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Summary (for policy makers and citizens on the importance and implications of the project in relation to Lake Erie management)
The purpose of this study was to explore if toxic mercury compounds measurably effect the level of vitamin B1 in yellow perch eggs and thus the survival of the eggs in Lake Erie. If we are able to establish the baseline concentrations of this vitamin in yellow perch eggs we would then be in a position to predict the effect on embryo survival as it changes from year to year. This prediction will be based on inter-annual variation in vitamin B1 and mercury concentrations relative to the established baseline. Indeed, we observed significant correlations between the survival of yellow perch embryos and lipid concentrations in the eggs of yellow perch. However, the recorded concentrations of vitamin B1 in yellow perch eggs in 2009 and 2010 were not different in the fish before and after they spawned. A significant relationship was observed between vitamin E which is critical for maintaining the integrity of lipids and the total lipid concentration in the fish and the muscle of the fish at the time of spawning. Analyses of total mercury levels in yellow perch eggs indicate that there is no impact of vitamin B1 on the accumulation of this toxic metal in fish tissues. Average mercury levels in the eggs were much lower than previously recorded in perch muscle from Lake Erie suggesting that the fish protect their offspring from intoxication.

Abstract

The purpose of this study was to describe the cause-response relationship between natural levels of thiamine and mercury in yellow perch eggs in Lake Erie. This research intended to establish the baseline thiamine concentrations in yellow perch eggs required for embryo survival. The study  was expected to provide a threshold reference point to be used for fish sampled from the wild with respect to observed inter-annual variation in  thiamine and mercury concentrations, in order to predict survival. Significant correlations were observed between survival of embryos and lipid concentration in the eggs of yellow perch. Thiamine concentrations in 2009 and 2010 in yellow perch eggs were not significantly different prior to ovulation and in ovulated eggs and amounted to 3.6-3.9 and 2.7-3.0 nmol/g, respectively. There were no differences between total lipid levels in the muscle tissues of pre-ovulating and ovulating yellow perch females. A significant correlation was observed between α-tocopherol and total lipid concentration in muscles of ovulating fish. The preliminary analyses of total mercury in yellow perch eggs indicated that there is no correlation between Hg level and thiamine level in perch eggs. Mean Hg level in eggs (ng/g dry matter) were 15.1±4.0 and 18.8±5.6 in 2009 and 2010, respectively.
1. Introduction 
      In 2002 the level of mercury (Hg) in L. Erie fish, such as rainbow smelt (Osmerus mordax) that serve as the food base for predatory fish, was the highest recorded since 1977 (www.epa.gov.2007 report). Mercury level in walleye (Stizostedion vitreum) were 15% higher in 1999-2003 than in 1992-1996, and  may continue to increase in L. Erie predatory fish, such as walleye and yellow perch (Perca flavescens), as these fish increase consumption of benthivorous round gobies (Neogobius melanostomus). The only comparable data on mercury levels in yellow perch was obtained in Lake St. Clair and showed a decreasing trend in contamination (Gewurtz et al. 2001). The level of total Hg in skinless perch fillets decreased from the late 1970s to 2007 from 60 to 30 ng/g wet weight. Simultaneously, poor recruitment in the Great Lakes salmonids (Jaroszewska et al. 2009) and percids (Rinchard et. al. 2011) has been linked to nutritional deficiency, especially to inadequate levels of thiamine (vitamin B1) (early mortality syndrome, EMS). There is some evidence that the association between the severity of the observed pathologies, Hg concentrations and post-EMS syndrome viability will be illuminated, and a new approach can be proposed in order to prevent or alleviate EMS symptoms (Crump and Trudeau, 2009). Therefore, we proposed to determine the relative importance of vitamins including thiamine and tocopherol in reproductively active yellow perch and to establish a baseline for the relationship between Hg-thiamine and tocopherol which will be relevant to monitoring egg quality and survival. 
Yellow perch is an excellent choice of species for study because of its increasing reliance on round gobies as prey. Round gobies are  known for “high thiamine” levels in comparison to rainbow smelt which is generally recognized as “low thiamine” (high thiaminase) prey (Tillitt et al. 2005). Methylmercury (mHg) accumulation in fish eggs is lower than in muscle (Hammerschmidt et al. 1999), nevertheless, mHg levels in eggs constitute between 53 and 96% of total Hg. Survival until hatching in another percid fish, walleye, was determined not to correlate with mHg concentrations (Latif et al. 2003). Perhaps other compounds are having confounding effects. Mercury levels in the western basin of Lake Erie yellow perch (presumably muscle) decreased between 1970 and 1997 and amounted to 0.001-0.01 mg/kg (Weis 2004). Importantly, there are no studies, to our knowledge, that have analyzed thiamine and mercury simultaneously and there is no evidence of direct effects of mercury on yellow perch embryo viability. 
2. Materials and Methods
Adult yellow perch females were collected towards the end of their spawning season in commercial trap nets from the Western basin of Lake Erie. Fish were trapped May 15th, 2009 by Dean Cook’s commercial fishery in grid 907. Fish spent 48 h in the trap nets at  a depth of 13-14 m, in water that was 6.6oC. Six females with signs of ovulation were stripped of eggs within a short time after the traps were lifted. Prior to fertilization, a subsample of eggs was frozen on dry ice for further analysis. The remaining eggs were fertilized with a mixture of sperm from 3 males using the dry method described by Dabrowski et al. (1994). Iodine was added to the containers for 15 min after arrival on shore (3 ml iodine/1.6 L of eggs in a holding jar; Iodophor, Argentyne, Argent Chemical Laboratories, Redmont, WA). Fertilized eggs were rinsed with water after the iodine treatment. Fertilized eggs were transported to the Columbus laboratory and incubated in separate PVC jars with a screen bottom that were placed in California hatching trays (Flex-a-Lite Consolidated, Inc., Tacoma, WA). Flow-through sodium thiosulfate treated city water at 16.9oC (± 0.8) was used. The fertilization rate was assessed at advanced (pigmented) eyed-embryo stage (4 days after fertilization).
Fourteen matured, pre-ovulating females were also collected. Fish were cooled immediately on wet ice and brought back to the laboratory (3-6 h). Fish were then individually weighed and their gonads and liver were removed and weighed. The gonadosomatic index (GSI) and hepatosomatic index (HSI) were calculated as GSI/HSI = (tissue weight x 100)/total fish body weight. A subsample of oocytes was frozen (-83oC) for thiamine and mercury analysis.

      Fifteen mature, pre-ovulating females were collected on April 22, 2010 in the Western basin of Lake Erie. The fish were collected by the Ohio Division of Wildlife (ODW) RV Explorer using a bottom trawl (10.7 m head rope with 13 mm mesh on the cod end) at a depth of 7.5 – 13.0 m. Each trawl lasted 10 minutes. The surface temperature of the water was 9.3 – 11.4 °C. Fish were cooled immediately on wet ice and brought back to the ODW Sandusky laboratory (3 – 6 h). Fish were then individually weighed and their gonads and liver were removed and weighed A subsample of oocytes was frozen (-80oC) for thiamine and mercury analysis. 

  
The second batch of adult yellow perch females was collected May 7, 2010 towards the end of the spawning season in commercial trap nets (Smith J., North Side Fisheries, Sandusky, Ohio) in the Western basin of Lake Erie. Fish spent up to 48 h in the trap nets at a depth of 10 – 15 m, in water that was 6.6oC. Twenty three females with signs of ovulation were stripped of eggs within a short time after traps were lifted. Prior to fertilization, a subsample of the eggs was frozen on dry ice for further analysis. Samples of eggs from the first eleven females were fertilized with a mixture of sperm from 3 males using the dry method described by Dabrowski et al. (1994). Briefly, a sample of 2-3 g was inseminated with 100 μl of sperm and vigorously shaken in 80 ml of lake water. Fertilized eggs were then rinsed with water, and transported to the Columbus laboratory isolated from ice but cooled to 5 – 10 °C. The remaining eggs from females numbered 1 – 11 and the eggs from females numbered 12 - 23 were transported to the laboratory in Columbus unfertilized, cooled at 7 – 10 °C for 5 – 6 h. All remaining samples of eggs were inseminated on arrival with freshly collected sperm from males maintained in the laboratory. Embryos were incubated in separate PVC jars with  screen bottoms that were placed in California hatching trays (Flex-a-Lite Consolidated, Inc., Tacoma, WA). A flow-through system with sodium thiosulfate treated city water at 16.9 oC (± 0.8) was used. The fertilization rate was assessed at 1/2 and 1/3 epiboly (15 – 20 degree days, °D)), and the survival rate was assessed at the advanced (pigmented) eyed-embryo stage (130 – 135 °D). 
Total lipid content in yellow perch fillets and ovaries was analyzed using the extraction method described by Folch et al. (1957). Two grams of frozen muscle or ovary samples were homogenized with Folch solution (methanol:chloroform, 1:2), filtered, mixed with MgCl2×6H2O and kept at room temperature for 24 h. The lipid phase was then evaporated and dried under nitrogen. Results were expressed as % lipid content in wet weight of muscles or ovaries.

Free thiamine and its phosphate esters (mono- and pyro-phosphate) in the perch liver, ovary or eggs sampled prior to fertilization were analyzed according to the procedure utilized by Batifoulier et al. (2005). In short, 200 μg of egg was homogenized in 1 ml of 0.4 M HClO4 using a tapered glass pestle, while liver tissue was homogenized with an increased volume (2 ml) of HClO4 at a speed of 2,000 rpm for 30 s. The aliquot was then centrifuged at 8,000 g for 10 min and the supernatant was filtered with 0.45 μm of nylon syringe filter. Samples were diluted with water at least 2 times depending on thiamine concentrations. The thiamine in the diluted sample (200 μl) was converted to thiochrome by adding potassium hexacyanoferrate (20 μl; 30.4 mM in NaOH 15%) and vortexed for 10 s following the addition of 5 μl of NaOH (15%). 
The high performance liquid chromatography (HPLC) system used for further analysis consisted of a delivery system pump (110B, Beckman Instruments Inc.) equipped with a 20 μl injection loop connected to a RP-amide C16 column (Supelco, USA, 4 × 150 mm) at 30°C. The wavelength of the fluorescence detector (FP-920, JASCO Co., Japan) was set at 366 nm for excitation and 435 nm for emission. The mobile phase consisted of a potassium phosphate buffer (50 mM, pH 6) – methanol (80/20, v/v) and was delivered at a flow rate of 0.8 ml/min.
The concentration of tcopherol in yellow perch fillets and ovaries was determined using the HPLC method. Briefly, 200 mg of frozen material was homogenized with 1% phosphoric acid and 5% pyrogallol in methanol. This substance was then centrifuged and filtrered through a 0.45 µm syringe filter. The obtained supernatant was then analyzed by HPLC (Jasco FP-920) using a Phenomex C-18 column (150mm x 4.6 mm) set for excitation at 290 nm and emission at 325 nm. Results were calculated according to the standard curve and expressed as µg α-tocopherol per 1 g wet tissue. 
Hg concentrations in the egg samples were analyzed using a AMA 254-Automatic solid/liquid Hg Analyzer (LECO Coporation). The basic principle of the method is to combust the sample under oxygen flow to convert the Hg in the sample into Hg0 vapor, which is subsequently detected by the atomic absorption spectrophotometre at the wavelength of 275.3 nm (USEPA Method 7473). The method detection limit based on 3X the standard deviation (SD) of the blanks during the analysis was 0.04 ng (n=17). The certified reference materials  (CRM) were MESS-3, TORT-2, and DORM-3. The matrix of these CRMs is Marine Sediment, Lobster Hepatopancreas, and  Fish Protein, respectively. They are all from the National Research Council of Canada. The average recoveries (+) 1 SD are 101+2.0% (n=4), 110+2% (n=5), and 103+6% (n=6), respectively. The average relative standard deviation of sample replicates was 4+3% (n=3 pairs).
Results are expressed as mean ± standard deviation (SD). Prior to statistical analysis, percentage data were arc sine transformed. The homogeneity of variances was tested using Bartlett’s test. All parameters measured were subjected to one-way analysis of variance (ANOVA) followed by Scheffe’s test to compare means. The difference in the reproductive characteristics of female perch between pre-ovulating and ovulating samples was analyzed using an independent T-test. The significance level  was set at 0.05. All statistical analyses were performed using SPSS 18.0 software (SPSS Inc., Chicago, IL). 
3. Results 
The reproductive characteristics of yellow perch collected in 2009 are reported in Table 1. At the same body length, fish prior to ovulation were significantly heavier. It is evident based on significantly smaller relative gonad size (GSI) that fish that released eggs immediately after they were removed from the nets were already partially spawned (Fig. 1). 

The survival of embryos from the L. Erie females (n = 6) incubated in the Columbus laboratory amounted to approximately 90%. The larvae hatched between May 21st and 23rd. However, this number of fish was insufficient to draw any conclusions on the effect of thiamine levels in the eggs on their viability. 

Thiamine concentrations were higher in the eggs than in the liver and there was no relationship between the two tissues (Fig. 2). The vitamin B1 found in yellow perch was mostly in the form of thiamine pyrophosphate (Fig. 3). 
      The reproductive characteristics of yellow perch collected in 2010 are reported in Table 2.  At the same body length, fish prior to ovulation were significantly heavier. It is evident, based on significantly smaller egg mass and relative gonad size (GSI), that fish that were ovulating released some eggs at the time of catch in the trap nets, and were already partially spawned. 
      The survival at the advanced (pigmented) eyed-embryo stage (130 °D) from females fertilized immediately after collection from the lake (n = 11) and after storage for 5 – 6 h in the laboratory (n = 23) was highly correlated (Fig. 4, top right). The survival of embryos at the eyed-embryo stage from samples of eggs fertilized on the lake is higher than that of eggs fertilized in the laboratory. Survival of embryos (n = 23) fertilized and incubated in the Columbus laboratory amounted to 65.85 + 18.3% (130oD) and survival of embryos (n =11) fertilized on the boat amounted to 93.8 ± 4.4% (135oD). There were 4 females that have shown high discrepancy in embryo survival when estimated at two different stages of embryonic development, namely at the epiboly and eyed-embryo stages. Fertilization and eyed-stage survival shows significant correlation (r = 0.713, P = 0.014) and can be used to evaluate yellow perch egg quality after extended storage (Fig. 4). 
Significant correlations (r = 0.71, P = 0.14 and r = 0.643, P = 0.033) were observed between survival of embryos and lipid concentrations in the eggs at 20˚D and 135˚D, respectively (Fig. 5).
Analyses of α-tocopherol concentrations in yellow perch eggs did not reveal significant differences between pre-ovulating (5.44 µg/g) and ovulating females (7.16 µg/g) (Table 2). There were also no significant differences between total lipid levels in the muscle tissues of pre-ovulating and ovulating yellow perch females. 

A significant correlation (r = 0.656) was observed between α-tocopherol and total lipid concentration in muscles of ovulating fish (Fig. 6). However, this relationship was not confirmed in females at the pre-ovulation stage. Total thiamine concentration decreased with an increasing GSI, whereas thiamine concentration in the liver showed a trend to increase with increasing HIS (Fig. 7).
Thiamine concentrations in yellow perch that were fertilized directly after collection on the lake, did not impact their survival and embryos from all 11 females (Fig. 8) showed high survival rates.

The preliminary analyses of total mercury in yellow perch eggs indicated that there is no correlation between Hg levels and thiamine levels in perch eggs (Fig. 9, left). However, there is an indication of a negative relationship between Hg and thiamine levels in liver tissue (Fig. 7, right). The liver tissue might play a role in the reduction of Hg toxicity and observation of hepatic thiamine levels may be a useful indicator for monitoring Hg contamination originating from the food web. The sample size in the present study was insufficient to confirm this relationship. Mean Hg level in eggs (dry matter) were 15.1±4.0 and 18.8±5.6 in the 2009 and 2010 samples, respectively.
4. Discussion 
      The goal of this project was to study yellow perch reproduction in Lake Erie with a special emphasis on thiamine and mercury concentrations in eggs and embryo viability. Our preliminary data are informative as they provide the first quantification of vitamin E (tocopherol) levels relative to thiamine (B1) levels with respect to possible signs of EMS (Lee and Dabrowski, unpublished data). These results also represent data collected for the first time for another piscivorous fish (beside walleye) in L. Erie. One of the goals of this research is to elucidate if thiamine deficiency in yellow perch might be due to consumption of prey containing high thiaminase levels, such as gizzard shad, spottail shiner, or zebra mussel (Tillitt et al. 2005). 
Total lipid content in gonads of pre-ovulating and ovulating yellow perch females were 5.25 and 5.07 g/100 g wet weight, respectively. Significantly lower lipid concentrations were found in fish muscles (1.4 – 1.5 g/100 g wet weight). It is interesting that in wild fish the lipid levels were similar to those in farmed yellow perch as were reported by Gonzales et al., (2006). Lipid levels in wild European perch collected from three different Italian lakes (Orban et. al., 2007) were similar to those found in L. Erie perch breeders. 

The gonads are rich in vitamin E, which can be connected with spawning activities. Hemre et. al. (1994) found that vitamin E levels in the gonads of female turbot (Scophthalmus maximus) were positively correlated to the maturation cycle, with no correlation to GSI. An opposite relation between lipids and tocopherol was observed in yellow perch fillets. Hemre et. al. (1994) reported that the level of α-tocopherol in female turbot fillets is negatively correlated with GSI. There was no such correlation found in the current study on yellow perch from Lake Erie. 

Total Hg in yellow perch eggs suggests an intermediate level of pollution in comparison to some Wisconsin lakes where total Hg varied from 7 to 820 ng/g dry weight (Hammerschmidt et al. 1999). Simultaneously, the latter referenced study determined that in yellow perch eggs with 7-17 ng Hg/g concentrations the level in the body is 20-22 fold higher, and 53-75% of the Hg found in the eggs is in the form of a highly toxic organic compound. Furthermore, the level of methylmerucury in yellow perch eggs containing more than 30 ng/g is much higher, 91% on average. It has been documented that Hg contamination increases several fold as the age of perch increases from to 2 to 9 (Dittman and Driscoll, 2009), therefore follow up studies should concentrate on larger fish that contribute decisevely to the reproduction of the Lake Erie perch stock.
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Table 1:
Reproductive characteristics of yellow perch collected in 2009 in the Western Basin of the Lake Erie. Means across rows with different superscript differ significantly at P < 0.05. 

	Reproductive characteristics

of females
	Western Lake Erie - 2009
	

	
	Pre-ovulating (n = 14)
	Ovulating (n = 6)

	Body weight (g)
	250.4±48.3b
	185.8±40.0a

	Length (mm)
	246.4±16.1
	246.5±13.1

	Egg mass (g)
	64.0±17.5b
	17.9±10.8a

	Liver mass (g)
	3.5±0.7
	3.5±0.8

	GSI (%)1
	25.3±3.2b
	9.2±4.0a

	HSI (%)2
	1.4±0.3a
	1.9±0.4b

	Thiamine concentration (nmol/g)

	Liver
	1.7±0.5
	1.6±0.3

	Eggs/ovary
	3.9±0.6
	3.6±0.7


1GSI (Gonadosomatic index) = 100 x egg mass (g)/body weight (g)

2HSI (Hepatosomatic index) = 100 x liver mass (g)/body weight (g)
Table 2. Characteristics of yellow perch females collected for reproductive performance measurements and biochemical analysis in April – May 2010 in the Western Basin of L. Erie.

	Reproductive characteristics of females
	Pre-ovulating (n=15)
	Ovulating (n=11)

	Body weight (g)
	341.88±121.16
	176.91±71.84

	Lenght (mm)
	273.06±31.45
	–

	Egg mass (g)
	96.36±48.99
	13.03±8.99

	Tocopherol in eggs (µg/g wet wt)
	28.56±4.03
	25.49±5.99

	Lipids in eggs (% wet wt.)
	5.25±0.39
	5.07±0.51

	Liver mass (g)
	4.83±1.92
	3.88±1.82

	Muscle mass (g)
	75.72±29.08
	65.72±28.01

	Tocopherol in muscle (µg/g wet wt)
	5.44±1.51
	7.16±2.17

	Thiamine in eggs/ovary (nmol/g wet wt)
	2.96±0.50
	2.74±0.79

	Lipids in muscle (% wet wt.)
	1.44±0.25
	1.52±0.13

	GSI1 (%)
	26.88±5.75
	7.19±3.07

	HSI2 (%)
	1.39±0.30
	2.14±0.30

	Muscle (% body wt.)
	22.21±3.83
	37.05±2.65


1GSI (Gonadosomatic index) = 100 × eggs mass (g)/body weight (g)

2HSI (Hepatosomatic index) = 100 × liver mass (g)/body weight (g)
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Fig. 1. Relationship between hepatosomatic index and gonadosomatic index in yellow perch collected in 2009 at Western Basin of the Lake Erie (n = 20).
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Fig. 2. Relationship of thiamine concentration between liver and egg tissue in yellow perch collected in 2009 at Western Basin of the Lake Erie (n = 20).
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Fig. 3. A concentration of thiamine and its derivatives (mono- and pyro-phosphates) in egg, and liver of yellow perch (YP) or walleye (WE) egg collected in 2009 in Lake Erie.
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Fig. 4. Relationship between survival of embryos of yellow perch at 15-20°D and 123-135°D, in groups fertilized on L. Erie and in Aqua. Lab


[image: image5.wmf]6

.

5

6

.

0

5

.

5

5

.

0

4

.

5

1

0

0

9

5

9

0

8

5

8

0

7

5

L

i

p

i

d

s

 

i

n

 

e

g

g

s

 

(

%

 

w

e

t

 

w

t

.

)

S

u

r

v

i

v

a

l

 

a

t

 

2

0

°

D

 

a

n

d

 

1

3

5

°

D

 

(

%

)

E

m

b

r

y

o

s

 

a

t

 

2

0

°

D

E

m

b

r

y

o

s

 

a

t

 

1

3

5

°

D


Fig. 5. Relationship between survival of embryos of Yellow perch at 20°D and 135°D groups fertilized on L. Erie and lipid concentration in eggs.  


[image: image6.wmf]2

.

4

2

.

2

2

.

0

1

.

8

1

.

6

1

.

4

1

.

2

1

1

1

0

9

8

7

6

5

4

3

L

i

p

i

d

s

 

(

%

)

T

o

c

o

p

h

e

r

o

l

 

(

µ

g

/

g

 

w

e

t

 

w

t

.

)

O

v

u

l

a

t

i

n

g

 

f

e

m

a

l

e

s

P

r

e

-

o

v

u

l

a

t

i

n

g

 

f

e

m

a

l

e

s


Fig. 6. Relationship between α-tocopherol and total lipid concentration in muscles 
of pre-ovulating and ovulating yellow perch female from Lake Erie.  
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Fig. 7. Relationship between total egg (a and b) or liver (c and d) thiamine (B1) and hepatosomatic (a and c) or gonadosomatic (b and d) index in pre-ovulating yellow perch sampled in 2009 and 2010 in L. Erie. 
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Fig. 8. Relationship between total egg thiamine and survival of yellow perch embryos fertilized in L. Erie in ovulating yellow perch sampled in 2010. 
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Fig. 9. Relationship between total Hg and total thiamine (B1) concentration in eggs of yellow perch from Lake Erie. 
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