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Abstract

Many fisheries professionals involved in walleye (Sander vitreus)
culture exclude large females from spawning, believing that larger
fish produce lower-quality eggs. However, the relationship between
maternal size and egg survival in walleyes has not been extensively
studied. The survival-to-hatch of eggs spawned from large female
walleye was examined in this study. Female walleyes (n = 12) with
a mean (SE) total length of 698 (15) mm from Lake McConaughy,
Nebraska, USA were spawned in the spring of 2017. The eggs were
fertilized and incubated in hatching jars. Mean (SE) survival to the
eyed stage of egg development was 63.5 (5.0) % and was not sig-
nificantly correlated to maternal total length. Mean fecundity was
321,088 eggs, with fecundity significantly and positively correlated to
female total length. However, there was no relationship between egg
size and female total length. These results indicate that large wall-
eye produce eggs which survive as well as or better than those from
smaller fish previously reported in the literature. Given the high egg
survival and high fecundity, large female walleyes should be includ-
ed in artificial spawning efforts to maximize spawning efficiencies.
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Introduction

Walleye (Sander vitreus) belong to the Percidae family and have a
native range extending from northern Canada to the southern United
States [1]. Because walleye are a popular sportfish species subject
to overharvest [2], hatchery propagation and restocking efforts are
routinely used to establish and maintain populations. An estimated 1
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billion fry and fingerlings are stocked annually in the United States
alone [3,4].

Hatchery rearing of walleye typically occurs by artificially spawn-
ing wild broodstock. Fertilized eggs are then incubated in hatcheries
and the resulting newly-hatched fry or further-cultured juveniles are
released back into natural systems [5]. Walleye egg survival to hatch
is highly variable and there is a need to better understand the factors
which influence egg survival and fecundity [6]. While the positive
relationship between the size of female fish and fecundity is well
known, [7-12] the effect of maternal size on egg survival has been
less extensively studied [5,13,14].

Survival during hatchery incubation may be less in eggs from very
large female percids [15]. In general, egg survival is positively relat-
ed to egg size [12,16]. The largest eggs are produced by intermedi-
ate-sized fish, whereas the smallest and largest fish produce relatively
smaller eggs [17,18]. Czensy et al. [5] stated that the higher metabolic
demand of larger female walleyes impedes their ability to produce
high-quality eggs. Similarly, Gatch et al. [19] reported that the eggs
from smaller walleye tended have better survival to hatch. Surviv-
al-to-hatch of walleye eggs was also observed to be negatively related
to female length adjust for age [13]. However, relationships between
egg survival and female length, or egg survival and egg size, have not
been confirmed in many walleye populations [1,5,13,20-22]. Given
the large variation in the size of spawning walleyes and the need to
maximize spawning efficiencies, it is important to determine if there
is a relationship between the size of female walleyes and subsequent
egg survival.

Historically, short-term 7.62 cm square mesh gill nets have been
used to collect female walleyes for spawning at Lake McConaughy,
Nebraska, USA. However, these relatively small mesh nets produced
a considerable bi-catch of males. To eliminate the capture of unneed-
ed males, larger 8.89 and 10.16 cm gill nets were used in 2017. While
this substantially reduced male bi-catch, it also greatly increased the
average size of the female walleyes captured. This provided a unique
opportunity to assess the survival of eggs obtained from large wall-
eyes.

The primary objective of this study was to document the surviv-
al of eggs spawned from large female walleyes from Lake McCo-
naughy. A secondary objective was to examine any possible relation-
ships among female size, fecundity, egg size, and egg survival.

Study Area

Lake McConaughy is a 14,459-ha impoundment of the North
Platte River in western Nebraska, USA. At full pool, it is 35.4 km
long, 6.4 km wide, 43.3 m deep, with a storage volume of 214,389
ha-m [23]. Walleye have been one of the predominant sport fish since
the construction of Kingsley Dam created the reservoir in the ear-
ly 1940s [24,25]. All spawning occurred at Lake McConaughy, with
fertilized eggs transported to North Platte State Fish Hatchery, North
Platte, Nebraska, USA for subsequent incubation.
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Materials and Methods

Walleye spawning on Lake McConaughy occurred on 13 April
2017 as per standard operating procedures of the Nebraska Game and
Parks Department. Male walleyes were collected from the lake by
electrofishing. Milt was removed by mouth-pipetting of an approxi-
mately 4-mm diameter vinyl catheter inserted into the urogenital duct
[26,27]. One milliliter of milt and two milliliters of walleye extender
[28] were put into a 14-mm diameter test tube, stirred, and placed on
ice until used.

Adult females were collected from the face of the Kingsley Dam
using gill nets with mesh sizes of 7.62 cm, 8.89 cm, and 10.16 cm.
Captured walleyes were removed every two hours and were alive
during netting and spawning. Only twelve females with total lengths
of 630 mm or greater were spawned and used in this study. Immedi-
ately prior to spawning, each female was towel-dried and spawned us-
ing the dry method [29]. Eggs were removed from gravid female wall-
eyes by manual stripping, where the abdomen was gently squeezed.
All eggs from a single female were expelled into a round plastic pan
(25-cm diameter, 10-cm deep). One test tube containing the milt and
extender solution was added to the pan of eggs. To activate the sperm,
lake water (temp 5-to-8 °C, total hardness CaCO, 88-to-280 mg/L, pH
= 7.5-t0-8.9, total dissolved solids 418-t0-739; [30]) approximately
equal to the volume of eggs was added to the pan. The milt-water
solution was stirred with a feather for approximately 60 seconds. Full-
er’s earth, a clay material consisting of bentonite (calcium-smectite)
and palygorskite (attapulgite) [31], was added to the solution to neu-
tralize the egg adhesive layer. The egg-milt-water-clay solution was
then stirred for approximately 45-to-60 seconds, after which the eggs
were rinsed with clean water. The eggs from each female were then
transported discretely in water 115 km (approximately 1 hour transit)
to the North Platte State Fish Hatchery. Total lengths to the nearest
mm were recorded for each female after spawning.

Upon arrival at the hatchery, all eggs from each female were
placed into separate, 6.1-L McDonald type hatching jars [32] and
supplied with flow through well water (12.2 -to-13.4 °C). If the egg
volume from a single female exceeded the capacity of one jar, an
additional jar was used. After 24 hour the eggs had reached their max-
imum size (because of imbibing water) and removed from the jar.
Egg size (number of eggs per mL of water displaced) and fecundity,
the total number of eggs (based on water displacement), was then
recorded. The eggs were placed back into the jar for incubation until
the eyed stage of egg development. During incubation, the eggs re-
ceived every-other-day, 10-minute treatments of 500 mg/L hydrogen
peroxide (Perox-Aid; 35% by weight; Eka Chemicals, Inc., Mariet-
ta, Georgia, USA) for prevention of possible Saprolegniaceae water
molds infestation and also to facilitate removal of organic debris from
the jar. After 8-to-11 days, the dead eggs were removed. Egg size was
determined for the remaining viable eggs and total egg numbers were
determined again by water displacement. Percent survival was calcu-
lated using the following formula.

Survival (%) = (Number of Eyed Eggs / Number of Initial Eggs) x
100,

The SPSS statistical program (24.0, IBM, Armonk, New York,
USA) was used for data analysis. Regression and correlation analysis
was used to determine any possible relationships between the vari-
ables. Significance was pre-determined at p < 0.05.

Results

The total length of female walleyes sampled from Lake McCo-
naughy, Nebraska ranged from 630 to 762 mm, with a mean + SE
length of 698 + 15 mm (Table 1). Mean egg survival to hatch was
63.5%, mean fecundity was 321,088 eggs, and mean egg size was
132.7 eggs/mL.

. Length . Egg size
Location Age Fecundity Source
(mm) (eggs/mL)
Lake Mc-
321,088 + .
Conaughy, 698 + 15 31533 132.7+3 This Study
Nebraska ’
X 48,000 —
Lake Erie 1.721 [7]
614,000
18,000 — !
Escanaba 381456 60,000 0.9-3.4
Lake, Wis- [11]
. 40,000 —
consin 457 - 557 1.5-2.9°
140,000
Lake Oahe,
6.8 518 48,000 85-160 [33]
South Dakota
Red Lakes 5-12 | 470-699 1,17,213
. ’ [34]
Minnesota 613 360 — 609 44,409 1.6*
Lake Winneba- 43,255 —
; i 442 - 615 [35]
go, Wisconsin 227,181
15,000 —
4.7 270 - 600 0.57-0.95* [36]
Lake Winni- 130,000
peg, Manitoba 50,000 —
400 — 725 y [10]
250,000
Table 1: Mean (+ SE) walleye total length, fecundity, and egg size from
Lake McConaughy, Nebraska, along with similar information from other
published studies.
“Egg Size in mm
*Egg Size in mg

Fecundity was significantly and positively correlated with total
length (p < 0.001; R? = 0.864; Figure 1). However, within the rela-
tively concentrated lengths of the 12 fish sampled, there was no re-
lationship between egg size and female total length (p = 0.328; R? =
0.096; Figure 2) or between survival to the eyed-egg stage total length
(p=0.212, R*=0.151; Figure 3).
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Figure 1: Scatter plot of total length and fecundity for female walleye from
Lake McConaughy, Nebraska, with regression and correlation analysis.
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Figure 2: Scatterplot of total length and egg size for female walleyes from
Lake McConaughy, Nebraska with regression and correlation analysis.
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Figure 3: Scatter plot of total length and percent egg survival to the eyed
stage for female walleye from Lake McConaughy, Nebraska, with regres-
sion and correlation analysis.

Discussion

The results of this study do not support the suggestion that eggs
from large walleyes are of poor quality and exhibit relatively poor
survival to hatch [13,15,19,37]. Although egg survival varied among
the individual fish, the mean survival of 63.5% was similar to the 67-
to-70% reported by Schneider et al. [38] from walleyes of unknown
sizes. It is much higher than the 50-to-57% survival reported by Ward
and Blackwell [39], and the 13-t0-60% egg survival reported by Ward
and Blackwell [40]. It was also higher than the 51% and 57.5% sur-
vival reported for eggs from various sizes of walleyes incubated at
two production hatcheries [41,42]. In addition, survival to hatch of
walleye eggs from Lake Oahe, South Dakota over several years has
been reported to range from 50 to 60% [43-47]. In contrast, Czesny
et al. [5] incubated small numbers of walleye eggs experimentally
and reported survival to the eyed stage of development at over 90%.
Johnson [48] incubated walleye eggs on a variety of natural substrates
and reported survival rates to the eyed stage of development from 2.4
to 25%.

The results of this study are limited by the small sample size of 12
and the focus only on large females. Smaller females were originally
included in the study design, but because of limitations resulting from
this research as part of normal spawning and hatchery operations,
only the spawns from the 12 large fish in this study could be incubat-
ed.

Previous research has also reported the lack of relationship be-
tween female length and egg survival observed in this study. Czesny
et al. [5] also observed no correlation between female size and egg
survival to the eyed stage, with the female walleyes ranging from 465
to 885 mm. However, other studies have reported a positive relation-
ship between maternal size and egg quality or survival [14,49,50].
The current study and Czesny et al. [5] examined survival to the eyed
stage egg development, instead of survival to hatch. Both metrics of
survival are nearly perfectly correlated [S51] and can likely be used
interchangeably. Egg mortality typically occurs early in development,
with over 80% of walleye egg mortality occurring in the first 50 to
100 hours after fertilization [52].

At a mean fecundity of over 320,000 eggs, the large female wall-
eye from Lake McConaughy produced more eggs than other stocks
with smaller females. Miller and Erb [33] reported a mean fecundi-
ty of 117,213 eggs from female walleyes with total lengths ranging
from 470 to 699 mm from Red Lakes, Minnesota, USA. Fecundity of
walleyes from 400 to 725 mm from Lake Winnipeg, Manitoba, Can-
ada ranged from 50,000 to 250,000 eggs/female [10]. The positive
relationship between maternal length and fecundity observed in this
study is typical for walleye [2,7,15] and other fishes [53-58]. It is also
possible that eggs may have been retained within the spawned female
walleyes in this study [59]. If this occured, actual fecundity may be
higher.

The egg size of approximately 133 egg/mL of water displaced is
similar to that observed in walleye from South Dakota, which is in
relatively close proximity to Lake McConaughy [33]. It is also com-
parable to the range of 85-t0-160 eggs/mL reported by Malison and
Held [60]. Unfortunately, no direct comparison can be made to the
egg size expressed as egg diameter (mm) reported in other studies
[7,34] or mass (mg) [11,36], limiting direct comparisons to many oth-
er walleye populations.

It is not surprising that there was not a significant positive rela-
tionship between egg size and female total length. The small sample
size and the limited variation in fish size likely precluded any such
relationship. Correlations between female walleye size and egg size
have been reported previously, with the strength of such relationships
greatest on the upper and lower latitudinal limits of walleye range [1].

The large walleyes spawned in this study were not aged. Other
studies with a variety of fish species have linked egg size to maternal
age, with older females potentially producing smaller eggs and inter-
mediate ages producing the largest eggs [14]. However, this has not
been shown with walleyes [5,10]. Johnston [13] attributed older age
in walleyes as the main factor for larger egg size. In the Great Lakes
Region, excluding age data and accounting only for length did not
account for egg size variation in walleye [48].

This study is the first to focus specifically on the survival of eggs
from large walleyes. While other studies included walleye similar in
size to those used in this study, egg survival, egg size, and fecundity
specific to large females could not be determined because the infor-
mation from large females was combined with small-to-intermediate
sized fish [10,34].

Conclusion

In conclusion, the egg survival observed in this study of large
walleyes from Lake McConaughy, Nebraska indicate females should
not be excluded from hatchery spawning operations based solely on
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maternal length. In addition, the positive relationship between fecun-
dity and maternal length means that large female walleyes will likely
produce more eggs, thereby decreasing the number of fish needed to
be spawned to meet egg needs. However, these results could be lake
dependent, so examining other populations with a variety of sizes
would be beneficial.

Author Contributions

Conceptualization, B.D.S; methodology, A.C.G, B.D.S, .M.V,
and M.E.B.; formal analysis, A.C.G, J.M.V,, and M.E.B.; investi-
gation, B.D.S.; data curation, B.D.S; writing-original draft prepara-
tion, A.C.G.; writing-review and editing, A.C.G, B.D.S, JM.V,, and
M.E.B.; visualization, J.M.V., and M.E.B.; supervision, M.E.B. All
authors have read and agreed to the published version of the manu-
script.

Funding
This research received no external funding.

Institutional Review Board Statement

This experiment was performed within the guidelines set out by
the Aquatics Section Research Ethics Committee of the South Dakota
Game, Fish and Parks (approval code, SDGFPARC20203) and within
the guidelines for the Use of Fishes in Research set by the American
Fisheries Society.

Data Availability Statement

Data available upon request.

Acknowledgment

We thank the late Brad Newcomb, his netting crew, and Darrol
Eichner for their assistance with fish collection and spawning. We
also thank the staff at the North Platte Hatchery for their assistance
with egg collection and incubation. Lastly, we recognize Dean Rosen-
thal for initially asking the question about the quality of eggs pro-
duced by large female walleyes.

Conflicts of Interest
The authors declare no conflict of interest.

References

1. Johnston TA, Leggett WC (2002) Maternal and environmental gradients in
the egg size of an iteroparous fish. Ecology 83: 1777-1791.

2. Shaw SL, Sass GG, VanDeHey JA (2018) Maternal effects better predict
walleye recruitment success in Escanaba Lake, Wisconsin, 1957-2015: Im-
plications for regulations. Can J Fish Aqua Sci 75: 2320-2331.

3. Fenton R, Mathias JA, Moodie GGE (1996) Recent and future demand for
walleye in North America. Fisheries 26: 6-12.

4. Summerfelt RC (1996) Walleye Culture Manual, North Central Regional
Aquaculture Center Culture Publications Office: Iowa State University,
Ames, lowa, USA.

5. Czesny S, Rinchard J, Dabrowski K (2005) Intrapopulation variation in
egg lipid and fatty acid composition and embryo viability in a naturally
spawning walleye population from an inland reservoir. N Am J Fish Man-
age 25: 122-129.

6. Colby PJ, Nepszy SJ (1981) Variation among stocks of walleye (Stizoste-
dion vitreum vitreum): Management implications. Can J Fish Aqua Sci 38:
1814-1831.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

2

22.

23.

24.

25.

26.

Wolfert DR (1969) Maturity and fecundity of walleye from eastern and
western basins of Lake Erie. J Fish Res Board Canada 26: 1877-1888.

Serns SL (1982) Walleye fecundity, potential egg deposition, and survival
from egg to fall young-of-year in Escanaba Lake, Wisconsin, 1979-1981.
N Am J Fish Manage 388-394.

Baccante DA, Colby PJ (1996) Harvest, density, and reproductive charac-
teristics of North American walleye populations. Annales Zoologici Fen-
nici 33: 601-615.

Moles MD, Johnston TA, Robinson BW, Bernard AM, Wilson CC, et al.
(2011) Reproductive divergence between growth forms of Lake Winnipeg
walleye (Sander vitreus) Ecology of Freshwater Fish 52-66.

Feiner ZS, Shaw SL, Sass GG (2019) Influences of female body condition
on recruitment success of walleye (Sander vitreus) in Wisconsin Lakes.
Can J Fish Aqua Sci 76: 2131-2144.

Malison JA, Held JA (1996) Reproductive biology and spawning, Walleye
culture manual, R. C. Summerfelt, editor, North Central Regional Aqua-
culture Center Publications Office, lowa State University, Ames, lowa,
USA. Culture Series 101: 11-18.

Johnston TA (1997) Within-population variability in egg characteristics
of walleye (Stizostedion vitreum) and white sucker (Catostomus commer-
soni). Can J Fish Aqu Sci 54: 1006-1014.

Kamler E (2005) Parent-egg-progeny relationships in teleost fishes: An
energetics perspective. Rev Fish Biol and Fisheries 15: 399-421.

Graeb BDS, Kaemingk MA, Willis DW (2007) Early life history of sauger
in Missouri River reservoirs, completion Report No. 07-08; South Dakota
Department of Game, Fish and Parks: Pierre, South Dakota, USA.

Heath DD, Heath JW, Bryden CA, Johnson RM, Fox CW (2003) Rapid
evolution of egg size in captive salmon. Science 299: 1738-1740.

Kamler E (1992) Early Life History of Gish: An Energetics Approach,
Chapman and Hall, London, UK.

Nikolskii GV (1969) Theory of Fish Population Dynamics: As the Bio-
logical Background for Rational Exploitation and Management of Fishery
Resources, Oliver and Boyd, Edinburgh, Scotland.

Gatch AJ, Koenigbauer ST, Roseman EF, H66k TO (2020) The effect of
sediment cover and female characteristics on the hatching success of wall-
eye. N Am J Fish Manage 40: 293-302.

Moodie GFE, Loadman NL, Wiegand MD, Mathias JA (1989) Influence
of egg characteristics on survival, growth and feeding in larval walleye
(Stizostedion vitreum). Can J Fish Aqua Sci 46: 516-521.

. Craig JF, Babaluk JA, Stevenson SG, Williams PC (1995) Variation in

growth and reproduction of walleye (Stizostedion vitreum) in three Mani-
toba lakes. Can J Zool 73: 367-372.

Johnston TA, Wiegand MD, Leggett WC, Pronyk RJ, Dyal SD, et al.
(2007) Hatching success of walleye embryos in relation to maternal and
ova characteristics. Ecol Freshwater Fish 16: 295-306.

Joeckel RM, Diffendal Jr RF (2004) Geomorphic and environmental
change around a large, aging, reservoir: Lake C.W. McConaughy, western
Nebraska, USA. Environ Eng Geo 10:69-90.

McCarraher DB, Madsen ML, Thomas RE (1971) Ecology and fishery
management of McConaughy Reservoir. Reservoir fisheries and limnolo-
gy, G. E. Hall, editor, American Fisheries Society, Washington, DC, USA.
Special Publication No 8: 299-311.

Porath MT, Peters EJ, Eichner DL (2003) Impact of alewife introduction
on walleye and white bass condition in Lake McConaughy, Nebraska,
1980-1995. N Am J Fish Manage 23: 1050-1055.

Conte MH, Thompson A, Lesley D, Harris RP (1998) Genetic and physi-
ological influences on the alkenone/alkenoate versus growth temperature
relationship in Emiliania huxleyi and Gephyrocapsa oceanica. Geochimi-
ca et Cosmochimica Acta 68: 51-68.

J Aquac Fisheries ISSN: 2576-5523, Open Access Journal

DOI: 10.24966/AAF-5523/100086}

Volume 8 « Issue 1+ 100086


http://dx.doi.org/10.24966/AAF-5523/100086
https://cdnsciencepub.com/doi/10.1139/cjfas-2017-0318
https://cdnsciencepub.com/doi/10.1139/cjfas-2017-0318
https://cdnsciencepub.com/doi/10.1139/cjfas-2017-0318
https://afspubs.onlinelibrary.wiley.com/doi/abs/10.1577/1548-8446(1996)021%3C0006:RAFDFW%3E2.0.CO;2
https://afspubs.onlinelibrary.wiley.com/doi/abs/10.1577/1548-8446(1996)021%3C0006:RAFDFW%3E2.0.CO;2
https://www.ncrac.org/content/walleye-culture-manual
https://www.ncrac.org/content/walleye-culture-manual
https://www.ncrac.org/content/walleye-culture-manual
https://afspubs.onlinelibrary.wiley.com/doi/10.1577/M03-202.1
https://afspubs.onlinelibrary.wiley.com/doi/10.1577/M03-202.1
https://afspubs.onlinelibrary.wiley.com/doi/10.1577/M03-202.1
https://afspubs.onlinelibrary.wiley.com/doi/10.1577/M03-202.1
https://cdnsciencepub.com/doi/10.1139/f81-228
https://cdnsciencepub.com/doi/10.1139/f81-228
https://cdnsciencepub.com/doi/10.1139/f81-228
https://cdnsciencepub.com/doi/10.1139/f69-171
https://cdnsciencepub.com/doi/10.1139/f69-171
https://www.academia.edu/100158424/Predation_on_Walleye_Eggs_by_Fish_on_Reefs_in_Western_Lake_Erie
https://www.academia.edu/100158424/Predation_on_Walleye_Eggs_by_Fish_on_Reefs_in_Western_Lake_Erie
https://www.academia.edu/100158424/Predation_on_Walleye_Eggs_by_Fish_on_Reefs_in_Western_Lake_Erie
file:///E:/PDFS/2024/Hereald/06%20June/HAAF/HAAF-24-006/chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https:/www.sekj.org/PDF/anzf33/anzf33-601p.pdf
file:///E:/PDFS/2024/Hereald/06%20June/HAAF/HAAF-24-006/chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https:/www.sekj.org/PDF/anzf33/anzf33-601p.pdf
file:///E:/PDFS/2024/Hereald/06%20June/HAAF/HAAF-24-006/chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https:/www.sekj.org/PDF/anzf33/anzf33-601p.pdf
https://onlinelibrary.wiley.com/doi/10.1111/j.1600-0633.2010.00457.x
https://onlinelibrary.wiley.com/doi/10.1111/j.1600-0633.2010.00457.x
https://onlinelibrary.wiley.com/doi/10.1111/j.1600-0633.2010.00457.x
https://cdnsciencepub.com/doi/10.1139/cjfas-2018-0364
https://cdnsciencepub.com/doi/10.1139/cjfas-2018-0364
https://cdnsciencepub.com/doi/10.1139/cjfas-2018-0364
file:///E:/PDFS/2024/Hereald/06%20June/HAAF/HAAF-24-006/chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https:/www.ncrac.org/files/page/files/Chapter2.pdf
file:///E:/PDFS/2024/Hereald/06%20June/HAAF/HAAF-24-006/chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https:/www.ncrac.org/files/page/files/Chapter2.pdf
file:///E:/PDFS/2024/Hereald/06%20June/HAAF/HAAF-24-006/chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https:/www.ncrac.org/files/page/files/Chapter2.pdf
file:///E:/PDFS/2024/Hereald/06%20June/HAAF/HAAF-24-006/chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https:/www.ncrac.org/files/page/files/Chapter2.pdf
https://cdnsciencepub.com/doi/10.1139/f97-008
https://cdnsciencepub.com/doi/10.1139/f97-008
https://cdnsciencepub.com/doi/10.1139/f97-008
https://link.springer.com/article/10.1007/s11160-006-0002-y
https://link.springer.com/article/10.1007/s11160-006-0002-y
https://www.science.org/doi/10.1126/science.1079707
https://www.science.org/doi/10.1126/science.1079707
https://www.scirp.org/reference/referencespapers?referenceid=1572874
https://www.scirp.org/reference/referencespapers?referenceid=1572874
https://portals.iucn.org/library/node/15427
https://portals.iucn.org/library/node/15427
https://portals.iucn.org/library/node/15427
https://afspubs.onlinelibrary.wiley.com/doi/10.1002/nafm.10407
https://afspubs.onlinelibrary.wiley.com/doi/10.1002/nafm.10407
https://afspubs.onlinelibrary.wiley.com/doi/10.1002/nafm.10407
https://cdnsciencepub.com/doi/10.1139/f89-069
https://cdnsciencepub.com/doi/10.1139/f89-069
https://cdnsciencepub.com/doi/10.1139/f89-069
https://cdnsciencepub.com/doi/10.1139/z95-040
https://cdnsciencepub.com/doi/10.1139/z95-040
https://cdnsciencepub.com/doi/10.1139/z95-040
https://pubs.geoscienceworld.org/aeg/eeg/article-abstract/10/1/69/60254/Geomorphic-and-Environmental-Change-Around-a-Large?redirectedFrom=fulltext
https://pubs.geoscienceworld.org/aeg/eeg/article-abstract/10/1/69/60254/Geomorphic-and-Environmental-Change-Around-a-Large?redirectedFrom=fulltext
https://pubs.geoscienceworld.org/aeg/eeg/article-abstract/10/1/69/60254/Geomorphic-and-Environmental-Change-Around-a-Large?redirectedFrom=fulltext
https://go.gale.com/ps/i.do?id=GALE%7CA668729428&sid=googleScholar&v=2.1&it=r&linkaccess=abs&issn=1944687X&p=AONE&sw=w&userGroupName=anon~13d1138f&aty=open-web-entry
https://go.gale.com/ps/i.do?id=GALE%7CA668729428&sid=googleScholar&v=2.1&it=r&linkaccess=abs&issn=1944687X&p=AONE&sw=w&userGroupName=anon~13d1138f&aty=open-web-entry
https://go.gale.com/ps/i.do?id=GALE%7CA668729428&sid=googleScholar&v=2.1&it=r&linkaccess=abs&issn=1944687X&p=AONE&sw=w&userGroupName=anon~13d1138f&aty=open-web-entry
https://go.gale.com/ps/i.do?id=GALE%7CA668729428&sid=googleScholar&v=2.1&it=r&linkaccess=abs&issn=1944687X&p=AONE&sw=w&userGroupName=anon~13d1138f&aty=open-web-entry
https://www.researchgate.net/publication/240765060_Impact_of_Alewife_Introduction_on_Walleye_and_White_Bass_Condition_in_Lake_McConaughy_Nebraska_1980-1995
https://www.researchgate.net/publication/240765060_Impact_of_Alewife_Introduction_on_Walleye_and_White_Bass_Condition_in_Lake_McConaughy_Nebraska_1980-1995
https://www.researchgate.net/publication/240765060_Impact_of_Alewife_Introduction_on_Walleye_and_White_Bass_Condition_in_Lake_McConaughy_Nebraska_1980-1995
https://www.sciencedirect.com/science/article/abs/pii/S001670379700327X?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S001670379700327X?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S001670379700327X?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S001670379700327X?via%3Dihub

Citation: Gonsorowski AC, Sweet BD, Voorhees JM, Barnes M (2024) Survival of Eggs Spawned from Large Walleyes. J Aquac Fisheries 8: 086.

*«Page5of 5«

217.

28.

29.

30.

3

—_

32.

33.

34.

35

36.

37.

38.

39.

40.

4

—_

42.

43.

Van Eenennaam JP, Webb MAH, Deng X, Doroshov SI, Mayfield RB, et
al. (2001) Artificial spawning and larval rearing of Klamath River green
sturgeon. Trans Am Fish Soc 130: 159-165.

Moore AA (1987) Short-term storage and cryopreservation of walleye se-
men. Prog Fish Cult 49: 40-43.

Kareem OK, Ajani EK, Akintunde MA, Nurudeen OA, Oduntan O (2017)
Effect of different fertilization and egg de-adhesion methods on hatching
and survival of Clarius gariepinus (Burchell 1822) fry. J Fish Sci 11: 21-
27.

Taylor MW, Hams KM (1981) The physical and chemical limnology of
Lake McConaughy with reference to fisheries management. Nebraska
Technical Series, G. Zuerlein, editor, Nebraska Game and Parks Commis-
sion, Lincoln, Nebraska, USA 9: 1-54.

. Hosterman JW, Patterson SH (1992) Bentonite and fuller’s earth resourc-

es of the United States US Geological Survey Professional Paper 1522,
Washington DC. USA.

Soupir CA, Barnes ME (2006) Reduced formalin and hydrogen peroxide
treatments during walleye egg incubation. N Am J Aqua 68: 276-280.

Rosburg AJ, Voorhees JM, Barnes ME (2022) Maternal liver and egg thia-
mine concentrations in walleye from Lake Oahe, South Dakota. Eur J App
Sci 10: 1-16.

Miller BJ, Erb BD (2019) Changes in walleye fecundity and egg size, be-
fore, during, and after rehabilitation of the Red Lakes fishery: 1-9.

. Priegel GR (1969) Age and growth of walleye in Lake Winnebago. Trans-

actions of Wisconsin Academy of Sciences. Arts and Letters 57: 121-133.

Johnston TA, Lysack W, Leggett WC (2010) Abundance, growth, and life
history characteristics of sympatric walleye (Sander vitreus) and sauger
(Sander canadensis) in Lake Winnipeg, Manitoba. J Great Lakes Res 38:
35-46.

Auer NA, Auer MT (1987) Field evaluations of barriers to walleye egg
and larva survival in the lower Fox River. Wisconsin. Am Fish Soc Symp
3:93-101.

Schneider JC, Copeland J, Wolgamood M (2002) Tolerance of incubating
walleye eggs to temperature fluctuation. N Am J Aqua 64: 75-78.

Ward MJ, Blackwell BG (2023) Walleye egg survival was unaffected
by four semen inclusion techniques during artificial fertilization. Open J
Anim Sci 13: 199-204.

Ward MJ, Blackwell BG (2020) Comparison of walleye egg survival fol-
lowing fertilization at differing egg depths. Aqua Sci Tech 8: 9-16.

. Broughton J, Smidt R, Ward M, Rasmus R, Holm E, et al. (2012) Blue

Dog Lake State Fish Hatchery Annual Production Report, South Dakota
Department of Game, Fish and Parks: Pierre, South Dakota, USA, Annual
Report No 13-01.

Heidinger RC, Brooks RC, Leitner D, Soderstrom 1 (1997) Prediction of
walleye egg and embryo survival at two stages of development. Prog Fish
Cult 59: 64-67.

Wagers R, Broughton J, Moen C (1994) 1992 Blue Dog Lake Fish Hatch-
ery Annual Production Report, South Dakota Department of Game, Fish
and Parks: Pierre, South Dakota, USA, Annual Report No. 94-13.

44,

45.

46.

47.

48.

49.

50.

5

—_

52.

53.

54.

55.

56.

57.

58.

59.

60.

Wagers R, Broughton J, Moen C (1994) 1993 Blue Dog Lake Fish Hatch-
ery Annual Production Report, South Dakota Department of Game, Fish
and Parks: Pierre, South Dakota, USA, Annual Report No. 94-19.

Wagers R, Broughton J, Moen C (1995) 1994 Blue Dog Lake Fish Hatch-
ery Annual Production Report, South Dakota Department of Game, Fish
and Parks: Pierre, South Dakota, USA, Annual Report No. 95-12.

Wagers R, Broughton J, Moen C (1996) 1995 Blue Dog Lake Fish Hatch-
ery Annual Production Report, South Dakota Department of Game, Fish
and Parks: Pierre, South Dakota, USA, Annual Report No. 96-17.

Wagers R, Broughton J, Moen C (1998) 1996 Blue Dog Lake Fish Hatch-
ery Annual Production Report, South Dakota Department of Game, Fish
and Parks: Pierre, South Dakota, USA, Annual Report No. 98-101.

Johnson FH (1961) Walleye egg survival during incubation on several
types of bottom in Lake Winnibigoshish, Minnesota and connecting wa-
ters. Trans Am Fish Soc 90: 312-322.

Wang HY, Einhouse DW, Fielder DG, Rudstam LG, Vandergoot CS, et al.
(2012) Maternal and stock effects on egg-size variation among walleye
Sander vitreus stocks from the Great Lakes region. J Great Lakes Res 38:
477-489.

Francis RC, Hixon MA, Clarke ME, Murawski SA, Ralston S (2007) Ten
commandments for ecosystem-based fisheries scientists. Fisheries 32:
217-233.

. Doyle A, Barnes ME, Kientz JL, Zehfus MH (2017) Landlocked fall Chi-

nook salmon maternal liver and egg thiamine levels in relation to repro-
ductive characteristics. Open Fish Sci J10: 23-32.

Latif MA, Bodaly RA, Johnston TA, Fudge RJP (1999) Critical stage in
developing walleye eggs. N Am J Aqua 61: 34-37.

Buss K, McCreary RA (1960) comparison of egg production of hatch-
ery-reared brook, brown and rainbow trout. Prog Fish Cult 22: 7-10.

Scott DP (2011) Effect of food quality on fecundity of rainbow trout, Sa/-
mo gairdneri. J Fish Board Canada 19: 715-731.

Thorpe JE, Miles MS, Keay DS (1984) Developmental rate, fecundity, and
egg size in Atlantic salmon, Sa/mo salar L. Aquaculture 43: 289-305.

Estay F, Diaz NF, Neira R, Garcia X (1997) Reproductive performance of
female coho salmon in Chile. Prog Fish Cult 59: 36-40.

Young KL, Barnes ME, Kientz JL (2016) Reproductive characteristics of
landlocked fall Chinook salmon from Lake Oahe, South Dakota. Prairie
Nat 48: 79-86.

Beacham TD, Murray CB (1989) Variation in developmental biology of
sockeye salmon (Oncorhynchus nerka) and Chinook salmon (O. tshawyts-
cha) in British Columbia. Can J Zool 67: 2081-2089.

Ruggerone GT, Megrey BA, Glass D, Powell DB, Rogers DE (1986) Fe-
cundity of walleye pollock from the Shelikof Strait, Gulf of Alaska.

Malison JA, Held JA (1996) Reproduction and spawning in walleye (S7i-
zostedion vitreum). J Appl Ich 12: 153-156.

J Aquac Fisheries ISSN: 2576-5523, Open Access Journal

DOI: 10.24966/AAF-5523/100086}

Volume 8 « Issue 1+ 100086


http://dx.doi.org/10.24966/AAF-5523/100086
https://www.tandfonline.com/doi/abs/10.1577/1548-8659(2001)130%3C0159%3AASALRO%3E2.0.CO%3B2
https://www.tandfonline.com/doi/abs/10.1577/1548-8659(2001)130%3C0159%3AASALRO%3E2.0.CO%3B2
https://www.tandfonline.com/doi/abs/10.1577/1548-8659(2001)130%3C0159%3AASALRO%3E2.0.CO%3B2
https://www.tandfonline.com/doi/abs/10.1577/1548-8640%281987%2949%3C40%3ASSACOW%3E2.0.CO%3B2
https://www.tandfonline.com/doi/abs/10.1577/1548-8640%281987%2949%3C40%3ASSACOW%3E2.0.CO%3B2
https://www.fisheriessciences.com/archive/ipfs-volume-11-issue-1-year-2017.html
https://www.fisheriessciences.com/archive/ipfs-volume-11-issue-1-year-2017.html
https://www.fisheriessciences.com/archive/ipfs-volume-11-issue-1-year-2017.html
https://www.fisheriessciences.com/archive/ipfs-volume-11-issue-1-year-2017.html
file:///E:/PDFS/2024/Hereald/06%20June/HAAF/HAAF-24-006/chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https:/digitalcommons.unl.edu/cgi/viewcontent.cgi?article=1032&context=nebgamepubs
file:///E:/PDFS/2024/Hereald/06%20June/HAAF/HAAF-24-006/chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https:/digitalcommons.unl.edu/cgi/viewcontent.cgi?article=1032&context=nebgamepubs
file:///E:/PDFS/2024/Hereald/06%20June/HAAF/HAAF-24-006/chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https:/digitalcommons.unl.edu/cgi/viewcontent.cgi?article=1032&context=nebgamepubs
file:///E:/PDFS/2024/Hereald/06%20June/HAAF/HAAF-24-006/chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https:/digitalcommons.unl.edu/cgi/viewcontent.cgi?article=1032&context=nebgamepubs
https://pubs.usgs.gov/publication/pp1522
https://pubs.usgs.gov/publication/pp1522
https://pubs.usgs.gov/publication/pp1522
https://journals.scholarpublishing.org/index.php/AIVP/article/view/13373
https://journals.scholarpublishing.org/index.php/AIVP/article/view/13373
https://journals.scholarpublishing.org/index.php/AIVP/article/view/13373
https://www.bemidjistate.edu/directory/wp-content/uploads/sites/16/2023/02/2019-Miller-B.J.-and-B.D.-Erb.-Changes-in-Walleye-fecundity-and-egg-size.pdf
https://www.bemidjistate.edu/directory/wp-content/uploads/sites/16/2023/02/2019-Miller-B.J.-and-B.D.-Erb.-Changes-in-Walleye-fecundity-and-egg-size.pdf
https://afspubs.onlinelibrary.wiley.com/doi/abs/10.1577/1548-8659%281969%2998%5B121%3AFAGOYW%5D2.0.CO%3B2
https://afspubs.onlinelibrary.wiley.com/doi/abs/10.1577/1548-8659%281969%2998%5B121%3AFAGOYW%5D2.0.CO%3B2
https://www.sciencedirect.com/science/article/abs/pii/S0380133010001164?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0380133010001164?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0380133010001164?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0380133010001164?via%3Dihub
https://cfpub.epa.gov/si/si_public_record_report.cfm?Lab=ORD&dirEntryId=41957&keyword=Auer&actType=&TIMSType=+&TIMSSubTypeID=&DEID=&epaNumber=&ntisID=&archiveStatus=Both&ombCat=Any&dateBeginCreated=&dateEndCreated=&dateBeginPublishedPresented=&dateEndPublishedPresented=&dateBeginUpdated=&dateEndUpdated=&dateBeginCompleted=&dateEndCompleted=&personID=&role=Any&journalID=&publisherID=&sortBy=revisionDate&count=50&CFID=72339820&CFTOKEN=58406625
https://cfpub.epa.gov/si/si_public_record_report.cfm?Lab=ORD&dirEntryId=41957&keyword=Auer&actType=&TIMSType=+&TIMSSubTypeID=&DEID=&epaNumber=&ntisID=&archiveStatus=Both&ombCat=Any&dateBeginCreated=&dateEndCreated=&dateBeginPublishedPresented=&dateEndPublishedPresented=&dateBeginUpdated=&dateEndUpdated=&dateBeginCompleted=&dateEndCompleted=&personID=&role=Any&journalID=&publisherID=&sortBy=revisionDate&count=50&CFID=72339820&CFTOKEN=58406625
https://cfpub.epa.gov/si/si_public_record_report.cfm?Lab=ORD&dirEntryId=41957&keyword=Auer&actType=&TIMSType=+&TIMSSubTypeID=&DEID=&epaNumber=&ntisID=&archiveStatus=Both&ombCat=Any&dateBeginCreated=&dateEndCreated=&dateBeginPublishedPresented=&dateEndPublishedPresented=&dateBeginUpdated=&dateEndUpdated=&dateBeginCompleted=&dateEndCompleted=&personID=&role=Any&journalID=&publisherID=&sortBy=revisionDate&count=50&CFID=72339820&CFTOKEN=58406625
https://afspubs.onlinelibrary.wiley.com/doi/abs/10.1577/1548-8454%282002%29064%3C0075%3ATOIWET%3E2.0.CO%3B2
https://afspubs.onlinelibrary.wiley.com/doi/abs/10.1577/1548-8454%282002%29064%3C0075%3ATOIWET%3E2.0.CO%3B2
https://www.scirp.org/pdf/ojas_2023041716022905.pdf
https://www.scirp.org/pdf/ojas_2023041716022905.pdf
https://www.scirp.org/pdf/ojas_2023041716022905.pdf
https://www.scirp.org/reference/referencespapers?referenceid=3460166
https://www.scirp.org/reference/referencespapers?referenceid=3460166
https://www.scirp.org/reference/referencespapers?referenceid=3460166
https://www.scirp.org/reference/referencespapers?referenceid=3460166
https://www.tandfonline.com/doi/abs/10.1577/1548-8640%281997%29059%3C0064%3APOWEAE%3E2.3.CO%3B2
https://www.tandfonline.com/doi/abs/10.1577/1548-8640%281997%29059%3C0064%3APOWEAE%3E2.3.CO%3B2
https://www.tandfonline.com/doi/abs/10.1577/1548-8640%281997%29059%3C0064%3APOWEAE%3E2.3.CO%3B2
https://gfp.sd.gov/userdocs/docs/annualreport_2022.pdf
https://gfp.sd.gov/userdocs/docs/annualreport_2022.pdf
https://gfp.sd.gov/userdocs/docs/annualreport_2022.pdf
https://afspubs.onlinelibrary.wiley.com/doi/abs/10.1577/1548-8659%281961%2990%5B312%3AWESDIO%5D2.0.CO%3B2
https://afspubs.onlinelibrary.wiley.com/doi/abs/10.1577/1548-8659%281961%2990%5B312%3AWESDIO%5D2.0.CO%3B2
https://afspubs.onlinelibrary.wiley.com/doi/abs/10.1577/1548-8659%281961%2990%5B312%3AWESDIO%5D2.0.CO%3B2
https://www.sciencedirect.com/science/article/abs/pii/S0380133012000986?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0380133012000986?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0380133012000986?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0380133012000986?via%3Dihub
https://afspubs.onlinelibrary.wiley.com/doi/abs/10.1577/1548-8446%282007%2932%5B217%3ATCFBFS%5D2.0.CO%3B2
https://afspubs.onlinelibrary.wiley.com/doi/abs/10.1577/1548-8446%282007%2932%5B217%3ATCFBFS%5D2.0.CO%3B2
https://afspubs.onlinelibrary.wiley.com/doi/abs/10.1577/1548-8446%282007%2932%5B217%3ATCFBFS%5D2.0.CO%3B2
https://openfishsciencejournal.com/VOLUME/10/PAGE/23/
https://openfishsciencejournal.com/VOLUME/10/PAGE/23/
https://openfishsciencejournal.com/VOLUME/10/PAGE/23/
https://afspubs.onlinelibrary.wiley.com/doi/abs/10.1577/1548-8454%281999%29061%3C0034%3ACSIDWE%3E2.0.CO%3B2
https://afspubs.onlinelibrary.wiley.com/doi/abs/10.1577/1548-8454%281999%29061%3C0034%3ACSIDWE%3E2.0.CO%3B2
https://afspubs.onlinelibrary.wiley.com/doi/abs/10.1577/1548-8659%281960%2922%5B7%3AACOEPO%5D2.0.CO%3B2
https://afspubs.onlinelibrary.wiley.com/doi/abs/10.1577/1548-8659%281960%2922%5B7%3AACOEPO%5D2.0.CO%3B2
https://cdnsciencepub.com/doi/10.1139/f62-047
https://cdnsciencepub.com/doi/10.1139/f62-047
https://www.sciencedirect.com/science/article/abs/pii/0044848684900309?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/0044848684900309?via%3Dihub
https://www.tandfonline.com/doi/abs/10.1577/1548-8640%281997%29059%3C0036%3ARPOCFC%3E2.3.CO%3B2
https://www.tandfonline.com/doi/abs/10.1577/1548-8640%281997%29059%3C0036%3ARPOCFC%3E2.3.CO%3B2
https://core.ac.uk/download/pdf/334983068.pdf
https://core.ac.uk/download/pdf/334983068.pdf
https://core.ac.uk/download/pdf/334983068.pdf
https://cdnsciencepub.com/doi/10.1139/z89-297
https://cdnsciencepub.com/doi/10.1139/z89-297
https://cdnsciencepub.com/doi/10.1139/z89-297

Advances In Industrial Biotechnology | ISSN: 2639-5665

Advances In Microbiology Research | ISSN: 2689-694X

Archives Of Surgery And Surgical Education | ISSN: 2689-3126

Archives Of Urology

Archives Of Zoological Studies | ISSN: 2640-7779

Current Trends Medical And Biological Engineering

International Journal Of Case Reports And Therapeutic Studies | ISSN: 2689-310X
Journal Of Addiction & Addictive Disorders | ISSN: 2578-7276

Journal Of Agronomy & Agricultural Science | ISSN: 2689-8292

Journal Of AIDS Clinical Research & STDs | ISSN: 2572-7370

Journal Of Alcoholism Drug Abuse & Substance Dependence | ISSN: 2572-9594
Journal Of Allergy Disorders & Therapy | ISSN: 2470-749X

Journal Of Alternative Complementary & Integrative Medicine | ISSN: 2470-7562
Journal Of Alzheimers & Neurodegenerative Diseases | ISSN: 2572-9608
Journal Of Anesthesia & Clinical Care | ISSN: 2378-8879

Journal Of Angiology & Vascular Surgery | ISSN: 2572-7397

Journal Of Animal Research & Veterinary Science | ISSN: 2639-3751
Journal Of Aquaculture & Fisheries | ISSN: 2576-5523

Journal Of Atmospheric & Earth Sciences | ISSN: 2689-8780

Journal Of Biotech Research & Biochemistry

Journal Of Brain & Neuroscience Research

Journal Of Cancer Biology & Treatment | ISSN: 2470-7546

Journal Of Cardiology Study & Research | ISSN: 2640-768X

Journal Of Cell Biology & Cell Metabolism | ISSN: 2381-1943

Journal Of Clinical Dermatology & Therapy | ISSN: 2378-8771

Journal Of Clinical Immunology & Immunotherapy | ISSN: 2378-8844
Journal Of Clinical Studies & Medical Case Reports | ISSN: 2378-8801
Journal Of Community Medicine & Public Health Care | ISSN: 2381-1978
Journal Of Cytology & Tissue Biology | ISSN: 2378-9107

Journal Of Dairy Research & Technology | ISSN: 2688-9315

Journal Of Dentistry Oral Health & Cosmesis | ISSN: 2473-6783

Journal Of Diabetes & Metabolic Disorders | ISSN: 2381-201X

Journal Of Emergency Medicine Trauma & Surgical Care | ISSN: 2378-8798
Journal Of Environmental Science Current Research | ISSN: 2643-5020
Journal Of Food Science & Nutrition | [ISSN: 2470-1076

Journal Of Forensic Legal & Investigative Sciences | ISSN: 2473-733X

Journal Of Gastroenterology & Hepatology Research | ISSN: 2574-2566

Journal Of Genetics & Genomic Sciences | ISSN: 2574-2485

Journal Of Gerontology & Geriatric Medicine | ISSN: 2381-8662

Journal Of Hematology Blood Transfusion & Disorders | ISSN: 2572-2999
Journal Of Hospice & Palliative Medical Care

Journal Of Human Endocrinology | ISSN: 2572-9640

Journal Of Infectious & Non Infectious Diseases | ISSN: 2381-8654

Journal Of Internal Medicine & Primary Healthcare | ISSN: 2574-2493

Journal Of Light & Laser Current Trends

Journal Of Medicine Study & Research | ISSN: 2639-5657

Journal Of Modern Chemical Sciences

Journal Of Nanotechnology Nanomedicine & Nanobiotechnology | ISSN: 2381-2044
Journal Of Neonatology & Clinical Pediatrics | ISSN: 2378-878X

Journal Of Nephrology & Renal Therapy | ISSN: 2473-7313

Journal Of Non Invasive Vascular Investigation | ISSN: 2572-7400

Journal Of Nuclear Medicine Radiology & Radiation Therapy | ISSN: 2572-7419
Journal Of Obesity & Weight Loss | ISSN: 2473-7372

Journal Of Ophthalmology & Clinical Research | ISSN: 2378-8887

Journal Of Orthopedic Research & Physiotherapy | ISSN: 2381-2052

Journal Of Otolaryngology Head & Neck Surgery | ISSN: 2573-010X

Journal Of Pathology Clinical & Medical Research

Journal Of Pharmacology Pharmaceutics & Pharmacovigilance | ISSN: 2639-5649
Journal Of Physical Medicine Rehabilitation & Disabilities | ISSN: 2381-8670
Journal Of Plant Science Current Research | ISSN: 2639-3743

Journal Of Practical & Professional Nursing | ISSN: 2639-5681

Journal Of Protein Research & Bioinformatics

Journal Of Psychiatry Depression & Anxiety | ISSN: 2573-0150

Journal Of Pulmonary Medicine & Respiratory Research | ISSN: 2573-0177
Journal Of Reproductive Medicine Gynaecology & Obstetrics | ISSN: 2574-2574
Journal Of Stem Cells Research Development & Therapy | ISSN: 2381-2060
Journal Of Surgery Current Trends & Innovations | ISSN: 2578-7284

Journal Of Toxicology Current Research | ISSN: 2639-3735

Journal Of Translational Science And Research

Journal Of Vaccines Research & Vaccination | [ISSN: 2573-0193

Journal Of Virology & Antivirals

Sports Medicine And Injury Care Journal | ISSN: 2689-8829

Trends In Anatomy & Physiology | ISSN: 2640-7752

Submit Your Manuscript: https://www.heraldopenaccess.us/submit-manuscript

Herald Scholarly Open Access, 2561 Cornelia Rd, #205, Herndon, VA 20171, USA.
Tel: +1 202-499-9679; E-mail: info@heraldsopenaccess.us
http://www.heraldopenaccess.us/


info@heraldsopenaccess.us
http://www.heraldopenaccess.us/
https://www.heraldopenaccess.us/submit-manuscript
http://www.heraldopenaccess.us/journals/advances-in-industrial-biotechnology
http://www.heraldopenaccess.us/journals/advances-in-microbiology-research
http://www.heraldopenaccess.us/journals/archives-of-surgery-and-surgical-education
http://www.heraldopenaccess.us/journals/archives-of-urology
http://www.heraldopenaccess.us/journals/archives-of-zoological-studies
http://www.heraldopenaccess.us/journals/current-trends-medical-and-biological-engineering
http://www.heraldopenaccess.us/journals/international-journal-of-case-reports-and-therapeutic-studies
http://www.heraldopenaccess.us/journals/journal-of-addiction-addictive-disorders
http://www.heraldopenaccess.us/journals/journal-of-agronomy-&-agricultural-science
http://www.heraldopenaccess.us/journals/journal-of-aids-clinical-research-stds
http://www.heraldopenaccess.us/journals/journal-of-alcoholism-drug-abuse-substance-dependence
http://www.heraldopenaccess.us/journals/journal-of-allergy-disorders-therapy
http://www.heraldopenaccess.us/journals/journal-of-alternative-complementary-integrative-medicine
http://www.heraldopenaccess.us/journals/journal-of-alzheimers-neurodegenerative-diseases
http://www.heraldopenaccess.us/journals/journal-of-anesthesia-clinical-care
http://www.heraldopenaccess.us/journals/journal-of-angiology-vascular-surgery
http://www.heraldopenaccess.us/journals/journal-of-animal-research-veterinary-science
http://www.heraldopenaccess.us/journals/journal-of-aquaculture-fisheries
http://www.heraldopenaccess.us/journals/journal-of-atmospheric-earth-sciences
http://www.heraldopenaccess.us/journals/journal-of-biotech-research-biochemistry
http://www.heraldopenaccess.us/journals/journal-of-brain-neuroscience-research
http://www.heraldopenaccess.us/journals/journal-of-cancer-biology-treatment
http://www.heraldopenaccess.us/journals/journal-of-cardiology-study-research
http://www.heraldopenaccess.us/journals/journal-of-cell-biology-cell-metabolism
http://www.heraldopenaccess.us/journals/journal-of-clinical-dermatology-therapy
http://www.heraldopenaccess.us/journals/journal-of-clinical-immunology-immunotherapy
http://www.heraldopenaccess.us/journals/journal-of-clinical-studies-medical-case-reports
http://www.heraldopenaccess.us/journals/journal-of-community-medicine-public-health-care
http://www.heraldopenaccess.us/journals/journal-of-cytology-tissue-biology
http://www.heraldopenaccess.us/journals/journal-of-dairy-research-&-technology
http://www.heraldopenaccess.us/journals/journal-of-dentistry-oral-health-cosmesis
http://www.heraldopenaccess.us/journals/journal-of-diabetes-metabolic-disorders
http://www.heraldopenaccess.us/journals/journal-of-emergency-medicine-trauma-surgical-care
http://www.heraldopenaccess.us/journals/journal-of-environmental-science-current-research
http://www.heraldopenaccess.us/journals/journal-of-food-science-nutrition
http://www.heraldopenaccess.us/journals/journal-of-forensic-legal-investigative-sciences
http://www.heraldopenaccess.us/journals/journal-of-gastroenterology-hepatology-research
http://www.heraldopenaccess.us/journals/journal-of-genetics-genomic-sciences
http://www.heraldopenaccess.us/journals/journal-of-gerontology-geriatric-medicine
http://www.heraldopenaccess.us/journals/journal-of-hematology-blood-transfusion-disorders
http://www.heraldopenaccess.us/journals/journal-of-hospice-palliative-medical-care
http://www.heraldopenaccess.us/journals/journal-of-human-endocrinology
http://www.heraldopenaccess.us/journals/journal-of-infectious-non-infectious-diseases
http://www.heraldopenaccess.us/journals/journal-of-internal-medicine-primary-healthcare
http://www.heraldopenaccess.us/journals/journal-of-light-laser-current-trends
http://www.heraldopenaccess.us/journals/journal-of-medicine-study-research
http://www.heraldopenaccess.us/journals/journal-of-modern-chemical-sciences
http://www.heraldopenaccess.us/journals/journal-of-nanotechnology-nanomedicine-nanobiotechnology
http://www.heraldopenaccess.us/journals/journal-of-neonatology-clinical-pediatrics
http://www.heraldopenaccess.us/journals/journal-of-nephrology-renal-therapy
http://www.heraldopenaccess.us/journals/journal-of-non-invasive-vascular-investigation
http://www.heraldopenaccess.us/journals/journal-of-nuclear-medicine-radiology-radiation-therapy
http://www.heraldopenaccess.us/journals/journal-of-obesity-weight-loss
http://www.heraldopenaccess.us/journals/journal-of-ophthalmology-clinical-research
http://www.heraldopenaccess.us/journals/journal-of-orthopedic-research-physiotherapy
http://www.heraldopenaccess.us/journals/journal-of-otolaryngology-head-neck-surgery
http://www.heraldopenaccess.us/journals/journal-of-pathology-clinical-medical-research
http://www.heraldopenaccess.us/journals/journal-of-pharmacology-pharmaceutics-pharmacovigilance
http://www.heraldopenaccess.us/journals/journal-of-physical-medicine-rehabilitation-disabilities
http://www.heraldopenaccess.us/journals/journal-of-plant-science-current-research
http://www.heraldopenaccess.us/journals/journal-of-practical-professional-nursing
http://www.heraldopenaccess.us/journals/journal-of-protein-research-&-bioinformatics
http://www.heraldopenaccess.us/journals/journal-of-psychiatry-depression-anxiety
http://www.heraldopenaccess.us/journals/journal-of-pulmonary-medicine-respiratory-research
http://www.heraldopenaccess.us/journals/journal-of-reproductive-medicine-gynaecology-obstetrics
http://www.heraldopenaccess.us/journals/journal-of-stem-cells-research-development-therapy
http://www.heraldopenaccess.us/journals/journal-of-surgery-current-trends-innovations
http://www.heraldopenaccess.us/journals/journal-of-toxicology-current-research
http://www.heraldopenaccess.us/journals/journal-of-translational-science-and-research
http://www.heraldopenaccess.us/journals/journal-of-vaccines-research-vaccination
http://www.heraldopenaccess.us/journals/journal-of-virology-antivirals
http://www.heraldopenaccess.us/journals/sports-medicine-and-injury-care-journal
http://www.heraldopenaccess.us/journals/trends-in-anatomy-physiology

	_Hlk143358911
	_GoBack
	_Hlk149312795
	_Hlk143458976

