Evaluation of walleye Sander vitreus egg quality from different Lake Erie spawning stocks
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Introduction

The walleye fishery is the most important recreational fishery in the Western Basin of Lake Erie. The spawning behavior of walleye in the lake is variable. Individual stocks show fidelity to spawning rivers or spawn in the lake proper. The task for researchers and management agencies is to evaluate the relative contribution of distinct stocks to overall lake production of this species. Thus, the objective of this study was to compare the egg quality of two purported spawning stocks (Maumee River and Sandusky River) in the Western basin of Lake Erie.

Materials and Methods

In April 2003, adult walleye were captured overnight from the Maumee River (04/12) and Sandusky River (4/15) using electrofishing gear. Gametes were collected on site by stripping without anesthesia and kept in individual, flat-bottom containers at 5-7oC (eggs, 2-3 layers of eggs) or 0oC (sperm, 1-2 mm of sperm) during transport to the Columbus laboratory. Eggs were weighed and a subsample (~ 5 g) from individual females was taken and immediately frozen on site for lipid and fatty acid analysis. Sperm concentration was estimated microscopically using a Double Neubauer Counting Chamber (Ciereszko and Dabrowski, 1993) on arrival to the laboratory. 

To evaluate the egg quality, eggs (2 g or ~ 400 eggs) were fertilized in duplicate with the milt of five males (25,000 spermatozoa/egg) using the dry method (Czesny and Dabrowski, 1998). Sperm was diluted in Moore extender prior to fertilization based on prior estimation of individual male sperm density. To prevent egg-to-egg adhesion, eggs were treated with a solution of tannic acid at 400 mg/L for 4 min with continuous stirring. Fertilized eggs from each female were incubated separately in 2 circular baskets with a net bottom in "California type" hatching trays. The rate of survival was assessed at the pigmented eyed-stage embryo (80 hours at 12-13oC).

Total lipids were extracted from walleye eggs after homogenization in chloroform-methanol according to the procedure of Folch et al. (1957). Total lipid extracts were then separated into polar (phospholipids) and neutral (mostly triglycerides) fractions using silica sep-pak cartridges (Waters, Division of Millipore Corp., Milford, MS) and determined gravimetrically. Fatty acid methyl ester mixtures were prepared from both fractions of lipids (Metcalfe and Schmitz, 1961) and analyzed by gas chromatography (Varian 3900 Gas Chromatograph, Varian Chromatography Systems, Walnut Creek, CA).

Results and Discussion

The results of embryo survival for the Sandusky River averaged 48.6 ± 8.3% and ranged from 34 to 59%. In contrast, in the Maumee River, they were very low (0.6 to 2.1%). We suspect that either the Moore extender solution deteriorated over time or water was unintentionally introduced into the sperm prior to the fertilization process.  

The mean concentration of total lipids in eggs from the Maumee River walleye (n = 15) was significantly (t-test, P<0.05) lower than the concentration in eggs from the Sandusky River walleye (n = 7). However, the proportion of neutral and phospholipids did not differ significantly between fish from both rivers. Total lipid concentrations in the ovulated eggs of walleye sampled from the Maumee River ranged from 10.4 to 13.3%, whereas those collected from the Sandusky River ranged from 12.2 to 14.9% (Figure 1). The concentration of total lipids in the eggs from the Sandusky River has shown counter-intuitive but significant, negative correlation with the embryo survival at pigmented eyed stage (r=0.81, P=0.028).
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Figure 1. 
Neutral (white) and phospholipids (black) concentration in walleye eggs collected from individual females in the Maumee River and the Sandusky River.

The concentrations of the major fatty acids found in walleye egg neutral (NL) and phospholipids (PL) are presented in Table 1. Fatty acid profiles of walleye egg NL and PL did not differ significantly between the fish from the two rivers. The major fatty acids in the neutral fraction were the palmitoleic acid (C16:1) and oleic acid (C18:1). Their concentrations were significantly higher than in the PL fraction. In contrast, the concentrations of palmitic acid (C16:0), arachidonic acid (C20:4n-6, AA), eicosapentaenoic acid (C20:5n-3, EPA), and docosahexaenoic acid (C22:6n-3, DHA) were significantly higher in the PL fraction than in the NL fraction. A negative relationship was found between the DHA concentrations in the PL and the embryo survival at the eyed stage for fish collected in the Sandusky River (r=0.77, P= 0.04).

The results in the present study indicate that lipid variation in walleye stocks may be related to female “nutritional history” or there may be overlapping effects of fish age and/or distance of spawning run. These factors may be further taken apart with fish age class analyses and environmental differences (water temperatures).

Table 1.
Mean percentages and standard deviation (expressed in weight %) of neutral and phospholipids for major individual fatty acids from walleye eggs collected in the Maumee River and Sandusky River.

	Fatty acid
	Neutral lipids
	Phospholipids

	
	Maumee River (n=7)
	Sandusky River (n=7)
	Maumee River (n=5)
	Sandusky River (n=5)

	C16:0
	6.0 ± 0.6
	5.6 ± 0.4
	12.1 ± 0.7
	11.5 ± 0.4

	C16:1
	13.3 ± 2.1
	14.5 ± 1.4
	1.8 ± 0.7
	2.0 ± 0.3

	C18:1
	15.7 ± 1.6
	16.1 ± 1.1
	6.9 ± 0.8
	7.6 ± 0.7

	C20:4n-6
	1.2 ± 0.3
	1.2 ± 0.1
	3.7 ± 0.6
	4.1 ± 0.2

	C20:5n-3
	4.5 ± 0.5
	4.4 ± 0.6
	7.7 ± 1.4
	7.5 ± 0.5

	C22:6n-3
	7.4 ± 1.4
	7.4 ± 1.4
	17.7 ± 1.5
	18.0 ± 1.2
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