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ABSTRACT
EFFECTS OF PARENTAL SIZE AND AGE ON LARVAL GROWTH AND
DEVELOPMENT: IMPLICATIONS FOR IMPROVED INTENSIVE LARVAL
YELLOW PERCH (Perca flavescens) CULTURE TECHNIQUES
By

Michael Alan Oetker

Yellow perch aquaculture has been constrained by inadequate larval culture
techniques due, in part, to the small size of first feediﬁg larvae. This study was designed
to: 1) identify mouth gapes for first feeding larvae, 2) estimate heritabilities, and 3)
correlate Artemia cyst diameter to nauplius hatching size. Mouth gapes for larval yellow
perch less than 10 mm total length (TL) were described by linear regression models:
width = 0.081599 + 0.006664 (TL)? + e and height = 0.060535 + 0.007155 (TL)? + e.
Heritabilities (h?), based on spawner TL and age, wete estimated for larval yellow perch
TL (#* = 0.1393), mouth gape width (#* = 0),.and mouth gape height (h* = 0.2289).
Separating Artemia cysts into discrete size categories facilitated the significant, positive
correlation of cyst diameter to nauplius size. These results can be used to help design

breeding programs and develop intensive larval yellow perch culture feeding strategies.
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INTRODUCTION

In the North Central Region (NCR) of the United States (U.S.), yellow perch
(perch, Perca flavescens) is an excellent candidate for commercial aquaculture. It is
recognized for its value as a food fish and for certain biological characteristics that
benefit aquaculture (Calbert 1975). With the inception of the North Central Regional
Aquaculture Center (NCRAC) in 1988, perch became a high-priority species for
aquaculture production research and has been funded every year (Batterson, personal
communication, 1997). Throughout the NCR, researchers and fish-culturists believe that
perch is an important species for aquaculture development (Garling 1991; Starr 1991;
Hushak et al. 1992) based on market presence and buyer demand (Gleckler et al. 1991).

Perch is one of the more valuable sport, commercial, and forage fish species in the
U.S. (Hokanson and Kleiner 1974; Jobes 1952; Ney and Smith 1975; Smith 1977,
Tharratt 1959; Thorpe 1977; Tsai and Gibson 1971; Whiteside et al. 1985) with
commercial harvests from the Great Lakes comprising the major supply of perch fillets in
the U.S. However, recent declines in perch populations throughout Lake Michigan have
had significant impacts on the industry. In January 1995, the Perch Task Group (YPTG)
was asked to investigate the reasons for the decline in Lake Michigan perch populations

(Hess 1996). In all states surrounding Lake Michigan, commercial fishing for perch has



been closed for the 1998 fishing season. In addition, recreational fishing harvests have
been reduced.

Larval perch are small at the time of hatching and first feeding, and their size may
limit their ability to utilize a large portion of potential food supplies. Wong and Ward
(1972) have speculated that larval perch are restricted to limited amounts of prey due to
the maximum mouth gape width. Mouth gape limitations have occurred when the size of
the entire prey exceeded the size of the mouth gape (Hansen and Wahl 1981; Wong 1972)
or the diameter of the esophagus (Kestemont et al. 1996; Raisanen and Applegate 1983).
This appears to be the most limiting factor affecting the survival of larval perch.

Two approaches could be used to help increase survival rates of larval perch. The
first approach could concentrate on developing a method that would provide the smallest
possible Artemia nauplii at first feeding. Variations observed in cyst diameters and
nauplii length within a single strain may indicate a possible correlation between cyst
diameter and nauplii length. The smaller diameter cysts may potentially result in smaller
Artemia nauplii lengths. If a correlation exists between nauplii size and cyst diameter,
then a process could be developed to initially hatch the smallest diameter cysts. The
smallest nauplii could be fed first, since the small size of certain first feeding larval fish
and crustacean limits the ability to utilize a large portion of available Artemia nauplii.

A second approach that could be used to help increase survival rates of larval
perch would focus on the selection of broodstock. Identifying the effects of paternal size
and age on their offspring could help lead to selecting broodstock which might favor
increased survival rates in intensive culture conditions. Mansueti (1964) observed that

perch egg diameters varied in size, which suggests that eggs from the same female or



from different females varied in size. The size of eggs can influence development and
growth of larvae (Kamler 1992). However, no correlation has been reported between the
size of the female perch spawner and the average size of eggs and larvae. Larger sized
females could potentially produce larger eggs and larvae.

An alternative to this approach is genetic improvement through selective breeding
and genetic analysis. Perch broodstock has not been genetically improved through
selective breeding programs nor has any significant genetic analyses been completed. A
basic approach in comparing genetic differences was completed on perch. The study
compared survival and growth of larval perch, which were collected from various
geographical sources of wild broodstock and raised in intensive culture conditions
(NCRAC 1997). The results of the study indicated there was not a single source of perch
broodstock that produced superior larvae. However, genetic selection for larval perch
could help improve survival and other desirable characteristics.

This thesis is divided into three chapters and explores several strategies for
improving intensive culture of larval perch including, new uses of Artemia nauplii,
identifying the effects of parental size and age on offspring, and developing an intensive

culture system and feeding strategy.

OBJECTIVES

The goal of this research project was to develop and enhance current intensive
larval perch culture techniques. The specific objectives for this study were:

1) to evaluate strains of Artemia for variations in cyst diameter



2) to evaluate the effect of different cyst diameters on nauplii size (length and width) at
the Instar I stage. |

3) to determine the relationships of maternal size to total fecundity, egg size, larval total
length (TL) at the time of hatch, and mouth gape size at first feeding for larval
perch;

4) to define the range of mouth gape sizes for lﬁd perch less than 10 mm TL;

5) to determine the relationships of parental size and age to mouth gape size and TL of
larval perch at the time of hatch; |

6) to determine the significance of gape size on growth, survival, and feed acceptance

during intensive larval culture conditions.

The first chapter includes Objective 1 and 2 and details the variation observed in
diameters of Artemia cysts, along with the potential use of size variation for larval perch
culture. The second chapter includes Objectives 3, 4, and 5, which attempt to identify the
reasons for size differences observed in larval perch at hatch based on parental influence.
The third chapter includes Objective 6, which describes the diet strategies and culture

methods used in this study.



HYPOTHESIS

The specific hypotheses tested for each objective in this study are:

Objective 1:
Null Hypothesis 1_1: All Artemia cysts are equal in size based on the diameter.
Prediction 1_1: The cysts can be separated into groups using the diameter of the chorion
shell. If a large variation exists in the diameter of the cysts, then the groups will be
statistically different from each other based on One-way ANOVA testing.

Large variations in cyst diameters have been reported, but correlating the size of
newly hatched nauplii has not been studied. Objective 1 is designed to separate cysts into
size categories based on the diameter and test the significance between cyst size
categories. Two strains of brine shrimp, San Francisco Bay and Great Salt Lake, were
evaluated.

Objective 2:
Null Hypothesis 2_1: All newly hatched Artemia nauplii are the same size (length,
width, and appendage length).
Prediction 2_1: Nauplii size (length, width, and appendage length) can be correlated to
cyst diameter. If a significant, positive correlation exists, larger cyst diameters will result

in a statistically significant larger nauplii.



Large variations in nauplii length have been reported, but correlating the size of
newly hatched nauplii has not been studied previously. Objective 2 is designed to
correlate cyst diameter size categories to the length, width, and appendage length of
newly hatched nauplii.

Objective 3:
Null Hypothesis 3_1: All perch larvae are equal in total length (TL) at the time of
hatching.
Prediction 3_1: The predictor variable, larval TL, can be correlated to female spawner
TL. If a significant correlation exists, the female spawner size groups will be
significantly different from each other. Analysis of Variance (ANOV A) procedures can
test the differences between female spawner size groups.
Null Hypothesis 3_2: All spawned and fertilized perch eggs are of equal diameter.
Prediction 3_2: The predictor variable, egg yolk diameter and chorion shell diameter,
can be correlated to female spawner TL. If a significant correlation exists, egg diameters
from different sized female spawner groups will be significantly different. ANOVA
procedures can test egg diameter differences between female spawner size groups.
Null Hypothesis 3_3: Total fecundity, total number of eggs, will be equal for all female
spawners.
Prediction 3_3: The predictor variable, total fecundity, can be correlated to female
spawner TL. If a significant correlation exists, the female spawner size groups will be
significantly different from each other. ANOVA procedures can test the differences

between female spawner size groups.



The study for objective 3 was designed to describe and predict the effects of
female spawner TL on total fecundity, egg yolk diameter, egg chorion shell diameter, and
larval TL. The design allowed for testing the variation that-might exist in larvae and eggs
from the same female spawner as well as between different female spawners. The study
for objective 3 was also designed to describe and predict the effects of female spawner
TL on various egg and larval parameters.

Objective 4:
Null Hypothesis 4_1: Larval mouth gape size, width and height, increases with an
increase in larval TL.
Prediction 4_1: The predictor variable, mouth gape width and height, can be correlated
to the larval TL. If a significant correlation exists, the slope of ihe line will be
significantly different from zero.

Objective 4 was designed to describe and predict the effects of larval TL on
mouth gape width and height. The design allowed for testing the variation that might
exist in larvae from the same female spawner as well as between different spawners.

Objective 5:
Null Hypothesis 5_1: All perch larvae have an equal TL at the time of hatching.
Prediction 5_1: The predictor variable, larval TL , can be correlated to female and male
TL and age. If a significant correlation exists, the slope of the line will be significantly
different from zero.

Objective 5 was designed to test the significance of the paternal contribution
observed in Objective 3 and 4. The study was also designed to estimate heritability for

larval TL, mouth gape width and height, based on the sire and dam components of the



broodstock used. A true estimation of heritability was not calculated, since the design of
this study includes a fixed assignment of parental stock. However, the estimation of non-
additive genetic variance, dominance, was calculated.

Objective 6:
Null Hypothesis 6_1: All perch larvae have an equal survival rate.
Prediction 6_1: If all perch larvae have an equal chance to survive, then other factors can
be tested. The type of diet fed to first feeding larval perch can be correlated to survival
over time. If a significant correlation exists, the slope of the regression line will be
significantly different from zero. ANCOVA procedures can test the difference between
regression lines for each diet.
Null Hypothesis 6_2: All perch larvae have an equal growth rate.
Prediction 6_2: If all perch larvae have an equal chance to grow at the same rate, then
other factors can be tested. The type of diet fed to first feeding larval perch can be
correlated to growth over time. If a correlation exists, the slope of the regression line will
be significantly different from zero. ANCOVA procedures can test the difference
between regression lines for each diet.

Objective 6 was designed using the results from Objective 3. The present study
failed to result in rejecting the null hypothesis 3_1 (review Chapter 2, this thesis). This
indicated that there were no signiﬁéant differences between larvae from different sizes of
female spawners. Hence, all larvae were pooled for further studies. Objective 6 was

designed to test the effects of different diets on the survival and growth of larvae.



CHAPTER1

EFFECTS OF ARTEMIA CYST DIAMETER ON NAUPLII SIZE

INTRODUCTION

Since 1933, many species of larval fish and crustacea have been intensively
cultured using Artemia nauplii as first food. In some cases, Artemia nauplii were the only
available source of live food for the youngest stages of most cultured species of larval
fish and crustacea (Bardach et al. 1972; Kinne and Rosenthal 1977). High survival rates
are associated with feeding Artemia nauplii, which has resulted in a large aquaculture
demand.

In the commercial Artemia industry, Artemia cysts are graded and sold based on
various parameters such as nutritional value, hatching rate, cysts per gram, and naupliar
size. Depending on the quality of the Artemia cysts being sold, the variation of reported
values for these parameters could be quite large within each graded batch. The variations
for each of these parameters have been investigated and compared. However, the

correlation between cyst diameter and nauplii length has not been studied previously.
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When a large variation in cyst diameter occurs, another grading could be used to
separate cysts into more uniform diameter size categories. This would facilitate an
evaluation of the effect of cyst size on nauplii size at hatch. Smaller diameter cysts may
potentially result in smaller Artemia nauplii lengths. The smaller nauplii could be fed to
first feeding larval fish and crustaceans, which are limited by mouth gape size. Larger
diameter cysts could be used when the larvae have grown large enough to eat larger
nauplii.

By making more Artemia nauplii available to larvae limited by mouth gape, less
Artemia would have to be cultured and fed. Less waste from uneaten Artemia nauplii
would collect in the tanks and reduce the amount of Artemia needed. This process could
potentially make the feeding process more efficient and could reduce feed costs.

This study was designed to explore the variation in cyst diameters, the impact of
cyst diameter on nauplii size, and the potential application of cyst grading to larval fish
and crustacean culture. San Francisco Bay (SFB) and Great Salt Lake (GSL) strains of

Artemia cysts were compared.

OBJECTIVES

1) to evaluate strains of Artemia for variations in cyst diameter
2) to evaluate the effect of different cyst diameters on nauplii size (length and width) at

the Instar I stage.
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LITERATURE REVIEW

Many species of larval fish and crustacea have been successfully raised on newly hatched
Artemia nauplii, including: Eurasian perch (Vlavonou et al. 1995), perch (Hinshaw 1985;
Starr, personal communication, 1996; Dabrowski 1998), striped béss (Webster and Lovell
1990a; Lemm and Lemarie 1991), bluegill (Mischke 1995), smallmouth bass (Ehrlich et
al. 1989), shrimp and prawn (Sorgeloos et al. 1983)', as well as many others. Artemia
comprises approximately 85% of the total live food used for aquactilture worldwide
(Lovell 1990).

The aquaculture demand for Artemia cysts ’wa;s met by the harvest of natural areas
until the 1960’s, when a severe shortage of cysts stirﬂuléted new research on the optimal
use of Artemia (review Sorgeloos et al. 1986). Methods for processing cysts and
increased hatching success were two examples of the results from the research. From
these advances, uses of Artemia for aquaculture operations were made more efficient. In
1993, another shortage in the harvest of Artemia cysts occurred. After Artemia cyst
reserves were depleted in 1995, prices soared to 500% above 1994 costs (Sawtell,
personal communication, 1996). Problems continue to plague the supply of Artemia
cysts. During the 1997 collection season, the Utah Division of Wildlife Resources

(Perschon, personal communication, 1997) enacted an emergency closure of the Great
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Salt Lake Artemia strain harvest on October 27, when the season quota of 4.5 million
pounds of Artemia cysts had been collected.

The Great Salt Lake is an important source of Artemia cysts and has represented
up to 90% of the world’s market supply (Sawtell, personal communication, 1996), but
approximately 90% of the harvest is exported to prawn farms in Asia (Jensen, personal
communication, 1997). The high price of Artemia and the uncertainties of supply have
renewed interests in the development of more efficient uses of Artemia in aquaculture
(Starr, personal communication, 1996).

The demand for Artemia cysts has grown with the growth of intensive larval fish
and crustacean culture. Contributing to the increased demand for Artemia has been the
low survival of larvae fed formulated feeds and the high survival of larvae fed Artemia
nauplii. Many larvae are unable to survive on formulated feeds alone, and in some cases,
newly hatched Artemia nauplii were the only available source of live food for the
youngest stages of most cultured species of larval fish and crustacea (Bardach et al. 1972;
Kinne and Rosenthal 1977). This is partly due to a rudimentarily developed alimentary
tract of larval fish that is often unable to effectively use formulated diets at first feeding
(Lovell 1990). Short, poorly developed alimentary tracts, rapid evacuation rates, and low
production of digestive enzymes are considered to be some of the constraints of larval
food digestion (Kamler 1992). Enzymes derived from live food have been identified as
providing a substantial contribution to the total enzymatic activity in the alimentary tract
(Lauff and Hofer 1984) which Dabrowski (1979) suggested were needed for digestion of
food by larvae. However, survival of certain larvae raised in intensive culture conditions

and fed Artemia nauplii is still low. To help increase survival rates, researchers and
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culturists have been searching for the smallest possible prey or formulated diets that still
provide the necessary nutritional requirements (Brown et al. 1996).

While Artemia nauplii have been used to successfully raise many types of larval
fish and crustacea, a search continues to identify smaller strains of Artemia. Feeding
smaller Artemia could help to increase the survival of intensively cultured larvae.
However, a different approach could be explored to help reduce production costs and
increase larval survival rates. Instead of searching for smaller Artemia strains, developing
ways to reduce the variation in cyst diameter and nauplii length could be explored.

Several authors have reported large statistical variations for various Artemia
parameters (Vanhaecke and Sorgeloos 1980; Beck and Bengtson 1982; Quynh et al.
1988; Webster and Lovell 1990b; Webster and Lovell 1991). In addition, different strains
from various geographical locations were compared and the values reported. Vanhaecke
and Sorgeloos (1980) described variations in cyst diameters from different geographical
locations. Mean cyst diameter values reported ranged from 224 to 285 um and standard
deviations ranged from 9.7 to 19.8. The authors also reported nauplii length for strains
from different geographical locations. Mean nauplii length values ranged from 429 to
517 um with standard deviations that ranged from 16.5 to 37.2. The cysts/gram ratio for
the GSL brand was reported to be 280,000 dehydrated cysts/gram, while one Argent
brand reported 330,000 dehydrated cysts/gram. Other parameters have also varied
depending on grades and brands. Some strains of Artemia provided high levels of
essential highly unsaturated fatty acids (20:5®3 and 18:03), while other strains did not
have significant amounts (Sorgeloos et al. 1983; Quynh et al. 1988; Webster and Lovell

1990a). In the commercial Artemia industry, cysts are graded and sold based on various
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parameters such as nutritional value, hatching rate, cysts/gram ratio, and naupliar size.
Higher values of these parameters result in higher prices (Sawtell, personal
communication, 1996). Depending on the quality of the Ariemia cysts being sold, the
variation of reported values for these parameters could be quite large within each graded
batch.

The variations observed in cyst diameters and nauplii length within a single strain
may indicate a possible correlation between cyst diameter and nauplii length. A more
detailed analysis of these variations might lead to specific applications in aquaculture.
For example, if the cysts can be separated into different size categories according to
diameter, then it might be possible to evaluate nauplii size at hatch for each category.
Another grading could be used to separate cysts into more unifoﬁn diameter size
categories. By grading cysts into more uniform diameter size categories, the effect of cyst
size on nauplii size at hatch would be facilitated for evaluation. Smaller diameter cysts
may potentially result in smaller Artemia nauplii lengths.

If a significant, positive correlation exists between nauplii size and cyst diameter,
then a process could be developed to initially hatch the smallest diameter cysts. The
smallest nauplii could be fed first, since the small size of certain first feeding larval fish
and crustacea limits the ability to utilize a large portion of available Artemia nauplii. To
be potential food, an organism must be small enough for larvae to ingest (Siefert 1972).
Mouth gape limitations of first feeding larvae occurs when the size of the prey exceeds
the size of the mouth gape (Hansen and Wahl 1981; Wong 1972) or the diameter of the
esophagus (Kestemont et al. 1996; Raisanen and Applegate 1983). Mouth gape size has

been observed to limit the optimal utilization of Artemia nauplii for first feeding Eurasian
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perch (Perca fluviatilis) larvae (Kestemont et al. 1996). Hyatt (1979) observed that
stickleback larvae could consume invertebrates with a maximum body width almost equal
to the mouth size. By providing the smallest Artemia nauplii, a greater percentage of
nauplii could be available as food, since the larvae are not restricted by the size of nauplii.

As larval size increases, the size of Artemia nauplii could be increased by
culturing larger diameter cysts. The morphological capability to consume larger prey
increases with growth (Wong and Ward 1972; Werner 1974). Larger diameter cysts
could be saved for later uses when the larvae have grown large enough to eat larger
Artemia nauplii. Larger nauplii could also be saved for later in the feeding process when
nauplii “packing” could be used. Packing Artemia refers to a method of increasing fatty
acid profiles, which are often absent in nauplii (see review in Sorgeloos et al. 1986).
After approximately 12 hours, newly hatched nauplii molt and begin feeding. Typically,
a food source that is high in essential fatty acids is provided. The nauplii retain the newly
acquired fatty acids and are fed to larval fish and crustacean as a complete diet.

This strategy could potentially make the feeding process more efficient. By
making more Artemia nauplii available to larvae limited by mouth gape, less Artemia
would have to be cultured and fed. Less waste from uneaten Artemia nauplii would
collect in the tanks and reduce the amount of Artemia needed. Feed costs would be

reduced and water quality improved.
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METHODS

San Francisco Bay' and Great Salt Lake? Artemia cysts were compared for the
variations in cyst diameter and effects on nauplii size. Cyst diameters were separated into
groups using micro-sieves constructed from nitex plankton screen stretched over PVC
pipe. The nitex mesh sizes used were labeled with the prefix MS (Table 1) and were
separated into 200, 220, 236, 243, 253, 265, 280 and 300 um sizes. The pipe diameter
was 4 inches and made of schedule 40 PVC. Nitex plankton screen was held in place
using 4-inch slip to slip couplings made of schedule 40 PVC. The screens were placed in
descending order beginning with the 300 pm screen.

Artemia cysts were separated by diameter using the micro-sieves. Six grams of
cysts were weighed and added to tap water at room temperature for hydration. After one
hour, the cysts were placed into the micro-sieves and washed through with tap water.
Triplicate trials of each strain were run with samples of 100 collected from each screen.
Filter containers and micro-sieves were washed thoroughly between sample trials.

Cysts from each screen were rinsed with tap water into 250 ml Millipore plastic
filter funnels. Excess water was filtered off using a six-place kit Millipore filter system

with 47 mm, #1 glass filters. After removing excess water, the concentrated cysts were

! San Francisco Bay (Platinum grade Argentemia, Argent Chemical Laboratories, Inc., Seattle,

WA; lot BP0103K)
2 Great Salt Lake (Bonneville Artemia International, Inc., Salt Lake City, UT; no lot number)
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placed under a dissecting microscope. The dissecting microscope was connected to a
camera, which digitized the video image. Dimneter§ were measured using digital analysis
software, OPTIMAS Imaging System, BioScan™.

. After measuring the diameter of the cysts, the percent of cysts collected on each
micro-sieve was calculated. Cysts were rinsed from the filter into aluminum pans and
allowed to dry in an oven at 38 °C for 48 hours (rﬁodiﬁed from Sorgeloos et al. 1986).
The dry cysts were weighed and calculated as a pércentage of the total.

Nauplii size at hatch for the 200 and 280 um éize categoriés were evaluated. The
separated cysts were hatched separately and samples collected to measure nauplii length
according to diameter. Three Artemia cyst samp'lesA weighing 2.5 grams each were placed
into room temperature tap water. After one hour, the hydrated cysté were placed into the
top of the stacked micro-sieves and rinsed through with tap water. The cysts in the 200
and 280 pm micro-sieves were collected and placed into a 1.5 L beaker with 1 L of
hatching medium. Procedures for hatching Artemia and making the hatching medium
(Appendix A) follow the guidelines reviewed by Sorgeloos et al. (1986). After
approximately 21 hours of incubation at 28 °C, first Instar I nauplii were randomly
collected from the triplicate samples. Procedures for random nauplii collection are
outlined in Sorgeloos et al. (1986). The nauplii were preserved in Lugol’s solution
(Edmondson 1959). Sample sizes of 20 were selected after conducting power analysis
tests (Snedecor and Cochran 1989). Artemia nauplii size was determined by measuring
the 20 Instar I nauplii along the long axis, at the widest point, and the length of the

appendages. The nauplii were placed under a dissecting microscope and measured using
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digital analysis software, OPTIMAS Imaging System, BioScan™. Methods for

determining hatching percentage (Appendix B) are outlined in Sorgeloos et al. (1986).
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STATISTICAL ANALYSIS

Once separated into the different size categories, cyst diameters were measured
and statistically analyzed. The success of separating the cysts into the different size
categories was determined by calculating the mean cyst diameter for each micro-sieve and
comparing the means. Significance was based on an alpha level of 0.05%.

The means were tested first for normal distribution and equal variances. If the
sample size was greater than 2,000, the test for normal distribution was based on the
Kolmogorov D statistic (Neter et al. 1996). If the sample size was less than 2,000, the test .
for normal distribution was based on the Shapiro-Wilk statistic W (Neter et al. 1996). The
assumption of equal variances was tested using Hartley’s F-maximum test (Sokal and
Rohlf 1995). If the assumption of equal variances was violated, the nonparametric
Kruskal-Wallis test was used (Miller 1985). One-way Analysis of Variance (ANOVA)
was used to test differences between means from each micro-sieve. If the ANOVA test
indicated an overall significance, contrast statements were used to determine which
micro-sieves were significantly different from each other.

The mean nauplii size for the 200 and 280 pm micro-sieves were tested for
normal distribution and equal variances. Two sample t-tests were used to test significant

differences between means from each screen and significant differences between strains.
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RESULTS

The first objective of this study was to evaluate the variation in cyst diameters for
from each sample used. Using the stacked micro-sieves, Artemia cysts were separated
into different diameter size categories. The means and percentage of the total cyst
biomass used were calculated (Table 2). The majority of cysts were collected in micro-
sieves MS236, MS265, and MS280. These micro-sieves represented 67.9% of the total
for GSL and 67.3% for SFB. Very few cysts were collected frofn the micro-sieves
MS200 and MS220. These micro-sieves represented 6.0% of the total for GSL and 9.2%
of the total for SFB. Many of these cysts in these two micro-sieves were not hydrated and
were not used for measurements. The reasons for the failure to hydrate were not
investigated.

A sample of cyst diameters from each micro-sieve was measured, and the means
and standard deviations were calculated (Table 3). A general increase in variance was
observed as screen size increased. The data were not normally distributed (p = 0.0001)
over all treatments, and the assumption of equal variances across treatments was violated
(p > 0.05; Appendix C). The non-parametric test indicated that were significant

differences (Appendix C) which are summed in Figures 1 and 2.
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The second objective of this study was to determine if the Instar I nauplii size was
correlated to cyst diameter. Cysts from micro-sieves MS200 and MS280 were chosen
because the cyst diameters were significantly different (Figure 1; Figure 2) and were at
the opposite ends of the stacked micro-sieve (Table 1). The means for nauplii length,
widths, and appendage length were calculated and compared (Table 4). The data were
normally distributed for all parameters, and the variances were homogeneous across
treatments (Appendix C). One-way ANOVA indicated that there were statistically
significant differences between nauplii from the different micro-sieves for both strains
(Appendix C). Contrast statements indicated significant differences between micro-
sieves (Figure 3; Figure 4).

The parameters measured for both strains of Artemia were compared (Table 4;
Figure 5). The t-tests indicated that there were significant differences between strains for
nauplii width and appendage length in micro-sieve MS200. The SFB strain was
significantly larger for both parameters. The t-tests also indicated that there were
significant differences between strains for nauplii length and appendage length in micro-
sieve MS280. The GSL strain had a longer length than the SFB strain, but the SFB strain
had a larger appendage length than the GSL strain. Hatching percentage for both sizes

and both strains are summed in Table 5.
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DISCUSSION

Variations in cyst diameters from different geographical locations have been
described by Vanhaecke and Sorgeloos (1980). Their study revealed large statistical
variation in Artemia cyst diameters for the SFB and GSL strains (%spg =224.7pm, o’ =
153.76; xgsL=252.5 um, o’ = 169). Similar values were found in the current study (xsrs
=241.8um, o’ = 0.589; xgsL = 246.1 pum, o’ = 0.736). The large variation observed
indicated that the cysts could be separated into size categories.

Once the Artemia cysts were separated into different size categories according to
diameter, a more detailed analysis of these variationsvrevealed the distribution of cyst
diameters. For both strains, the majority of Artemia cysis were found in micro-sieves
MS236 (GSL - 15.4%; SFB - 17.9%), MS265 (GSL - 23.6%; SFB - 23.5%), and
MS280 (GSL - 28.9%; SFB —25.9%). Less Artemia cysts were found in the remaining
micro-sieves. Although the number of Artemia cysts collected in each micro-sieve was
significantly different, the distribution helped reduce the number of micro-sieves needed.
By reducing the number of micro-sieves, the process of separating Artemia cysts was
improved.

The stacked micro-sieves were further improved by analyzing the cysts collected
in each micro-sieve. The cyst diameters were measured and statistically analyzed. For

the SFB Artemia strain, there were no significant differences between micro-sieves
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MS236 vs. MS243 and MS243 vs. MS256, and the MS243 micro-sieve was removed.
For the GSL Artemia strain, there were no significant differences between micro-sieves
MS220 vs. MS236 and MS280 vs. MS300, and the micro-sieves, MS236 and MS300
were removed. The inability to achieve significant differences between some of the
micro-sieve groups may have been the result of three possible factors. First, the mesh
sizes may have been too similar. For example, some of the micro-sieves had a maximum
difference of 20 um, while the minimum difference was 7 um (Table 1). The difference
between micro-sieves MS236 and MS243 was 7 um. The mesh sizes represented the
Nitex screen availability in the commercial industry. The second reason for the inability
to achieve significant differences may have resulted from contamination. In all trials, it
was noted that there were leaks between several of the micro-sieves. The Nitex screen,
which was stretched over the PVC pipe, bunched up and prevented the PVC coupling
from fitting completely. As a result, some water and Artemia cysts escaped through the
side of the stacked micro-sieves and may have contaminated other micro-sieves. A third
reason for the lack of significant differences between some micro-sieves was the large
percentage of cysts collected in micro-sieves MS265 and MS280. The cysts clogged the
Nitex screen and made it difficult to process all cysts through the stacked micro-sieves.
Dehydrated cysts could not be used for this experiment, since the cysts have a convex
shape.

Statistically significant differences between micro-sieves and a more uniform
diameter size made it possible to evaluate nauplii size at hatch. Vanhaecke and Sorgeloos
(1980) reported variations in newly hatched Arfemia nauplii length from the GSL and

SFB strains (%srs = 429.5 um, o = 689; %gs. = 487.5 um, o® =894). Similar nauplii
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length values were found in the current study (xspg = 447um, o’ =961; xgsL = 452 pum,
o’ = 1225).

Nauplii size at hatch was evaluated by taking Artemia cysts from the micro-sieves
MS200 and MS280. Cysts from these two micro-sieves were chosen because the cyst
diameters were significantly different (Figure 1; Figure 2) and were at the opposite ends
of the stacked micro-sieves (Table 1). For both strains in the current study, nauplii had
statistically significant differences in length, width, and appendage length. This indicated
that there was an increase in nauplii size as Artemia cysts increased in size. Smaller
diameter cysts produced smaller Artemia nauplii sizes. If cysts were separated into more
uniform sizes, the smaller cysts could be cultured first, and the nauplii could be fed to
larval fish and crustaceans with the appropriate mouth gape and esophagus. As larvae
increase in size, the size of Artemia nauplii could be increased by culturing progressively
larger diameter cysts.

In the final part of this study, the differences between these two Artemia strains
were compared. It is generally accepted that the SFB strain is one of the smallest nauplii
overall (Sorgeloos et al. 1986). However, comparisons of the same size cyst diameter
from both strains indicated the opposite. GSL cysts collected from the micro-sieve
MS200 resulted in smaller newly hatched nauplii than SFB. This indicates that GSL
nauplii hatched from the smallest cysts can be fed to larval fish and crustaceans. This
trend was not repeated for larger diameter cysts.

Reducing size variation in cysts and, consequently nauplii size, has the potential
to make the feeding process more efficient when using newly hatched Artemia nauplii.

This process would help to provide a greater percentage of small Artemia nauplii to first
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feeding larvae that are limited by mouth gape size. Less Artemia would have to be
cultured and fed, which reduces the amount of Artemia needed. Less waste from uneaten

Artemia nauplii would collect in the tanks and feed costs cduld potentially be reduced.
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SUMMARY AND CONCLUSIONS

The high prices and decreased supply of Artemia have renewed interest in developing
more efficient use of Artemia for aquaculture.

Newly hatched Artemia nauplii from the GSL strain were as small or smaller than
nauplii from the SFB strain. Either strain could be fed to first feeding larval fish and
crustaceans. However, the SFB strain is marketed as the smallest nauplii and should
be fed to small larvae. The demand and price for the SFB strain is higher, reaching as
much as $100 per 1b, while the GSL strain is priced less than $35 per Ib.

Large statistical variations in cyst diameters were observed for the SFB and GSL
Artemia strains.

Nauplii hatched from cysts collected in the micro-sieves MS200 and MS280 had
statistically significant differences in length, width, and appendage length for both
strains, SFB and GSL. These results indicate that there was a significant, positive
correlation between Artemia cyst diameter and nauplii length, width, and appendage
length.

Although separating Artemia cysts by size would enhance their use, the process used
in this study would not be efficient for small-scale aquaculture operations. After the
hydration and separation processes, the Artemia cysts would have to be dehydrated for

storage (review Sorgeloos et al. 1986).
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6) After harvesting, separating cysts into smaller size categories could be done during
cyst processing, but prior to dehydrating the cysts. The cysts could be graded,

dehydrated, and sold according to diameter.



CHAPTER 2

EFFECTS OF PARENTAL SIZE AND AGE ON DIFFERENCES OBSERVED IN EGG
SIZE, MOUTH GAPE SIZE, AND TOTAL LENGTH OF LARVAL YELLOW PERCH
AT HATCH

INTRODUCTION

Successful intensive larval culture of perch is limited by high mortality rates. The
small size of larval perch limits their ability to search and feed on certain prey. In
addition, Wong and Ward (1972) suggested that limited prey selection was due to a
restriction of gape width.

Variations in the size of eggs and larval fish from the same female or among
females could influence development and growth. Larger sized females and males could
potentially produce larger larvae with larger mouths. Several species of larval fish with
larger mouths grew faster than larvae with smaller mouths (Shirota 1970).

This study was designed to identify the effects of parental size and age on
differences in eggs and larvae of perch. In the first year of this study, the relationships
between maternal size and age to total fecundity, egg size, larval TL at the time of hatch,
and mouth gape size at first feeding were identified. The range of mouth gape sizes for
larval perch under 10 mm TL were defined. In the second year, the relationships of

parental (both male and female) size and age to larval perch mouth gape size and TL at

38
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the time of hatch were identified. Estimates of heritability were calculated for potential

selection of desirable characteristics.
OBJECTIVES

3) to determine the relationships of maternal size‘to total fecundity, egg size, larval TL at
the time of hatch, and mouth gape size at first feeding for larval perch;

4) to define the range of mouth gape sizes for larval perch under 10 mm TL;

5) to determine the relationships of paternal size and age on larval mouth gape size and

TL of perch at the time of hatch.
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LITERATURE REVIEW

Intensive culture of larval perch must be refined to achieve commercial
production success (NCRAC 1997). However, larvae of perch are difficult to rear
intensively due to their small size (Mansueti 1964; Nickum 1978; Best 1981). Perch
larvae have been observed to hatch within the range of 4.7 to 6.6 mm TL (Mansueti 1964;
Hokanson and Kleiner 1974; Ney 1978). After hatching, the larvae begin absorbing the
yolk sac and developing a more complete and functional mouth (for review, see Mansueti
1964). While larvae have not been observed feeding immediately after hatching,
exogenous feeding has been observed to begin before the yolk sac has been fully
absorbed. First feeding larvae were as small as 6.0 mm TL (Siefert 1972). By the time
the larvae had reached approximately 7.0 mm TL, the yolk sac had been completely
absorbed (Mansueti 1964; Siefert 1972).

The transition period from yolk absorption or endogenous feeding to exogenous
feeding characterizes the transition from prolarvae to postlarvae (Hubbs 1943). This
transition period has also been described as the “critical period” for larval fish because of
the increased mortality associated with the metamorphosis of larvae (Hjort 1914; 1926).
In general, failure to start exogenous feeding when the yolk sac is completely absorbed

results in mortality due to starvation (Wang and Eckmann 1994). This period of high
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mortality appears to be the most limiting factor for developing larval perch intensive
culture at commercial levels.

Since larval perch are small at the time of hatch and first feeding, their size may
limit their ability to utilize a large portion of potential food supply. To be potential food,
an organism must be small enough to be ingested and slow enough to be captured by the
larvae (Siefert 1972). Wong and Ward (1972) have speculated that larval perch are
restricted to limited amounts of prey due to the maximum mouth gape width. Mouth
gape limitations have occurred when the size of the prey exceeded the size of the mouth
gape (Hansen and Wahl 1981; Wong 1972) or the diameter of the esophagus (Kestemont
et al. 1996; Raisanen and Applegate 1983). Mouth gape size has limited the prey
selection for other planktivorous fish (Wankowski 1979) and has limited the optimal
utilization of Artemia nauplii for first feeding Eurasian perch (Perca fluviatilis) larvae
(Kestemont et al. 1996).

Researchers and culturists have been searching for the smallest possible prey or
formulated diet that provides their nutritional requirements to help increase survival of
larval perch raised in intensive culture conditions (Brown et al. 1996). Identifying the
mouth gape size of first feeding perch larvae could help researchers and culturists identify
the approp;iate sized prey or formulated diet.

Attempts have been previously made to determine the maximum mouth gape size
for various larval fish. Using a modified equation developed by Shirota (1970), Guma’a

(1978) determined the maximum mouth gape height for larval Eurasian perch using the

following equation:

(2.1) maximum mouth gape height = \I U2+L?
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where U and L are the lengths of the upper and lower jaws respectively, when opened at
90°. The calculated mouth gape height was used with larval TL to develop a linear
regression model. By using the linear regression model, thé maximum mouth gape height
for natural stocks of Eurasian perch could be determined for first feeding larvae. The
maximum size of prey or formulated food for first feeding Eurasian perch larvae was
estimated to be 684 um.

However, it is not clear from the available data or methods, if Guma’a (1978)
measured mouth gapes for larvae under 10 mm TL. If mouth gape heights were not
measured for larvae smaller than 10 mm TL, statistical predictions on mouth gape sizes
cannot be made for smaller lengths (Tempelman, personal communication, 1997). The
relationship between the mouth gape size and length of larvae less than 10 mm TL might
not be linear. The rate of increase may be much higher or lower than predicted by a
straight-line regression. For example, Henderson and Ward (1978) concluded that the
body weight of perch increased exponentially after hatch. If the rate of growth or
increase in mouth gape sizes is exponential for Eurasian perch or perch larvae under 10
mm TL, then the linear regression model cannot be applied.

Wong and Ward (1972) measured the mouth gape widths of larval perch that were
greater than 10 mm TL. Their results indicated that the mouth size of perch larvae
initially increased more rapidly than body length. The measurements were made using a
calibrated, tapered brass cone with increments of 0.2 mm. Arts and Evans (1987)
measured the mouth gape width of larval perch using a modification of the brass cone

technique. Larval fish smaller than 10 mm TL could not be measured effectively using
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either technique. The maximum mouth gape size for larval perch less than 10 mm TL,
first feeding larvae, has not been identified.

While some researchers have studied the theoretical maximum prey size that
larval fish can consume, other researchers have studied the size preference that larval fish
exhibit. Stickleback larvae consumed invertebrates with a maximum body width almost
equal to the mouth gape size (Hyatt 1979). However, Dabrowski and Bardega (1984)
concluded that cyprinid larvae consumed zooplankton prey that were only 40 - 60 % of
the total mouth gape.

Various approaches can be taken to help increase the survival of larval perch
raised in intensive culture conditions. Researchers have concentrated on developing
feeding strategies using small prey, such as small zooplankters and newly hatched
Artemia nauplii, or by providing a small, nutritionally complete diet. Some researchers
have attempted to raise larval perch on a commercial scale using both types of live food
(NCRAC 1995; Starr, personal communication, 1996; Dabrowski 1998) with limited
success. Other researchers that have attempted to use formulated diets exclusively to
raise larval perch have not been successful (Brown et al. 1996).

Melard and Kestemont (1994: in Kestemont et al. 1996) have illustrated the
importance of mouth size. While approximately 60-70 % of newly hatched Eurasian
perch larvae consumed a small strain Artemia nauplii, the remaining 30-40 % disappeared
due to starvation or lack of vigor throughout the first week of experiments. The authors
speculated that the inability to consume Artzemia nauplii was potentially due to

differences in mouth size between those that survived and those that died.
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Another method for increasing the survival of larval perch raised in intensive
culture conditions could concentrate on selecting larvae with desirable characteristics or
selecting broodstock that produce larval offspring with desirable characteristics. Shirota
(1970) concluded that several species of larval fish with larger mouths grew faster
compared to larvae with smaller mouths. Selection for larger larvae or larvae with larger
mouths could potentially increase the survival of larval fish past the critical period.
Positive correlations between larval TL and mouth gape size have been established for
perch larvae greater than 10 mm TL (Wong and Ward 1972; Art and Evans 1987).
Longer larvae would have larger mouth gapes. By selecting for larvae with longer TL,
the potential for survival increases. However, researchers have not developed methods
for selecting longer larvae.

Wang (1994), Wang and Eckmann (1994), and Kestemont et al. (1996) have
suggested that eggs from the Eurasian perch have varied in size from the same female or
from different females, which could influence development and growth of larvae.
Similarly, Mansueti (1964) observed that perch egg diameters varied in size. The egg
diameters ranged from 1.6 to 2.1 mm before water hardening and expanded to 1.7 to 4.5
after water hardening. The variations observed in egg diameter might account for
variations observed in larval TL. Perch larvae hatch at variable lengths. Researchers
have reported TL values ranging 4.7 to 6.6 mm TL (Mansueti 1964; Hokanson and
Kleiner 1974; Ney 1978). However, no correlation has been reported between the size of
the female perch spawner and the average size of eggs and larvae. The size of eggs and
larvae from some marine fish increase with the size of female spawners within the same

strain of fish (Kamler 1992).
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Genetic improvement through selective breeding and genetic analysis can
improve desirable characteristics. European carp and freshwater salmonids were some of
the first fish to be genetically improved through carefully controlled experiments (iMoav
1979). As aresult, fish have been observed with genetically increased fecundity rates,
egg size, hatching percent, growth, and height/length ratio. Perch broodstocks have not
been genetically improved through selective breeding programs nor has any significant
genetic analyses been completed. A basic approach in comparing genetic differences
among perch compared survival and growth of intensively cultured larval perch, which
were collected from various geographical sources (NCRAC 1997). The results indicated
that no single source of perch broodstock produced superior larval offspring.

Genetic analysis of desirable characters is required to design efficient selection
programs and predict expected gains (Moav 1979). In particular, the additive genetic
variance and its proportionate amount for each phenotype can be used to predict whether
selection will be effective (Tave 1993). Estimates of heritability are calculated using the
additive genetic variance, which ranges from 0 to 1 (for review, see Falconer 1989). In
cases where heritabilities are closer to 0, selection for that particular trait is not expected
to improve the existing mean genetic value (Purdom 1993). By establishing a breeding
program with carefully designed experiments, the gains observed in European carp and
freshwater salmonids potentially could be observed for perch. Genetic selection could

help improve survival and other desirable characteristics in larval perch.
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METHODS

Year 1: Using maternal size and age as indicators for egg and larval size of
perch -

Perch broodstock was collected from the outer Saginaw Bay, Lake Huron for a
two week period beginning on April 19, 1996 and transported to Bay Port Aquaculture in
West Olive, Michigan (Figure 6). Eggs were collected over a two week period from
April 22 to May 4. All experiments were conduéted at Bay Port Aquaculture’s hatchery

facilities.
Female Spawner and Egg Analysis

The broodstock was held in a flow through system supplied with 11 °C aerated
well water. Females were separated into six female spawner size groups by length (Table
6). Attempts were made to replicate each spawner size group five times. Data collected
for the female spawners included TL, weight and age. The TL to the nearest 1 mm of the
spawners (from the tip of the head to the tip of the tail, with lobes compressed) was
determined using a measuring board. Weights were recorded to the nearest 1 g using a

top loading, electronic balance. Scale samples were taken from below the lateral line on
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Figure 6. Map showing sampling location of yellow perch broodstock in Lake Huron and
study site at Bay Port Aquaculture research facilities near Lake Michigan.
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the left side (DeVries and Frie 1996). Age was determined after the spawning season by
counting the scale annuli and reporting completed years of life. Age analysis was
checked and verified by a second independent analysis of evéry third scale.

Egg ribbons were collected from each of the female spawner size groups (Table
6). Data collected for each egg ribbon included weight, number of eggs per gram of eggs,
total fecundity, chorion shell diameter, and yolk diameter. For all measurements, a video
recorder connected to an Olympus dissecting microscope was used to record all egg and
larval images. The video images were converted into a digital image using the
OPTIMAS Imaging System, BioScan™. For each female, the eggs were manually
stripped into a dry bowl. Two egg samples (approximately 5g and 1g) were collected
from the posterior (i.e. situated nearest to the urogenital vent) portion of the egg ribbon,
weighed, and recorded to the nearest 0.1 g using a top loading, electronic balance. The
remaining egg ribbon was weighed for total fecundity rate calculations.

After weighing the 1g egg sample, the eggs were mixed with well water and
allowed to water harden in a separate container. After one hour, the egg sub-samples
were fixed in Stockard’s solution (Galat 1972). After 48 hours, the Stockard’s solution
was replaced with a 10% formalin solution. The eggs were counted in August 1996, and
the number of eggs per gram of eggs was determined and the diameters of the chorion
shell and yolk were measured.

After weighing the 5g sample, the eggs were fertilized using milt from one or
more males. The dry method was used because it enhances fertilization rates for eggs
(Piper et al. 1982). In a dry container, milt was mixed with the eggs before water was

added. The fertilized eggs were allowed to water harden for 20 min before being placed
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into an incubating unit. After the egg samples were fertilized and water hardened, they
were randomly placed in specially designed incubator chambers (Westmaas 1992). The
incubator chambers were randomly placed in an eight tray vertical incubator unit and
supplied with 11.5 °C +/- 0.5 °C well water with a flow rate of 12 L/min (Leitritz and
Lewis 1980).

In addition to the samples collected from the six female spawner size groups, egg
samples were collected from a sub-sample of the female spawner size groups. The sub-
samples were collected from three fish in SG 226 and three fish in SG 301 (Table 6).
These two female spawner size groups were chosen because adequate numbers of gravid
females were available and provided a large enough size difference for contrasts. Two
egg samples (approximately 5g and 1g) were collected from the anterior, median, and
posterior positions of each egg ribbon. The posterior portion of the egg ribbon was the
region of the egg ribbon that was closest to the urogenital vent. The median portion was
the region of the egg ribbon that was the mid-point between the two ends. The 5g and 1g
egg samples were weighed, fertilized, and fixed using the same methods described above.
The remaining egg ribbon was weighed to calculate the total fecundity rate. The
parameters for number of eggs per gram of eggs, diameters of the chorion shell and yolk

were determined using the OPTIMAS Imaging System, BioScan™.
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Larval Offspring Analysis

Beginning with the first day of the hatch, five prolarvae were randomly selected
from each incubator chamber. The larvae were mildly agitated first and then selected
with a Pasteur pipette. The opening of the pipette was large enough to aspirate larvae
without causing damage. Larvae were anesthetized using CO, saturated tonic water.
After the larvae were anesthetized, they were placed in a 90 mm diameter Petri dish
containing 10 ml of distilled water. The larvae were placed on the left ventral side for TL
measurements. Methods for measuring the mouth gape were modified from Arts and
Evans (1987). While on the ventral side, a needle was inserted into the mouth to separate
the jaws. Care was taken to insure that the mouth was not stretched or the larvae
damaged. The distance from the upper to the lower jaw was measured as the maximum
gape height. The larvae were placed on the dorsal side to measure the mouth gape width.
The needle was carefully inserted without stretching the mouth or causing damage to the
larvae. The width of the jaw was measured at the point where the two jaws connected.
Sampling continued daily in the same manner until all larvae were removed from the

chambers.
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STATISTICAL ANALYSIS

Variations within groups of female spawners and differences between groups of
female spawners were tested using One-way analysis of variance (ANOVA) (Snedecor
and Cochran 1989). Variation was also tested for eggs taken at different areas of the
same egg ribbon and compared to another spawner size group using Two factor ANOVA
(Neter et al. 1996). Relationships were analyzed using simple linear regression analysis.
All values, unless otherwise stated, were based on a significant alpha level = 0.05%. The
test for normal distribution was based on the Shapiro-Wilk statistic W (Neter et al. 1996).
If the data were not normally distributed, they were transformed to create a normal
distribution. The appropriate transformation was determined using the Box-Cox
procedure (Tempelman, personal communication, 1997). The assumption of equal
variances was tested using a Modified Levene's test (Neter et al. 1996). If the assumption
of equal variances were violated, differences between the means were determined using
the non-parametric Kuskal-Wallis test instead of One-way ANOVA (Miller 1985). If the
variances were not homogeneous for the two factor ANOVA, the data were ranked
transformed (Conover and Iman 1981). All linear regression models were based on the

following basic model (Neter et al. 1996):
(22) y=B,tBi(x)+e

where P, was the regression coefficient for the intercept;
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B, was the regression coefficient for the slope of the line;

x was the explanatory variable;

y was the response variable;

e was the residual error term.
Analysis of covariance (ANCOVA) was used to test for statistically significant
differences between regression coefficients in the linear regression models (Neter et al.
1996). In cases where a single explanatory variable did not explain the relationship well,
multiple linear regression models were explored using a stepwise régression selection

procedure (Neter et al. 1996).
Female Spawner Analysis

Data collected on the female spawner groups included TL, weight, and age.
Means for each of the female spawner group paramefers were calculated and tested for
normal distribution and homogeneity of variances. One-way Analysis of Variance
(ANOVA) tests were used to determine overall statistical significance between groups of
females. ANOVA contrast statements were used to determine statistical significance
between group comparisons. Simple linear regression analysis was used to describe and
predict the relationship between female spawner TL and weight. The linear regression

model was based on the power function:
(23) W=al’
where W was weight;

L was length;
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a and b were the regression parameters (Carlander 1969; Anderson and
Neumann 1996).

The simple linear regression model can also be written as:
(24) log,gy(W)=a’+b*log,, (L) +e,
where a’ was log,, (a) and the y-intercept parameter;

b was the slope regression parameter;

e was the residual error term.

Egg Analysis

Data collected on the egg ribbons for two spawner groups included number of
eggs per gram of eggs, chorion shell diameter, and yolk diameter, sampled from three
different areas of the egg ribbon: anterior, median, and posterior. A 2 x 3 factorial design
was used to test significance between locations of the egg ribbon. Means and standard
deviations for each female spawner group parameter were calculated and tested for
normal distribution and homogeneity of variances. Factorial analysis was used to
determine overall statistically significant differences between sampling locations in the
egg ribbon. Contrast statements were used to estimate statistically significant differences
between the locations in the ribbon within the two spawner size groups.

Data collected on the egg ribbons for each spawner group included total
fecundity, egg ribbon weight, number of eggs per gram of eggs, chorion shell diameter,
and yolk diameter. Means and standard deviations for each female spawner group

parameter were calculated and tested for normal distribution and homogeneity of
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variances. One-way ANOVA tests were used to determine overall statistical significance
between groups of females. ANOVA contrast statements were used to determine
statistical significance between group comparisons. Simple linear regression analysis
was used to describe and predict the relationship between female spawner TL or weight
with total fecundity, egg ribbon weight, number of eggs per gram of eggs, chorion shell
diameter, and yolk diameter. The linear regression models were based on the basic model

@.1).

Larval Offspring Analysis

Data collected on the larval offspring for each spawner group included total
length, mouth gape width and height. Larvae were separated into six groups based on the
female spawner size classification.

Means and standard deviations for each larval group parameter were calculated
and tested for normal distribution and homogeneity of variances. One-way ANOVA tests
were used to determine overall statistical significance between the six different groups of
perch larvae. ANOVA contrast statements were used to determine statistical significance
between group comparisons. Simple linear regression analysis was used to describe and
predict the relationship between female spawner TL or spawner weight to larval TL,
larval mouth gape width, and larval mouth gape height. The linear regression models
were based on the basic model (2.1). Simple linear regression models were developed
that described and predicted the relationship between larval TL and larval mouth gape

width and height. Individual linear regression models were developed for each larval
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group. ANCOVA was used to test for statistically significant differences between the
regression coefficients in the different larval group linear relationships. The initial mouth
gape size and rate of mouth gape increase were tested. To standardize the hatching
period of larval perch, the time of hatching was standardized from day 0, the day when

the eggs were fertilized.
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METHODS

Year 2: Effects of perch parental size and age on larval total length and mouth gape
width and height

The additive genetic variance and non-additive genetic variance (dominance) for
TL, mouth gape width and height were estimated using a cross-classification design
(Dickerson 1969; Falconer 1989; Tave 1993). Two slow growing and two fast growing
male perch were crossed with each of the four females, two slow growing and two fast
growing (Figure 7). This mating produced eight families sired by slow growing males
and eight families sired by fast growing males.

Male and female spawners were selected from the pool of spawning stock
collected from the outer Saginaw Bay, Lake Huron during a two week period starting
April 15, 1997 and were transported to Bay Port Aquaculture. The spawning stock was
held in a flow through system supplied with 11 °C well water.

Age of the spawners was determined before selection and analyzed at a later time
for verification. Spawners were selected based on age-length frequencies for native perch
in Lake Huron based on data provided by the Michigan Department of Natural Resources,
Fisheries Division (Fielder, personal communication, 1997). The TL’s were compared to
age and a sampling frequency was calculated. Based on a normal distribution (Central

Limit Theorem) for the age selected, an 80% two tailed t-based distribution was
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Fast Growth Female; n =2

Figure 7. Experimental design for Objective 5, paternal influence on the larval TL and
mouth gape size of larval yellow perch.
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calculated for TL (Snedecor and Cochran 1989). The test was used to select slow and fast
growth rates based on TL for the age (Figure 8). TL’s in the upper limit of the 10% tail
represented a fast growth rate. TL’s in the lower limit of the 10% tail represented a slow
growth rate.

For each female, the eggs were manually stripped into a dry bowl. Eight samples
of 5g were initially cut from the egg ribbon and weighed. The egg samples were
randomly placed into separate, dry containers. The milt from each of the four male
spawners randomly fertilized two of the egg samples from each female spawner before
water was added. Each cross was replicated twice. The fertilized eggs were allowed to
water harden for 30 min before being placed in a 55 gallon cooler. The eggs were
transported back to the MSU aquaculture laboratory within three hours of fertilization.

After arriving at the lab, the fertilized egg samples were placed in 11.5°C + 0.5°C
well water bath. After the eggs had tempered, they were placed in specially designed
incubator chambers (Westmaas 1992). The incubator chambers were randomly placed in
an eight tray vertical incubator unit and supplied with 11.5 °C + 0.5 °C well water with a
flow rate of 12 L/min (Leitritz and Lewis 1980).

Beginning on the second day of the hatch, the larvae were randomly selected in
each incubator chamber for measurements of TL. On day 5 of the hatch, 10 larvae were
randomly selected for measurements of mouth gape width and height. While still in the
incubating chamber, the larvae were randomly sampled by mildly agitating and selecting
with a Pasteur pipette. The opening of the pipette was large enough to aspirate larvae
without causing damage. Larvae were anesthetized using CO, saturated tonic water.

Sampling continued daily in the same manner until all larvae were sampled.
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Length (mm TL)

Slow growth "~ Fast growth

Figure 8. Experimental illustration of two-tailed t-based distribution for selection of
growth rates (slow vs. fast) based on age-length frequency distributions in Saginaw Bay,
Lake Huron (data provided by the MI DNR; Dave Fielder 1997).
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STATISTICAL ANALYSIS

The average additive and non-additive genetic strain effects for perch growth
rates, fast and slow, were estimated. The average non-additive strain effect was separated
into the two reciprocal crosses and estimated. The variations around the average additive
and non-additive genetic strain effects were estimated as the additive and non-additive
genetic individual effects. The non-additive genetic strain effect was partitioned into two
heterotic effects based on mating fast growth dams with slow growth sires (hd) and slow
growth dams with fast growth sires (hs).

Detection of significant treatment and interaction (specific combining ability)
effects were performed on coded data. Variance components were estimated and used to
determine the relative contributions of maternally and paternally derived sources of
variation to the total variation. The specific combining ability was also partitioned out
(Falconer 1989). Contrast statements were used to determine significance betweern fast
and slow genotypes and between the average non-additive genetic strain effects of sire

and dam (hs and hd).
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The ANOV A model used to test for significance was based on a partially nested

factorial design (Winer 1971). The model was:

(2.3)  Yijam =K+ cp (g + 5 (ag)y + sire; (sire group;) + dam, (dam group,) +

sire* dam, (sire group; * dam group,) + hs(Recip),, + hd(Recip),; + €jjm

where, p was the overall mean;

cq was the covariate for fast growth;
c¢= 1, when sire; x dam; cross;
= 0.5, when sire; x dam, cross or sire; x damg cross;
= 0, when sire; x dam cross;
c, was the covariate for slow growth;
¢ = 0, when sire; x dam, cross;
= 0.5, when sire; x dam cross or sire; x damg cross;
= 1, when sire, x dam cross;
(oep); Was the additive effect of genotype for fast growth;
(o )y Was the additive effect of genotype for slow growth;

sire; (sire group;) was the effect of the jth male within the ith male group;

i = 1, when sire was genotype fast growth;
= 2, when sire was genotype slow growth;

dam, (dam group, ) was the effect of the /th female within the kth female
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group;
j =1, when dam was genotype slow growth;
= 2, when dam was genotype fast gfowth;
sire; * dam, (sire group; * dam group,) was the effect of the jth male by the
Ith female within the ith male and Ath female group;
hs was the covariate for male fast growth (i=1) by female slow growth
(k=2) heterotic component;
hs = 1, when sire; x dam, cross;
= 0, otherwise;
hd was the covariate for male slow growth (i=2) by female fast growth
(#=1) heterotic component; |
hd = 1, when sire; x damg cross;
= 0, otherwise;
(Recip),, was the heterotic effect of male fast growth (i=1) and female
slow growth (k=2), and;
(Recip),; was the heterotic effect of male slow growth (i=2) and female

fast growth (k=1).

For the determination of heritability and dominance, the variance component was
partitioned for the sire and dam combinations based on Becker (1975). Models described
in Falconer (1989) were used to estimate heritability and dominance for TL, mouth gape

width, and mouth gape height for each day (Appendix D and E, respectively).
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RESULTS

Female Spawner Analysis

Weight and TL for each female was measured, and the age determined from the
scales. The means and standard deviations for each female spawner size group were
calculated (Table 7). The means for spawner TL, weight, and age increased from the
smallest to the largest female spawner size group. Means and standard deviations for
spawner TL and weight at each completed age were also calculated (Table 8). The means
for spawner TL and weight increased from the smallest to the largest female spawner age
group.

The data were normally distributed for TL (p = 0.0980) and age (p = 0.0509) but
were not normally distributed for weight (p = 0.0074, Appendix F). The weight data
were log transformed to bring the data back to a normal distribution (p = 0.0874). The
test for the assumption of equal variances across female spawner size groups indicated a
violation (p < 0.05) of equal variances for all three parameters. Since hypothesis testing
was not conducted on these parameters, nonparametric tests were not used. Two factor
ANOVA tests indicated an estimated overall statistical significance (p = 0.0001) for the
age-group effect in spawner TL and weight (Appendix G). However, the age effect was

not significant. The age effect was eliminated and One-way ANOVA tests were
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Table 7. Average spawner total length (TL), weight, and age for each female spawner
size group (SG). Values are reported as means + standard deviations (sd).

Parameter Group N Mean + sd Minimum  Maximum
Female SG 201 6 221.50 + 3.50 mm 216 mm 225 mm
Spawner SG 226 5 242.60 + 5.46 237 250

Total SG 251 7 259.14 + 7.40 252 274
Length SG 276 7 280.71 + 4.92 276 287
SG 301 6 312.83 + 8.06 301 322
SG 326 4 340.50 + 11.24 328 350
Female SG 201 6 119.17 + 7.28¢g 109 ¢g 129 g

Spawner SG 226 5 150.60 + 13.13 139 171

Weight SG 251 7 212.71 + 24.63 181 260
SG 276 7 269.86 + 20.03 248 301

SG 301 6 395.33 + 26.61 365 428

SG 326 4 497.75 + 39.87 460 541

Female SG 201 6 45 + 0.84 4 6
Spawner SG 226 5 54 + 0.55 5 6
Age SG 251 7 63 + 1.13 5 8
SG 276 7 6.6 + 1.27 5 8

SG 301 6 7.3 + 1.03 6 9

SG 326 4 85 + 0.58 8 9
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Table 8. Averages for spawner total length (TL) and weight for each female spawner
completed age. Values are reported as means + standard deviations (sd).

Parameter Age N Mean + sd Minimum Maximum
Female 4 4 220.0 + 3.37 mm 216 224
Spawner 5 8 2549 + 21.15 224 287

Total length 6 7 259.7 + 25.95 225 301

7 7 288.3 + 30.18 252 322
8 6 298.0 + 29.83 258 334
9 3 339.0 + 19.05 317 350
Female 4 4 1180 + 887¢g 109 129
Spawner 5 8 191.6 + 62.28 119 301
Weight 6 7 213.7 + 89.31 124 380
7 7 312.1 + 96.73 200 428
8 6 343.8 + 104.37 223 468
9 3 486.7 + 78.23 397 541
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conducted on group effects, which were statistically significant (Appendix F). The tests
indicated an estimated overall statistical signiﬁcancé (p = 0.0001) for both parameters,
female spawner TL and weight (Appendix F). Spawner TL and weight contrast
statements indicated statistical significance between all group means (Table 9). Age
contrast statements indicated statistical significance between the following groups: SG
201 vs. SG 251, SG 201 vs. SG 276, SG 201 vs. SG 301, SG 201 vs. SG 326, SG 226 vs.
SG 301, SG 226 vs. SG 326, SG 256 vs. SG 326, and SG 301 vs. SG 326 (Table 9).
Linear regression analysis was used to descfibé the relatioﬁship between female
spawner weight and TL. The response variable, log(weight) parameter, was highly
correlated to the predictor variable, log(spawner TL) parameter (r* = 0.9820) and the

slope of the line was statistically significant from zero (p = 0.0001, Appendix H).

Factorial Analysis of positions within the egg ribbon

The means and standard deviations for number of eggs per gram of eggs (Table
10), egg yolk diameter (Table 11), and chorion shell diameter (Table 12) were calculated
for each position of the egg ribbon. The mean values demonstrated an increase from the
anterior position to the median position of the egg ribbon. The mean values for number
of eggs per gram of eggs decreased from the median position to the posterior position for
both female spawner size groups (Table 10). This trend was also observed for egg yolk
diameter (Table 11) and chorion shell diameter (Table 12), in SG 226. However, the
mean values for both of these parameters in SG 301 continued to increase from the

median position to the posterior position.
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Table 10. Averages for number of eggs per gram in each position of the egg ribbon
(anterior, median, and posterior) for female spawner size groups (SG), SG 226 and SG
301. Values are reported as means + standard deviations (sd).

Group Position N Mean + sd Minimum Maximum
SG226  Anterior 3 634.61 + 181.84 um 477.18 833.65
SG 226 Median 3 662.60 + 166.89 530.00 850.00
SG226  Posterior 3 653.75 + 143.20 516.13 801.95
SG 301 Anterior 3 635.15 + 32.54 600.00 664.23
SG 301 Median 3 669.78 + 15.58 653.04 683.87
SG301  Posterior 3 659.35 + 37.78 618.60 693.22

Table 11. Averages for egg yolk diameter in each position of the egg ribbon (anterior,
median, and posterior) for female spawner size groups (SG), SG 226 and SG 301. Values
are reported as means + standard deviations (sd).

Group Position N Mean + sd Minimum Maximum
SG226  Anterior 75 0.3160 + 0.0468 pm 0.1954 0.3946
SG 226 Median 75 0.3355 + 0.0489 0.2391 0.4435
SG226 Posterior 75 0.3274 + 0.0809 0.1323 0.4548
SG 301 Anterior 75 0.2879 + 0.0330 0.2097 0.3405
SG 301 Median 75 0.3514 + 0.0451 0.2463 0.4493

SG301  Posterior 75 0.3926 + 0.0423 0.3091 0.5025
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Table 12. Averages for chorion shell diameter in each position of the egg ribbon
(anterior, median, and posterior) for female spawner size groups (SG), SG 226 and SG
301. Values are reported as means + standard deviations (sd).

Group Position N Mean + sd Minimum Maximum
SG226  Anterior 75 1.3731 + 0.0632 um 1.2158 1.4838
SG 226 Median 75 1.4003 + 0.0685 1.2702 1.5581
SG226  Posterior 75 1.3918 + 0.1107 1.1415 1.5758
SG 301 Anterior 75 1.3343 + 0.0436 1.2333 1.4057
SG 301 Median 75 1.4225 + 0.0636 1.2793 1.5672

SG301  Posterior 75 1.4822 + 0.0630 1.3622 1.6528
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The data were normally distributed for all of the parameters (Appendix I). The
assumption of homogeneous variances across positions for the chorion shell and egg yolk
diameters was violated (p < 0.05) but was not violated (p > 0.05) for the parameter
number of eggs per gram of eggs (Appendix I).

Since the assumption of homogeneous variances was violated for the chorion shell
and egg yolk diameter, the data were ranked transformed. Multi-factorial analysis was
completed using the ranked transformed data which demonstrated an overall statistically
significant difference (p = 0.0001, Appendix I). Contrast statements for both parameters
indicated statistically significant differences (p < 0.05) between the three positions of the
egg ribbon in SG 301 (Table 13). There were no statistically significant differences (p >
0.05) between positions of the egg ribbon in SG 226 (Table 13).

The number of eggs per gram of eggs data were not ranked transformed, and
multi-factorial analysis was completed which demonstrated that there were no statistically
significant differences (p = 0.9984) between positions of the egg ribbon (Appendix I).
The female spawner size group, SG 226, was more variable than SG 301, but there were

no significant differences between the positions within the two groups.

Egg Analysis

Data for egg ribbon weight, total fecundity, and number of eggs per gram of eggs
were collected. The means and standard deviations were calculated for the parameters by
female spawner size groups (Table 14) and by completed age (Table15). The means

calculated for egg ribbon weight and total fecundity data demonstrated an
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