 7 50

43 15-Oct-98 Basook Creek 535 2250 M 7 37

44 15-Ocl98 Basook Creek 549 2340 M 9 39 9

45 l5-Oct-98 Basook Creek 880 28s0 M 9 27 t4
46 15-Oct-98 Basook Creek 469 1680 F J 410 l0 41102

47 I5-Oct98 Basook Creek 500 2200 M 9 26 1l
48 15-Oct98 Basook Creek 460 I 500 M I 20 7

49 l5-Oct-98 Basook Creek 506 1970 M 9 2l 12

50 l5-Oct98 Basook Creek 544 2540 M 8 33 12

51 l5-Oct-98 Basook Creek 505 2120 F 4 439 8 49969

52 15-Oct-98 Basook Creek 555 2250 M 9 31 t2
53 15-Oct-98 Basook Creek 540 2590 M 9 33 t2
54 15-Oct-98 Basook Creek 497 1940 M 8 26 9

55 l5-Oct-98 Basook Creek 598 33s0 M 9 44 13

56 l5-Oct-98 Basook Creek 461 I 550 M 9 19 8

51 15-Oct-98 Basook Creek 600 3200 M 9 74 18

58 15-Oct-98 Basook Creek 500 1 850 M 9 13 9

59 15-Oct-98 Basook Creek 460 1 100 M 9 10 7

60 15-Oct-98 Basook Creek 515 2300 M 7 29 IO

61 18-Oct-98 Basook Creek 507 2400 F 4 r63 9 70058
62 l8-Oct-98 Basook Creek 535 2460 M 9 2l 9

63 l8-Oct-98 Basook Creek 543 2670 M 9 14 t2
64 l8-Oct98 Basook Creek 508 2040 M 9 21 11

65 l8-Oct-98 Basook Creek 500 1990 M 9 29 14

66 18-Oct-98 Basook Creek 535 2400 M 9 36 l5
67 18-Oct-98 Basook Creek 494 r920 M 8 30 lt
68 18-Oct-98 Basook Creek 493 1660 M 7 19 11

69 18-Oct-98 Basook Creek 462 1520 F 4 349 11

70 18-Oct-98 Basook Creek 488 1790 M 7 23 7

7l 18-Oct98 Basook Creek s43 1950 M 9 23 6

12 18-Oct-98 Basook Creek 490 1640 M 1 t4 4

13 l8-Oct98 Basook Creek s09 1990 M 8 26 I
14 l8-Oct-98 Basook Creek 555 2290 M 9 24 2

75 18-Oct-98 Basook Creek 472 1 550 M 9 L4 6

76 l8-Oct-98 Basook Creek 539 2950 M 9 31 3

11 18-Oct98 Basook Creek 480 1150 M 9 2r 2

78 18-Oct98 Basook Creek 507 1970 M 9 24 8

79 18-Oct-98 Basook Creek 497 1950 M 9 23 8

80 18-Oct-98 Basook Creek 535 2s00 M 9 39 9

81 18-Oct-98 Basook Creek 485 1 630 M 9 l9 9

82 l8-Oct-98 Basook Creek 481 1950 M l 29 7

83 18-Oct-98 Basook Creek 502 2020 M 9 31 8

84 l9-Oct98 Basook Creek 597 32s0 M 9 54 T2

85 19-Oct-98 Basook Creek 523 2250 M 9 2l 8

86 19-Oct98 Basook Creek 529 2500 F 2 r63 t2 14698
87 19-Oct-98 Basook Creek 512 1700 M 7 21 11

88 19-Oct98 Basook Creek 530 2350 M 7 30 8

89 19-Oct-98 Basook Creek 510 r920 M 9 6 8

90 l9-Oct-98 Basook Creek 520 2050 M 9 24 8
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9t 9-Oct98 Basook Creek 510 2060 M 9 26 10

92 9-Oct-98 Basook Creek 413 1600 M 9 11 7

93 9-Oct-98 Basook Creek 523 2400 M 1 4t 13

94 9-Oct98 Basook Creek 536 2430 M 9 39 1t

95 9-Oct-98 Basook Creek s20 2020 M 9 21 8

96 9-Oct-98 Basook Creek 518 1750 M 9 20 t2
97 9-Oct-98 Basook Creek 513 1920 M 9 19 l1
98 9-Oct-98 Basook Creek 5t2 I 870 M 9 t4 15

99 9-Oct-98 Basook Creek 670 3 100 M 9 41 20
00 9-Oct-98 Basook Creek 412 t340 M 9 14 16

01 9-Oct-98 Basook Creek 485 1090 M 9 23 7

02 9-Oct-98 Basook Creek 542 2s40 M 9 36 13

03 9-Oct-98 Basook Creek 508 2390 M 9 36 ll
04 9-Oct-98 Basook Creek 486 1 050 M 9 23 ll
05 9-Oct-98 Basook Creek 518 2150 M 9 36 7

06 21-Oct98 Basook Creek 504 2080 F 4 153 13

01 2l-Oct-98 Basook Creek 535 2590 F 4 r06 t2
08 21-Oct-98 Basook Creek 738 3 100 M 9 47 2t
09 21-Oct-98 Basook Creek 511 2140 M 9 27 10

0 21-Oct-98 Basook Creek 506 2340 M 9 5/ 8

I 21-Oct-98 Basook Creek 515 1990 F 4 381 10

2 2l-Oct-98 Basook Creek 540 2540 M 9 43 l2
J 21-Oct98 Basook Creek 512 2230 M 9 5t 9

4 21-Oct-98 Basook Creek 518 2170 M 9 ¿5 13

5 21-Oct-98 Basook Creek 480 r350 M 9 t6 l1

6 2l-Oct-98 Basook Creek 549 2640 M 7 37 t3
7 2l-Oct-98 Basook Creek 502 1640 M 9 26 18

8 2l-Oct-98 Basook Creek 531 2850 F 4 2ll 10 74189
9 2l-Oct-98 Basook Creek 493 l 880 M 9 26 10

20 2l-Oct-98 Basook Creek s01 2110 M 9 5/ 7

21 2l-Oct-98 Basook Creek 628 3400 M 10 10 21

22 21-Oct-98 Basook Creek 530 2490 M 9 33 t2
23 21-Oct-98 Basook Creek 488 t920 F 4 54 16

24 21-Oct-98 Basook Creek 533 2350 M 9 39 t7
25 21-Oct98 Basook Creek 485 1780 M 9 23 8

26 21-Oct-98 Basook Creek 490 l 800 M 9 24 11

27 21-Oct-98 Basook Creek 482 1640 M 7 29 13

28 2l-Oct-98 Basook Creek 480 1950 M 7 31 9

29 21-Oct98 Basook Creek 46t 1560 M 9 24 9

30 21-Oct98 Basook Creek 482 1450 M 9 1',7 l2
31 21-Oct-98 Basook Creek 469 t310 M l 24
32 2l-Oct98 Basook Creek 503 tt60 M 9 27 2

JJ 23-Oct-98 Basook Creek 546 2290 M 9 31 ')

34 23-Oct-98 Basook Creek 488 r 600 M 9 t7 5

35 23-Oct-98 Basook Creek 491 1750 M 9 24 I
36 23-Oct-98 Basook Creek 493 I 870 M 9 r9 1

31 23-Oct98 Basook Creek 585 2690 M 9 4l 9

38 23-Oct98 Basook Creek 484 1690 M 9 26 8

39 23-Oct-98 Basook Creek 520 2520 M 9 3l t0
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140 23-Oct-98 Basook Creek 517 2020 M I 30 18

t4t 23-Oct-98 Basook Creek 493 1 680 M 9 20 t3
t42 23-Oct-98 Basook Creek 476 1420 M 7 20 20

r43 23-Oct-98 Basook Creek 563 3 100 F 4 203 11 70227

t44 23-Oct-98 Basook Creek 495 1360 F 4 244 9

145 23-Oct-98 Basook Creek 504 2180 M 9 29 11

146 23-Oct-98 Basook Creek 498 2000 M 9 27 9

t47 23-Oct-98 Basook Creek 510 2920 M 9 33 t2
148 23-Oct-98 Basook Creek 520 2180 M 9 33 9

149 23-Oct-98 Basook Creek 533 2930 M 9 36 8

r50 23-Oct-98 Basook Creek 492 840 M 9 36 il
151 23-Oct-98 Basook Creek 506 160 F 4 161 12

152 23-Oct98 Basook Creek 462 400 M 9 21 9

1s3 23-Oct-98 Basook Creek 489 800 M 7 31 8

154 23-Oct-98 Basook Creek 503 680 M 9 26

155 23-Oct-98 Basook Creek 514 2900 M 9 36 t2
156 23-Oct-98 Basook Creek 550 2380 M 9 51 8

157 26-0ct-98 Basook Creek 534 2360 F 4 259 10

158 26-0ct-98 Basook Creek 527 2230 M 9 31 l1
159 26-0ct-98 Basook Creek s22 2220 M 9 20 8

160 26-0ct-98 Basook Creek 506 2s60 F 4 t74 11

161 26-Oct-98 Basook Creek 530 24s0 M 9 34 l2
t62 26-0ct-98 Basook Creek 503 20t0 M 9 30 9

r63 26-0ct-98 Basook Creek 515 2st0 F 4 116 13 69025

164 26-Oct-98 Basook Creek 5r8 2420 M 9 51 10

165 26-0ct-98 Basook Creek 536 2400 F 4 t57 t4
t66 26-0ct-98 Basook Creek 516 2090 M 9 21 10

t61 26-0ct-98 Basook Creek 539 2370 F 4 54 1l

168 26-Oct-98 Basook Creek 545 2490 M 9 34 9

t69 26-Oct-98 Basook Creek 493 2150 M l 26 10

170 26-0ct-98 Basook Creek 485 1120 M 9 23 9

ttl 26-Oct-98 Basook Creek 513 t920 M 7 26 T2

172 26-0ct-98 Basook Creek 515 1980 M 9 t4 9

173 26-0ct-98 Basook Creek 553 2490 M 9 33 19

174 26-Oct-98 Basook Creek 535 2440 M 9 22 l1

115 26-0ct-98 Basook Creek 468 1300 M 9 13 t2
176 26-0ct-98 Basook Creek 505 2800 M 9 23 9

t'77 26-Oct-98 Basook Creek 483 1 820 M 7 21 T2

178 26-Oct-98 Basook Creek 512 2080 M 9 )1 9

179 26-Oct-98 Basook Creek 472 t430 M 9 10 t2
180 26-Oct-98 Basook Creek 504 r920 M 9 31 8

181 26-Oct-98 Basook Creek 479 I 820 M 9 29 t2
r82 26-0ct-98 Basook Creek 531 2600 M 9 49 9

183 26-Oct-98 Basook Creek 464 1600 M 9 t6 7

r84 26-Oct-98 Basook Creek 438 t230 F 4 41 t7
185 28-Oct-98 Basook Creek 506 2300 M 7 26 t4
186 28-Oct-98 Basook Creek 460 1350 F 4 r64 12

187 28-Oct-98 Basook Creek 495 1930 M 9 t6 t2
188 28-Oct98 Basook Creek s02 1950 M 9 21 11
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189 28-Oct-98 Basook Creek 503 193 0 M 9 16 l3
190 28-Oct-98 Basook Creek 512 2020 M 9 31 8

191 28-Oct-98 Basook Creek 545 2600 F 4 81 l1 54781
192 28-Oct-98 Basook Creek 518 2840 M 9 36 20

193 28-Oct98 Basook Creek 518 2330 F 4 t7 8

194 28-Oct98 Basook Creek 388 960 M 9 t4 t5
195 28-Oct-98 Basook Creek 512 1720 F 9 133 11

t96 28-Oct-98 Basook Creek 482 1130 M 1 L6 t4
t97 28-Oct-98 Basook Creek 573 2400 M 9 24 T2

198 28-Oct-98 Basook Creek 469 1450 M 9 l4 8

t99 28-Oct98 Basook Creek 416 t720 M I 23 9

200 30-Oct-98 Basook Creek 533 2700 M 9 29 8

201 30-Oct-98 Basook Creek s33 2120 F 4 r29 13 54704
202 30-Oct98 Basook Creek 488 1700 F 4 313 l6
203 30-Oct-98 Basook Creek 523 I 890 M 9 27 12

204 30-Oct-98 Basook Creek 516 23s0 F 4 99 11

205 30-Oct-98 Basook Creek 540 24s0 M 9 29 t2
206 30-Oct98 Basook Creek 508 2230 M 9 39 7

207 30-Oct-98 Basook Creek 444 1330 F 4 304 10

208 30-Oct-98 Basook Creek 525 2060 M 9 20 t4
209 30-Oct-98 Basook Creek 410 1600 F 4 406 15

2 0 3 -Oct-98 Basook Creek 480 I 600 F 4 36 8

2 3 -Oct-98 Basook Creek 607 2890 M 9 21 t7
2 2 -t -Oct-98 Basook Creek 475 I 500 M 9 I6 10

2 3 3 -Oct-98 Basook Creek 487 I 870 M 9 26 8

2 4 3 -Oct-98 Basook Creek s46 3000 F 4 t99 14 68288
2 5 22-Sep-98 Scraper Hill 998 510 r 8s0 M 7 23 8

2 6 22-Seo-98 Scraper Hill 998 480 1 150 M l8 13

2 7 22-Seo-98 Scraper Hill 998 490 tt50 M l 29 l3
2 8 23-Sep-98 Scraner Hill 998 439 1 100 F 2 50
2 9 23-Sep-98 Scraper Hill 998 520 1950 M 7 20
220 23-Seo-98 Scraper Hill 998 4t0 I 550 F 2 100
221 26-Seo-98 Scraper Hill 1998 510 2500 F J 475 8 61418
222 26-Seo-98 Scraper Hill 1998 474 1 650 F 3 450 7

223 27-Sep-98 Scraoer Hill 1998 505 2500 M 7 24 t4
224 27-Sep-98 Scraper Hill 1998 447 1400 F J 264 l0 38008
225 27-Sep-98 Scraper Hill 998 529 2230 F J 520 21

226 30-Seo-98 Scraper Hill 998 515 2 100 M 7 40 11

227 30-Seo-98 Scraoer Hill 998 495 I 850 M 7 20 7

228 01-Oct-98 Scraper Hill 998 523 2250 F J 500 t2 70459
229 07-Oct98 Scraper H I 998 510 2000 M 7 28 t2
230 12-Oct-98 Scraper Hill 998 5r3 1900 M 9 30 t]
231 12-Oct-98 Scraoer Hill 998 501 2200 M 9 30 t2
232 l3-Oct-98 Scraper Hill 998 480 1750 M 9 26 7

233 13-Oct-98 Scraper Hill 998 500 1950 M 9 3l 8

234 14-Oct-98 Scraper Hill 998 495 1800 M 9 21 13

235 19-Oct-98 Scraper Hill 998 s00 2000 M 9 31 t3
236 19-Oct-98 Scraper Hill 998 s62 2650 M 9 30 t4
237 19-Oct-98 Scraper Hill 998 460 1250 M l0 10 15
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238 9-Oct-98 Scraoer H I 1998 492 2000 M 9 z7 9

239 9-Oct-98 Scraoer H I 1998 460 1400 M 10 r6 t2
240 9-Oct-98 Scraper H I 1998 456 1500 M 10 l1 8

241 9-Oct-98 Scraner H I 1998 500 1 800 M 9 26 tl
242 9-Oct-98 Scraoer H I r998 493 1 800 M 9 36 20

243 9-Oct98 Scraper Hill 1998 499 1900 M t0 31 10

244 9-Oct-98 Scraper Hill 1998 520 2000 M 10 30 13

245 9-Oct-98 Scraper H [ 1998 520 2150 M 9 23 l3
246 9-Oct-98 Scraoer H 111998 500 2000 M 9 36 t2
241 9-Oct98 Scraoer Hill 1998 528 2100 M 10 20 10

248 9-Oct-98 Scraper Hill 1998 500 1800 M 10 19 14

249 20-Oct-98 Scraper Hill 1998 495 1600 M 9 l6 9

250 20-Oct-98 Scraper Hill 1998 520 2100 M 9 30 10

25t 20-Oct98 Scraper Hill 1998 475 1500 M 10 2t 13

252 20-Oct-98 Scraoer Hill 1998 474 1600 M 9 T9 9

253 20-Oct98 Scraoer Hill 1998 475 r 550 M 9 26 20

2s4 20-Oct98 Scraper H I 1998 515 2000 M 9 33 8

255 20-Oct-98 Scraper Hill 1998 505 I 800 M 10 20 11

256 21-Oct-98 Scraoer H I 1998 480 n50 M 9 21

257 21-Oct98 Scraoer Hill 1998 504 I 800 M 9 26

2s8 21-Oct-98 Scraper H I 1998 470 1400 M l0 16 t4
259 2 -Oct-98 Scraper Hill 1998 478 I 550 M 9 24 t4
260 2 -Oct-98 Scraper Hill 1998 509 l7 50 M 9 30 13

261 -Oct-98 Scraoer H I 1998 505 2100 M 9 31 8

262 -Oct-98 Scraoer Hill 1998 520 2400 M 9 40 11

263 21-Oct-98 Scraper Hill 1998 470 1300 F 4 253 10 34361
264 25-Oct-98 Scraper Hill 1998 524 r950 M 9 17 10

265 25-Oct-98 Scraoer Hill 1998 453 1400 M 9 16 8

266 25-Oct-98 Scraoer Hill 1998 506 1900 M 9 33 l8
261 25-Oct-98 Scraper Hill 1998 500 1900 M 9 33 9

268 25-Oct98 Scraper Hill 1998 458 1600 M 9 29 9

269 25-Ocç98 Scraper H ll 1998 520 2t00 M 9 30 1l
270 25-Oct-98 Scraoer Hill 1998 493 I 850 M 9 20 9

271 25-Oct-98 Scraoer Hill 1998 415 l 800 F 4 321 12

212 26-0ct-98 Scraoer Hill 1998 495 2000 M 9 30 11

273 26-Oct-98 Scraper Hill 1998 489 1900 M 9 20 8

274 26-Oct-98 Scraper Hill 1998 495 2000 M 9 39 l0
275 26-0ct-98 Scraper Hill 1998 520 1950 M 9 29 11

276 26-Oct-98 Scraoer Hill 1998 514 2150 M 9 36 9

277 26-0ct-98 Scraper Hill 1998 470 450 M 9 t6 9

278 26-0ct-98 Scraper Hill 1998 485 6s0 M 9 23 1

219 26-0ct-98 Scraper Hill 1998 410 450 M I 20 7

280 26-0ct-98 Scraoer Hill 1998 48s 700 M 9 24 11

281 26-0ct-98 Scraper Hill 1998 485 500 M 9 11 13

282 26-Oct-98 Scraper Hill 1998 480 900 F 4 431 9

283 27-Oct-98 Scraper Hill 1998 510 950 M 9 19 t2
284 27-Oct-98 Scraoer Hill 1998 475 650 F 4 359 8

285 02-Nov-98 Scraoer Hill 1998 500 7900 M 8 NO 13

286 02-Nov-98 Scraþer Hill 1998 500 1920 M 8 NO 15
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287 02-Nov-98 Scraper Hill 998 500 1900 F 5 NO 7

288 02-Nov-98 Scraoer Hill 998 460 1690 M 8 NO 8

289 02-Nov-98 Scraoer Hill 998 490 1700 F I NO l0
290 02-Nov-98 Scraoer H 998 520 2200 F J NO l
291 02-Nov-98 Scraper Hill 998 540 2500 M 8 NO 13

292 02-Nov-98 Scraoer H 998 550 2100 F 1 NO II
293 02-Nov-98 Scraoer Hill 998 450 400 M 8 NO 8

294 02-Nov-98 Scraper H 998 510 800 M 8 NO 9

295 02-Nov-98 Scraper Hill 998 500 660 F 2 NO 7

296 02-Nov-98 Scraper Hill 998 470 800 F 3 NO 11

297 02-Nov-98 Scraoer H 998 440 200 F 4 NO t3
298 02-Nov-98 Scraoer Hill 998 490 600 F J NO ll
299 02-Nov-98 Scraper Hill 998 510 2000 M 8 NO 11

300 02-Nov-98 Scraper Hill 998 500 500 F 5 NO 9

301 02-Nov-98 Scraper Hill 998 480 800 M 7 NO 8

302 02-Nov-98 Scraoer Hill 998 520 850 M 8 NO 8

303 02-Nov-98 Scraper Hill 998 490 900 M 8 NO 12

304 02-Nov-98 Scraper Hill 998 490 700 M 8 NO t2
305 02-Nov-98 Scraper H iil 998 480 300 M 6 NO l2
306 02-Nov-98 Scraper H 998 550 900 F I NO ll
307 02-Nov-98 Scraoer Hill 998 530 900 NO t2
308 02-Nov-98 Scraner Hill 998 500 2160 M 8 NO 9

309 03-Nov-98 Scraper Hill 998 540 1990 F 4 NO 10

3 0 03-Nov-98 Scraper Hill 998 470 1470 M 6 NO t2
3 I 03-Nov-98 Scraper Hill 998 510 1720 F 5 NO 8

3 2 03-Nov-98 Scraoer Hill 998 480 1900 F 5 NO t3
J 3 03-Nov-98 Scraoer Hill 998 550 2100 F 5 NO 9

J 4 03-Nov-98 Scraper Hill 998 490 1990 M 8 NO ll
J 5 03-Nov-98 Scraper Hill 998 500 1700 F 2 NO t2
J 6 03-Nov-98 Scraoer Hill 998 510 1500 F NO t2
-1 1 03-Nov-98 Scraoer Hill 998 500 2000 F 5 NO 7

3 8 03-Nov-98 Scraoer Hill 998 500 1800 M 8 NO T2

3 9 03-Nov-98 Scraper Hill 998 510 2000 F 3 NO t3
320 05-Nov-98 Scraper Hill 998 490 1500 F NO t5
321 05-Nov-98 Scraper Hill 998 500 1 700 F J NO 8

322 05-Nov-98 Scraoer Hill 998 530 l 880 F J NO l
323 05-Nov-98 Scraper Hill 998 500 2160 F 5 NO 9

324 05-Nov-98 Scraper Hill 998 480 500 F 5 NO 8

325 05-Nov-98 Scraper Hill 998 470 400 F 5 NO l2
326 07-Nov-98 Scraoer Hill 998 510 900 F I NO 8

327 07-Nov-98 Scraner H I 998 500 600 M 10 NO t2
328 07-Nov-98 Scraper H I 998 540 2300 M 10 NO 11

329 07-Nov-98 Scraper Hill 998 500 900 F 5 NO t2
330 07-Nov-98 Scraoer H I 998 470 250 F 3 NO 12

331 08-Nov-98 Scraoer Hill 998 460 300 F I NO 9

332 07-Nov-98 Scraper Hill 998 480 700 F 5 NO l1
JJJ 08-Nov-98 Scraper Hill 998 410 500 F J NO 6

334 08-Nov-98 Scraper Hill 998 510 900 M 8 NO 18

335 08-Nov-98 Scraoer Hill 998 s20 2200 F 5 NO t0
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336 08-Nov-98 Scraper H 998 540 2300 M 8 NO 8

337 08-Nov-98 Scraper H 998 530 2000 F 5 NO 11

338 08-Nov-98 Scraoer H 998 500 1 580 M 8 NO l1
339 08-Nov-98 Scraoer Hill 998 530 2500 M 8 NO t4
340 2-Nov-98 Scraper H 998 410 r650 F 5 NO t3
341 2-Nov-98 Scraper H 998 550 2400 NO 10

342 2-Nov-98 Scraoer H 998 490 l 800 F 5 NO 9

343 2-Nov-98 Scraoer H 998 s50 2900 M 10 NO 12

344 2-Nov-98 Scraper H 998 470 1500 F 3 NO t2
345 2-Nov-98 Scraper H 998 500 1700 F 5 NO t2
346 2-Nov-98 Scraper H rll 998 450 1450 M 8 NO 8

347 2-Nov-98 Scraper H rll 998 470 1640 F 5 NO 8

348 2-Nov-98 Scraoer Hill 998 500 r490 F 3 NO 15

349 2-Nov-98 Scraper Hill 998 520 1700 F J NO 9

3s0 2-Nov-98 Scraper Hill 998 470 1500 M 6 NO ll
351 2-Nov-98 Scraper Hill 998 490 l5 80 F J NO t2
352 2-Nov-98 Scraoer Hill 998 520 2250 M 8 NO 9

353 3-Nov-98 Scraoer Hill 998 560 2900 M 8 NO 13

354 3-Nov-98 Scraper Hill 998 s40 2500 M 10 NO l1
355 3-Nov-98 Scraper Hill 998 510 2400 M 8 NO 9

356 3-Nov-98 Scraper Hill 998 530 2500 M 8 NO 8

357 3-Nov-98 Scraper Hill 998 520 2400 F 3 NO 10

358 3-Nov-98 Scraoer H I 998 470 t460 F 3 NO l2
359 3-Nov-98 Scraper Hill 998 480 1600 M 8 NO 9

360 3-Nov-98 Scraper Hill 998 s20 2t00 M 8 NO
361 3-Nov-98 Scraper H I 998 500 1 500 F 5 NO 2

362 3-Nov-98 Scraoer Hill 998 470 1400 F I NO 0

363 3-Nov-98 Scraper Hill 998 470 1 800 NO 2

364 4-Nov-98 Scraper Hill 998 510 2t00 M 6 NO 0

365 4-Nov-98 Scraper Hill 998 520 2500 M l0 NO 3

366 4-Nov-98 Scraoer Hill 998 480 1580 M 8 NO 10

367 4-Nov-98 Scraoer Hill 998 s30 2200 M 8 NO 2

368 4-Nov-98 Scraper Hill 998 500 1500 F 5 NO 2

369 4-Nov-98 Scraner Hill 998 480 1500 M 8 NO 9

370 4-Nov-98 Scraper Hill 998 540 2400 F 5 NO 2

371 4-Nov-98 Scraper Hill 998 520 2000 F 3 NO
372 5-Nov-98 Scraoer Hill 998 440 t200 F 5 NO 20
)tJ 5-Nov-98 Scraper Hill 998 410 1680 M 8 NO 7

374 5-Nov-98 Scraper Hill 998 500 1900 M 6 NO 9

375 5-Nov-98 Scraper Hill 998 540 2080 M 10 NO t0
376 5-Nov-98 Scraper Hill 998 475 1700 F 5 NO 8

311 5-Nov-98 Scraoer Hill 998 490 1560 F 5 NO 8

378 5-Nov-98 Scraper Hill 998 550 2200 F 5 NO 13

379 5-Nov-98 Scraper Hill 998 550 I 800 F 2 NO t6
380 5-Nov-98 Scraper Hill 998 500 2000 F 5 NO t2
381 7-Nov-98 Scraoer Hill 998 500 I 860 M 8 NO 14

382 7-Nov-98 Scraoer Hill 998 470 1280 F 5 NO 12

383 7-Nov-98 Scraper Hill 998 480 1380 NO 13

384 3-Nov-98 Scraper Hill 998 s40 2600 NO 10
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385 02-Nov-98 Scraper Hill 1998 530 2300 M 6 NO t4
386 25-Sep-98 Trail River 998 505 2t00 M 8 25 6

387 26-Seo-98 Trail River 998 s20 2200 F J 43 10

388 27-Sep-98 Trail River 998 515 2500 M I 27 7

389 27-Sep-98 Trail River 998 s40 2700 F J 66 10

390 28-Sep-98 Trail River 998 530 2350 M 9 2I 8

391 29-Sep-98 Trail River 998 520 1950 M 8 t7 l3
392 0l-Oct-98 Tra: River 998 544 2500 M 8 3l 8

393 01-Oct98 Trail fuver 998 s39 2100 M 8 22 l2
394 03-Oct98 Tra: River 998 520 2820 F 3 580 83283

395 03-Oct-98 Trar River 998 480 2030 F J 8 8 65181

396 03-Ocç98 T¡ar River 998 525 2600 F 3 910 4 59749

397 05-Oct-98 Tra River 998 520 1850 F 2 900 3

398 05-Oct-98 Tra River 998 57s 2180 M 8 29 J

399 05-Oct-98 Trai River 998 490 1800 F 2 800 2 41541

400 05-Oct-98 Trai River 998 525 1 800 M 1 25

401 07-Oct98 Tra River 998 520 3500 M 8 31 9

402 07-Oct-98 Tra River 998 500 2600 F 2 650 8 93270

403 07-Oct-98 Tra River 998 s20 2200 M 6 24 8

404 07-Oct98 Tra River 998 435 I 050 M 6 I2 l8
405 3-Oct-98 Tra River 998 515 2000 M 8 30 il
406 3-Oct-98 Tra River 998 470 r450 F 2 330 8 408 16

401 3-Oct-98 Tra River 998 550 2350 M 8 20 10

408 3-Oct-98 Tra River 998 520 2200 F 2 550 8 68168

409 3-Oct-98 Tra River 998 495 I 850 M 7 20 10

410 3-Oct-98 Tra River 998 485 1650 F 2 400 21 49472

411 3-Oct-98 Tra River 998 490 1 820 F 2 330 11 39665
412 5-Oct-98 Trail River 998 450 1950 F 2 300 10

413 5-Oct-98 Trail River 998 520 2450 M l J-t 8 31092
414 5-Oct-98 Trail River 998 540 1950 F 2 300 10 34341

415 5-Oct-98 Trail River 998 535 2200 M 7 19 12

416 9-Oct-98 Trail River 998 535 2300 M 8 23 10

417 9-Oct98 Trail River 998 510 2300 M 8 9

418 9-Oct98 Trail River 998 s00 2000 M 8 30 l
419 9-Oct98 Trail River 998 490 1800 M 7 t4 8

420 9-Oct-98 Trail River 998 480 1600 F 2 26 11 3s828
421 9-Oct98 Trail River 998 530 2400 F 2 3 10 56238

422 -Oct-99 Cutoff 999 416 1600 F 2 26 r6
423 -Oct-99 Cutoff 999 500 1800 F J 407 9 51120

424 -Oct-99 Cutoff 999 480 1700 M 23 1

425 -Oct-99 Cutoff 999 500 1800 M J t4 18

426 5-Oct-99 Cutoff 999 502 r900 M 5 20 8

427 5-Oct-99 Cutoff 999 543 2600 M 5 22 9

428 5-Oct-99 cutoff 999 560 2800 M 5 36 9

429 5-Oct-99 Cutoff 999 s40 2100 M 5 27 13

430 5-Oct99 Cutoff 999 500 1800 M 5 t6 t6
431 5-Oct-99 Cutoff 999 490 r 800 M 5 18 9

432 8-Oct99 Cutoff 999 530 2500 M 5 36 7

433 8-Oct-99 Cutoff 999 s40 2800 F J 30s 15 24958
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434 8-Oct-99 Cutoff 999 s95 1 800 M 5 23 9

435 8-Oct99 Cutoff 999 433 1800 F 3 194 l0 16426
436 8-Oct-99 Cutoff 999 430 1700 F J 207 9 23906
437 8-Oct-99 Cutoff 999 470 1700 M 5 2 8

438 8-Oct-99 Cutoff 999 570 3100 M 5 26 i3
439 8-Oct-99 Cutoff 999 445 2600 M 5 49 9

440 8-Oct99 Cutoff 999 525 2600 M 5 37 10

441 8-Oct-99 Cutoff 999 535 2850 M 5 34 11

442 8-Oct-99 Cutoff 999 49s I 800 M 5 24 14

443 8-Oct99 Cutoff 999 485 1750 M 5 19 7

444 8-Oct-99 Cutoff 999 464 1 950 M 5 t8 9

44s 8-Oct-99 Cutoff 999 428 1600 M 5 22 8

446 8-Oct-99 Cutoff 999 425 I 550 M 5 18 T7

447 8-Oct99 Cutoff 999 490 1700 F 3 181 11

448 20-Oct-99 Cutoff 999 540 2100 M 5 39 7

449 20-Oct-99 Cutoff 999 460 1500 M 5 5 8

450 20-Oct-99 Cutoff 999 518 2200 M 5 29 9

4s1 22-Oct-99 Cutoff 999 4s0 1600 M 5 9 I
452 22-Oct-99 Cutoff 999 480 1700 F J 16r 7 18421

453 22-Oct-99 Cutoff 999 490 2200 F J 92 10

4s4 22-Oct-99 Cutoff 999 480 1300 F 3 90 t4 10070
455 22-Oct-99 Cutoff 999 504 I 600 F J 241 20 26561
456 22-Oct-99 Cutoff 999 484 1700 F J 215 ,l

457 22-Oct-99 Cutoff 999 470 1800 M 5 1 l5
458 22-Oct-99 Cutoff 999 490 1600 M 5 6 8

459 25-Oct-99 Cutoff 999 550 2600 M 5 28 9

460 27-Oct-99 Cutoff 999 550 2950 F 2 48 l0
461 27-Oct-99 Cutoff 999 515 2300 M 5 30 l0
462 27-Oct-99 Cutoff 999 5t4 1700 F 2 26 7

463 27-Oct-99 Cutoff 999 455 1400 M 5 2t 7

464 27-Oct-99 cutoff 999 518 I 550 F 2 43 11

46s 27-Oct-99 Cutoff 999 505 2500 F 3 664 10 74903
466 29-Oct-99 Cutoff 999 485 1600 F J 31 1

461 29-Oct-99 Cutoff 999 517 1900 F 2 50 8

468 29-Oct-99 Cutoff 999 s40 2200 M 24 13

469 29-Oct-99 Cutoff 999 516 3000 F 3 371 t0 36716
470 29-Oct-99 Cutoff 999 400 800 M 3 13

471 29-Oct-99 Cutoff 999 420 900 F 2 t4 13

472 29-Oct-99 Cutoff 999 s36 2000 F J 50 20
473 29-Oct-99 Cutoff 999 530 2000 F 2 59 9

474 29-Oct-99 Cutoff 999 5t2 I 850 M 5 15 12

415 01-Nov-99 Cutoff 999 480 I 600 F 2 3/ 8

476 01-Nov-99 Cutoff 999 495 1500 F 2 5t 9

477 01-Nov-99 Cutoff 999 530 2500 F 2 61 ?

478 0l-Nov-99 Cutoff 999 475 1300 F 2 37 13

479 0l-Nov-99 Cutoff 999 500 1 850 F 2 6 13

480 01-Nov-99 Cutoff 999 545 2600 M 5 15 9

481 0l-Nov-99 Cutoff 999 530 2250 M 5 10 13

482 01-Nov-99 Cutoff 999 550 2400 F 2 40 l3
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483 01-Nov-99 Cutoff 999 430 1400 F 2 -1 -t ?

484 01-Nov-99 Cutoff 999 5t4 1600 F 2 42 13

485 01-Nov-99 Cutoff 999 500 1700 F 2 45 1l

486 03-Nov-99 Cutoff 999 495 2000 M 5 9 '7

487 03-Nov-99 Cutoff 999 540 900 M 5 41 t4
488 03-Nov-99 Cutoff 999 490 800 M 5 15

,l

489 03-Nov-99 Cutoff 999 480 500 F 2 48 T2

490 03-Nov-99 Cutoff 999 503 400 F 2 35 9

491 03-Nov-99 Cutoff 999 s40 2400 M 5 11 9

492 03-Nov-99 Cutoff 999 427 r900 M 5 JJ 13

493 03-Nov-99 Cutoff 999 506 1600 F 2 35 9

494 03-Nov-99 Cutoff 999 432 1600 F 2 39 9

495 03-Nov-99 Cutoff 999 480 1500 F 2 4t 11

496 03-Nov-99 Cutoff 999 500 I 550 F 2 35 9

491 05-Nov-99 Cutoff 999 525 1900 F 2 43 9

498 05-Nov-99 Cutoff 999 492 1100 F 2 46 8

499 05-Nov-99 Cutoff 999 440 900 F 2 18 t3
s00 05-Nov-99 Cutoff 999 490 I 500 F 2 31 15

501 05-Nov-99 Cutoff 999 500 1300 F 2 t6 ?

502 05-Nov-99 Cutoff 999 520 2200 M 5 7 ll
503 08-Nov-99 Cutoff 999 555 2400 M 5 t6 T2

504 08-Nov-99 Cutoff 999 533 2400 M 5 l2 1l
505 08-Nov-99 Cutoff 999 488 13 50 F 2 36 l0
506 08-Nov-99 Cutoff 999 480 1 500 F 3 35 12

501 0-Nov-99 Cutoff 999 500 1950 F 4 451 10 35815
508 0-Nov-99 Cutoff 999 520 2000 M 4 23 2

509 0-Nov-99 Cutoff 999 429 1800 M 4 t2 9

5 0 0-Nov-99 Cutoff 999 496 1 650 M 4 25 9

5 I 0-Nov-99 Cutoff 999 490 1700 M 4 9 10

5 2 0-Nov-99 Cutoff 999 535 2600 M 4 25 8

5 J 0-Nov-99 Cutoff 999 520 1700 M 4 t] 9

5 4 0-Nov-99 Cutoff 999 470 1 500 M 4 7 8

5 5 0-Nov-99 Cutoff 999 510 1950 F 3 49 11

5 6 0-Nov-99 Cutoff 999 525 2200 M 4 19 t2
5 7 0-Nov-99 Cutoff 999 516 2150 M 4 l5 l
5 8 0-Nov-99 Cutoff 999 446 1300 M 4 t2 8

5 9 5-Nov-99 Cutoff 999 542 2200 M 5 26 9

520 5-Nov-99 Cutoff 999 s30 I 800 M 5 1t 12

521 5-Nov-99 Cutoff 999 500 1600 M 5 10 11

522 5-Nov-99 Cutoff 999 490 1 900 M 5 t2 7

523 7-Nov-99 Cutoff 999 545 2700 M 5 11 12

524 7-Nov-99 Cutoff 999 490 r 850 M 5 l0 12

525 7-Nov-99 Cutoff 999 5t4 1 550 M 5 t4 8

s26 07-Oct-99 Scraper H r 1999 479 1300 F I l3 11

521 07-Oct-99 Scraper H I 1999 500 1950 M 2 23 11

528 07-Oct-99 Scraper H I 1999 490 2050 M 2 22 10

529 07-Oct-99 Scraper H ll 1999 492 1 850 M 2 21 t4
530 07-Oct-99 Scraper H I t999 506 2350 M 2 33 t0
531 08-Oct-99 Scraper H I 1999 501 2250 M 2 29 7
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532 08-Oct-99 Scraper Hill 999 468 1700 M 2 2t 7

533 08-Oct-99 Scraper Hill 999 s32 2200 M 2 25 10

s34 08-Oct99 Scraoer H 1l 999 49s I 850 M 2 29 7

535 08-Oct99 Scraper Hill 999 527 2050 M 2 26 10

536 09-Oct-99 Scraper H ill 999 490 1 800 M 2 24 13

537 09-Ocr99 Scraper Hill 999 s10 2100 M 2 26 8

538 09-Oct99 Scraoer Hill 999 505 2300 F J 547 13 64079

539 11-Oct-99 Scraoer Hill 999 460 1 600 M 4 20 ?

s40 11-Oct-99 Scraoer Hill 999 472 1650 M 4 22 8

541 11-Oct-99 Scraper Hill 999 455 1400 F 3 309 15 37581

542 13-Oct-99 Scraper Hill 999 484 I 800 M 3 25 6

543 13-Oct-99 Scraoer Hill 999 460 1500 M 4 t9 9

544 13-Oct-99 Scraoer Hill 999 483 I 800 M 4 26 10

545 13-Oct-99 Scraper Hill 999 5t7 2500 M 4 28 9

s46 13-Oct-99 Scraper Hill 999 488 1150 F -1 314 8 46954

547 l5-Oct-99 Scraoer Hill 999 469 1700 M 4 25 8

548 15-Oct-99 Scraoer Hill 999 5i0 1800 M 4 JJ t6
549 l8-Oct-99 Scraper Hil 999 455 1500 M 4 T9 5

550 18-Oct-99 Scraper Hi 999 480 l 800 M 4 24 1

s51 18-Oct99 Scraper Hi 999 493 t] 50 M /l 28 15

552 18-Oct-99 Scraper Hi 999 490 I 850 M 4 T9 t2
553 l8-Oct-99 Scraner H I 999 s20 2000 M 4 25 13

554 l8-Oct-99 Scraoer Hi 999 490 1900 M 4 24 9

555 20-Oct-99 Scraper H 999 490 2150 M 4 21 8

556 20-Oct-99 Scraper Hi 999 480 1700 M 4 26 13

557 20-Oct-99 Scraper H 999 515 2150 M 4 36 t2
558 20-Oct-99 Scraoer Hi 999 518 2350 M 4 37 l0
559 20-Oct99 Scraper H 999 520 2050 M 4 22 8

560 20-Oct-99 Scraper Hi 999 s00 2100 M 4 JJ 11

56r 20-Oct-99 Scraper Hi 999 485 I 850 M 4 27 10

s62 20-Oct-99 Scraper Hi 999 521 23s0 M 4 32 10

s63 20-Oct-99 Scraoer Hi 999 s00 I 850 M 4 29 t4
s64 20-Ocr-99 Scraper Hi 999 516 2050 M 4 t6 13

565 20-Oct-99 Scraoer Hi 999 464 1350 M 4 11 11

s66 22-Oct-99 Scraper Hi 999 485 r 650 M 4 24 t2
561 22-Oct-99 Scraoer Hi 999 500 2000 F J 513 l9 50491

568 22-Oct-99 Scraoer Hi 999 552 3050 F 4 128 11 14391

s69 22-Oct-99 Scraper Hi 999 513 2250 M 4 26 13

570 22-Oct-99 Scraper Hi 999 560 2550 M 4 25 t2
571 22-Oct-99 Scraper Hi 999 471 I 850 M 4 34 10

572 25-Oct-99 Scraper Hi 999 489 I 700 F 5 39 11

573 27-Oct-99 Scraoer Hi 999 530 1750 F 5 39 t4
574 27-Oct-99 Scraper Hi 999 490 2150 F 4 469 I4 41748

575 29-Oct-99 Scraper Hill 999 461 1550 F 5 29 7

576 29-Oct-99 Scraper Hill 999 510 1450 F 5 38 12

577 01-Nov-99 Scraoer Hill 999 470 1350 F 5 22 19

578 01-Nov-99 Scraoer Hill 999 524 2150 F 5 43 9

579 01-Nov-99 Scraper Hill 999 490 1450 F 5 26 t4
580 03-Nov-99 Scraper Hill 999 520 2150 M 4 36 ll
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581 03-Nov-99 Scraper Hill 1999 479 1500 F 5 34 8

582 03-Nov-99 Scraoer H I 1999 518 1450 F 5 46 9

583 03-Nov-99 Scraper Hill 1999 489 1350 F 5 20 8

584 03-Nov-99 Scraper Hill 1999 490 1300 F 5 36 9

585 03-Nov-99 Scraper Hill 1999 540 1700 M 5 5 7

586 05-Nov-99 Scraoer Hill 1999 504 1700 F 5 39 9

587 05-Nov-99 Scraoer Hill 1999 480 1550 F 5 30 7

588 05-Nov-99 Scraoer Hill 1999 466 1600 M 5 7 10

589 05-Nov-99 Scraper Hill 1999 517 2150 M 5 l4 9

590 05-Nov-99 Scraper Hill 1999 517 1700 F 5 4t 11

591 05-Nov-99 Scraper Hill 1999 500 2500 M 5 l7 7

s92 08-Nov-99 Scraoer Hill 1999 515 2t00 M 5 T6 8

s93 08-Nov-99 Scraper Hill 1999 510 I 850 M 5 9 t0
s94 08-Nov-99 Scraper Hill 1999 499 I 850 M 5 t4 10

595 l0-Nov-99 Scraper Hill 1999 510 2000 M 5 32 t0
s96 l0-Nov-99 Scraoer Hill 1999 520 2150 M 5 l3 t2
597 l0-Nov-99 Scraoer Hill 1999 484 1500 M 5 9 12

598 12-Nov-99 Scraper Hill 1999 5t2 2050 M 4 21 11

s99 12-Nov-99 Scraper Hill 1999 494 2100 M 4 21 10

600 12-Nov-99 Scraper Hill 1999 560 2350 M 4 19 t4
601 12-Nov-99 Scraper Hill 1999 515 2000 M 4 l4 ll
602 12-Nov-99 Scraoer H I t999 485 r300 F 5 23 9

603 15-Nov-99 Scraper H | 1999 490 1900 M 4 59 9

604 l5-Nov-99 Scraper H I 1999 480 1700 F 5 35 8

605 l7-Nov-99 Scraoer H I 1999 480 1400 M 4 6 12

606 19-Oct99 Road River 1999 513 tt20 M 2 34 t0
607 19-Oct99 Road River i999 545 2600 F 3 543 l0 60684

608 l9-Oct99 Road River 1999 483 I 900 F J 421 ,l 44184

609 19-Oct99 Road River 1999 495 1600 M 2 0 t2
6 0 19-Oct-99 Road River 1999 s00 1 550 M 2 0 t6
6 1 20-Oct-99 Road River 1999 532 2100 F J 380 ? 334t0
6 2 20-Oct-99 Road River 1999 525 2t00 F J 351 0 34232

6 J 20-Oct-99 Road River 1999 540 2800 M 3 JJ 0

6 4 20-Oct-99 Road River 1999 534 2300 M 3 70 4

6 5 20-Oct-99 Road Rrver 1999 500 1900 M 2 63 5

6 6 20-Oct-99 Road River 1999 414 1400 M 2 56 9

6 7 20-Oct-99 Road River 1999 475 r100 M J 6t 15

6 8 20-Oct-99 Road River 1999 501 2100 M J 67 7

6 9 20-Oct-99 Road River 1999 530 1 650 F 5 0 l1

620 20-Oct-99 Road River 1999 537 2500 M 3 66 8

621 22-Oct-99 Road River 1999 533 2350 M 3 37 14

622 22-Oct-99 Road River 1999 478 1400 M 2 ? t4
623 22-Oct-99 Road River 1999 470 l 500 M ? ? ,)

624 22-Oct-99 Road River 1999 550 2850 F 4 731 10 74822

625 22-Oct-99 Road River 1999 470 r700 F 3 523 9 31315
626 22-Oct-99 Road River 1999 415 1450 M 2 49 21

627 25-Oct-99 Road fuver 1999 535 2650 M 3 5t 10

628 25-Oct-99 Road River 1999 560 I 850 F 4 ,)
10

629 25-Oct-99 Road River 1999 505 2500 M J 24 9



133

630 25-Oct-99 Road River 999 490 1700 M ? 49 13

63r 25-Oct-99 Road River 999 s36 1 950 F 4 ,l
8

632 25-Oct-99 Road River 999 545 2200 M J 67 J

633 25-Oct-99 Road River 999 448 t200 M 2 49 8

634 25-Oct-99 Road River 999 515 2000 M 2 59 13

63s 25-Oct-99 Road River 999 560 2100 F 5 ? 13

636 25-Oct-99 Road River 999 535 1800 F 5 ? l0
637 25-Oct-99 Road River 999 394 I 850 F 5 I 9

638 25-Oct-99 Road River 999 525 2000 M 2 54 t2
639 27-Oct-99 Road River 999 512 2250 F 4 576 13 54832

640 2'1-Oct-99 Road River 999 548 2800 F 4 819 16 71383
64t 27-Oct-99 Road River 999 466 1650 F 4 357 1 44851

642 27-Oct-99 Road River 999 491 1900 F 4 423 t2 3s815
643 27-Oct-99 Road River 999 480 1450 F 5 25 8

644 29-Oct-99 Road River 999 530 2050 F 5 40 I
645 29-Oct-99 Road River 999 490 I 600 F 5 38 9

646 05-Nov-99 Road River 999 550 20s0 M 5 l4 T2

641 05-Nov-99 Road River 999 492 I 950 F 5 96 13

648 05-Nov-99 Road River 999 545 2000 F 5 40 t1

649 05-Nov-99 Road fuver 999 505 1650 F 5 31 l1
650 05-Nov-99 Road River 999 536 2900 F 4 791 ,l 57110

651 08-Nov-99 Road River 999 550 2300 M 5 45 t6
652 08-Nov-99 Road River 999 520 2350 M 5 51 9

6s3 08-Nov-99 Road fuver 999 477 1500 M 5 7 13

654 08-Nov-99 Road River 999 440 1250 M 5 8 15

655 08-Nov-99 Road River 999 500 1900 M J 29 2

6s6 10-Nov-99 Road River 999 550 2600 M 5 7 2

651 l0-Nov-99 Road River 999 525 2550 M 5 8
,l

658 10-Nov-99 Road River 999 510 2300 M 5 8 8

6s9 19-Oct-99 Scraoer Hill 999 500 2t00 M 4 4t 1l
660 20-Oct-99 Scraper Hill 999 526 2600 F 4 516 1l 69995

661 20-Oct-99 Scraper Hill 999 450 1200 M 4 l4 9

662 20-Oct-99 Scraper Hill 999 495 1700 M 4 23 13

663 20-Oct-99 Scraoer Hill 999 530 2600 M 4 25 12

664 20-Oct-99 Scraoer Hill 999 480 r900 F 4 408 12 49932

665 24-Oct-99 Scraper Hill 999 540 3200 F 4 875 9 74944

666 29-OcT-99 Road River 999 527 1650 F 5 4l 9

667 29-Oct-99 Road River 999 483 1 650 F 5 42 6

668 09-Nov-99 Cutoff 1999 535 3000 M 4 30 3

669 09-Nov-99 Cutoff 1999 48s 1800 F 4 339 0 36333

670 09-Nov-99 Cutoff 1999 490 1650 M 4 7 4

671 09-Nov-99 Cutoff 1999 478 1 600 F 4 291 9 21755

672 09-Nov-99 Cutoff 1999 511 1950 M 4 20 l2
673 09-Nov-99 Cutoff 1999 476 1650 M 4 8 8

674 09-Nov-99 Cutoff 1999 529 2150 M 4 15 l1
675 09-Nov-99 Cutoff 1999 440 1000 M 4 5 l3
676 09-Nov-99 Cutoff 1999 490 1700 M 4 7 8

677 10-Nov-99 Cutoff 1999 520 2000 M 4 15 t5
678 10-Nov-99 Cutoff 1999 492 1750 M 4 T2 8
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679 10-Nov-99 Cutoff 999 533 2500 M 4 12 9

680 10-Nov-99 Cutoff 999 481 t750 M 4 16 11

681 t0-Nov-99 Cutoff 999 519 2200 M 4 18 I
682 10-Nov-99 Cutoff 999 500 2200 M 4 28 9

683 10-Nov-99 Cutoff 999 479 r 650 M 4 13 9

684 10-Nov-99 Cutoff 999 489 1600 M 4 t7 ,l

685 11-Nov-99 Cutoff 999 510 2200 M 4 20 7

686 11-Nov-99 Cutoff 999 530 2000 M 4 23 l3
687 11-Nov-99 Cutoff 999 511 2100 M 4 11 9

688 11-Nov-99 Cutoff 999 533 24s0 M J 29 l6
689 l1-Nov-99 Cutoff 999 482 I 5s0 M 3 l4 8

690 l2-Nov-99 Cutoff 999 455 r300 M 3 1 10

691 l2-Nov-99 Cutoff 999 480 1 550 M 4 t2 8

692 l2-Nov-99 Cutoff 999 s29 2100 M 4 11 10

693 20-24oct Scraper H I 999 473 2000 F 4 465 10 35795

694 20-24oct Scraper H II 999 541 2800 F 4 800 9 68421

695 20-24ocl Scraper H I 999 510 3300 F 4 96s 13 76538

696 20-24oct Scraper Hill 999 527 2850 F 4 1030 9

697 20-24oct Scraoer Hill 999 530 2750 F 4 69s 13 7 5865

698 20-24ocl Scraoer Hill 999 528 2750 F 4 910 13 80865

699 20-24ocl Scraper H ll 999 572 3450 F 4 940 10 81241

700 20-24oct Scraper H u 999 504 2700 F 4 580 23 61518

101 20-24oct Scraoer H I 999 530 2850 F 4 870 t9 61837

702 20-24oct Scraper H I 999 540 2300 F 4 600 9 52572

703 20-24oct Scraper H ll 999 s01 2100 F 4 545 t2 45308

704 20-24oct Scraper H ll 999 540 2200 F 4 590 8 58442

705 20-24oct Scraoer Hill 999 490 2400 F 4 640 ? 66310

706 20-24oct Scraoer Hill 999 500 2000 F 4 48s 9 45059

707 20-24oct Scraper Hill 999 495 2400 F 4 580 18 51541

708 20-24oct Scraper Hill 999 500 2350 F 4 765 I
709 20-24oct Scraper Hill 999 490 2100 F 4 515 8 55483

7 0 20-24ocT Scraoer Hill 999 465 1400 F 4 300 9 2s4t9
7 1 20-24oct Scraoer Hill 999 470 1700 F 4 360 I2 3 1500

7 2 20-24oct Scraper Hill 999 525 2400 F 4 610 9 44089

7 3 20-24oct Scraper Hill 999 460 1600 F 4 300 8 28220

7 4 20-24oct Scraner Hill 999 490 2500 F 4 700 l0
7 5 20-24oct Scraoer Hill 999 469 2100 F 4 520 l3 36241

7 6 20-24oct Scraoer Hill 999 500 2300 F 4 485 9 38845

1 7 20-24oct Scraoer Hill 999 540 2800 F 4 700 t4 605 l9
7 8 20-24oct Scraper Hill 999 537 2500 F 4 575 20 44837

7 9 20-24oct Scraper Hill 999 480 2000 F 4 565 11 46828

720 20-24oct Scraoer Hill 999 475 2000 F 4 485 9 43079

721 20-24ocr Scraoer Hill 999 485 2200 F 4 555 13 51091

122 20-24oct Scraper Hill 999 465 1900 F 4 475 t4 44955
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APPENDIX II. Index of sample numbers for broad whitefish (BDWT) caught in the

Peel River in 1998 and 1999 as part of the Peel River fish-monitoring program. S# :

sample number. Samples numbers as recorded 1) on scale envelopes, 2) all species

caught in a single year (1998 or 1999), and 3) only broad whitefish, caught in both i998

and 1999 (as reported in thesis Appendix I).

Date Camp # Camp S# on envelope S# for vear BDWT S#

25-Sep-98 1 Basook Creek 6 6 I

25-Sep-98 I Basook Creek 7 7 2

24-Sep-98 I Basook Creek 2 73 -l

24-Sep-98 1 Basook Creek 4 15 4

24-Sep-98 1 Basook Creek 5 76 5

24-Sep-98 I Basook Creek 6 a1 6

24-Sep-98 I Basook Creek 7 18 7

24-Sep-98 1 Basook Creek 8 l9 8

24-Seo-98 I Basook Creek I2 83 9

25-Seo-98 I Basook Creek 15 86 0

25-Sep-98 I Basook Creek t7 88 I

25-Seo-98 I Basook Creek 18 89 2

25-Sep-98 I Basook Creek 19 90 3

25-Sep-98 1 Basook Creek 22 93 4

25-Sep-98 I Basook Creek 23 94 5

25-Sep-98 I Basook Creek 24 95 6

25-Sep-98 I Basook Creek 26 97 1

25-Sep-98 1 Basook Creek 28 99 8

25-Sep-98 1 Basook Creek 29 00 9

28-Sep-98 I Basook Creek JJ 04 )o
30-Seo-98 Basook Creek 42 13 21

30-Seo-98 Basook Creek 46 t] 22

30-Sep-98 I Basook Creek 49 20 23

02-Oct-98 Basook Creek 59 30 24

05-Oct98 Basook Creek 75 46 25

07-Oct-98 Basook Creek 99 70 26
07-Oct-98 Basook Creek 05 76 27

15-Oct-98 Basook Creek ll 82 28
l5-Oct-98 I Basook Creek t2 83 29

l5-Oct-98 I Basook Creek 13 84 30
15-Oct-98 I Basook Creek 14 85 31

15-Ocl98 I Basook Creek 15 86 32

15-Oct-98 Basook Creek 6 8l 33

15-Oct-98 I Basook Creek 7 88 34

15-Oct98 1 Basook Creek 8 89 35

l5-Oct98 t Basook Creek 9 90 36

15-Oct-98 1 Basook Creek 20 9t 37
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5-Oct-98 Basook Creek 21 92 38

5-Oct-98 Basook Creek 22 93 39

5-Oct98 Basook Creek 23 94 40

5-Oct-98 Basook Creek 24 95 4l
5-Oct-98 Basook Creek 25 96 42

5-Oct-98 Basook Creek 26 91 43

5-Oct-98 Basook Creek 27 98 44

5-Oct98 Basook Creek 28 99 45

5-Oct-98 Basook Creek 29 200 46

5-Oct98 Basook Creek 30 201 47

5-Oct-98 Basook Creek 31 202 48

5-Oct-98 Basook Creek 32 203 49

5-Oct-98 Basook Creek JJ 204 50

5-Oct-98 Basook Creek 34 20s 5l
5-Oct98 Basook Creek 35 206 52

5-Oct98 Basook Creek 36 207 53

5-Oct-98 Basook Creek 38 209 54

5-Oct-98 Basook Creek 41 2 2 55

5-Oct98 Basook Creek 42 2 3 56

5-Oct-98 Basook Creek 43 2 4 57

5-Oct-98 Basook Creek 44 2 5 58

5-Oct-98 Basook Creek 45 2 6 59

5-Oct-98 Basook Creek 46 2 7 60
8-Oct-98 Basook Creek 48 2 9 6t
8-Ocç98 Basook Creek 49 220 62

8-Oct-98 Basook Creek 50 221 63

8-Oct-98 Basook Creek 5l 222 64

8-Oct-98 Basook Creek 52 223 65

8-Oct-98 Basook Creek 53 224 66

8-Oct-98 Basook Creek 54 22s 67

8-Oct-98 Basook Creek 55 226 68

8-Oct-98 Basook Creek 56 227 69

8-Oct-98 Basook Creek 51 228 70
8-Oct-98 Basook Creek 58 229 71

8-Oct-98 Basook Creek 59 230 72

8-Oct-98 Basook Creek 60 231 73

8-Oct-98 Basook Creek 6l 232 14

8-Oct-98 Basook Creek 62 233 15

8-Ocç98 Basook Creek 63 234 76
8-Oct-98 Basook Creek 64 235
8-Oct-98 Basook Creek 65 236 78

8-Oct-98 Basook Creek 66 231 79
8-Oct-98 Basook Creek 67 238 80

8-Oct-98 Basook Creek 68 239 8l
8-Oct-98 Basook Creek 69 240 82

8-Oct-98 Basook Creek 70 241 83

9-Oct-98 Basook Creek 71 242 84

9-Oct-98 Basook Creek 72 243 85

9-Oct-98 Basook Creek /3 244 86
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19-Ocl98 Basook Creek 74 245 87

l9-Oct-98 Basook Creek 75 246 88

l9-Oct-98 Basook Creek 76 247 89

19-Oct98 Basook Creek 248 90

19-Oct-98 Basook Creek 18 249 91

19-Oct-98 Basook Creek '79 250 92

l9-Oct98 Basook Creek 80 251 93

l9-Oct98 Basook Creek 81 252 94

l9-Oct98 Basook Creek 82 2s3 95

l9-Ocr98 Basook Creek 83 254 96

19-Oct-98 Basook Creek 84 255 97

19-Oct-98 Basook Creek 85 256 98

19-Oct-98 Basook Creek 86 257 99

19-Oct-98 Basook Creek 87 258 00

19-Oct-98 Basook Creek 88 259 0l
19-Oct-98 Basook Creek 89 260 02

19-Oct98 Basook Creek 90 261 03

19-Oct-98 Basook Creek 9t 262 04

19-Oct98 Basook Creek 92 263 05

2 -Oct-98 Basook Creek 93 264 06

2 -Oct-98 Basook Creek 94 265 01

2 -Oct-98 Basook Creek 9s 266 08

2 -Oct-98 Basook Creek 96 261 09

2 -Oct98 Basook Creek 97 268 l0
2 -Oct98 Basook Creek 98 269 ll
2 -Oct-98 Basook Creek 99 210 12

2 -Oct98 Basook Creek 200 271 13

2 -Oct98 Basook Creek 201 212 l4
2 -Oct98 Basook Creek 202 273 15

2 -Oct-98 Basook Creek 203 274 t6
2 -Oct-98 Basook Creek 204 275 11

2 -Oct-98 Basook Creek 205 276 18

2 -Oct-98 Basook Creek 206 217 i9
2 -Oct-98 Basook Creek 201 278 20

2 -Oct-98 Basook Creek 208 219 21

2 -Oct-98 Basook Creek 209 280 22

2 -Oct-98 Basook Creek 2t0 281 23

2 -Oct-98 Basook Creek 2t1 282 24

2 -Oct-98 Basook Creek 2t2 283 25

2 -Oct-98 Basook Creek 2t3 284 26

2 -Oct-98 Basook Creek 2t4 28s 2l
2 -Oct-98 Basook Creek 215 286 28

2 -Oct-98 Basook Creek 216 281 29

2 -Oct-98 Basook Creek 2r7 288 30

2 -Oct98 Basook Creek 218 289 31

2 -Oct-98 Basook Creek 2r9 290 32

23-Oct-98 Basook Creek 220 297 33

23-Oct-98 Basook Creek 221 292 34

23-Oct-98 Basook Creek 222 293 35
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23-Oct-98 Basook Creek 223 294 36

23-Oct-98 Basook Creek 224 295 37

23-Oct-98 Basook Creek 225 296 38

23-Oct-98 Basook Creek 226 297 39

23-Ocr98 Basook Creek 227 298 40

23-Oct-98 Basook Creek 228 299 4t
23-Oct-98 Basook Creek 229 300 42

23-Oct-98 Basook Creek 230 30r 43

23-Oct-98 Basook Creek 231 302 44

23-Oct-98 Basook Creek 232 303 45

23-Oct-98 Basook Creek ¿JJ 304 46

23-Oct-98 Basook Creek 234 305 47

23-Oct-98 Basook Creek 235 306 48

23-Oct98 Basook Creek 236 301 49

23-Oct-98 Basook Creek 237 308 50

23-Oct-98 Basook Creek 238 309 5l
23-Oct-98 Basook Creek 239 310 52

23-Oct-98 Basook Creek 240 311 53

23-Oct98 Basook Creek 241 312 54

23-Oct-98 Basook Creek 242 313 55

23-Oct98 Basook Creek 243 314 s6

26-0ct-98 Basook Creek 244 315 57

26-Oct-98 Basook Creek 245 3r6 58

26-0ct-98 Basook Creek 246 3t7 59

26-Oct-98 Basook Creek 241 318 60

26-Oct-98 Basook Creek 248 319 61

26-0ct-98 Basook Creek 249 320 62

26-0ct-98 Basook Creek 250 321 63

26-0ct-98 Basook Creek 251 322 64

26-0ct-98 Basook Creek 252 323 65

26-Oct-98 Basook Creek 253 324 66

26-Oct-98 Basook Creek 254 325 67

26-Oct-98 Basook Creek 255 326 68

26-Oct-98 Basook Creek 256 327 69

26-0ct-98 Basook Creek 257 328 70

26-0ct-98 Basook Creek 258 329 7l
26-0ct-98 Basook Creek 259 330 72

26-0ct-98 Basook Creek 260 331 73

26-0ct-98 Basook Creek 261 332 74

26-0ct-98 Basook Creek 262 333 75

26-Oct-98 Basook Creek 263 334 76

26-0ct-98 Basook Creek 264 335
26-Oct-98 Basook Creek 265 336 78

26-0ct-98 Basook Creek 266 JJI 79

26-Oct-98 Basook Creek 267 338 80

26-Oct-98 Basook Creek 268 339 81

26-Oct-98 Basook Creek 269 340 82

26-Oct-98 Basook Creek 270 341 83

26-0ct-98 Basook Creek 27t 342 84
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28-Oct-98 Basook Creek 272 343 185

28-Oct-98 Basook Creek 273 344 186

28-Oct-98 Basook Creek 2'14 345 r81

28-Oct-98 I Basook Creek 215 346 188

28-Oct-98 I Basook Creek 216 347 189

28-Oct-98 I Basook Creek 211 348 190

28-Oct-98 Basook Creek 278 349 r91

28-Oct-98 Basook Creek 280 351 192

28-Oct-98 I Basook Creek 281 352 193

28-Oct98 I Basook Creek 282 353 194

28-Oct98 I Basook Creek 283 354 19s

28-Oct98 I Basook Creek 284 355 196

28-Oct-98 1 Basook Creek 285 356 191

28-Oct-98 I Basook Creek 286 357 r98

28-Oct-98 I Basook Creek 287 358 199

30-Oct-98 I Basook Creek 288 359 200

30-Oct-98 I Basook Creek 289 360 201

30-Oct-98 I Basook Creek 290 361 202

30-Oct-98 I Basook Creek 291 362 203

30-Oct-98 I Basook Creek 292 363 204

30-Oct-98 I Basook Creek 293 364 205

30-Oct98 I Basook Creek 294 365 206

30-Oct-98 1 Basook Creek 296 361 207

30-Oct-98 1 Basook Creek 297 368 208

30-Oct-98 I Basook Creek 298 369 209

3 -Oct-98 1 Basook Creek 300 311 210

3 -Oct-98 1 Basook Creek 301 372 211

3 -Oct-98 1 Basook Creek 302 373 2t2
3 -Oct-98 I Basook Creek 303 314 2t3
3 -Oct-98 I Basook Creek 304 315 2t4
22-Sep-98 2 Scrapper Hill 998 376 2t5
22-Sep-98 2 Scrapper Hill 998 2 377 216

22-Sep-98 2 Scraooer Hill 998 J 378 2t7
23-Sep-98 2 Scrapper Hill 998 4 379 218

23-Sep-98 2 Scrapper Hill 998 5 380 219

23-Sep-98 2 Scraooer Hill 998 6 381 220

26-Sep-98 2 Scraoper Hill 998 9 384 22t
26-Sep-98 2 Scrapper Hill 998 10 385 222

27-Sep-98 2 Scrapper H 998 15 390 223

27-Sep-98 2 Scraooer H 998 l6 391 224

27-Sep-98 2 Scraooer H 998 17 392 225

30-Seo-98 2 Scrapper H 998 18 393 226

30-Sen-98 2 Scrapper H 998 19 394 227

01-Oct98 2 Scrapper Hi 998 20 395 228

07-Oct98 2 Scrapper H 998 52 427 229

12-Oct98 2 Scrapner H 998 61 442 230

12-Oct-98 2 Scrapper H 998 68 443 231

13-Oct-98 2 Scrapper H 998 72 441 232

13-Oct-98 2 Scrapper Hi 998 t3 448 233
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l4-Oct-98 2 Scrapper H 998 452 234

19-Oct-98 2 Scrapper H 998 80 455 23s
19-Oct-98 2 Scrapper H 998 81 456 236

19-Oct98 2 Scrapper H ll 998 82 457 231

19-Oct-98 2 Scrapper H ill 998 83 458 238
19-Oct-98 2 Scrapper H iil 998 84 4s9 239
19-Oct-98 2 Scrapper H 998 85 460 240

19-Ocr98 2 Scrapper H 998 86 461 241

l9-Oct-98 2 Scrapper H t1 998 87 462 242

l9-Oct-98 2 Scrapper H tl 998 88 463 243

19-Oct-98 2 Scrapper Hill 998 89 464 244

19-Oct-98 2 Scrapper Hill 998 90 465 245

19-Oct-98 2 Scrapper Hill 998 91 466 246

19-Oct-98 2 Scrapper Hill 998 92 467 241

19-Oct-98 2 Scrapper Hill 998 93 468 248
20-Oct-98 2 Scrapper Hill 998 95 410 249
20-Oct-98 2 Scrapper Hill 998 96 411 250
20-Oct-98 2 Scrapper Hill 998 91 472 251
20-Oct-98 2 Scraooer H I 998 98 473 252

20-Oct-98 2 Scraooer H I 998 99 474 253
20-Oct-98 2 Scrapper H I 998 00 475 254
20-Oct-98 2 Scrapper H I 998 01 4t6 255

2 -Oct-98 2 Scrapper H I 998 03 478 256

2 -Oct98 2 Scrapper H I 998 04 479 257

2 -Oct-98 2 Scrapper H l 998 05 480 258
2 -Oct-98 2 Scrapper H ll 998 06 481 2s9
2 -Oct-98 2 Scrapper Hill 998 07 482 260

2 -Oct-98 2 Scrapper Hill 998 08 483 261

2 -Oct-98 2 Scrapper Hill 998 09 484 262

2 -Oct-98 2 Scrapper Hill 998 10 485 263

25-Oct-98 2 Scrapper Hill 998 I 486 264

25-Oct-98 2 Scrapper Hill 998 l2 487 265

25-Ocr98 2 Scrapper Hill 998 J 488 266

25-Oct-98 2 Scrapper Hill 998 4 489 267

25-Oct-98 2 Scrapper Hill 998 5 490 268
25-Oct-98 2 Scrapper Hill 998 6 491 269

25-Oct-98 2 Scrapper Hill 998 7 492 270

25-Oct-98 2 Scrapper Hill 998 8 493 271

26-0ct-98 2 Scrapper Hill 998 9 494 272

26-Oct-98 2 Scrapper Hill 998 20 495 273

26-Oct-98 2 Scrapper Hill 998 2l 496 274

26-0ct-98 2 Scraooer Hill 998 22 491 275

26-0ct-98 2 Scrapper Hill 998 23 498 216

26-Oct-98 2 Scrapper Hill 998 24 499 277

26-0ct-98 2 Scrapper Hill 998 25 500 278
26-Oct-98 2 Scrapper Hill 998 26 501 279

26-0ct-98 2 Scrapper Hill 998 27 502 280

26-0ct-98 2 Scrapper Hill 998 28 503 281

26-Oct-98 2 Scrapper Hill 998 29 s04 282
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27-Oct-98 2 Scrapper Hill 998 130 505 283

27-Oct-98 2 Scrapper Hill 998 l3l 506 284

02-Nov-98 2 Scrapper Hill 998 133 508 285

02-Nov-98 2 Scrapper Hill 998 135 509 286

02-Nov-98 2 Scrapper Hill 998 136 510 281

02-Nov-98 2 Scrapper Hill 998 131 511 288
02-Nov-98 2 Scrapper H I 998 138 512 289
02-Nov-98 2 Scrapper H I 998 139 513 290
02-Nov-98 2 Scraooer H I 998 t40 514 291

02-Nov-98 2 Scraooer H I 998 t41 515 292

02-Nov-98 2 Scrapper H I 998 142 516 293
02-Nov-98 2 Scrapper Hill 998 t43 517 294

02-Nov-98 2 Scrapper H t 998 t44 518 295
02-Nov-98 2 Scrapper Hill 998 145 519 296

02-Nov-98 2 Scrapper Hill 998 t46 520 291

02-Nov-98 2 Scrapper Hill 998 r47 521 298
02-Nov-98 2 Scrapper Hill 998 148 522 299
02-Nov-98 2 Scraooer Hill 998 r49 s23 300

02-Nov-98 2 Scraooer Hill 998 150 524 301

02-Nov-98 2 Scraooer Hill 998 151 525 302
02-Nov-98 2 Scrapper Hill 998 152 526 303

02-Nov-98 2 Scraooer Hill 998 153 527 304
02-Nov-98 2 Scrapper Hill 998 154 528 305

02-Nov-98 2 Scrapper Hill 998 155 529 306

02-Nov-98 2 Scrapper Hill 998 156 530 307

02-Nov-98 2 Scraooer Hill 998 157 531 308

03-Nov-98 2 Scraoper Hill 998 158 532 309

03-Nov-98 2 Scraoper H 998 r59 533 J 0

03-Nov-98 2 Scraoper H 998 160 534 3 1

03-Nov-98 2 Scrapper Hill 998 r61 535 3 2

03-Nov-98 2 Scraooer Hill 998 t62 s36 J 3

03-Nov-98 2 Scraoper Hill 998 163 531 3 4

03-Nov-98 2 Scrapper Hill 998 t64 538 3 5

03-Nov-98 2 Scrapper Hill 998 165 539 3 6

03-Nov-98 2 Scrapper Hill 998 t66 540 3 7

03-Nov-98 2 Scrapper Hill 998 r61 541 3 8

03-Nov-98 2 Scrapper Hill 998 168 542 J 9

05-Nov-98 2 Scrapper Hill 998 t69 543 320
05-Nov-98 2 Scraooer Hill 998 110 544 321
05-Nov-98 2 Scraooer Hill 998 t71 545 322
05-Nov-98 2 Scrapper Hill 998 172 546 323
05-Nov-98 2 Scraooer Hill 998 173 541 324

05-Nov-98 2 Scrapner Hill 998 t74 548 325

07-Nov-98 2 Scraooer Hill 998 r75 549 326

07-Nov-98 2 Scraooer Hill 998 t76 550 327

07-Nov-98 2 Scraooer Hill 998 t77 551 328
07-Nov-98 2 Scrapper Hill 998 tt8 552 329

07-Nov-98 2 Scraoper Hill 998 t79 553 330

08-Nov-98 2 Scrapper Hill 998 180 554 331
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07-Nov-98 2 Scrapper Hill 1998 134 555 332

08-Nov-98 2 Scrapper Hill 1998 181 556 333

08-Nov-98 2 Scrapper Hill 1998 t82 551 334
08-Nov-98 2 Scrapper Hill 1998 183 558 335

08-Nov-98 2 Scrapper Hill 1998 184 559 336
08-Nov-98 2 Scraooer Hill 1998 185 560 331

08-Nov-98 2 Scraooer H I 1998 186 561 338

08-Nov-98 2 Scraooer H I r998 187 562 339
2-Nov-98 2 Scrapper H I 1998 188 563 340
2-Nov-98 2 Scraooer Hill 1998 189 564 341

2-Nov-98 2 Scrapper H I 1998 190 565 342

2-Nov-98 2 Scrapper H I 1998 191 566 343
2-Nov-98 2 Scrapper H I 1998 t92 567 344
2-Nov-98 2 Scraooer H I 1998 193 568 345
2-Nov-98 2 Scraooer H I 1998 194 s69 346

2-Nov-98 2 Scraoper Hill 1998 l9s 510 347

2-Nov-98 2 Scraoper Hill 1998 t96 511 348
2-Nov-98 2 Scrapper Hill 1998 t91 512 349
2-Nov-98 2 Scrapper H [ 1998 198 573 350

2-Nov-98 2 Scraoper Hill 1998 199 574 351

2-Nov-98 2 Scrapoer Hill 1998 200 515 352

3-Nov-98 2 Scraooer Hill 1998 201 516 353
3-Nov-98 2 Scraooer Hill 1998 202 577 354
3-Nov-98 2 Scraooer Hill 1998 203 578 355
3-Nov-98 2 Scraooer Hill 1998 204 579 356
3-Nov-98 2 Scraooer Hill 1998 205 580 357

3-Nov-98 2 Scrapper H I 1998 206 581 358
3-Nov-98 2 Scrapper Hill 1998 207 582 3s9
3-Nov-98 z Scraoper Hill 1998 208 583 360

3-Nov-98 2 Scrapoer Hill 1998 209 584 361
3-Nov-98 2 Scrapper Hill 1998 210 585 362

3-Nov-98 2 Scrapper Hill 1998 211 s86 363
4-Nov-98 2 Scrapper Hill 1998 212 587 364
4-Nov-98 2 Scraooer Hill 1998 213 s88 36s
4-Nov-98 2 Scraooer Hill 1998 214 589 366

4-Nov-98 2 Scrapper Hill 1998 2t5 590 361

4-Nov-98 2 Scrapoer Hill 1998 216 591 368

4-Nov-98 2 Scrapper Hill 1998 217 592 369
4-Nov-98 2 Scraoper Hill 1998 218 s93 370
4-Nov-98 2 Scraoper Hill 1998 219 s94 3',11

5-Nov-98 2 Scrapper Hill 1998 220 59s 372

5-Nov-98 2 Sçrapper Hill 1998 22t s96 JIJ

5-Nov-98 2 Scrapper Hill 1998 222 597 374

5-Nov-98 2 Scrapper Hill 1998 223 598 375

5-Nov-98 2 Scrapper Hill 1998 224 s99 376

5-Nov-98 2 Scrapper Hill 1998 22s 600 377
5-Nov-98 2 Scraooer Hilt 1998 226 601 318
5-Nov-98 2 Scraooer Hill 1998 227 602 379
5-Nov-98 2 Scrapper Hill 1998 228 603 380
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17-Nov-98 2 Scrapper H 1998 232 604 381

17-Nov-98 2 Scrapper H 1998 233 605 382

17-Nov-98 2 Scrapper H r998 234 606 383

13-Nov-98 2 Scrapper H r998 229 601 384

02-Nov-98 2 Scrapper H r998 230 608 38s

25-Sep-98 J Tra: River I 609 386

26-Sep-98 3 Trar River 2 610 387

27-Sep-98 3 Trar River 3 6tt 388

27-Sep-98 3 Trar River 4 612 389

28-Sep-98 3 Trar River t4 622 390

29-Sep-98 3 Trar River t9 621 39t
01-Oct-98 J Trai River 34 642 392

01-Oct-98 J Trai River 43 651 393

03-Oct-98 3 Trai River 55 663 394

03-Oct-98 3 Tra River 56 664 395

03-Oct-98 3 Tra River 64 672 396

05-Oct98 3 Tra River 72 680 391

05-Oct-98 3 Tra River t3 681 398

05-Oct98 3 Tra River 74 682 399

05-Oct-98 J Tra River 77 685 400

07-Oct-98 3 Tra River 80 688 401

07-Ocr98 J Tra River 8l 689 402

07-Oct-98 3 Tra River 82 690 403

07-Oct98 J Tra River 83 691 404

l3-Oct-98 J Tra River 91 699 405

13-Oct-98 J Tra River 92 100 406

l3-Oct98 3 Tra River 93 701 401

l3-Oct-98 J Tra fuver 94 702 408

13-Oct-98 J Trai River 95 103 409

l3-Oct98 J Tra fuver 96 704 4r0
13-Oct-98 3 Tra River 97 705 411

15-Oct-98 3 Tra River 98 706 412

15-Oct-98 3 Tra River 99 707 413

15-Oct98 3 Tra River 100 708 414

15-Oct98 3 Tra River 101 709 4t5
19-Oct-98 3 Tra River 109 717 4t6
19-Oct-98 J Trail River 110 718 4t7
19-Oct98 J Trail River 111 7t9 4t8
19-Oct98 3 Trail River 112 720 4t9
l9-Oct98 J Trail River 113 721 420

19-Oct-98 J Trail River tt4 7)) 421

l1-Oct-99 4 Cutoff 13 7 422

l1-Oct-99 4 Cutoff t4 8 423

11-Oct-99 4 Cutoff 15 9 424

11-Oct-99 4 Cutoff t6 10 425

15-Oct99 4 Cutoff JJ 21 426

l5-Oct-99 4 Cutoff 34 28 427

15-Oct-99 4 Cutoff 35 29 428
l5-Oct-99 4 Cutoff 36 30 429
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15-Oct99 4 Cutoff )t 31 430

15-Oct99 4 Cutoff 38 32 431

l8-Oct-99 4 Cutoff 57 5l 432

18-Oct-99 4 Cutoff 58 52 433

18-Oct-99 4 Cutoff 59 53 434

l8-Oct-99 4 Cutoff 60 54 43s

l8-Ocr99 4 Cutoff 6l 55 436

18-Oct-99 4 Cutoff 62 56 431

18-Oct-99 4 Cutoff 63 57 438

18-Oct-99 4 Cutoff 64 58 439

18-Oct99 4 Cutoff 65 59 440

18-Oct99 4 Cutoff 66 60 441

18-Oct99 4 Cutoff 67 61 442

18-Oct99 4 Cutoff 68 62 443

18-Oct-99 4 Cutoff 69 63 444

l8-Oct-99 4 Cutoff 70 64 445

18-Oct-99 4 Cutoff 71 65 446

l8-Oct-99 4 Cutoff 72 66 447

20-Oct-99 4 Cutoff 86 80 448

20-Oct-99 4 Cutoff 88 82 449

20-Oct-99 4 Cutoff 89 83 450

22-Oct-99 4 Cutoff 93 87 451

22-Oct-99 4 Cutoff 94 88 452

22-Oct-99 4 Cutoff 95 89 453

22-Oct-99 4 Cutoff 96 90 454

22-Oct-99 4 Cutoff 97 91 455

22-Oct-99 4 Cutoff 98 92 456

22-Oct-99 4 Cutoff 99 93 457

22-Oct-99 4 Cutoff 01 95 458

25-Oct-99 4 Cutoff 04 98 459

27-Oct-99 4 Cutoff t2 106 460

27-Oct-99 4 Cutoff 13 t07 461

27-Oct-99 4 Cutoff l4 108 462

27-Oct-99 4 Cutoff 15 r09 463

21-Oct-99 4 Cutoff 16 I 0 464

21-Oct-99 4 Cutoff 11 1 465

29-Oct-99 4 Cutoff 19 I 3 466

29-Oct-99 4 Cutoff 20 I 4 467

29-Oct-99 4 Cutoff 2l I 5 468

29-Oct-99 4 Cutoff 22 1 6 469

29-Oct-99 4 Cutoff 23 1 7 470

29-Oct-99 4 Cutoff 24 1 8 471

29-Oct-99 4 Cutoff 25 1 9 472

29-Oct-99 4 Cutoff 26 t20 473

29-Oct-99 4 Cutoff 27 t21 474

01-Nov-99 4 Cutoff 29 t23 475

0l-Nov-99 4 Cutoff 30 124 416

0l-Nov-99 4 Cutoff 31 t25 417

0l-Nov-99 4 Cutoff 32 126 478
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01-Nov-99 4 Cutoff 133 27 479

01-Nov-99 4 Cutoff 34 28 480

01-Nov-99 4 Cutoff 35 29 481

01-Nov-99 4 Cutoff 36 30 482

01-Nov-99 4 Cutoff 31 31 483

01-Nov-99 4 Cutoff 38 32 484

0l-Nov-99 4 Cutoff 39 JJ 485

03-Nov-99 4 Cutoff 40 34 486

03-Nov-99 4 Cutoff 4l 35 481

03-Nov-99 4 Cutoff 42 36 488

03-Nov-99 4 Cutoff 43 )t 489

03-Nov-99 4 Cutoff 44 38 490

03-Nov-99 4 Cutoff 45 39 491

03-Nov-99 4 Cutoff 46 40 492

03-Nov-99 4 Cutoff 47 4t 493

03-Nov-99 4 Cutoff 48 42 494

03-Nov-99 4 Cutoff 49 43 495

03-Nov-99 4 cutoff 50 44 496

05-Nov-99 4 Cutoff 51 45 497

05-Nov-99 4 Cutoff 53 47 498

05-Nov-99 4 Cutoff 54 48 499

05-Nov-99 4 Cutoff 55 49 500

05-Nov-99 4 Cutoff 56 50 501

05-Nov-99 4 Cutoff 57 51 502

08-Nov-99 4 Cutoff 58 52 503

08-Nov-99 4 Cutoff 59 53 504

08-Nov-99 4 Cutoff 60 54 505

08-Nov-99 4 cutoff 61 55 506

0-Nov-99 4 Cutoff 63 57 501

0-Nov-99 4 Cutoff 64 58 508

0-Nov-99 4 Cutoff 65 59 509

0-Nov-99 4 Cutoff 66 60 5 0

0-Nov-99 4 Cutoff 67 61 5 I

0-Nov-99 4 Cutoff 68 62 5 2

0-Nov-99 4 Cutoff 69 63 5 3

O-Nov-99 4 cutoff 10 64 5 4

0-Nov-99 4 Cutoff 11 65 5 5

O-Nov-99 4 Cutoff l2 66 5 6

0-Nov-99 4 Cutoff 73 67 5 1

0-Nov-99 4 Cutoff 74 68 5 8

5-Nov-99 4 Cutoff 75 69 5 9

5-Nov-99 4 Cutoff 76 70 520

5-Nov-99 4 Cutoff tt s2t
5-Nov-99 4 Cutoff 78 72 s22

7-Nov-99 4 Cutoff 79 IJ 523

7-Nov-99 4 Cutoff 80 t4 524

7-Nov-99 4 Cutoff 81 75 525

07-Ocr-99 4 Cutoff 1 76 526

07-Oct99 5 Scrapper Hill 1999 2 77 527
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07-Oct-99 5 Scrapper H 999 3 78 528

07-Oct-99 5 Scrapper H 999 4 t9 529

07-Ocf-99 5 Scraooer H 999 5 80 530

08-Oct-99 5 Scraooer H 999 9 84 531

08-Oct-99 5 Scrapoer H 999 10 85 532
08-Ocç99 5 Scraooer H 999 l1 86 533

08-Oct-99 5 Scraooer H l1 999 t2 81 534

08-Oct99 5 Scrapoer Hill 999 13 88 535

09-Oct99 5 Scraoner Hill 999 17 92 536

09-Oct-99 5 Scraooer Hill 999 l8 93 537

09-Oct-99 5 Scrapper Hill 999 l9 94 538

1-Oct-99 5 Scrapper Hill 999 22 91 539

1-Oct-99 5 Scrapper Hill 999 23 98 540

l-Oct-99 5 Scraoper Hill 999 24 99 541

3-Oct-99 5 Scrapner Hill 999 27 202 542

3-Oct-99 5 Scrapper Hill 999 28 203 543

3-Oct-99 5 Scraoper Hill 999 29 204 544

3-Oct-99 5 Scraooer H I 999 30 205 s45
3-Oct99 5 Scranper H I 999 31 206 546
5-Oct-99 5 Scrapper H I 999 33 208 547

5-Oct-99 5 Scranoer H I 999 34 209 548

8-Oct-99 5 Scraooer Hill 999 36 211 549

8-Oct-99 5 Scrapper Hill 999 31 212 s50
8-Oct-99 5 Scrapper Hill 999 38 213 551

8-Oct99 5 Scrapper Hill 999 39 214 552
8-Oct-99 5 Scrapper Hill 999 40 2ls 553
8-Ocr99 5 Scrapper Hill 999 41 216 554

20-Oct-99 5 Scrapper Hill 999 44 219 555

20-Oct-99 5 Scrapper Hill 999 45 220 556
20-Oct-99 5 Scraooer Hill 999 46 221 551

20-Oct-99 5 Scrapoer Hill 999 47 222 558

20-Oct-99 5 Scraooer Hill 999 48 223 ss9
20-Oct-99 5 Scrapoer Hill 999 49 224 560
20-Oct-99 5 Scrapper Hill 999 50 225 561

20-Oct-99 5 Scranper Hill 999 5l 226 562
20-Oct-99 5 Scrapper Hill 999 52 221 563
20-Oct-99 5 Scrapper Hill 999 s3 228 564
20-Oct-99 5 Scraoper Hill 999 54 229 565

22-Oct-99 5 Scrapper Hill 999 5l 232 s66
22-Oct-99 5 Scrapper Hill 999 58 233 567

22-Oct-99 5 Scraooer Hill 999 59 234 568

22-Oct-99 5 Scrapper Hill 999 60 235 s69
22-Oct-99 5 Scrapper Hill 999 61 236 570
22-Oct-99 5 Scrapper Hill 999 62 237 571
25-Oct-99 5 Scrapper Hill 999 66 241 512
27-Oct-99 5 Scrapper Hill 999 70 245 573
27-Oct-99 5 Scrapper Hill 999 t1 246 574

29-Oct-99 5 Scrapper Hill 999 I -'t 248 575
29-Oct-99 5 Scrapper Hill 999 74 249 576
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01-Nov-99 5 Scrapper Hill 1999 76 2s1 517

01-Nov-99 5 Scraooer Hill 1999 -- 2s2 578

01-Nov-99 5 Scraooer Hill 1999 78 253 519

03-Nov-99 5 Scraooer Hill 1999 81 256 580

03-Nov-99 5 Scrapper Hil t999 82 257 581

03-Nov-99 5 Scrapper Hil r999 83 258 s82

03-Nov-99 5 Scrapper Hil 1999 84 259 583

03-Nov-99 5 Scrapper Hil t999 85 260 584

03-Nov-99 5 Scrapper Hil 1999 86 261 585

05-Nov-99 5 Scraooer Hil t999 88 263 586

05-Nov-99 5 Scraooer Hil 1999 89 264 587

05-Nov-99 5 Scrapper Hi 1999 90 265 588

05-Nov-99 5 Scraoper Hi 1999 9l 266 589

05-Nov-99 5 Scraoper Hi r999 92 267 590

05-Nov-99 5 Scrapoer Hi 1999 93 268 591

08-Nov-99 5 Scrapper H 1999 94 269 592

08-Nov-99 5 Scrapper Hil 1999 95 210 593

08-Nov-99 5 Scraooer Hi t999 96 271 594

10-Nov-99 5 Scrapper Hi 1999 97 272 595

10-Nov-99 5 Scrapper Hi 1999 98 273 596

l0-Nov-99 5 Scrapper Hi 1999 99 274 597

12-Nov-99 5 Scraooer Hi r999 100 215 598

l2-Nov-99 5 Scraooer Hi 1999 101 276 s99

12-Nov-99 5 Scraoper Hi 1999 102 277 600

12-Nov-99 5 Scrapper Hi r999 103 278 60r

12-Nov-99 5 Scraoper Hil 1999 104 279 602

15-Nov-99 5 Scraoper Hi t999 105 280 603

15-Nov-99 5 Scrapper Hi 1999 106 281 604

17-Nov-99 5 Scrapper Hi 1999 108 283 605

l9-Oct-99 5 Scrapper Hi 1999 I 284 606

19-Oct-99 6 Road River 2 285 601

l9-Ocl99 6 Road River J 286 608

l9-Oct-99 6 Road fuver 4 287 609

l9-Oct-99 6 Road River '7 290 6 0

20-Oct-99 6 Road River 9 292 6

20-Oct-99 6 Road River l0 293 6 2

20-Oct-99 6 Road River 11 294 6 3

20-Oct-99 6 Road River l2 295 6 4

20-Oct-99 6 Road River 13 296 6 5

20-Oct-99 6 Road River 14 297 6 6

20-Oct-99 6 Road River l7 300 6 1

20-Oct-99 6 Road River l8 301 6 8

20-Oct-99 6 Road River 19 302 6 9

20-OcI-99 6 Road River 20 303 620

22-Oct-99 6 Road River 22 305 621

22-Oct-99 6 Road River 23 306 622

22-Oct-99 6 Road River 24 307 623

22-Oct-99 6 Road River 25 308 624

22-Oct-99 6 Road River 26 309 625
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22-Ocr-99 6 Road River 21 J 0 626

25-Oct-99 6 Road River 28 J 1 621

25-Oct-99 6 Road River 29 J 2 628
25-Oct-99 6 Road River 30 J 3 629

25-Oct-99 6 Road River 31 3 4 630

25-Oct-99 6 Road River 32 3 5 631

25-Oct-99 6 Road River 34 J 7 632

25-Oct-99 6 Road River 35 J 8 633

25-Oct-99 6 Road River 36 3 9 634

25-Oct-99 6 Road River JI 320 63s
25-Oct-99 6 Road River 38 321 636

25-Oct-99 6 Road River 39 322 637

25-OcI-99 6 Road River 40 323 638

21-Oct-99 6 Road River 44 327 639

21-Oct-99 6 Road River 45 328 640
27-Oct-99 6 Road River 46 329 641

27-Oct-99 6 Road River 47 330 642

27-Oct-99 6 Road River 48 331 643

29-Oct-99 6 Road River 50 333 644
29-Oct-99 6 Road River 51 334 64s
05-Nov-99 6 Road River 54 3)t 646
05-Nov-99 6 Road River 55 338 641

05-Nov-99 6 Road River 56 339 648
05-Nov-99 6 Road River 57 340 649

05-Nov-99 6 Road River 58 341 650

08-Nov-99 6 Road River 60 343 651

08-Nov-99 6 Road River 6t 344 652

08-Nov-99 6 Road River 62 345 653

08-Nov-99 6 Road River 63 346 654

08-Nov-99 6 Road River 64 347 655
10-Nov-99 6 Road fuver 65 348 6s6
l0-Nov-99 6 Road River 66 349 651

l0-Nov-99 6 Road River 67 3s0 658

19-Oct-99 5 Scraooer Hill 999 IM 351 6s9
20-Oct-99 5 Scranner Hill 999 15M 365 660
20-Oct-99 5 Scranoer Hill 999 r6M 366 661

20-Oct-99 5 Scraoper Hill 999 t7M 367 662
20-Oct-99 5 Scraoper Hill 999 18M 368 663
20-Oct-99 5 Scrapper Hill 999 19M 369 664
24-Oct-99 5 Scrapper Hill 999 29M 379 665
29-Oct-99 5 Scrapper Hill 999 36M 386 666
29-Oct-99 6 Road River 37}i4 381 667
09-Nov-99 6 Road River 38M 388 668
09-Nov-99 4 Cutoff 39M 389 669
09-Nov-99 4 Cutoff 40M 390 670
09-Nov-99 4 Cutoff 41M 391 611
09-Nov-99 4 Cutoff 42M 392 672

09-Nov-99 4 Cutoff 43M 393 673

09-Nov-99 4 Cutoff 44M 394 614
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09-Nov-99 4 Cutoff 45M 395 675

09-Nov-99 4 Cutoff 46M 396 676

10-Nov-99 4 Cutoff 48M 398 617

10-Nov-99 4 Cutoff 49M 399 678

10-Nov-99 4 Cutoff 50M 400 619

10-Nov-99 4 Cutoff 51M 40r 680

10-Nov-99 4 Cutoff 52}1. 402 681

10-Nov-99 4 Cutoff 53M 403 682
l0-Nov-99 4 Cutoff 54M 404 683

10-Nov-99 4 Cutoff 55M 405 684

I l-Nov-99 4 Cutoff 56M 406 685

I l-Nov-99 4 Cutoff 57M 407 686

I l-Nov-99 4 Cutoff 58M 408 687

11-Nov-99 4 Cutoff 59M 409 688

11-Nov-99 4 Cutoff 60M 410 689

12-Nov-99 4 Cutoff 61 M 4tr 690

12-Nov-99 4 Cutoff 62M 412 691

12-Nov-99 4 Cutoff 63M 4t3 692

20-24oct 4 Cutoff 1RF 4t6 693

20-24oct 5 Scraper Hill 999 2RF 411 694
20-24oct 5 Scraper Hill 999 3RF 418 69s
20-24oct 5 Scraoer Hill 999 4RF 419 696
20-24oct 5 Scraper Hill 999 5RF 420 691

20-24oct 5 Scraper Hill 999 6RF 421 698
20-24oct 5 Scraper Hill 999 7RF 422 699

20-24oct 5 Scraper Hill 999 8RF 423 100
20-24oct 5 Scraper Hill 999 9RF 424 101

20-24oct 5 Scraper Hill 999 IO RF 425 702

20-24oct 5 Scraper Hill 999 11 RF 426 703
20-24oct 5 Scraper Hill 999 12 RF 427 704

20-24oct 5 Scraper Hill 999 13 RF 428 70s
20-24oct 5 Scraper Hill 999 14 RF 429 106

20-24oct 5 Scraper Hill 999 15 RF 430 101

20-24oct 5 Scraper Hill 999 16 RF 431 708

20-24oct 5 Scraper Hill 999 17 RF 432 709
20-24oct 5 Scraper Hill 999 18 RF 433 7t0
20-24oct 5 Scraper Hill 999 I9 RF 434 711
20-24oct 5 Scraper Hill 999 20 RF 435 712

20-24oct 5 Scraper Hill 999 21 RF 436 713
20-24oct 5 Scraper Hill 999 22P.F 431 714
20-24oct 5 Scraper Hill 999 23 RF 438 7t5
20-24oct 5 Scraper Hill 999 24 RF 439 tt6
20-24oct 5 Scraper H 999 25 RF 440 717

20-24oct 5 Scraper Hill 999 26 RF 441 718
20-24oct 5 Scraper Hill 999 27 RF 442 719
20-24oct 5 Scraper Hill 999 28 RF 443 720

20-24oct 5 Scraper Hill 999 29 RF 444 721

20-24oct 5 Scraper Hill 999 30 RF 445 722
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APPENDIX III. Program for testing experimental design

Microsoft Visual Basic@ for Applications.

Sub fecundityQ

al : Time0
Range( "D4 :F496 "). ClearContents
Range( "H4"). ClearContents
Range("H6"). ClearContents
Range( " J4 : J522 "). ClearContents
Range( "L4 : L 522" ).Clear Contents
Range( "N4 :N 522" ).ClearContents
Range("P4 :P 522").ClearContents
Range( "R4 :R 522").ClearContents
Range("T5 :28 "). ClearContents
Range("AB 67 :AC5 87 "). ClearContents
Range("4E3 : AE4").ClearContents
Range("4F4 : AJ 522" ).ClearContents
Range( "4M2 1 : 4M29 "). ClearContents
Range( "4R3 : 4y20800 ").ClearContents

No:63
Range("AM21") : No
N: 10

q:0
r:0

For sample_size = 1 To 10

Cells(22,39) : N 'nl
manip:3ggg

For trial_manipulation: I To 14

Range("Am23 ") : manip'manipulation
intercept_sig_diflcounter : 0
rep: 1000
c_counter: 0
s_counter: 0
i counter: 0

For Trial : I To rep
Range("D4 :F5 1 7"). ClearContents
Range("H4 ").ClearContents
Range("H6"). ClearContents
Range(" J4 : J542").ClearContents
Range("L4 :L5 5 3 "). ClearContents
Range("N4 :N5 03 "). ClearContents
Range("P4 :P5 03 "). ClearContents
Range("R4 :R5 03 "). ClearContents
Range( "T5 :28 ").ClearContents
Range("4867 : AC5 67 ").ClearContents

for fecundity, written in
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Range("4E3 "). ClearContents
Range("484 "). ClearContents
Range("4F4 : AJ48 1 "). ClearContents

'norminv
Range("D4").Select
ActiveCell. FormulaR l C 1 = " :*NORMINV(RAND 0 

* 1, 0, I 1 9 92.9 1)"
'þq6r XjredY Macro
Range("E4").Select
ActiveCell.FormulaRlCl : ":+VLOOKUP(INT(RAND0*62+l),R4C1:R66C2,2,FALSE)"
Range("F4").Select
ActiveCell.FormulaRl Cl : t':+R9C7*RC[- 1]+R12C7+R23C39+RCl-21"
Range("D4:F4"). Select
Selection.Copy
Range(Cells(5, 4), Cells(N + 3, 4)).Select
ActiveSheet.Paste
Range(Cells(4, 4), Cells(N + 3, 6)).Select
Selection.Copy
Range("D4").Select
Selection.PasteSpecial Paste::xlValues, Operation::xlNone, SkipBlanks:: _
False, Transpose::False

'Xbar_Ybar Macro
Range("H4").Select
ActiveCell.FormulaRl C I :'r:+AVERAGE(RC[-3] :R[5000]C[-3])"
Range("H6").Select
ActiveCell.FormulaRl C1 : ":+AVERAGE(R[-2]C[-2] :R[5000]C[-2])"
Range("J4").Select
ActiveCell.FormulaRl C I : ":+RC[-5]-R4C8 "
Range("L4").Select
ActiveCell.FormulaRlCI : ":+RC[-6]-R6C8"

'x2_xy_y2 Macro
Range("N4").Select
ActiveCell.FormulaRl C 1 : rr:+RC[-4]^2r'

Range("P4").Select
ActiveCell.FormulaRl C 1 : ":+RC[-6]'ßRC[-4] "
Range("R4").Select
ActiveCell.FormulaRl C I : rr:+RC[-6]^2 rr

Range("14 :R4 "). Select
Selection.Copy
Range(Cells(5, 9), Cells(N + 3, l8)).Select
ActiveSheet.Paste

' sumx2_sumxy Macro
Range("T5").Select
Acrivecell.FormulaRl C I : ":+SUM(R[- I ]C[-6] :R[5000]C[-6])"
Range("U5").Select
ActiveCell.FormulaRlCl : ":+SUM(R[-1]C[-5]:R[5000]C[-5])"
Range("V5 ").Select
ActiveCell.FormulaR I C 1 : ":+SUM(R[- I ]C[-a] :R[5000]C[-4])"
Range("T7").Select
ActiveCell.FormulaR I C I : ":+SUM(R[-3 ] C:R[-2] C) "
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Range("U7").Select
ActiveCell.FormulaRl C I : ":+SUM(R[-3 ] C : R[-2] C) "
Range("V7").Select
ActiveCell.FormulaR 1 C I : ":+SUM(R[-3 ]C:R[-2]C) "

'bi_SS_n_DF Macro
Range("'W5").Select
ActiveCell.FormulaR I C 1 : ":+RC[-2]/RC[-3 ] "
Range("X5").Select
ActiveCell.FormulaR l C l : ":+RC[-2] -RC[-3 ] "2/RC[-4] "
Range("Y5").Select
ActiveCell.FormulaRl C l : ":+COIINT(RC[- 1 9] : R[5000] C[- 1 9]) "
Range("25").Select
ActiveCell.FormulaRl C1 : ":+RC[- I ]-2"
Range("W7").Select
ActiveCell.FormulaRl C 1 : ":+RC[-2]/RC[-3] "
Range("X7").Select
ActiveCell.FormulaRl C I : ":+RC[-2]-RC[-3]"2/RC[-4] "
Range("Y7").Select
ActiveCell.FormulaR I C I : ":+SllM(R[-3 ] C : R[-2] C) "
Range("27").Select
ActiveCell.FormulaRl C 1 : ":+RC[- I ]-3 "
Range("X6").Select
ActiveCell.FormulaRlCl : ":SUM(R[-2]C:R[-1]C)"
Range("26").Select
ActiveCell.FormulaR I C 1 : ":SLIM(R[-2]C : R[- I ] C) "

'calc total X and Y

Range("E4:F500").Copy
Range("4867").Select
ActiveSheet.Paste
Range("4E3 ").Select
ActiveCell.FormulaR l C I : "- AVERAGE(RI 1 ]C[-3 ] : R[5 0 1 ] C [-3 ]) "
Range("4E4").Select
ActiveCell.FormulaRlCl : r':AVERAGE(RCþ21:R[500]C[-2])"

Range("4F4").Select
ActiveCell.FormulaRlCl : ":RC[-4]-R3C3 1 "
Range("4G4").Select
ActiveCell.FormulaRlCl = ":RC[-4]-R4C3 l "
Range("4H4").Select
ActiveCell.FormulaRl C 1 : ":RC[-2]^2''
Range("4I4").Select
ActiveCell.FormulaR I C 1 : rr:RC[-3 

] 
t'<Rc[-2]'r

Range("4J4").Select
ActiveCell.FormulaR I C 1 : ":RC[-3]^2rr
Range("4F4:,4.J4").Copy
N2 : Range("Y7")
Range(Cells(4, 32), Cells(N2 + 4, 36)).Select
ActiveSheet.Paste

'total SS calcs
Range("T8").Select
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ActiveCell.FormulaR1C1 : ":SUM(R[-a]C[Ia]:R[5 I8]C[14])"
Range("U8").Select
ActiveCell.FormulaRlC1 : ":SLrM(R[-a]C[1a]:R[493]C[14])"
Range("V8").Select
ActiveCell.FormulaRlCl : ":SUM(R[-a]C[a]:R[493]C[14])"
Range("X8").Select
ActiveCell.FormulaRlCI : ":RC[-2]-RC[-3]"2/RC[-4]"
Range("28").Select
ActiveCell.FormulaRlCl : ":SUM(R[-a]C[-1]:Rþ3lC[-1])-2"

'test power
If Range("4N6") < 0.05 Then' coincident diff

If Range("ANl0") > 0.05 Then'slope equal
If Range("ANl6") < 0.05 Then intercept_sig_diff_counter = intercept_sig_diff counter +

f intercept different
End If
End If

Range("4M24") : iltercept_sig_diff counter

If Range("4l-6") < 0.05 Then c_counter: c_counter * 1

If Range("All0") < 0.05 Then s_counter: s_counter * 1

If Range("All6") < 0.05 Then i_counter : i_counter f 1

Range("AN7") : c-counter
Range("ANl2") : s_counter
Range("ANI 8") : i_counter

Next Trial

Power = intercept_sig_diff counter / rep * 100
Range("AM25") : Power

Range("4M2 1 :4M25 ").Copy
If Cells(q + 3, 44) <> "" Then q : q + 1

Cells(q + 3, 44).Select
Selection.PasteSpecial Paste::xlAll, Operation::xlNone, SkipBlanks::False _
, Transpose:=True

Range("AN7,AN I 2,AN I 8 ").Copy
If Cells(r + 3,49) Q "" Then r: r * I
Cells(r + 3, 49).Select
Selection.PasteSpecial Paste::xlAll, Operation::xlNone, SkipBlanks::False _
, Transpose::True

ActiveWorkbook.Save
manip: manip + 1000

Next trial_manipulation
N:N + 10

Next sample_size
a2 : Time0
Range("4M29"): a2 - al
MsgBox "Done"
End Sub
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A B C D E F G H I
I 3 5 7 8

Fecunditv

index FLIXO) fecunditvlY0) )ror YI Xobar =AVERAGE(84:B53) Xo-Xobar = xo

I t47 3 8008. r ó Xlbar =84-SHS3

2 r55 37 587.3873873874 Yo bar :AVERAGE(C4:Cs3) =Bs-sHs3

3 160 28220.4081632653 Yl bar =Bó-SHS3

t65 2541 8.5 I 85 I 85 I 85 =B7-SHS3

5 r65 44955 ¡rig slope =88-SHS3

v t66 44851 .3770491803 =SLOPE(C4:C53,84:853) =89-SHS3

IU 7 t69 16240.71856281 42 =B 0-sH$3

t70 3436t.0'7 ntercept =Bl l-SHS3

t2 t70 40816.1 r =INTERCEPT(C4 :C53,84:853) -sHs3

l3 l0 t70 31500 =B -SHS3

T4 il 470 3131 4.7058823529 =B I 4-5HS3

I5 473 35795.2941 176471 =B I 5-$HS3

ló l3 475 +3078.527607362 =B l 6-$H$3

I'/ t4 480 55'18t.4 =B I 7-SHS3

l8 l5 480 35827.55 =818-SI-lS3

¿4

I6 480 19932.4137931034 =B I 9-SHS3

l7 480 16827 .'7456647399 =820-$HS3
l8 483 +4784 =82 l -SH53

l9 485 49472.O9 =822-SH$3

l0 485 51090.6976744186 =823-SHS3

488 t6953.947368421 I =824-SHS3

t2 490 1547.17 =825-$H$3
23 190 t9664.67 =826-$H53

'¿/ 24 490 1'147 .5609756097 =B27-SHS3

¿5 490 66370.4697986577 =828-SHS3
'16 490 55482.6086956522 =829-$H$3
t-7 495 5 1540.6593406594 =830-$HS3
l8 497 35815.3846153846 =83 l -SHS3
,-9 500 932't0.37 =832-$H$3
30 500 5049t.0994764398 :833-SH$3

3l 500 45058.89570552 l5 :834-SHS3

32 500 38844.6043 165468 :835-SHS3

3 501 45308.19672131 I5 =836-SHS3

3/ )4 504 6t5t7.880794702 :837-SHS3

Jð l5 505 54078.57 142857 t4 =838-SHS3

39 6 510 5l4l 8.18 =839-SHS3

41 1 512 54831 .6455696203 =840-$H$3
4l 8 520 33283.02 =84 l -SHS3

4¿ r9 520 58767.857 =842-SHS3

43 10 520 3 709 1.93 =843-SHS3

44 I 523 70459.17 =844-SH$3

4 42 525 59749.41 =845-$HS3

46 525 t4089.2857 t4285'1 =846-SHS3

4/ t4 525 34232.33532934t3 =B47.SHS3

4ð 5 526 69995.23 809523 I I =848-SHS3

49 +6 528 80865.08 87573964 =849-SHS3

50 7 530 56238.04 =850-SHS3

5l +8 530 75864.8275862069 =85 I -SHS3

52 t9 t30 6r 837.1 134020619 =B52-SHS3

5J 50 í32 33409.8591 549296 =B53-SHS3
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J K L M N o P O R S T
l0 ll t2 l3 t4 l5 lõ t7 lò t9 20

¿
J Xl-Xlba¡: xl Yo-Yobar = vo Yl-Ylbar = vl xl"2 (ovo xlyl to^2 t"2 year sum x^2

4 =c4-sHs5 :I4 2 =14*K4 =K4"2 rrioin¡l =SUM(M4:M53)

) =C5-$H$5 :15^2 =15*K5 =K5^2 boot I

o =c6-$H$s =16^2 =16+K6 =K6"2 rooled

=c7-sH$5 =17^2 =17*K7 =K7^2 :ommon

ö =c8-$HSs =I8^2 {8*K8 =K8^2 totaì

v =c9-sHss :19^2 {9*K9 =K9"2
IU =C 0-sHs5 =t 10"2 {10*K 0 =K10"2

=C l-$HS5 =ll l^2 III+K =Kt l^2
L¿ =c 2-SHS5 :112^2 =Il2+K 2 =Kt2^2

=c 3-$H$5 =113"2 =ll3*K 3 =Kl3^2
I¿+ =C 4-SH$5 =1t4"2 :I I 4*K 4 =Kt4"2
l) :C 5-$H$s =I15"2 :Il 5*K =K15"2

lo =c 6-SH$5 =n6"2 :II6*K 6 =K16"2

=C I 7-SHS5 =Il7^2 :I I 7*K '7 =K17"2
lð =c 8-SHSs :Il 8"2 :II 8*K 8 =K18^2

I9 :c 9-SHS5 =119^2 =I l9+Kl9 =Kl9^2
¿U :c20-sHs5 =120^2 =120+K20 =K20^2

¿1 =c2r-$H$5 =121^2 =l2l+K2l :K2t^2
¿¿ =c22-$HS5 =t22^2 =1224K22 =K22 2

¿5 =c23-$H$5 =123^2 =123*K23 :K23"2

¿4 =c24-$H$s =t24"2 =124*K24 =K24^2

=c25-$H$5 =t25"2 =125*K25 :K25"2

¿6 =c26-$HS5 =t26"2 =126*K26 :K26"2

¿/ =c27-SHS5 =127"7 =127+K27 =K27^2

¿ó =c28-SHS5 =128^2 =128+K28 :K28^2

¿y =c29-$HS5 =129"2 :t29*K29 :K29^2

JU =c30-sHs5 :r30^2 :t30*K30 =K30"2
JI =c3 r -sH$5 =r31"2 =I3 I *K3 I =Kil"2
J¿ =c32-$HS5 =132^2 =132*Ki2 =Ki2"2
3J =c33-SHS5 =133^2 =I33*K33 =K33"2
34 =c34-SHS5 :t34"2 =134*K34 =Ki4^2
J) =c35-$H$s =135^2 =135+K35 =K35^2

JO =c36-SH$5 :136"2 =t36*K36 =K36^2

5t =c37-$H$5 =137^2 =137*K37 :Ki7^Z

Jõ =c38-$H$5 =I38"2 :I38+K3 I =K38^2

J9 =c39-SHS5 =r39^2 :I39*K39 =K39"2
4U =c40-$Hs5 :140 2 :I40*K40 =K40"2
4I =c4 r -$Hs5 =141"2 =I4l +K4l =K4l^2
4¿ =c42-$H$5 =142 2 =142*K42 :K42"2

+J =c43-$H$5 =t43^2 =143+K43 =K43^2

++ =c44-$HS5 =t44"2 =144*K44 =K44^2

+) =C45.SHS5 =145^2 =145*K45 =K45^2
4b :C46.SHS5 =r46^2 =146*K46 =K46"2
4/ =C47-SHS5 :147^2 :147*K47 =K47^2
4ó =C48-SHS5 =148^2 :I48*K48 =K48^2

49 =c49-SH$5 =149"2 :I49*K49 =K49"2
)u =c50-sHS5 =150^2 =I50*K50 =K50"2

)l :c5 l-sHS5 =15 l^2 =I5l *K5 I =K5 I ^2
)¿ =c52-SH$5 :152"2 :152*K52 =K52^2

)J :c53-SH$5 =ls3^z =i53+K53 =K53^2
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U w X Y Z A AB AC AD {l
I 22 23 24 ¿5 t6 2'Ì )8 ¿9 l0

¿ c
5 ;um xY sunr v^2 bi SS F otal X lotal Y total meaux

+ =SUM(O4:O53 =SUM(Q4:Qs3) =+U4Íf4 +v4-u4 2ft4 =+COUNT(C4:C499 I ) +Y4-2 447 38008. I 6 total nean Y
) 455 37587.38

o 460 28220.40Í

465 25418.51{

ð 465 44955
9 466 44857.3'1

IU 469 36240.'7 tf
470 3436t.0'7

L¿ 4'70 40816.11

+70 31500

L4 470 3 l3 14.70

113 35795.29.

to 475 43079.52

180 i5781.4

tö 480 35827.55

t9 180 t9932.41

¿U t80 t6Ã?7 74

¿t 183 t4784
¿¿ r85 t9472.09

z5 185 51090.69

¿+ 188 46953.94'

¿J 90 t547.1'7

¿o 490 39664.67

¿t 490 41747.561

¿ó 490 66370.46\

¿9 490 55482.60t

495 5 I 540.65!

JI 497 358 I 5.38,

3¿ 500 93270.37

5J 500 5049 I .09

34 500 45058.89

J) 500 38844.60

Jb 50r 45308. l 9

5I 504 I 5 I 7.88i

Jð 505 34078.57

5v 5r0 14t8.t8
+U 512 5483 L64
+I 520 83283.02

+z 520 58767.85

+5 520 3709 r.93

+4 523 70459.t't
45 525 59749.4t

40 525 r4089.28

+/ 525 \4232.33

+õ 526 i9995.231

49 528 t0865.081

)U 530 56238.04

)l 530 /5864.82

J¿ i30 il837.tI
)J 532 33409.85!



t57

AF AG AÏ A] AJ ^t AL AM AN \( \(
32 33 34 35 36 3't 39 10 4t 42 t3

¿
J totrl x lotâl x^2 !^2

4 loincidmtal F-manual
:slc {BSlltX8-X6vt2*t2- l\\) / ( X6 I 26\\

:DIST(AN5,2,26)

loincidmt courter 23

ð ilooe

v { x7 -x6t/t?-t \il x6/761

IU IDIST(AN9.I.26)

JQRT(AN9)

I¿ ;loDe couDter

IJ
L4 lntercept

IJ F \BS((X8-X7y(2- r ))t (X7 /27 ))
IO :DIST(ANI5.I,27)

I/ iORT(ANI5
Ið iutercept counter 5

l9
¿U
¿l No

¿¿ NI
¿5 Marrin

¿4 htercept sic diff counte¡

lowe r

¿o

¿ó
¿9 TIME:

JU
JI

J5
54
5

JO
JI
Jð
5v
+U
+t
+¿
43
+4
4)
40
4/
4ö
4v
)U
JI

)J

AT AS AT AU AV AW AX AY AZ )t ]I BI
t4 45 46 47 +8 49 50 5t 52 53 54 55 56

{o NI Manip interceÞt sis diff couter )ower Coitrcident counter ;lope counter ntercept counter ;ig diff
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APPENDIX IV. Program for testing experimental design for length-at-age, written in

Microsoft Visual Basic@ for Applications.

Sub growth_template0

at : Time0
Range("C4 :D65 5 3 6").ClearContents
Range( "G3 : g8 ").ClearContents
Range( "m3 :16500" ).ClearContents
Cells( 1 0, 7).ClearContents
no:83
Range("G3") : ng
nl :10

'calcs for Xo

For sample_size: I To 2

Cells(4, 7) : nl
manipulation: 0

For trial_manipulation : 1 To 3
Range("g5") = manipulation
sig_count: 0
ReP :5

For trial: 1 To Rep
Range( "C4 :D65 5 3 6").ClearContents

'calcs for X1
Range("C4").Select
Active Cell.FormulaR l C I : " :+NORMINV(R4ND 0,0,22.1 9 08)"
Selection.Copy
Range(Cells(S, 3), Cells(3 + nl,3)).Select
ActiveSheet.Paste
Range("D4").Select
ActiveCell.For:rnulaR I C 1 :

":VLOOKUP(INT(RAND 0 
* 

8 2 + 1 ),R4 C I : R8 6C2,2, FALS E) +RC [ -

1l+R5c7"
Selection.Copy
Range(Ce11s(5, 4), Cells(3 + nl, 4)).Select
ActiveSheet.Paste
Range("C4", "D5000").Copy
Range("C4 ").PasteSpecial Paste : 

:xlValues
Range("G6").Select
ActiveCell.FormulaRl Cl : _
":+TTEST(R[-2]C[-s] :R[65530]C[-s],R[-2]C[-3] :R[65 s30]C[-3],2,3)"

IfRange("g6") < 0.05 Then sig_count: sig_count + I
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Range("g7") : sig-count
Power: sig_count / Rep * 100
Range("g8") : Power

Next trial

Range("93:g8").Copy
If Cells(q + 2,13) o "" Then q: q + I
Cells(q + 2, 13).PasteSpecial Paste::xlValues,
Operation::xlNone, SkipBlanks :: _
False, Transpose::True

manipulation: manipulation + 5

ActiveWorkbook.save

Next trial_manipulation
nl :nl + l0

Next sample_size

a2:Time0
Cells(10, 7): a2 - al
MsgBox "I'm Done!"

End Sub
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B c D F G J t\ N o P o R

2 3 4 5 7 l0l l t3 l4 l5 l6 t7 t8

2 ).lr N1 nanioulatio¡ .test ;tg coun lower

3 index Xo nominr XI No l3

4 504 -7.0780 557 NI l0
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