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Abstract. We examined how length of fish is related to mercury concentrations in muscle tissue of
seven species of fish from Lake Meredith, Texas and determined how sex and growth rate are related
to mercury concentration in walleye (Sander vitreus). Flathead catfish (Pylodictis olivaris), walleye
and white bass (Morone chrysops) had the highest concentrations of mercury and channel catfish
(Ictalurus punctatus), common carp (Cyprinus carpio), river carpsucker (Carpiodes carpio) and gizzard shad (Dorosoma cepedianum) had the lowest concentrations of mercury. Mercury concentrations
were positively correlated with total length (TL) of fish for all species except gizzard shad, which
exhibited a negative correlation between mercury concentration and TL. Male walleye grew more
slowly than females, and males had higher concentrations of mercury than females. We also assessed
the differences in fish consumption advisories that would be issued using Texas Department of State
Health Services (DSHS) guidelines versus United States Environmental Protection Agency (USEPA)
recommendations. Using DSHS guidelines, no fish species in Lake Meredith would be issued a fish
consumption advisory. Nevertheless, DSHS has issued an advisory for walleye in Lake Meredith,
possibly due to an inadequate sample size of fish. Using USEPA guidelines, a fish consumption advisory would be issued for the largest size class of flathead catfish but no advisory exists for flathead
catfish in Lake Meredith. We suggest that when fish in a lake may be contaminated with mercury, all
game fish in the lake should be assessed, and mercury advisories should take fish size into account.
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1. Introduction
The primary source of mercury to humans is consumption of mercury-contaminated
fish (NRC, 2001). Even low doses of mercury can damage the nervous and cardiovascular systems of humans (NRC, 2001). Fetuses are particularly sensitive to
mercury consumed by pregnant women, and prenatal exposure to low levels of mercury can cause developmental and cognitive problems (reviewed in NRC, 2001;
USEPA, 2003). To identify the fish species that pose the greatest risk to humans, it
is important to understand how mercury concentration varies among fish species.
The largest anthropogenic source of environmental mercury is coal-burning
power plants (Jackson, 1997). Power plants release inorganic mercury into the
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atmosphere where it resides until it is deposited onto the earth’s surface (Jackson,
1997). Inorganic mercury is converted to a highly toxic form, methylmercury, by
bacteria in aquatic systems (Morel et al., 1998). Methylmercury bioaccumulates
in aquatic organisms (Bowles et al., 2001) and most of the mercury in fish is
methylmercury (Bloom, 1992).
Fish consumption advisories are the primary method of informing the public
about the risk of consuming fish with high concentrations of mercury. The United
States Environmental Protection Agency (USEPA) makes recommendations about
monitoring programs for contaminants in fish. However, fish consumption advisories are generally issued by state public health agencies and these agencies differ
in the manner in which they monitor for contaminants (USEPA, 2000), in part because of budgetary limitations or political reasons. The Texas Department of State
Health Services (DSHS) is responsible for issuing fish advisories in the State of
Texas.
The objectives of this study were to examine how length of fish is related to
mercury concentrations in seven species of fish from Lake Meredith, Texas and to
determine how sex and growth rate are related to mercury concentration in walleye
(Sander vitreus). We also assessed the differences in fish consumption advisories
that would be issued using DSHS guidelines versus USEPA recommendations.

2. Methods
2.1. S ITE

DESCRIPTION

Lake Meredith was formed in 1965 by the construction of Sanford Dam on the
Canadian River. The reservoir is located within Hutchinson, Moore, and Potter
counties 56 km northeast of Amarillo, Texas. The maximum surface area of Lake
Meredith is 6,475 ha with average and maximum depths of 9.1 m and 38.7 m, respectively (Munger, 2003). Lake Meredith is located near Harrington Station, a
coal-burning power plant and it is the only reservoir in the Texas Panhandle with
a fish consumption advisory for mercury. A fish consumption advisory was issued
for walleye by DSHS in 2002 (DSHS, 2005).
2.2. F ISH

COLLECTION

We collected fish with assistance from biologists of the Texas Parks and Wildlife
Department (TPWD) in April 2004 using vertical gill nets 38 m long by 2.4 m
deep. Gill nets were constructed of monofilament webbing and consisted of 5
panels, 7.6 m in length with bar measures ranging from 25–76 mm. On April 19
and 20, five nets were set in the late afternoon and retrieved the following morning. Fish were placed on ice and transported to a lab where they were weighed
and total length (TL) measured. Otoliths were dissected from walleye and sex
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was determined by visual inspection of gonads. All fish were frozen until further
processing.
2.3. M ERCURY

ANALYSIS

Frozen fillets were removed from the freezer, partially thawed and a 100 to 250 Mg
piece of skinless tissue was removed from the center of the fillet using a scalpel
and forceps that had been rinsed with 50% HNO3 solution and deionized water.
Total mercury analysis was performed with a direct mercury analyzer (DMA-80,
Milestone Inc. Monroe, CT USA) that uses thermal decomposition, gold amalgamation and atomic absorption spectrometry (USEPA, 1998). A calibration curve
was generated using two reference materials from the National Research Council of
Canada Institute for National Measurement Standards: MESS-3 (marine sediment,
certified value = 91 ± 9 Ng/g total mercury [dry weight]) and DORM-2 (dogfish
muscle, certified value = 4,640 ± 260 Ng/g total mercury [dry weight]). Quality
assurance included reference and duplicate samples. Reference samples (MESS-3
or DORM-2) were analyzed every 10 samples and the mean percent recovery was
99% (range = 92–107%; n = 29). Duplicate samples were analyzed every 20 samples and the mean relative percent difference was 3.58% (range = 0.09–7.87%;
n = 14).
Tissue mercury concentrations were determined for 267 fish including 28 flathead catfish (Pylodictis olivaris), 95 walleye, 35 white bass (Morone chrysops),
20 channel catfish (Ictalurus punctatus), 23 common carp (Cyprinus carpio), 18
river carpsuckers (Carpiodes carpio) and 48 gizzard shad (Dorosoma cepedianum).
Total mercury was used as a proxy for methylmercury because 95–99% of total
mercury in fish tissue is methylmercury (Bloom, 1992).
2.4. A GE

DETERMINATION

Walleye exhibit sexual dimorphism in growth rate and mercury concentration
(Henderson et al., 2003). To determine walleye growth rate, we used otoliths that
were broken along a perpendicular plane through the nucleus and polished using
sandpaper (Maceina, 1988; D. Buckmeier, TPWD, personal communication). Annuli were counted under a dissecting microscope with a fiber-optic light source.
Two readers independently estimated the ages of fish without knowledge of fish
length and disagreements were resolved by reexamining otoliths and mutually determining age (Buckmeier et al., 2002). To account for growth that occurred prior
to the formation of annuli, one year was added to the number of visible annuli.
2.5. D ATA

ANALYSIS

Mercury concentration was regressed against TL with SYSTAT (Wilkinson, 2002).
A general linear model was used to test for differences in slopes of mercury
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concentrations versus TL and TL versus age of male and female walleye. Statistical
significance was determined at p ≤ 0.05.
2.6. C OMPUTATION

OF

fiSH

CONSUMPTION ADVISORIES

We determined if a fish consumption advisory would be issued for game fish collected in this study (flathead catfish, walleye, white bass and channel catfish) using
both DSHS and USEPA methodologies. DSHS assigns advisories based on the
analysis of muscle tissue of at least three individual fish per species (AFS, 1999),
but apparently fish size class is not taken into account when determining if an
advisory should be issued. DSHS issues an advisory if the mean mercury concentration of the fish sampled exceeds an advisory level of 700 Ng/g wet weight
(ww).
USEPA (2000) recommends that state agencies issue fish consumption advisories based on the analysis of multiple size classes of fish, and that within each
size class, the smallest individual fish should be no greater than 75% of the TL of
the largest individual. To form size classes for each fish species, we identified the
largest individual collected and then combined it with all individuals within 75%
of its TL. After the “large” size class was identified, we repeated the procedure
with all remaining individuals. Using this approach, we divided flathead catfish
and walleye into three size classes and channel catfish into two size classes. White
bass were not divided into multiple size classes.
USEPA suggests that fish consumption advisories be issued when the mean
mercury concentration of a size class of fish is significantly greater than the screening value (SV) of 300 Ng/g ww (USEPA, 2001). USEPA recommends using a test
statistic (t-value) to determine if the mean mercury concentration is greater than
the USEPA recommended screening value (USEPA, 2000). When mercury concentration is determined for a sample of individual fish (as opposed to composite
samples), a t-value is calculated as:
(mean − SV)/standard deviation
which has a t-distribution with n − 1 degrees of freedom. If the calculated t-value
exceeds the critical t-value (one-tailed test), a fish consumption advisory would be
issued. USEPA recommends that >10 individual fish be analyzed if the calculated
t-value is >0.85. Due to the small sample size and high t-values for some size
classes of fish in our study, we set α = 0.10 to reduce the probability of making a
type II error (accepting a false null hypothesis).
For our analyses, we only considered individual fish of a harvestable size. We
defined individuals of a harvestable size as those having a TL greater than the minimum legal length limit (flathead catfish [45.7 cm], white bass [25.4 cm], channel
catfish [30.5 cm]) or walleye having a TL of 25 cm or greater.
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Figure 1. Mercury (Hg) concentration – total length relationships for fish species in Lake Meredith.

3. Results and Discussion
3.1. SPECIES- SPECIfiC

DIFFERENCES IN MERCURY CONCENTRATION

Fish species in Lake Meredith differed in mercury concentration (Figure 1). Game
fish such as flathead catfish, walleye, white bass and channel catfish had the highest
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Figure 2. (a). Mercury (Hg) concentration–total length (TL) relationships for male (M) and female
(F) walleye. 2(b). TL–age relationships for male and female walleye.

mercury concentrations, with maximum concentrations of 1065, 870, 554 and
309 Ng/g ww, respectively. Non-game fish such as common carp, river carpsucker
and gizzard shad had the lowest mercury concentrations, with maximum concentrations of 300, 251 and 120 Ng/g ww, respectively.
The relationships between mercury concentration and TL were best fit by exponential curves and were positive and significant for all species (p < 0.05) except gizzard shad, which was negative and significant (p < 0.001) (Figure 1). Total length
explained from 19 to 87% of the variation in mercury concentration (Figure 1).
Correlations were strongest for flathead catfish, white bass and river carpsucker;
and weakest for common carp, channel catfish and gizzard shad.
Previous studies have found positive relationships between mercury concentration and fish length, which can be due to an increase in trophic position that occurs
as fish increase in size (Bowles et al., 2001; Power et al., 2002) and because methyl
mercury is very slowly eliminated once incorporated into fish flesh (Wiener and
Spry, 1996). Like gizzard shad in this study, Branquinha (Potamorhina latior), a
detritivore from Rio Negro, Brazil, exhibited a decline in mercury concentration
with size (Barbosa et al., 2003). Gizzard shad diet may change from a higher trophic
position to a lower trophic position as they age (Schaus et al., 2002). Juvenile gizzard shad feed primarily on zooplankton whereas adult gizzard shad feed more on
detritus and algae (Mummert and Drenner, 1986). An alternative hypothesis is that
the decline in mercury concentration with gizzard shad length could reflect higher
mercury in the muscle of emaciated fish (Cizdziel et al., 2002).
3.2. S EXUAL

DIMORPHISM AND MERCURY CONCENTRATION IN WALLEYE

We were able to identify sex in 79 of 95 walleye (20 females and 59 males). We
detected a significant difference in the slopes of the mercury-TL relationships for
male and female walleye (p = 0.03) (Figure 2a) with male walleye having a steeper
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slope (b = 0.11) than female walleye (b = 0.06). Male walleye grew at a slower rate
than female walleye (p = 0.03) (Figure 2b) and the largest individual we collected
was 43.5 cm (TL) compared to a maximum of 62.5 cm (TL) for females. Henderson
et al. (2003) found sexually dimorphic growth in walleye with males growing slower
than females. As we found in Lake Meredith, fish with slower growth rates tend to
exhibit size-mercury concentration relationships with steeper slopes than fish with
higher growth rates (Doyon et al., 1998; Henderson et al., 2003).
3.3. I SSUANCE

OF FISH CONSUMPTION ADVISORIES

Using DSHS methodologies or USEPA recommendations would result in differences in fish consumption advisories for Lake Meredith. The mean mercury concentrations of each of the four game fish species we collected were below the DSHS
advisory level of 700 Ng/g ww (Figure 3a). Therefore, our data suggest that a fish
advisory would not be necessary according to DSHS guidelines. This raises the
question of why an advisory currently exists for walleye in Lake Meredith. Only
two of the oldest walleye or 2% of all walleye we sampled exceeded the DSHS advisory limit of 700 Ng/g ww. We hypothesize that a small sample size used by DSHS
in fish contaminant monitoring programs led to an overly conservative issuance
of a fish consumption advisory for walleye. The current walleye consumption advisory warns consumers to limit consumption of all sizes of walleye. This would
appear inappropriate considering that 73% of all harvested walleye observed during TPWD creel surveys were below 40.6 cm (Munger, 2003) and that none of the
individuals ≤40.6 cm that we collected had mercury concentrations higher than the
DSHS advisory level.
Following USEPA recommendations would have resulted in the application of a
fish consumption advisory for the largest size class of flathead catfish (Figure 3b).
Only the largest size class of flathead catfish had a mean mercury concentration
significantly greater than 300 ng/g ww (t = 1.84, p = 0.063). Smaller size classes
of flathead catfish and all sizes classes of walleye, white bass and channel catfish
had mean mercury concentrations that were not significantly greater than 300 ng/g
ww and therefore would not have had an advisory issued according to USEPA
recommendations. These results illustrate the discrepancy between state policies
and USEPA recommendations for setting fish consumption advisories.

4. Conclusions
USEPA recommends that state agencies examine one predator species (e.g. flathead
catfish, walleye, white bass) and one bottom-feeding species (e.g. channel catfish,
common carp) in contaminant monitoring studies (USEPA, 2000). Our results indicate that the concentration of mercury is extremely variable even between species
within USEPA’s functional group designations. If white bass were examined as the
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Figure 3. Mercury (Hg) – total length relationships for Lake Meredith game fish species (data from
Figure 1). (a). The solid horizontal line represents mean mercury concentration and the dashed line
represents the DSHS advisory level of 700 Ng/g ww. (b). Following USEPA recommendations fish
were divided into size classes. Solid horizontal lines represent the mean mercury concentration for
each size class and the dashed line represents the USEPA screening value of 300 Ng/g ww.

representative predator species, the risk posed to public health by large flathead
catfish would be overlooked. We recommend that state agencies examine all game
fish species and especially the largest piscivorous species to avoid underestimating
risk to public health.
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The procedures used by many states to assess the need for fish consumption
advisories are different than those recommended by USEPA (AFS, 1999). Many
states base advisory decisions on small sample sizes (AFS, 1999) but budgetary
limitations may limit the ability of states to perform analyses on adequate sample
sizes of fish. DSHS examines a minimum of three fish in contaminant monitoring
programs. Mercury concentration is highly variable in some species like the walleye
examined in this study. A small sample size is not adequate to characterize the risk
posed to public health and could lead to an under- or overestimate of risk. We suggest
that state agencies follow USEPA recommendations for determining appropriate
samples sizes to minimize this possibility.
In addition to a small sample size, many states do not examine multiple size
classes of fish in contaminant monitoring programs (AFS, 1999). However, combining large heavily-contaminated individuals with small less-contaminated individuals results in a lower mean mercury concentration than would be found if
size classes are examined as recommended by USEPA. Using our data set from
Lake Meredith and following USEPA recommendations, we found that an advisory should be issued for the largest size class of flathead catfish but not flathead
catfish smaller than 78 cm (TL). However, if we combine all sizes of flathead catfish
and compute the mean mercury concentration, we find that an advisory would not
be issued for flathead catfish (t = −0.99, p = 0.17). Therefore, failure to consider
multiple size classes of fish may increase health risks because the public would not
be warned about the mercury contamination of the largest and most hazardous fish.

Acknowledgements
We are grateful to Charlie Munger, Jason Henegar, Jim Hoy, David De Leon and
David Buckmeier of the Texas Parks and Wildlife Department for their help in
collecting and ageing fish. We thank John Horner and David Cross for statistical
advice and helpful comments on the manuscript. Mandy Davis, Keri McNew, and
Kristin Appling provided assistance in the laboratory. Two anonymous reviewers
provided helpful suggestions. This research was funded by an Adkins Fellowship
Award from the TCU Biology Department to WCM. MMC was supported by an
Adam’s Fellowship from the OU Zoology Department.

References
American Fisheries Society (AFS): 1999, ‘Forum on Contaminants in Fish’, Proc. Am. Fish. Soc.
http://www.fisheries.org/html/publications/epubs/Contaminants/contaminants.pdf.
Barbosa, A. C., Souza, J. de, Dorea, J. G., Jardim,W. F. and Fadini, P. S.: 2003, ‘Mercury biomagnification in a tropical black water, Rio Negro, Brazil’, Arch. Environ. Contam. Toxicol. 45, 235–246.

258

W. C. MCCLAIN ET AL.

Bloom, N. S.: 1992, ‘On the chemical form of mercury in edible fish and marine invertebrate tissue’,
Can. J. Fish. Aquat. Sci. 49, 1010–1017.
Bowles, K. C., Apte, S. C., Maher, W. A., Kawei, M. and Smith, R.: 2001, ‘Bioaccumulation and
biomagnification of mercury in Lake Murray, Papua New Guinea’, Can. J. Fish. Aquat. Sci. 58,
888–897.
Buckmeier, D. L., Irwin, E. R., Betsill, R. K. and Prentice, J. A.: 2002, ‘Validity of otoliths and
pectoral spines for estimating ages of channel catfish’, North Am. J. Fish. Manage. 22, 934–942.
Cizdziel, J. V., Hinners, T. A., Pollard, J. E., Heithmar, E. M. and Cross, C. L.: 2002, ‘Mercury
concentrations in fish from Lake Mead, USA, related to fish size, condition, trophic level, location,
and consumption risk’, Arch. Environ. Contam. Toxicol. 43, 309–317.
Doyon, J. F., Schetagne, R. and Verdon, R.: 1998, ‘Different mercury bioaccumulation rates between
sympatric populations of dwarf and normal lake whitefish (Coregonus clupeaformis) in the La
Grande complex watershed, James Bay, Quebec’, Biogeochemistry 40, 203–216.
Henderson, B. A., Collins, N., Morgan, G. E. and Vaillancour, A.: 2003, ‘Sexual dimorphism of
walleye (Stizostedion vitreum vitreum)’, Can. J. Fish. Aquat. Sci. 60, 1345–1352.
Jackson, T. A.: 1997, ‘Long-range atmospheric transport of mercury to ecosystems and importance
of anthropogenic emissions: A critical review and evaluation of the published evidence’, Environ.
Rev. 5, 99–120.
Maceina, M. J.: 1988, ‘Simple grinding procedures to section otoliths’, North Am. J. Fish. Manage.
8, 141–143.
Morel, F. M. M., Kraepiel, A. M. L. and Amyot, M.: 1998, ‘The chemical cycle and bioaccumulation
of mercury’, Annu. Rev.Ecol. Syst. 29, 543–566.
Mummert, J. R. and Drenner, R. W.: 1986, ‘Effect of fish size on the filtering efficiency and selective
particle ingestion of a filter-feeding clupeid’, Trans. Am. Fish. Soc. 115, 522–528.
Munger, C.: 2003, ‘Statewide freshwater fisheries monitoring and management program: 2002 survey,
Meredith Reservoir’, Performance Report. Texas Parks and Wildlife Department, Austin, TX.
NRC (National Resource Council): 2001, Toxicological Effects of Methylmercury. National Academy
Press, Washington D.C.
Power, M., Klein, G. M., Guiguer, K. R. R. A. and Kwan, M. K. H.: 2002, ‘Mercury accumulation
in the fish community of a sub-Arctic lake in relation to trophic position and carbon sources’, J.
Appl. Ecol. 39, 819–830.
Schaus, M. H., Vanni, M. J. and Wissing, T. E.: 2002, ‘Biomass-dependent diet shifts in omnivorous
gizzard shad: Implications for growth, food web, and ecosystem effects’, Trans. Am. Fish. Soc.
131, 40–54.
Texas Department of State Health Services (DSHS): 2004, Listing of water bodies with advisories
or bans and areas where no advisory was issued. TDH Bureau of Food and Drug Safety: Seafood
Safety Division Web site, www.tdh.state.tx.us/bfds/ssd/fiscount.html.
USEPA (U.S. Environmental Protection Agency): 1998, ‘Methods for Evaluating Solid Waste, Physical/Chemical Methods’, Method 7473.
USEPA (U.S. Environmental Protection Agency): 2000, ‘Guidance for assessing chemical contaminant data for use in fish advisories’, Report # EPA-823B00007.
USEPA (U.S. Environmental Protection Agency): 2001, ‘Water quality criterion for the protection of
human health: methylmercury’, Report # EPA-823R101001.
USEPA (U.S. Environmental Protection Agency): 2003, ‘America’s Children and the Environment:
Measures of contaminants, body burdens, and illnesses’, Report # EPA-240R03001.
Weiner, J. G. and Spry, D. J.: 1996, ‘Toxicological significance of mercury in freshwater fish’, in
W. N. Beyer, G. H. Heinz, and A. W. Redmond-Norwood (eds), Environmental Contaminants in
Wildlife – Interpreting Tissue Concentrations. CRC Press, New York.
Wilkinson, L.: 2002, SYSTAT version 10.2 user’s manual. SYSTAT Software Inc. Richmond, CA.

