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Figure 1. Sampling sites (stars) for the 1994 Basin-Wide Burbot Collection. Towns (open
circles and pulp mill (filled circles) locations are indicated.
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Index 8 - Those ovaries with only pre-vitellogenic oocytes. The largest are at the yolk vesicle
stage, plus a remarkable number of large resorbing oocytes (e.g MCR2BURBS5).

Index 9 - Those ovaries with a distinct vitellogenic clutch of developing oocytes plus a core
of pre-vitellogenic resting oocytes (e.g. SRIBURB2).

Index 10 - Those ovaries with a distinct vitellogenic clutch of mature oocytes plus a core of
pre-vitellogenic resting oocytes (e.g. WR2BURBS5).

Index 11 - Ovulated fish. Ovaries comprised almost exclusively of loose clutch oocytes;
therefore clutch proportions are skewed (note: none were of this stage).

Fecundity estimates. One hundred 5 % formaldehyde-fixed vitellogenic oocytes were teased out
of the ovary tissue of each female, lightly blotted and weighed. The associated connective tissue
and pre-vitellogenic oocytes were also weighed to estimate their contribution to overall gonad
weight. For longnose sucker and northern pike the proportion of the gonad represented by
vitellogenic oocytes was 89% (same as in fall of 1992 samples) and 81%, respectively. This
component in burbot and flathead chub ovaries was too small to weigh accurately and so was
considered negligible. In these species the vitellogenic oocytes were assumed to be 100% of
gonad weight. Absolute fecundity (number of oocytes per fish) was estimated as:

ABSOLUTE FECUNDITY = [GONAD WEIGHT * PROPORTION OF GONAD
REPRESENTED BY VITELLOGENIC
OOCYTES])/AVERAGE OOCYTE WEIGHT.

Relative fecundity (oocytes per gram of fish) was calculated as:

RELATIVE FECUNDITY = ABSOLUTE FECUNDITY/[TOTAL FISH WEIGHT -
GONAD WEIGHT],

Oocyte diameters. The microscopic image of each Davidson's fixed ovary was projected onto a
digitizing tablet and two diameter measurements were made on each oocyte to obtain an average
diameter. Depending on oocyte size and variety within the ovaries, 75 to 250 oocytes were
measured for each fish. Frequency distribution of oocyte diameters were prepared on histograms
(e.g. Mayer et al. 1990) and plotted (see Appendices C-F). From this data the percent of oocytes
representing the clutch was calculated. For some samples, in which there were large oocytes
(>0.3 mm), 50 Vernier caliper measurements of the formaldehyde fixed oocytes were done
under a stereo microscope. The mean diameters for the clutch oocytes were calculated from these
measurements and are presented in the Tables.

The mean diameter of the clutch oocytes (on histograms) was 70% (longnose sucker and flathead
chub), 75% (burbot), and 80% (northern pike) the diameter of fixed (Davidson's or 5% formalin)
but unprocessed oocytes measured with calipers. The heat required to embed tissues in paraffin,
and exposure to alcohol during dehydration combine to cause shrinkage. Our experience has
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information to define the curvilinear response. Therefore comparisons between locations were
computed without values from the MR2, LSR2 and SR3 sites.

The application of this adjustment for time x site interaction is based on several biological
assumptions: 1) We assume that the response profile can be described by a simple linear
function. While over the long-term gonadal development parameters follow curvilinear response
patterns (Scott et al. 1980), based on our findings linear regression fairly closely approximates
short-term changes in the curvilinear response profiles (Fig. I1B). 2) We assume that rate of
growth or change is similar among all sites in a river. 3) The procedure assumes that impacted
sites were sampled in a random fashion. The latter two assumptions also require comment. Rates
of gonadal development are possibly impaired at sites impacted by discharges like pulp mill
effluent. Additionally, the rivers were more or less sampled from upper to lower reaches so it is
possible that impacted sites are not randomly distributed. Generally, we believe the applied
approach was conservative because far fewer site-specific differences werefound. By assuming
similar developmental rates throughout, potential differences in response parameters from both
the fastest and slowest developing groups are dampened.

Pairwise comparisons were conducted by applying the LSD or Dunnett’s test to the least squared
means produced by the ANOVAs. Arithmetic means and standard error are given in the
histograms. For variables requiring temporal correction, adjusted means with the standard error
are presented.

Burbot. Two sets of site comparisons are given in the figures. Data are summarized according
to the reference, near-field and far-field overview. Additionally, site specific means and standard
deviations are presented. The Wabasca site (WB) was separated from the other possible reference
sites becauses male and immature fish show a mild MFO induction response, 2-4 fold increase
over background levels (Lockhart and Metner 1996).

Longnose Sucker. Data are organized as to reference, near-field and far-field overview. Because
the locations where longnose suckers were captured are mostly in the Peace, data were analyzed
according to capture site outlined in Table 1. Wapiti River (WR) , upper Smoky River (SR2),
Little Smoky River (LSR2), Smoky River (SRI) and Peace River one (PR1), two (PR2) and
three (PR3). Athabasca fish are few and data are indicated for comparative purposes.

Northern Pike. To simplify presentation, data for northern pike collected on the Peace drainage
were grouped according to capture site: Wapiti River (WR1 & WR2), Smoky River (SRI) and
Peace River (PR1, PR2 & PR3). Mostly single fish were collected on the Athabasca drainage
and site-specific values are provided for comparison. The site categorizations are listed in
Appendix B, Table 3 with the data for each fish. Due to the small numbers no statistical analyses
was undertaken.

Flathead Chub. Only 24 flathead chub were collected and data are presented according to river

or tributary. For example the Peace River sites (PR1 & PR2) are grouped as site PR. The site
categorizations are listed in Appendix B, Table 4 with the data for each fish.
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Figure 6. Steroid hormones (176-estradiol & testosterone) and adjusted GSI for female burbot
collected at the various sites. Histogram bars represent mean and standard error. Sample sizes

are indicated after N=.
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Figure 9. Mean values weight, condition and age for male burbot from reference (REF), near-
field (NEAR) and far-field (FAR) locations. Histogram bars represent mean and standard errors.
The number of sites used in the analysis are indicated after N=.
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Figure 15. A -Percent immature burbot from reference (REF), near-field (NEAR) and far-field
(FAR) locations. B - Percent immature burbot found at each site. Numbers over the bars indicate
the total numbers of burbot collected for each location or site.
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Figure 16. Weight, condition and age for female longnose sucker. Histogram bars represent
mean and standard errors. The same letters above the bars indicate similar means (P<0.05).

Sample sizes are indicated after N=.
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Figure 19. Weight, condition and age for male longnose sucker. Histogram bars represent mean

and standard errors. Sample sizes are indicated after N=.
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Figure 23. Weight, condition and age for female northern pike. Histogram bars represent mean
and 95 % confidence intervals. Sample sizes are indicated after N=.
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Figure 26. Weight, condition and age for male northern pike. Histogram bars represent mean
and 95 % confidence intervals. Sample sizes are indicated after N=.
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