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Changes that have occurred in the abundance and trait distribution of adult Lake

Michigan yellow perch (Perca flavescens) suggest that maternal effects on larval traits
may be substantially influencing the recruitment « ~ his heavily exploited species.
Maternal effects on yellow perch larvae at hatching and through 32 days post hatch (dph)
were investigated in ten maternal lines to test the null hypotheses of no effect of maternal
condition on offspring condition at hatching, no persistence of maternal effects under
conditions of starvation and high food availability, and no difference in offspring survival
under conditions of starvation and high food availability. Maternal effects were
detectable at hatching and likely result in differences among females in size, age, gonadal
somatic index, and « ; production. Maternal effectsat] 1t . ¢ p i Iby
differences in irval total length, yolk volume, dry weight, and DNA quantity. Maternal

effects persisted under conditions of starvation to 6 dph, “er which point virtually all









PREFACE

This  arch reflects a portion of a combined multi-institutional, multi-agency,
multi-state, collaborative effort to understand the mechanisms responsible for the
cruj and | population decline observed throughout the last
decade in Lake Michig S ¢ Wt v s
res¢ :hrequired the assistance of many individuals, the results, thoughts, ideas and
conclusions esented in this thesis are my own. Upon the successful de  se of this
research, my intention is to submit three of the five chapters of this thesis as co-authored

manuscripts for review and hopefully eventual publication
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Chapter 3 is the first of two chapters that empirically evaluate the importance of
the maternal effects detected in Chapter 2. In this chapter, the susceptibility of larvae
from different maternal lines to starvation is investigated. Differences in survival and
differences in the changes that occur in individual larval traits are tracked. The
importance of maternal effects and size-dependent recruitment mechanisms are evaluated
in terms of resistance to starvation.

{ 4 the 1 of the importance of maternal effects detected
in Chapter 2. In this chag )l 15 of $
metamorphosis on the recruitment of yellow perch in Lake Michigan are investigated.
Differences in not only survival, but so differences in the change of individual 1 ~ al
traits are tracked. The importance of maternal effects and size-dependent recruitment
mechanisms are evaluated and discussed.

Finally, in Chapter 5 the implications of the results on the rebuilding of yellow
perch in Lake Michigan and on the lor  term future manx :meﬂt of the stock are
discussed. Furthermore, the utility of this research and implications for understanding
recruitment mechanisms in general are discussed. Advice to managers about the dangers
of phenotypic bottlenecking caused by high exploitation and uncertain stock assessments

are given.
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on the population. No single recruitn it mechanism is likely to be responsible for
recruitment variation and failure, rather a combination of many mechanisms js likely
responsible (Leg; t and Deblois 1994). However, Solemdal (1 997) has argued that
because of the complex nature of recruitment mechanisms, maternal effects may be the

I itment mechanism that can be effectively managed in a fishery through
only recru

regulation.
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Figure 5.

Figure 6.

Box and whiskers plot of dry weight of yellow perch (Perca flavescens)
offspring from ten maternal lires at hatching. Box-whisker antennae as
defined in Fig. 4.

Box and whiskers plot of yolk volume of yellow per * (Perca flavescens)
offspring from ten maternal lines at hatching. Box-whisker antennae as
defined in Fig. 4.

yx and whisl s of N4 Hntent of yellow perch (Perca flavescens)

offspring from ten maternal 11 W ‘an  1nae as

defined in Fig. 4.
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Figure 6. Box and whiskers plot of RNA:DNA ratio of yellow perch (Perca flavescens)
offspring from the ten maternal lines at the time of 50% mortality (n  3).
— yx-whisker antennae as definedin Fig. 1.

Figure 7. Relationship between mean time to 50% mortality (n  3) and mean larval total
length (Y 0.0797), yolk volume (' ).491° ddry we' "t (r* = 0.0354) at
time of 50% mortality (n = 15) for each maternal line (n = 10) of yellow perch

w ereafla ~-cens).
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Abstract

Maternal effects in Lake Michigan yellow perch (percq flavescens) have been
dete :d, and the importance of maternal effects in resistance to starvation has been
demonstrated. The goal of the present sudy w ‘o determine the importance of maternal

ts when food was not limited. We 2xamined the persistence of maternal effects
between hatching and 32 days post hatch (dph) in ten maternal lines and tested the null
hypott of no dif = ‘:nceir 7ivi zmong maternal lines. Maternal effects were
consistently detectable betv n hatching four dphand betwe . and 32 dj
Detected maternal effects resulted in threefold differences in overall survival at 32 dph,
and rejection of the null hypo esis. Furthermore, a three to four fold differ e in the
rate of mortal , measured as time to 5)% mortality, was observed among the maternal
lines. However, no clear mechanism was identified to account for these differences in
s sival. We conclude that maternal effects were detectable and present at least to 32

dph and resulted in differences in survival among maternal lines.
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much as 19 4+ 2.4 % (Maternal Line,) (Table 8). Changes in body depth at the insertion
of the first dorsal fin and body depth at the insertion of the anus were higher among the
offspring of the maternal lines than those otserved in body depth at the insertion of the

pectoral fin. Body depth at the insertion pomt of the first dorsal fin varied by as little as

14 4+ 5.4 % (Maternal Line,) and by as much as 23 4 3.3 % (Maternal Line, o) While body

depth at the insertion of the anus varied by s little as 16 + 5.0 % (Maternal Line,) and by
much n % (Maternal *~ ) an ¢ offsp”  f the maternal lines (Table

8). A four-fold variation in the change ofdywe iti « 1t n v

observed over the duration of the experiment with Maternal Line3 exhibiting the smallest
change (1 + 1.3 %) and Maternal Line exhibiting the largest change (4 +.1.3 %) . .g. 2,
Table 8). Large variation among the maternal lines in the change of RNA content, DNA
content and the ratio of RNA:DNA were observed over the duration of the experiment.
The quantity of RNA varied by as little as 2 + 1.5 % (Maternal Line.) and by as much as
5 + 1.2 % (Maternal Line,) among the maternal lines, while DNA content varied by as
little as 5 4 1.1 % (Maternal Line,) and by as much as 11 + 4.8 % (Maternal Line,)
" 1ble 8). The ratio of RNA:DNA exhibitzd over five-fold variation in percent change
among the maternal lines over the duratior. of the experiment with Maternal Line,
exhibiting the smallest change (19 + 5.7 %) and Maternal Line, , exhibiting the largest
change (120 + 72.8 %) (Fig. 3, Table 8). Correlation analysis of larval tc " ler hand
dry weight over time inc¢’ that size at hatching becon  le important to size at later
points in time after eight dph in total length and 10 dph in dry weight (Table 9, 10).
Differences in larval total length, yolk volume and dry weight among the maternal

lines begin to increase beyond 16 dph (Figs. 1, 2 and 3). Daily growth rate as measured
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Table 3. MANOVA results

Sflavescens) maternal

tests of significance for all mo

1€8S.

ometric and biochemic  arval traits amr 3 the ¢
Day Df F Pr:
0 80, 255.92 2.67 0.0 1
2 80, 65.60 1.69 0.0 12
4 72, 68.41 1.90 0. 0
6 72, 68.41 1.15 0. 25
8 72, 68.41 1.43 0 78
10 72, 68.41 1.37 « 79
16 72, 56.24 2.11 « 21
24 72,56.24 1.58 0.0372
32 63,51.16 1.79 0.0164

[0)

> ten yellow perch (Pe
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option, they will want to ensure that a substantial monitoring effort is put in place to track

the trait distribution of the spawning population throughout the year.

Future Directions
Phenotypes are the expression of genotypes and the interaction between those

~~noty ] ir ~znt. This definition of phenotype strongly suggests that

;arch onmat il efft sneed " ussome on  eticco :condly,
many teleost species are nown to exhibit a high phenotypic plasticity. This lows
indivi 1als to quickly adapt to change. For example, density-dependent factors often
bring about rapid changes in growth rate and age at maturity. It is conceivable that
maternal effects may also influence an individual’s scope for plasticity, which could have
implications on survival and reproductive success. Bearing these two points in mind,
future maternal effects research should begin ) explore such areas. Are there maternal
influences on resistance to starvation and survival that are not detectable at the
phenotypic level? Are there maternal influences on phenotypic plasticity that result in
differential adaptability and survival under changing conditions? These deeper insights
will require research that employs genetic, physiological, biochemical, and ecological
approaches simult 2ously to determine fully the role of maternal effects on the

dynamics of fish populations.
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Ap~-dix |
Relationship Between Larval Y¢ ow Perch  ca flave

Two-dimensional Body Area and Dry Weight

1«

)






difference between the final weight of the larva in the aluminum envelope after drying
minus the original weight of the aluminum envelope.

Imaging analysis on the videotaped larval images was perfor1 1° "ng Optimas imaging
analysis system (v 6.1, Media Cybemnetics, Takoma Park, MD) at the Chesapeake
Biological Laboratory, Solomons, MD. The two-dimensional body area of each larva

Y

‘att in 1 "7 by ~ stimas from the outline of each larva) was measured.

Results

The relationship between two-di  snsional body area and dry weight was determined to
be curvilinear and can be described by the equation (Dry weight (“g) =[(2x106)x
(Body Area)? + (6 x 10-5) x (Body Area) + 3 x 10-5] x 1000, n = 171, r2 = 0.9836, p

0.0001).

Discussion

The calibration between larval two-dimensional body area and dry weight accurately
allows the researcher to determine dry weight from videotaped images of larvae.

Furthe ore, this technique allows the researcher to obtain accurate dry weights of larvae
without the increased risk of RNA 1 DNA digestion that occurs when larvae are
handled for long periods of time after death, before nucleic acid extraction. This
technique also reduces the amount of processing time required for each individual larva.
The time required to analyze videotape images for a group of larvae is far 5 the

time required to obtain their dry weights.
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Table 1. Two-dimensional body area and dry weights of individual yellow perch (Perca flavescens)
larvae sampled at 1 day post hatch (dph) and 23 dph. Consists of 4 pages.

Age (<~ Sample Number  Body *-~~ ‘mm® Dry Weight (g)

B 1 PV T 0.0002
1 2 2.16 0.00013
1 3 2.21 0.00009
1 4 222 0.00013
1 5 222 0.00013
1 6 222 0.00034
1 7 2.28 0.00006
1 8 2.29 0.00015
1 9 234 0.00013
1 10 : 0.00017
1 1 : 0.
1 12 : 000017
1 13 245 (
1 14 2.45 0.00022
1 15 248 0.00025
1 16 2.49 0.00018
1 17 2.51 0.00006
1 18 2.52 0.0003
1 19 2.53 0.00025
1 20 2.54 0.00023
9 21 2.56 0.00012
1 22 2.56 0.00019
1 23 261 0.00017
1 24 261 0.00024
1 25 262 0.00125
1 26 262 0.0002
1 27 263 0.00013
1 28 263 0.00018
1 29 263 0.00018
1 30 264 0.00005
1 31 265 0.00017
9 32 2.66 0.0003
1 33 2.74 0.0002
1 34 2.75 0.00035
1 35 275 0.00038
1 36 2.76 0.0004
1 37 2.76 0.00008
1 38 2.78 0.00031
1 39 2.78 0.00038
1 40 2.79 0.00031
1 41 2.81 0.0003
1 42 2.82 0.00029
1 43 2.82 0.0003
1 44 2.83 0.00025
1 45 2.84 0.00016
1 46 2.84 0.00013
1 47 2.84 0.00001
1 48 2.85 0.00036
1 49 2.87 0.0003
1 50 2.89 0.00013
1 51 2.89 0.00016
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Aga irph) Sample Number Body Area (mmz) Dry Weight (g)

1 52 2.89 0.00024
1 53 2.90 0.00023
1 54 2.90 0.00002
1 55 2.91 0.00012
1 56 2.91 0.00026
1 57 2.93 0.00025
1 58 2.95 0.00007
1 59 2.96 0.0003
1 60 2.96 0.00031
1 61 2.97 0.0003
1 62 3.00 0.00034
1 63 3.03 0.00029
1 3.03 0.00023
1 65 3 0.00016
1 3 C
1 67 3.07 C
1 68 3.07 0.00022
1 69 3.07 0.00026
1 70 3.07 0.00025
1 7 3.07 0.00028
1 72 3.11 0.00026
1 73 3.12 0.00025
1 74 3.18 0.00022
1 75 3.21 0.00028
1 76 3.21 0.00032
1 77 3.22 0.0003
1 78 3.30 0.00031
1 79 3.30 0.00031
1 80 3.31 0.0003
1 81 3.32 0.00036
1 82 333 0.00039
1 83 3.39 0.00022
1 84 3.48 0.00025
1 85 3.55 0.00034
1 86 358 0.00032
1 87 3.61 0.00026
1 88 3.62 0.00025
1 89 3.66 0.00067
1 90 3.66 0.00133
1 91 3.97 0.00034
23 92 14.66 0.00113
23 93 16.24 0.00133
23 16.53 0.00126
23 95 18.04 0.0021
23 96 18.96 0.00185
23 97 20.12 0
23 98 20.36 |
23 99 20.80 0
23 100 20.80 0.0032
23 101 21.15 0.00223
23 102 21.30 0.00213
23 103 21.60 0.00221
23 104 21.65 0.00214
23 105 21.82 0.0023
23 106 21.96 0.00237
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Ana idph) Sample Number Body A (mm?) Dry Weight (g)

co 107 21.98 0.0022
23 108 22.13 0.00252
23 109 22.21 0.00217
23 110 22.39 0.00243
23 111 22.69 0.00228
23 112 22.80 0.00266
23 113 23.18 0.00221
23 114 23.26 0.00246
23 115 23.53 0.00243
23 116 24.02 0.00322
23 117 24.39 0.00291
23 118 24.48 0.00267
23 119 24.54 0 00245
120 24.84 30283
23 121 24.86 0C 1
23 122 2527 0
23 123 25.39 0.00283
23 124 25.76 0.00268
23 125 25.80 0.0031
23 126 25.88 0.0027
23 127 25.91 0.00306
23 128 26.03 0.00274
23 129 26.13 0.00302
23 130 26.37 0.00303
23 131 26.42 0.003
23 132 26.50 0.00288
23 133 26.68 0.00299
23 1 26.72 0.00287
23 135 26.94 0.00362
23 136 27.86 0.00332
23 137 28.01 0.003
23 138 28.17 0.00323
23 139 28.62 0.00369
23 140 28.64 0.00345
23 141 28.95 0.00361
23 142 28.97 0.00355
23 143 29.20 0.00352
23 144 29.41 0.00318
23 145 29.78 0.00352
23 146 29.79 0.00333
23 147 29.87 0.00352
23 148 2 0.00335
23 149 30.32 0.00367
23 150 30.47 0.00391
23 151 32.34 0.00392
23 152 32.35 0.0
23 153 32.52 0.00407
23 154 32.54 0.00343
23 155 32.76 0.00424
23 156 33.18 0.00503
23 157 33.87 0.00489
23 158 34.03 0.00539
23 159 35.89 0.0044
23 160 36.29 0.0047
23 161 36.77 0.00498



A~a (dph) S-~—=~le Number Body Area (mmz) Dry Weight (g)
23 162 37.61 0.00514
23 163 38.06 0.00497
23 164 38.57 0.00609
23 165 40.75 0.00626
23 166 42.02 0.00547
23 167 44,03 0.00638
23 168 4512 0.00677
23 169 45.49 0.00665
23 170 48.89 0.0078
23 171 58.96 0.01019



Figure Legend

Figure 1. Nonlinear relationship between larval yellow perch (percq flavescens) tWo-
dimensional body area and dry weight for 1 day post hatch (dph) and 23 dph

larvae.
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also have an internal concentration that is one-third that of seawater (Moyle and Cech
1982), the external environment is not saline. Therefore, when fresh water f 1 die and
their body functions shut down, one would expectt ~ w: ~ fromthe tte al hypotonic
environment would " fuse into the internal hypertonic environment of the fish, and the
fish would bloat. This study, however, did show that these larval yellow perch did shr™ *
upon death. There are a few possible explanations for this. One is that the MS-222

“mtl thelarvaev :le..tositin  :onel fhourwasahigl ion concentration
than the internal environment of 1 sh and therefore, they shrunk. Another possible
explanation is that water did enter the larvae’s bodies but they were bloated in a vertical
manner or in their width, therefore, since the larvae have a fixed amount of epidermis,
their lengths shrunk.

The next step in this investigation is to review the videotape used in this study and
rem« 1re the larvae. Perhaps the results of shrinkage were due to reader error. Also this
experiment should be run again with a slightly different method.. The larvae should be
placed in a lethal dosage of MS-222 and then placed in water for the remainder of the
half hour of post death condition. This way, it can be determined if MS-222 skewed the
results of this study. Either way, shrinking or bloating, it essential to have a correct
measure of larval fish when studying them to accurately estimate the performance or
condition. After this ex; iment is refined, a critical review of previously published data
that assess performance as a function of length will be conducted. It will be dete  ned
if their results are skewed because of neglecting to account for the effects of death upon

larval fish length.
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Table 2. ANOVAtal . VM
between ice and |

fe ofdeath. Nosigni ant f nce between air and ice. Sign :ant difference
1itrogen.

Source P
Air vs. Ice A5
Air vs. Liquid Nitrogen <0.0001
Ice vs. iquid Nitrogen <0.0001

n air and liquid nitrog

and



Figure Legend

Figure 1. Percent shrinkage of larval yellow perch (Percq flavescens) in air as a function
of age.
Figure 2. Percent shrinkage of larval yellow perch (Perca flavescens) ontice asaf  :tion

of age.

Figure 3. Percent shrinkage of larval yellow perch (percq flavescens) in liquid nitrogen
asa K

Figure 4. Percent shrinkage of larval yellow perch (percq flavescens) by death treatment

as a function of
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