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ATRAZINE INFLUENCE ON NORTHERN PIKE SPERM
MOTILITY AND VIABILITY IN MINNESOTA
Andy Stevens and Paul Pallardy
Environmental Science Program
and
Shannon J. Fisher (Faculty Mentor)
Water Resources Center

ABSTRACT -- Concern has been noted by fish hatchery biologists with the Department of Natural
Resources that southern Minnesota northern pike Esox lucius populations have exhibited reduced
hatching rates, a trend not occurring with northern Minnesota pike populations. The chemical atrazine is
a frequently used herbicide in Minnesota and has been found to cause gonadal dysgenesis and
reproductive development issues in amphibians and fish. Sperm, length, and age data were collected
from northern pike in four Minnesota lakes. Water samples were obtained from two of the lakes to test
for atrazine. Test results indicated atrazine concentrations <0.05 μg/L which was lower than the
detectable limit. Sperm concentrations (#/mL) were not significantly different among lakes (P=0.302).
Sperm motility data were significantly different among lakes (P<0.001). A pairwise multiple comparison
revealed several noteworthy sperm motility differences; however, due to lack of atrazine detection, we
cannot connect these observations to that chemical. Six different multiple and single linear regression
analyses were completed to assess sperm concentration and motility based on pike age and length. No
significant correlations were detected (P>0.10 and r2 < 0.06 for all regressions). Sperm motility
reductions in northern pike could be related to declining populations and warrants further research.
Introduction
Northern pike Esox lucius populations in southern Minnesota have declined over the past few decades.
A concern noted by hatchery staff is an observed low hatching percentage among southern Minnesota
pike populations from 1991 to 2011, where the average hatch rate was 43.2% - an observation not
noted in northern Minnesota lakes where hatch rates are consistently much higher (Bruce Pittman,
personal communications MN DNR). Northern pike are an important game species and declines are a
concern of anglers. In addition, the species provides predatory balance to many lake ecosystems.
Studies have shown that atrazine causes gonadal development problems in leopard frogs Rana pipiens.
Frogs exposed to atrazine commonly experienced gonadal dysgenesis and sex reversal (Hayes et al.
2003). Atrazine can also reduce reproduction and cause tissue abnormalities in fathead minnows
Pimephales promelas (Tillet et al. 2010). Atrazine is a frequently detected herbicide in agricultural area
streams (Tillet et al. 2010) and can impact fish gamete health (Hayes et al. 2003).
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Southern Minnesota has higher concentrations of atrazine in its streams than northern Minnesota
(Figure 1); however, little is known about atrazine impacts in surface waters. Atrazine is almost nonvolatile and its half-life in neutral condition is about 200 days but varies from 4-57 weeks, depending on
various environmental factors like pH, moisture content, temperature and microbial activity (Ghosh
2006). At 25 deg C, a 5 mg/l solution of fulvic acid (naturally occurs in soils and most surface waters)
resulted in half-lives of 34, 174, 398 and 742 days at pHs of 2.9, 4.5, 6.0 and 7.0, respectively (Spectrum
Labs). Southern Minnesota surface waters tend to be pH neutral or slightly basic; therefore, atrazine
should persist longer and have the potential to cause greater impacts (e.g., lower pike reproduction
rates) due to extended exposure.
The objectives of this project were to 1) assess sperm motility and density between atrazine-exposed
and atrazine-free northern pike populations and 2) review sperm traits as a function of northern pike
length and age. To achieve our objectives, we attempted to determine if northern pike sperm
concentrations and motility were different among several potentially atrazine-impaired populations.
We anticipated that sperm concentration and motility would decrease with increasing atrazine levels.
We also evaluated if pike sperm concentrations and motility were influenced by male age or length, as
bigger and older fish may have been exposed to atrazine for longer time periods.

Figure 1. An estimated 21-day moving-average concentration of atrazine (µg/L) in
Minnesota streams. Red markers indicate the four lakes at which pike samples were
taken. The model statistically relates atrazine concentrations in streams to
watershed characteristics determined from data sources with national coverage. The
model was developed using standard statistical techniques. Work is currently
underway to extend the WARP model approach to other pesticides (USGS 2007).
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Methodology
Collection of samples
Male northern pike, 3-6 years of age and 415-855 mm total length, were captured by trap nets from
Lake Geneva, Horseshoe Lake, Lake Elysian, and Little Cut Foot Sioux, which is part of Lake
Winnibigoshish, during the spawning season (mid-March-Early April) of 2012. Up to 20 fish were
collected from each lake; sample size depended on availability of fish. Semen was stripped from unanesthetized fish by applying abdominal pressure and was collected with a syringe. Care was taken to
avoid contamination of the semen sample with urine. The semen was then immediately stored in vials
on ice for six hours and then in a refrigerator for another 17 hours before being analyzed. These storing
times were used to standardize holding time lengths based on the varying travel distances across the
state to obtain samples. Fish length measurements were also obtained using a measuring board, and
scales were taken from the middle back of the fish and stored in a scale envelope. These scales were
obtained to determine age. Water samples were taken from Lakes Geneva and Horseshoe and screened
for atrazine content at Minnesota Valley Testing Laboratories in New Ulm, Minnesota.

Analysis of sperm samples
Each slide of sperm was prepared by mixing one μL of semen in one ml of distilled water, which was
used to activate the sperm. One μL of this mixture was then extracted and placed on the
haemocytometer with a cover slip placed over the droplet. Sperm samples were viewed at 40x objective
power on an Improved Neubauer haemocytometer. Five of the 25 individual sections of the
haemocytometer grid were analyzed. The five sections selected started in the top left and preceded
downward in a diagonal fashion to the bottom right section being used as the ending point. Motility
counts were determined by individual sperm movement: any sperm appearing to move or vibrate was
deemed motile. Total sperm counts were obtained by manually counting individual sperm on
photomicrographs of each section. Total sperm concentration and motility counts were obtained by
adding the totals of the five sections and multiplying by the appropriate dilution factor.
Statistical analyses were completed with Sigma Plot 11.2 using the following tests: Shapiro-Wilk for
normality, ANOVA, Kruskal-Wallis, Dunn’s multiple comparison, and linear regressions. Regression
comparing sperm motility and density as functions of northern pike length and age were completed.
The presence of no significant relationships in the overall regressions was used as an indicator to
suggest that all sperm samples, regardless of age and length, could be used to calculate means and
standard errors for the ANOVA comparison among lakes. Significance was accepted at P<0.05.

Analysis of scale samples
Scale samples were analyzed using a microfiche reader to count annuli, thereby determining age based
off the growth season the sample was obtained from. The edge of the scale is counted as the slow
growth period, thus an annuli, for fish collected in the spring because the season’s growth has not yet
started. These data was linearly regressed against both total sperm concentration and motility values.
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Results
Sperm Concentration and Motility as Function of Age and Length
Multiple and single regressions of sperm concentration and motility, based on both age and length,
revealed no significant relationships for all samples combined. All regressions had P > 0.10 and r2<0.06
(Figures 2 and 3). Therefore analysis of the means among populations could be completed.

Figure 2. Scatter plots and results from single linear regressions of northern pike non-motile sperm
concentrations and total sperm concentrations (billion/mL) as a function of fish length (mm). Color codes
2
indicate lake origin for each data point and regression lines, along with r and P-values, are noted for each test.

Figure 3. Scatter plots and results from single linear regressions of northern pike total sperm
concentrations and non-motile sperm concentrations (billion/mL) as a function of fish age (years). Color
2
codes indicate lake origin for each data point and regression lines, along with r and P-values, are noted for
each test.
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Sperm Motility and Concentration Comparison among Lakes
Due to limited availability of breeding pike in our sample lakes, sample sizes were limited to 7, 10, 11,
and 18 individual males from Horseshoe, Geneva, Elysian and Cut Foot Sioux, respectively. Mean sperm
concentration data among lakes were normally distributed (P=0.216) and therefore an ANOVA was
used. No significant differences in mean sperm concentration were present among the four lakes
(P=0.302; Figure 4). The percentages of sperm showing motility were not normally distributed and were
assessed with a Kruskal-Wallis test. Mean motility proportions were found to be significantly different
(P<0.001) and a multiple comparison indicated several groupings of significantly different observations
(all P<0.05; Figure 5). For example, Cutfoot Sioux sperm had significantly greater motility than
Horseshoe and Geneva, but was not significantly different than Elysian (Figure 5).

Atrazine Assessment
Atrazine concentrations were <0.05 μg/l (below lab detection limit) for water samples collected at
Geneva and Horseshoe Lakes. No samples were collected from Elysian and Lower Cut Foot Sioux due to
no significant findings of the other two lakes and budget restrictions.

Figure 4. Mean northern pike sperm concentrations (billions/mL) among four sampled lakes in
Minnesota during March 2012. Error bars represent ± standard error and the P-value is noted.
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Figure 5. Percent sperm motility among four sampled lakes in Minnesota in March 2012.
Lakes with different letter designations were significantly different (P<0.05). Error bars
represent ± standard error and the P-value is noted.

Discussion
While we did not find any significant differences in sperm concentrations among the four pike
populations, we do believe that our calculated sperm concentrations were determined correctly. The
sperm concentrations we identified in this study were similar to muskellunge Esox masquinongy (Feng et
al. 1996) – a closely related species. Of interest, our results do show a significant difference in sperm
motility among our sample northern pike populations. However, our original intent to assess these
values based on atrazine concentrations could not be completed due to undetectable atrazine levels.
Given significantly lower sperm motility in Geneva and Horseshoe Lakes, we still question the potential
impact of atrazine; however, we did not have any historical information to suspect that atrazine
concentrations would be detected – other than suspected issues from local scientists. Larval and
juvenile fish growing in an environment containing atrazine could experience gonadal development
abnormalities. In addition, the timing of our atrazine sample may not have been ideal. We sampled just
before the annual application of atrazine and its concentration may have dropped substantially from the
previous year; however, based on half-life, if it was present in appreciable quantities, detection should
have been possible. Atrazine is applied as a pre-emergent herbicide in the late spring, thus
concentrations may be detectable at other times of the year (Spectrum Laboratories).
Regardless of the cause, sperm motility reductions could impact hatching rates. For example, if a male
northern pike with a sperm concentration of 18.2 billion sperm/mL experienced a 10% to 20% motility
reduction, viable sperm reductions of 1.8 to 3.6 billion sperm/mL result. Pike, like many fishes, are
broadcast spawners and rely on random contact between a viable sperm and an egg (unlike mammalian
sperm that actively seeks out eggs). Therefore, even a slight reduction in sperm motility could impact
the probability of successful fertilization and contribute to lower hatch rates in a natural environment.
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Based on this argument, however, reduced hatching rates in the hatchery should not be impacted, as
gametes are manually mixed together and contact odds are very high (even if motility is poor).
The identification of significantly lower sperm motility in some southern Minnesota northern pike
populations raises some new and interesting questions about sperm quality and declining pike
populations. Therefore, further research should be completed to assess gonadal health across pike
populations, including a screening of water quality and tissue chemical presence in relation to controlled
hatching experiments that may include crossing gametes from exposed and unexposed populations. Our
findings that sperm count and motility don’t appear to depend on fish age leads us to think that bio
accumulation of pollutants that may impact motility is either not happening, or occurs very early in the
species life history.
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