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ABSTRACT
SAGINAW BAY SUCKERS: THEIR DYNAMICS AND
POTENTIAL FOR INCREASED UTILIZATION
By

Douglas Wayne Kononen

Yield potential estimates from underutilized Great
Lakes fish stocks are lacking for most species. This
investigation was undertaken to determine potential limits
on the commercial exploitation of white suckers (Catostomus

commersoni) in Saginaw Bay, Lake Huron. Principal data

sources included historical fishery catch and effort data
along with biological data on the size, sex and age
composition of the commercial catch. Fish of different
sizes and sexes were sampled for analyses of PCB's and DDT.
Commercial fishery cost and revenue data were incorporated
into a logistic surplus production model function and used
in a rudimentary bioeconomic analysis of the fishery.
Approximately 1,000,000 pounds of white suckers were
harvested annually f;om Saginaw Bay during the first half of
the 20th century. Current harvest levels range from 100,000
to 150,000 pounds per year. Catch-effort analyses indicate
a general pattern of decreased exploitation and increased
abundance of Saginaw Bay suckers since the early 1950's.

Cautious interpretation of catch-effort data indicates that




Douglas Wayne Kononen

landings could be increased by as much as 500% without
danger of stock overexploitation.

Surplus production model estimates of mean exploitable
population biomass approximate 4,000,000 pounds. Bio-
economic analysis indicates that an ex-vessel price increase
of $0.05/1b would generate a short term economic rent of
about $11,000 to the commercial fishery. Contaminant
analyses indicate that the mean levels of PCB's (0.05 ppm)
and IDDT (0.015 ppm) in Saginaw Bay white sucker fillets are
well below the FDA's 5 ppm tolerance limit for these
compounds. Adult white suckers experience low annual growth
rates (from 1 to 2 cm in total length), high annual survival
rates, S (from 0.59 to 0.72) and long life spans (up to 19+
years o0ld). Females grow faster and larger and, on the
average, live longer than males.

The Beverton-Holt dynamic pool model, incorporating a
linear age-weight relationship, was used to estimate the
equilibrium yield per recruit at different rates of fishing.
Optimal utilization of this fishery, in terms of maximizing
yield per recruit, can only occur with a six to ten-fold
increase in the rate of fishing. The current absence of
profitable markets for suckers render immediate increases in

the rate of exploitation unlikely.




ACKNOWLEDGMENTS

This endeavor was made possible through the efforts of
several individuals and organizations. I wish to express
special thanks to my wife, Laureen, for her understanding
advice, moral support and perserverance throughout the
tenure of this project. Dr. Niles R. Kevern suggested this
problem and provided direction and logistical support. The
BayPort Fish Company, BayPort, Michigan, furnished
invaluable commercial fishery data and commercial catch
samples. The Michigan Department of Natural Resources
supplied historical fishery data and a much needed microtome
for fish aging studies. Cynthia Merrill, from Michigan
State University's Department of Food Science, conducted the
pesticide analyses. Additional thanks go to the members of
my dissertation committee: Drs. Darrell L. King; Milton H.

Steinmueller; Daniel R. Talhelm and William W. Taylor.




TABLE OF CONTENTS

Page
List of Tables. « ¢« v v v v v o o« o o o o s o o o v
List of Figures . . . « ¢ « ¢« v ¢ ¢« v ¢ o o « o o & vii
I. Introduction
A. Background. . . . e e e e e s 1
B. Purpose of this Investlgatlon e e e e 8
C. Methods . . . « ¢« ¢ ¢ ¢ v ¢« o « o« o o o 10
II. Saginaw Bay
A. The Physical Settlng e e e e e e e e e 13
B. Limnology . . . . e e e e e e e e e e 15
C. The Fishery . . « « ¢« v ¢ ¢« « « o o« o o =« 17
ITII. Catch and Effort Data Analysis
A. Introduction. . . . e e 21
B. The Basic Theory of Catch and Effort
Data AnalysSes . ¢ v ¢ ¢ ¢ ¢ ¢ e e e e e 22
C. The Leslie Model. . . . . 27
D. Sources of Commercial Flshery Catch
and Effort Data . . . e e e e . 29
E. The Saginaw Bay Sucker Flshery e e e e 32
1. Background . . e . 32
2. The Sucker Flshery, 1929 to 1956. . . 35
3. The Sucker Fishery, 1960 to 1979. . . 51
IV. Fishery Bioeconomics
A Introduction. . . 67
B. The Logistic Surplus Productlon Model o e 69
C. Application of the Loglstlc Surplus
Production Model. . . . 75
D Saginaw Bay Sucker Flshery Economlcs . . 82
E Discussion. . . + « ¢ « o o+ s o o o 4 e . 91
V. PCB's and DDT in Saginaw Bay Suckers
A. Introduction. . . e e e e e e e e e e 98
B. Sampling Procedures e e e e e e e e e e 100

iii



C.
D.

VI. Sagi
A.

B'
C.

D.
E.

Analytical Procedures. . . . . . ¢« ¢« « o .
Results . . . ¢ ¢« ¢« ¢ ¢ ¢ o o o o o &

naw Bay Sucker Population Dynamics

Introduction. . . . . . . . o . 0 . . .

A Brief Review of White Sucker Biology.

Saginaw Bay White Sucker Characteristics.
Fall 1979 . . ¢ ¢ ¢ v ¢« ¢ o o o o &

. Spring 1980 e e e e e e e e

. Summer 1980

. Fall 1980 .

. Spring 1981

. .
. . . . . . 3 . . . . .
. .

. . . . . . . . .

e o o o

Composite Length-Frequency Dlstrlbutlons
White Sucker Fecundity. . . . . . . .
Miscellaneous Observations. . . . . .

. Adult White Sucker Survival . . . . .
Estimation of Yield From a Given

Recruitment . . . . . e
Estimating Mortallty Rates of Pre-recrults

(Yolte ol o N0 ) BN —J UV I\ I
.

VII. Summary and Recommendations

A.

B.

CO
Appendix.

References

Recapitulation. . . . . . . . . + .+ . o . .
Recommendations . . . . . . . . . ¢ ¢ ¢ . .
Critique. . . . « + « ¢« ¢ ¢« « +

. . . . . . . . . . . . . . . . . . . . . .

iv

100
102

105
106
108
108
115
123
126
133
139
139
142
143

148
155

164
168
170

ix

xxiv



LIST OF TABLES

Table Page

II-1 Saginaw Bay Physicochemical Data. . . . . . 18
I11-1 Saginaw Bay Commercial Sucker

Production (1929-1956). . . . . . . . . . . 39

III-2 Saginaw Bay Sucker Fishery Summary
Statistics (1929-1956). . . . « « + < .+ . . o)

ITII-3 Catchability and Mean. Biomass Estimates

(1929-19)"5) . . . . . . . . . . . . . . . . . Ll7
III-Y4 Catchability and Mean Biomass Estimates

(1946-1956). + « ¢ ¢ ¢ ¢ 4« 4 4 4 e e e e e 49
ITI-5 Saginaw Bay Commercial Sucker Production

(1960-1979) . . . . . . 3 0 . . . 3 . . . . . 52
III-6 Saginaw Bay Sucker Fishery Summary

Statistics (1960-1979) . . . . . . . . . . . 53
I11-7 Saginaw Bay Monthly Catch and Effort

Data (1960-1967) . . . . . 3 . . . . . . . . 56
ITI-8 Catchability and Mean Biomass Estimates

(1960"1967) . . . 3 . . . . . . . . . . . 3 . 58
III-9 Saginaw Bay Monthly Catch and Effort

Data (1968-1979) . .+ « v « v v v « o v o « . 60
Iv-1 Surplus Production Model Results . . . . . . 78
Iv-2 Cost and Revenue Data. . . . . . . . . . . . 85
IvVv-3 Average and Marginal Cost Data . . . . . . . 87

V-1 PCB's and ZDDT in Saginaw Bay Suckers. . . . 101
VI-1 Fall 1979 Summary Statisties . . . . . . . . 109

Vi-2 Spring 1980 Summary Statisties . . . . . . . 117






VI-3
VI-4
VI-5

VI-6

Summer 1980 Summary Statisties. . . . . . . . 124
Fall 1980 Summary Statisties. . . . . . . . . 128
Spring 1981 Summary Statisties. . . . . . . . 134

Female Age-Specific Fecundity and
Survival Rates. . . . . ¢« . ¢« ¢ ¢ ¢ + .« < . . 159






LIST OF FIGURES

Figure Page
II-l Saginaw BaYo . 3 3 . ‘0 . . . . . . . . . . lu
ITI-1 Lake Huron Statistical Catch
Districts. . « v v ¢ ¢ v v 4 e e e e e e 33
III-2 Participation in the Lake Huron
Commercial Fishery (U.S. Waters,
1960-19T76). « v v v ¢ & & o o o« o o 0 0 e . 37
ITII-3 Saginaw Bay Commercial Sucker
Production (1929-1956). . . . «. « « « « .+ . U1
II1I-4 Saginaw Bay Sucker Abundance
(1929-1956). + v v v v v ¢ 4 e e e e e e 42
III-5 Saginaw Bay Commercial Sucker
Production (1960-1979). . . . . . « « .+ . . 54

I11-6 Saginaw Bay Sucker Abundance
(1960-1979)0 . . . . . . . . . . . . . . . 55

Iv-1 Logistic Surplus Production
MOdel (1930-1955)0 3 . . . . . . . . . . . 81

Iv-2 Logistic Surplus Production
MOdel (1968"1978)0 . . 3 . . . 3 . . . . . 83

IV-3 Average and Marginal Cost of the
Saginaw Bay Commercial Sucker

Fishery, 1979. . ¢« ¢« « v ¢ v v ¢ o « o « & 88
IV-4 Cost and Revenue in Terms of Effort. . . . 92
Vi-1 Fall 1979 Length- Frequency

Distributions. . . . e e e e e e e e e 110
Vi-2 Fall 1979 Relative Condition Factors . . . 113
Vi-3 Fall 1979 Length-Age Relationships . . . . 116

VI-4 Spring 1980 Length-Frequency
Distributions. . . . e e e e e e 119

vii







VI-5

VI-6
VI-7

VI-8
VI-9
VI-10
VI-1l1
VI-12

VI-13

VI-14

VI-15

VI-16

VI-17

VI-18

Spring 1980 Relative Condition
Factors. .« « « ¢ ¢ ¢ ¢ v ¢« ¢« ¢ ¢« o o o o o

Spring 1980 Length-Age Relationships. . .

Summer 1980 Length-Frequency
Distributions. . . . . . . . . ¢ o o . .

Summer 1980 Relative Condition Factors . .
Fall 1980 Length-Frequency Distributions . .
Fall 1980 Relative Condition Factors . . . .
Fall 1980 Length-Age Relationships.

Spring 1981 Length-Frequency
Distributions . . . . . . e e e e e e e e

Spring 1981 Relative Condition Factors. .

Spring 1981 Female Length-Age
Relationship. . . « « ¢« ¢ ¢ ¢ ¢ ¢ v o « + &

Composite Length-Frequency
Distributions. . . . . . . . . o . 0 o .

Combined Fall 1979 and Fall 1980
Catch Curve. . ¢ v ¢« ¢ ¢ ¢ o o o o o o o o @

Combined Spring 1980 and Spring
1981 Catch Curve . . . . . . .

Equilibrium Yield Per Recruit at
Different Rates of Fishing . . . . . . . . .

viii

121
122

125
127
129
131
132

136
137

138

140

146

147

154



CHAPTER I

Introduction

A. Background

The Laurentian Great Lakes contain abundant populations
of such commercially underutilized fish as carp (Cyprinus

carpio), suckers (Catostomus and Moxostoma spp.), alewives

(Alosa pseudoharengus) and rainbow smelt (Osmerus mordax).

The principal reason that these and other so-called rough
fish species are underutilized is the absence of dependable
and profitable markets for rough fish. Changes in the
species composition of the Great Lakes fisheries have had a
dramatic negative impact on the size and scope of commercial
fishing operations. The survival of the remaining
commercial fishery hinges, in part, on the development of
abundant stocks of heretofore underutilized fish. Estimates
of the yield potential from latent or underutilized Great
Lake fish stocks are lacking for most species. This
investigation was undertaken to determine potential limits
on the commercial exploitation of suckers in Saginaw Bay,
Lake Huron.

The species composition of the Great Lakes fisheries
has changed markedly over the past forty to fifty years.

Formerly plentiful stocks of lake trout (Salvelinus




namaycush), lake whitefish (Coregonus clupeaformis), lake

herring (Coregonus artedii), walleye (Stizostedion vitreum),

lake sturgeon (Acipenser fulvescens) and burbot (Lota lota)

have been supplanted by abundant stocks of alewives, rainbow
smelt, carp and other so-called rough fish species.
Commercial overfishing, the introduction and proliferation
of such exotic species as the sea lamprey (Petromxzon
marinus) and alewife, environmental enrichment and pollution
have combined to help bring about this transformation in
species composition. Documentation and interpretation of
the changes which have occurred in the Great Lakes fisheries
during the last four to five decades are provided by: Hile
and Buettner (1959); Buettner (1968); Smith (1968); Berst
and Spangler (1973); Smith (1973); Regier (1973) and
Christie (1974).

The virtual elimination of commercially exploitable
stocks of lake trout, lake whitefish and lake herring in
many areas of the Great lakes has contributed to a
substantial reduction in the size and scope of Michigan's
Great Lakes commercial fishery over the past twenty to
thirty years. Scott (1974) reports a decrease in the number
of Michigan commercial fishing licensees from approximately
900 in 1963 to about 660 in 1967. After 1970, according to
Borgeson (1972), state-imposed restrictions on gear and
entry reduced the total number of Michigan Great Lakes
commercial fishermen by an additional 50%. At present,

Michigan licenses from 100 to 150 commercial fishermen,



exclusive of non-licensed Native American fishermen (Asa
Wright, personal communication).

The Michigan Department of Natural Resource's
management objectives for Michigan's Great Lakes commercial
fishery include restricting new entries and encouraging the
exit of marginal fishing operations. The efficient and
equitable allocation of Great Lakes fishery resources
between sport and commercial fishermen is a complex social,
political, economic and biological problem with no immediate
satisfactory solution. The principal thrust of Great Lakes
fisheries management is currently oriented toward a large,
fairly recently established sport fishery for introduced
salmonids. Suspicions, real or otherwise, that the
commercial fishery poses a threat to the survival of highly
prized artificially maintained sport fish stocks have
resulted in widespread misunderstandings and feelings of
animosity between sport and commercial fishermen. State
licensed commercial fishermen are prchibited from using gill
nets for capturing fish and must return all designated sport
fish (e.g. lake trout, Pacific salmon, walleye pike) and
undersized commercial species (e.g. lake whitefish, yellow

perch, Perca flavescens) to the water in an unharmed

condition. The entrapment gear used by non-Indian
commercial operators allows for selective exploitation of
Great Lakes fishery resources without causing significant
damage to the sport fishery. At present, regulations

prohibiting the use of gill nets do not extend to non-
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licensed Native American commercial fishermen operating in
Michigan's Great Lakes waters. The unregulated use of gill
nets poses a potentially severe threat to the sport fishery,
exacerbating the problems of efficient and equitable
resource management.

Annual fish production within the Great Lakes
represents a large potential source of high quality protein
for consumers in the United States and Canada. Only a small
proportion of this production finds its way into the
marketplace due to the reduced size of current commercial
fishery operations and the relative paucity of profitable
markets for underutilized rough fish species. The existence
of abundant potentially exploitable populations of
underutilized fish (e.g. carp, alewives, suckers and smelt)
in Michigan's Great Lakes waters is documented by Hile and
Buettner (1959), Borgeson (1972), Galloway and Kevern (1976)
and Rybicki (1979). With the exception of such local
enterprises as the lake whitefish fishery of Northern Lake
Michigan, the traditional Great Lakes commercial fishery,
which had been based largely upon lake trout, lake whitefish
and lake herring, has all but disappeared. The survival of
the remaining commercial fishery hinges upon the
reestablishment of a viable coregonid fishery and the
enhanced development of fisheries for underutilized species.

According to Frick (1965), if the Great Lakes
commercial landings are to be maintained in volume and

value, then product development, quality improvement and






market promotion are necessary to increase the demand for
those species available in abundance. Great Lakes
commercial fishermen have been reluctant to change the focus
of their operations to underutilized, lesser valued species
due to the absence of remunerative markets for these fish.
The lack of profitable markets for underutilized fish may,
in part, be the fault of the commercial fishing industry
itself, since, as Anderson (1973) has pointed out, fishing
industries generally lag behind competitors in other food
processing industries in developing markets for their
products. In recent years it has become evident that
assistance from outside the Great Lakes commercial fishing
industry is necessary to provide both the incentive and the
technological support for increased development of
underutilized fishery resources. In response to
developmental assistance requests from the commercial
fishing industry, a Sea Grant-supported program conducted by
Michigan State University's Departments of Fisheries and
Wildlife and Food Science has been designed to stimulate the
development of underutilized Great Lakes fish resources,
primarily via production of a frozen minced fish product
(Michigan State University, December 1975 and March 1978).
The development of viable markets for underutilized
fish and fish products is, perhaps, the single biggest
obstacle confronting potential developers of underutilized
Great Lakes fish stocks. According to Anderson (1973),

before consumers become adventurous and try unfamiliar
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species and products, they must be taught to accept fish as
a prime food. In 1978, according to the U.S. Department of
Agriculture's Economic, Statistical and Cooperative Service,
Americans consumed an average of 149.7 pounds of red meat,
57.1 pounds of chicken and turkey and 13.4 pounds of fish
per person. This low per capita consumption of fish
relative to other meats indicates that Americans, as a
whole, may not regard fish as a primary dietary item. If
this observation holds, then the initial introduction of
underutilized species into the marketplace may be met with a
less than enthusiastic response.

Estimates of the net all or none values (social
surplus) of Great Lakes sport and commercial fisheries have
been made by Talhelm, et al (1979). These estimates
indicate that the sport fishery's net all or none value
(i.e. approximately $525 million) greatly exceeds the
correspondent value of the commercial fishery (i.e.
approximately $12 million). These estimates are in terms of
constant 1979 dollars. Establishment of new, profitable
markets for underutilized fish and fish products could
noticeably improve the economic importance of the Great
Lakes commercial fishery relative to the Great Lakes sport
fishery. JIncreased exploitation of underutilized Great
Lakes fish should not interfere with overall fishery
management goals by the State of Michigan and other
governmental agencies. It is possible that the controlled

harvest and concomitant reduction of large populations of
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rough fish may favor or enhance the growth and development
of some highly valued sport fish stocks.
Large numbers of suckers, predominately white suckers,

(Catostomus commersoni) are captured annually by Saginaw Bay

commercial fishermen in entrapment gear set for more
commercially valuable species (e.g. channel catfish,

Ictalurus punctatus, yellow perch, and lake whitefish).

Historical catch data summarized by Hile and Buettner (1959)
show annual commercial landings of Saginaw Bay suckers
averaged approximately 1,000,000 pounds during the late
1800's and up through the 1930's. During this period,
fishermen received up to $0.30 per pound for suckers at
dockside. This‘relatively high ex-vessel price for suckers
was attributed to the existence of a large, stable Eastern
United States market for these fish. After the 1930's, this
market disappeared, resulting in markedly decreased per
pound revenues to the individual fisherman (i.e. from $0.30
to $0.05 per pound). A large proportion of the suckers sent
to the East Coast had been processed into gefilte fish.
Changes in traditional ethnic lifestyles or increased
availability of acceptable substitutes helped shift the
demand for large quantities of Saginaw Bay suckers. From
1968 to 1979, annual landings of Saginaw Bay suckers
averaged approximately 120,000 pounds. Conversations with
Saginaw Bay fishermen reveal that most (i.e. from 50% to
75%) of the current sucker catch is returned to the water

due to the absence of a profitable sucker market. This



information, combined with historical sucker fishery catch
statistics, reveals a great potential for increased

utilization of Saginaw Bay suckers.

B. Purpose of this Investigation

This paper presents results of a two year investigation
designed to evaluate the population dynamics of Saginaw Bay
white sucker stocks. Samples of the commercial catch
revealed that white suckers éomprise more than 90% of the
total sucker catch in terms of numbers and weight from the
waters of eastern Saginaw Bay. Other sucker species present

in Saginaw Bay are the longnose sucker (Catostomus

catostomus) and the redhorse sucker (Moxostoma spp.).

Information concerning sucker growth and mortality is needed
to help estimate the potential for increased utilization of
these fish. This study was conducted in conjunction with
Michigan State University's Sea Grant-sponsored efforts to
stimulate the development of underutilized Great Lakes fish
via production of a frozen, mechanically deboned minced fish
product.

Aside from commercial fishery catch and effort data,
little information is available concerning the population
dynamics and abundance of Saginaw Bay suckers. In order to
evaluate the potential impacts of increased harvest levels
on population stability, baseline data is needed regarding:
(1) the size, age and sex composition; (2) age and size
specific growth and mortality rates and (3) the relative

magnitude of existing stocks. Prior to fishery development,
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levels of environmental contaminants in underutilized fish
should be determined to insure compliance with applicable
governmental health regulations.

The principal question addressed by this investigation
is, what are the potential limits on Saginaw Bay sucker
exploitation? Crutchfield (1973) cites an urgent need for
reasonably accurate yield estimates from latent or
underutilized fisheries prior to instigation of multiple
objective management policies. The delineation of a
reliable production function, relating measurable inputs to
corresponding outputs, is one of the most important aspects
of any resource developmenﬁ evaluation. Without an accurate
production function, application of biological and economic
management techniques is much more difficult. Much of the
present study involves attempts to relate fishing effort to
catch. Additional questions addressed by this study are:
(1) what are the magnitudes of the likely benefits to the
commercial fishery of increased sucker utilization and (2)
what are the levels of the common environmental
contaminants, DDT and PCB's, in the usable flesh of Saginaw
Bay suckers?

In addition to possible biological constraints, other
impediments to the enhanced development of the Saginaw Bay
sucker fishery are: (1) the short (less than two day) shelf
life of whole iced fish; (2) the large number of small y-
bones found in the edible flesh (fillets) of suckers and (3)

the generally poor reputation enjoyed by suckers and other
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rough fish species among the consuming public.
Establishment of a dependable and profitable market for
suckers would increase the annual landings of these fish and
help strengthen the local commercial fishery. A greatly
expanded and profitable market for suckers cannot be
established unless the existing impediments to sucker
fishery development are removed. The short shelf life of
iced whole suckers precludes their transport to distant
markets. The geographic scope of potential markets could be
broadened by adoption of suitable processing techniques
(e.g. smoking or mincing). Remediation of the y-bone
nuisance could be achieved by a mincing process (Michigan
State University, December 1975 and March 1978). A minced
product could be more readily packaged, stored, transported
and marketed than whole iced or frozen fish. With proper
marketing methods, negative consumer attitudes regarding

rough fish may be altered.

C. Methods

An ideal fish population dynamics investigation should
include a comprehensive mark and recapture study to
determine fish movements, distribution and estimates of
population density. In addition, timely and accurate catch
and effort data for each commercially harvested species must
be available. Funding constraints for this project ruled
out the possibility of any meaningful mark and recapture
program. Fortunately, a long term commercial fishery data

base is available for each principal species landed by
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Michigan commercial fishermen (Hile, 1962). These catch and
effort data, if interpreted carefully, allow an investigator
to calculate estimates of relative population abundance.
The analysis and interpretation of Saginaw Bay sucker
fishery catch and effort data is detailed in Chapter III.

Catch and effort data, along with basic cost and
revenue information furnished by individual operators, were
used to develop a rudimentary bioeconomic model of the
Saginaw Bay commercial sucker fishery. The logistic surplus
production model was utilized to estimate a production
function for this fishery. Some of the problems associated
with the bioeconomic analysis of multi-species fisheries,
particularly with regard to optimization of single species
harvest levels, are discussed in Chapter IV.

Previous work on samples of the commercial catch from
Lake Huron and Saginaw Bay (Zabik, et al, 1978) indicates
that the levels of the environmental contaminants, PCB's and
DDT, in suckers are within the 5 ppm allowable tolerance
limits established by the U. S. Food and Drug Administration
for these compounds. Continued monitoring of environmental
contaminant levels to insure compliance with applicable
health regulations is a necessary component of any fisheries
development effort. Samples of the commercial sucker
landings, stratified by sex and size, were obtained for
analysis of DDT and PCB's. Methods and results of these

analyses are presented in Chapter V.
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Representative samples of commercially caught suckers
from the east central portion of Saginaw Bay were obtained
from September 1979 through April 1981. Data from these
samples were used to determine the size, age and sex
composition and age-specific growth and mortality rates of
Saginaw Bay white suckers. Age-specific survival and
fecundity data were incorporated into a Leslie Matrix model
(Vaughan and Saila, 1976) in an effort to obtain estimates
of age 0 survival rates. Estimates of relative yield per
recruit were calculated for different, hypothetical rates of
fishing via a modification of the dynamic pool model
described by Beverton and Holt (1957). This model,
incorporating a linear age-weight function, was used to
estimate the relative susceptibility of Saginaw Bay sucker
stocks to different rates of exploitation. These efforts
are described in Chapter VI.

Chapter VII contains a summary of the biological and
economic analyses contained in Chapters III through VI. 1In
this section, recommendations for future management of
Saginaw Bay sucker stocks are discussed. Problems and
deficiencies in the analysis of sucker population dynamics
encountered in the preceding chapters are discussed along

with recommendations for future work.



CHAPTER II

Saginaw Bay

A. The Physical Setting

The following é¢description of the physical
characteristics of Saginaw Bay is taken from the monograph
by Beeton, et al, (1967). Saginaw Bay (Figure II-1) is a
large indentation on the western shore of Lake Huron (42 km
wide at the mouth between Point Aux Barques and Au Sable
Point and 82 km long from the midpoint of a line between
these points to the mouth of the Saginaw River). The bay
narrows to a width of 21 km between Point Lookout on the
west shore and Sand Point on the east shore. A broad shoal
at this constriction (between Charity Island and Sand Point)
effectively divides the bay into outer and inner zones. The
total area of 2960 km2 is divided about equally between the
two zones, but the outer zone is considerably deeper (mean
depth, 15.6 m, maximum depth, 40.5 m) than the inner zone
(mean depth, 4.6 m, maximum depth, 14.0 m) and contains
about 70% of the total volume of the bay. The volume of
water above the 5.5 m contour is only 32% for the outer bay,
but 80% for the inner zone. The east shore of the outer bay

is rocky; the west shore has extensive sandy areas, although

some rock and clay occur near Point Lookout. The shoal
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Figure II-1. Saginaw Bay (from Beeton, et al,
1967).
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around Charity Island and most of the points in the outer
bay are rocky. Tawas Point and Sand Point are sand spits.
The inner bay has extensive shallows. A broad sandy flat
extends southward from Wildfowl Bay. Another irregular
sandy flat extends from the Saginaw River along the west
shore to Point Au Gres. Several shallow spits off the
mouths of small rivers extend over this flat perpendicular
to the shore. The two large flats have extensive marshes
near shore. Coryeon Reef is a sand and gravel bar between
the shore southeast of the Saginaw River and the Charity
Islands. 1Its ridge is about 1.8 m below the surface and it
is separated over most of its length from the sandy flat
near shore by water deeper than 3.7 m. The bay has several
islands, the most prominent of which is Charity Island. A
group of marshy low-lying islands (North, Stony and
Katechay) lies southwest of Sand Point. These islands are
surrounded by marshy shallows from which there is no clear

line of demarcation.

B. Limnology

The most recent comprehensive limnological survey of
Saginaw Bay was a cooperative investigation by the Michigan
Department of Conservation and the U.S. Bureau of Commercial
Fisheries in 1956 reported upon by Beeton, et al, (1967).
Federal and State of Michigan monitoring of Saginaw Bay
tributary water quality has been sporadic over the past
twenty years and is summarized in the U.S. Environmental

Protection Agency's STORET data system (Freedman, 1974).
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Biological investigations of Saginaw Bay have focused on
fish (Carr, 1962, and Eshenroder, 1977) and benthic
macroinvertebrates (Schuytema and Powers, 1966, and
Schneider, et al, 1969). A summary of existing physical,
chemical and biological information on Saginaw Bay is
provided by Freedman (1974).

Beeton, et al (1967) report that water circulation
within the bay is generally counterclockwise, however,
surface circulation patterns are highly variable, depending
primarily on the direction of the prevailing winds. Winds
from the northeast, east and southeast produce a clockwise
'circulation Wwhereas winds from the northwest and west
generate a counterclockwise surface circulation. Little is
known concerning the direction of subsurface circulation
patterns within Saginaw Bay. The inner bay (mean depth, 4.6
m) becomes homothermous during late July, according to
Beeton, et al, (1967), whereas the outer bay (mean depth,
15.6 m) exhibits a more complex summer thermal
stratification, influenced by intrusions of Lake Huron
water. Dissolved oxygen concentrations vary according to
water temperature and wind velocity. Beeton, et al, (1967)
found dissolved oxygen concentration at 9 m in the inner bay
at a low value of about 70% of saturation after a period of
calm during mid-June. The pH of Saginaw Bay waters
increases from approximately 7.8 - 8.1 in June to about 8.4
in July, after which it gradually decreases to lower values.

Alkalinity varies from 110 - 125 ppm CaCO3 in the inner bay
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and from 90 - 110 ppm CaCO3 in the outer bay. A brief
summary of some major physicochemical parameters for Saginaw
Bay is listed in Table II-1.

According to Freedman (1974), large summertime blooms
of blue green algae are a common occurrence in Saginaw Bay.
These algal blooms have been attributed to increased
concentrations of phosphorus resulting from agricultural
activity in the Saginaw Bay watershed. Schneider, et al,
(1969) investigated the distributién and abundance of
benthic fauna in Saginaw Bay. These workers found that
oligochaetes and chironomids dominate the benthic fauna,
comprising approximately two thirds of the average standing
crop of 4.43 g/mz. The deeper portions of the inner and
outer bays and Wildfowl Bay were found to be the most
productive areas in terms of benthic fauna whereas the
shallow, sandy Coreyon Reef was the least productive zone.
Oligochaetes comprised 50% of the standing crop in the zone
closest to the mouth of the Saginaw River while chironomids
and amphipods dominated the benthos in the middle and outer
portions of the bay, respectively. Pronounced decreases in
observed numbers of burrowing mayflies (Hexagenia spp.)

occurred after the mid-1950's.

C. The Fishery

According to Beeton, et al, (1967), Saginaw Bay
supported a prosperous recreational fishery during the first
half of the 20th century and also produced about 40% of the

U.S. commercial catch from Lake Huron although it
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Table II-1-

Saginaw Bay Physicochemical Data

Parameter Value Source
Climate
type maritime Eshenroder (1977)
latitude (°N) g 43° 501
avg. max. temp. (°C)
July 28.6°
January 0312
annual precipitation 76.6 cm
growing season 218 days
Drainage basin 2
area 21000 km Freedman (1974)
human population
1940 0.6 million
1970 1.2 million
Effluent streams
mean discharge 3
8 largest streams 115 m3/s Freedman (1974)
Saginaw River 96 m>/s
Morphometry
length 83 km Beeton, et al,
width at mouth 42 km, (1967)
total area 2960 km
mean depth
inner bay 4.6 m
outer bay 15.6 m
maximum depth
inner bay 14.0m
outer bay 40.5 m 3
- volume 27 km
flushing rate 186 days
Chemistry
specific conductance
inner bay 469 umhos Beeton, et al,
outer bay 253 umhos (1967)
Saginaw River mouth 800 umhos
Lake Huron proper 174 umhos
alkalinity
inner bay 110-125 ppm CaCO3
outer bay 90-110 ppm CaCO
pH 3
June 7.8-8.1
July 8.4
phosphorus (total)
inner bay 0.041 ppm

outer bay 0.018 ppm
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constituted only 5% of the total area of Lake Huron's U.S.
waters. During this period the commercial fishery depended
upon abundant stocks of lake herring, walleye pike, yellow
perch and lake whitefish. Of these species, only yellow
perch are currently taken in appreciable quantities by
commercial fishermen. The most widely distributed species
of fish within Saginaw Bay, according to Carr (1962), are
alewives, rainbow smelt, yellow perch and white suckers.
Approximately 74 species of fish are known to occur in the
bay. At present, Saginaw Bay commercial fishermen rely upon
harvests of channel catfish for the major portion of their
incomes. Carp, yellow perch, sheepshead (Aplodinotus

grunniens), quillback, (Carpiodes cyprinus) and lake

whitefish are the other principal commercially harvested
species.

Saginaw Bay is a productive, enriched body of water
which supports a thriving recreational fishery and a small,
declining commercial fishery. The vast potential of this
body of water for fish production was heavily exploited
during the latter portion of the 19th century and up through
the first half of the 20th century. Changes in the species
composition of the fishery have markedly diminished the
commercial utilization of the bay's fish producing
capability. The future of the commercial fishery hinges
upon carefully regulated efforts to capitalize upon the
bay's productivity through increased exploitation of

underutilized species. Management goals for Saginaw Bay's
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latent fisheries should consist of a mixture of biological,
economic and social objectives designed to enhance the
productive capacity of existing stocks and the region's
economic and social well-being. Prior to formulation of an
underutilized fishery management policy, we need to know the
fishery yield potential. Chapter III is concerned with this

problem.






CHAPTER III
Catch and Effort Data Analysis

A. Introduction

The distribution and abundance of commercially
exploited fish populations depend upon a set of n
genetically regulated physiological and behavioral rate
variables, rk(t), k = 1,...,n, which determine a
population's ability to respond to changes in environment
(biotic and abiotic) and level and pattern of exploitation.
Some examples of these rate variables, rk(t), are: age,
size and sex specific growth and mortality; age and size
specific fecundity; recruitment; immigration and emigration.
The study of fish population dynamics includes obtaining
reasonably accurate measurements of these variables and
relating this information to past, present and projected
future levels of population abundance. Much of the data
used to determine the dynamics of commercially exploited
fish populations is acquired from: mark and recapture
studies; samples obtained from research vessel surveys and
commercial landings; and commercial fishery catch and effort
records.

The acquisition of biological data constitutes the

most costly portion of any fish population dynamics

21
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investigation. Most studies of the dynamics of commercially
exploited fish populations depend, therefore, to a large
extent, upon the information contained in the records of

total landed catch, C and nominal effort, f provided at

t’ t’
little cost by the commercial fishery. With reliable catch

and effort statistics, estimates of relative population

abundance can be inferred from the ratio of total catch, Ct’

to total effort, ft‘ The accuracy of population abundance
estimates calculated from catch per unit effort analyses
depends, among other things, upon the degree to which

records of: (1) total landed catch, C reflect actual

t’

catch and (2) nominal effort, f reflect actual fishing-

t’
induced mortality.

B. The Basic Theory of Catch and Effort Data Analyses

The change in stock biomass due to mortality during

the time interval, At, is given by,

IIT-1 dB(t)/dt -[M(t) + F(t)] B(t),

where: B(t) = stock biomass at time t
M(t) = instantaneous rate of natural mortality
F(t) = instantaneous rate of fishing mortality.

In practice, M(t), the instantaneous rate of mortality
attributable to all factors other than fishing (e.g.
predation, disease, parasitism, senescence, etc.) and F(t),
the instantaneous rate of mortality attributable to the
effects of fishing, are regarded as constants during the
time interval, 4t. This is a lumped parameter model which

assumes that each unit of biomass within the exploitable
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portion of a given population is subject to the same rates
of mortality, M(t) and F(t), during a given time interval,a
t.
The solution to equation III-1 when M(t) and F(t) are
constant during time, aAt, is given by,
e-(M + F)At’

III-2 Bt = B0

stock biomass at to

where: Bt

B stock biomass at t.

0
The exponential expression in equation III-2 is the

probability (S) that a unit of biomass in the portion of the
population which is vulnerable to exploitation will survive
to the end of the time interval, a t, or
I11-3 S = e~ (M + F) 2t
Conversely, the probability (A) that a unit of biomass in
the exploitable portion of the population will succumb to
the forces of mortality during time, 4 t, is
ITI-4 A=1-8z=1-¢e M+ Pt

The proportion of total removals due to fishing during
time, at, is given by, |
III-5 u = FA/(M + F),
where u is referred to as the rate of exploitation.
Theoretically, total removals due to fishing (i.e. total
catch Ct) during time, 4t, equal the rate of exploitation,
u, multiplied by the size of the stock present at the

beginning of the time interval or,

II1I-6 C, = uB

£ = FABO/(M + F) = F(1 - S)BO/(M + F)

e-(M + F) st

0
F[(1 -

]BO/(M + F).






2L

Now, in accordance with equation III-2, we know that stock
biomass decreases exponentially during time, At. By
integrating equation III-2 with respect to time we obtain an

estimate of mean stock biomass during time, at,

III-7 B, = B.[1 - e~ M+ Fdaty oy .y,

t 0
Substituting equation III-7 into equation III-6 leads to the

following expression for total catch, C during time, aAt,

t’

II1-8 Ct = uBo

F, the instantaneous rate of fishing mortality, is usually

= FBt'

assumed to be directly proportional to the amount of nominal

fishing effort, f applied to the fishery during time, a4 t,

£
III-9 F = qft'
The proportionality constant, q, in equation III-S is
referred to as the catchability constant or the probability
that a given unit of fish biomass within the exploited
portion of a population will be captured by a unit of
nominal fishing effort, f, during time, 8at. The units of q
are in terms of £ '.

A production function is a mapping which relates a set
of identifiable, measurable inputs (e.g. land, labor,
capital, management) to a corresponding set of identifiable,
measurable outputs (i.e. goods or services). Perhaps the
simplest model of a fishery production function is given by
the following equation,

III- 10 C, = Q(ft,'é‘t)_

In this equation, total catch, C during the time interval,a

t’
t, is hypothesized to be a function of the total amount of
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nominal effort exerted by the fishery, ft’ and the average

size of the exploitable portion of the population, B, In

£
economic analyses of commercially exploited fisheries, the
function, Q(ft;Et)’ is sometimes represented in the
following form (Clark, 1976).
I11-11 ¢, = a(£,) (5",
where q is the catchability constant and a and b are
positive constants.

The well-known assumption that the ratio of catch per
unit effort, Ct/ft’ is directly proportional to the mean
size of the vulnerable portion of the population present

during the period when fishing takes place, B is described

£?
by Beverton and Holt (1957). This assumption leads to the
following formulation of equation III-11,
III-12 C, = a(f ) (BY),
where the constants a and b in equation III-11 are both set
equal to one. Equation III-12 is also derived by
substituting equation III-9 into equation III-8.

A more general form of a fishery production function,
Q(ftfﬁt), is given by,
III-13  C, = Q(f,By) = q,*(f)3(B)°,
where catchability, q, is a time varying function and x, a
and b are positive constants. The analytical difficulties
involved in estimating the parameters of equation III-13 are
formidable, so most catch and effort data analyses use

equation III-12 to describe the short term production

function of a commercially exploited fishery. Equation III-
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12 represents the catch, C obtained during time, 4t, by

I
applying ft units of effort to the fishery. Long term
fishery production functions incorporate specific
assumptions about stock biomass growth (e.g. logistic growth
models) to help describe the assumed long term equilibrium

relationships between and among catch, Ct’ effort, f and

t?
stock biomass, Bt' An example and discussion of a long term
fishery production function is contained in Chapter IV.
Nominal effort, ft' measured in terms of standardized
gear lifts or sets, is not a unidimensional measure of
effective fishing mortality, F, as may be erroneously
inferred from equation III-9. Nominal effort, ft’ is a
function of several variables, each of which plays an
important role in determining the effective rate of fishing
mortality exerted upon an exploited population during time,
t. For example, ft can be represented by,
III-14 £, £(8y,eeergy)e

Some of these variables, g T 420 D yerer oy lliy FATEE size,

i’
capacity and power of the fishing vessels; knowledge and
experience of the crews; selectivity of the fishing gear;
and per unit harvest costs and prices. The enumeration and

quantification of these effort variables, g along with the

it
determination of their exact relationship to effective
fishing effort, F, would involve an exceedingly complex form
of economic input analysis, the scope of which is probably
not justified by the value of most fisheries. Equation III-

14 indicates that the assumption of a constant effective
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fishing mortality rate, F, may be unrealistic for long time
periods. The potential difficulties and costs associated
with a multi-dimensional analysis of fishing effort lead
most fisheries investigators to conditionally accept the

assumption that nominal effort, f is a reliable measure of

t?
effective fishing mortality, F(t). This assumption will be
adopted for the purpose of the present analysis.

In addition to the assumption of constant catchability,
q, some additional assumptions upon which equation III-12 is
based are: (1) instantaneous fishing and natural
mortalities occur uniformly throughout the year and from
year to year; (2) fish in the exploitable portion of the
population are uniformly distributedithroughout the area of
exploitation and (3) individual fishing vessels and units of
fishing gear are distributed so they are not in direct
physical competition with one another.

Mean exploitable population size, Bt’ present during

the time interval covered by available catch, C and

t’
nominal effort, ft’ data can be calculated from equation
III-12 provided a reasonably reliable estimate of

catchability, q, can be obtained.

C. The Leslie Model

If a population is fished until enough fish are removed
to significantly reduce the catch per unit effort ratio,
Ct/ft’ then estimates of catchability, q, and initial
population size, BO, can be obtained from the following

relationship between catch per unit effort and cumulative
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catch, Kt (cf. Seber, 1973, and Ricker, 1975).
III-15 Ct/ft = th.
The population, Bt’ present during the period covered by
available catch and effort data can be equated to the
initial population, BO’ minus the cumulative catch, Kt’ or
III-16 Bt = B0 - Kt'

By substituting equation III-16 into equation III-15 we get,

III-17 Ct/ft = q(Bo - Kt) = qB, - qK

0 t°
Equation III-17 indicates a negative linear relationship
between catch per unit effort, Ct/ft, and cumulative catch,

K with slope, -q, and y-intercept, qBo. This model was

t?
first introduced by Leslie and Davis (1939) and subsequently
modified by Braaten (1969). The reliability of this method
of determining catchability, q, and initial population
abundance, Bo depends upon the following assumptions: (1)
the population is closed with respect to recruitment,
natural mortality and migrations, or equivalently, these
processes are in equilibrium; (2) catchability, q, is
constant for all sizes of fish appearing in the catch
throughout the time period covered by available catch and
effort data; (3) catch and effort records are completely
reliable; (4) fishing effort is randomly distributed
throughout the range of the population; (5) individual units
of fishing effort are independent; (6) the entire catch or
most of the catch is captured by the same type of fishing

gear and (7) there is no variation in catching efficiency

between and among the various units of fishing gear employed



29

by the fishery. The range and severity of the above
restrictions greatly reduce the applicability of the Leslie
method to commercial fishery population dynamics studies.
Despite these severe limitations, however, the Leslie and
other similar methods of population enumeration can be used
to obtain rough estimates of catchability and mean
population size for those fisheries in which: (1)
catchability, q, ié reasonably constant; (2) catch and
effort records are fairly reliable and (3) the fishery is:

dominated by a single, uniform type of fishing gear.

D. Sources of Commercial Fishery Catch and Effort Data

Since 1929, Michigan's Great Lakes commercial fishermen
have been required to submit detailed monthly reports to the
Michigan Department of Natural Resources describing, on a
daily basis, the total landed weight of each species
harvested along with the total number of units of effort
employed by each type of fishing gear. A comprehensive
description of the current Great Lakes commercial fishery
catch and effort data reporting system is provided by Hile
(1962).

According to Hile and Buettner (1959), about 70% of the
total Saginaw Bay sucker landings from 1929 to 1956 were
obtained with shallow trap nets (i.e. trap nets fishing in.
water less than 20 feet in depth). During the period from
1960 to 1979, approximately 90% of all commercially landed
suckers from Saginaw Bay were captured by shallow trap nets.

After the commercial use of gill nets was banned in the
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early 1970's, the Saginaw Bay commercial fishery for all
species has been exploited almost exclusively by means of
shallow trap nets. One unit of nominal effort for this gear
corresponds to one net lift.

A uniform analysis of catch and effort data requires
that all noﬁinal effort from all types of gear (if more than
one type of gear is employed) be standardized against a
specific gear (usually the gear which consistently captures
more fish than any other type of gear). Prior to analysis
of Saginaw Bay sucker fishery catch and effort data, all
reported effort was standardized against the shallow trap
net as follows,

ITII-18 f

(C (£ 7(C)),

t
where: ft = total (standardized) effort
Ct = total catch from all types of gear
fs = total number of units of standard effort

(i.e. total number of shallow trap net
1lifts)
Cs = total catch obtained with the standard gear.
No single gear utilized by any given fishery is likely
to be entirely non-selective with respect to the size, sex
or age composition of a particular exploited population.
Therefore, when obtaining fish samples from the commercial
catech for purposes of size, sex and age composition
analyses, sampling effort should be stratified, if possible,

according to the various types of gear used to capture the

species under investigation. Calculations of catch indices,
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population estimates, growth rates and mortality rates can
be biased if all fish sampling is restricted to a single
size selective gear.

According to Patriarche (1968), stationary trapping
devices are usually selective with respect to the species
and sizes of fish they capture and retain. Latta (1959)
found the vulnerability of white suckers to trap net capture
increased with increasing fish size, however, Laarman and
Ryckman (1980) reported that trap net size selectivity was
not evident for this same species. Patriarche (1968),
observing that good estimates of population dynamics
parameters can be systematically biased if certain species
exhibit strong tendencies to escape confinement, found that
28% of the total number of white suckers initially captured
had escaped from experimental trap nets within 48 hours.
The tendency of suckers to escape from trap net confinement
is corroborated by Saginaw Bay commercial fishermen, who
observe that the absence of suckers in a given trap net's
catch often indicates the presence of a hole in the net.
Captured suckers work so persistently in exploring possible
openings in the trap nets' pot end (i.e. confinement area)
mesh that they often abrade away the papillose flesh of
their snouts and lips. This phenomenon of snout abrasion is
particularly evident in suckers obtained from trap nets
which have been set for prolonged periods (e.g. more than 5
days) between lifts.

Since the Saginaw Bay sucker fishery is prosecuted
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almost exclusively by means of shallow trap nets, any size
selective bias for suckers inherent to this gear plus any
marked tendency for these fish to escape confinement could
significantly bias estimates of population parameters
calculated from trap net samples. Determination of possible
size selectivity or escape tendencies could be assessed via
limited mark and recapture studies. In the absence of such
information, the assumption must be made that estimates of
growth and mortality rates obtained from samples of the trap
net catch are representative only of that portion of the
stock which is most vulnerable to trap net capture and
confinement.

Saginaw Bay commercial sucker fishery yearly catch and
effort data for the period from 1929 to 1956 were obtained
from the monograph by Hile and Buettner (1959). Monthly
catch and effort report summaries for the period from 1960
to 1979 were obtained from the Michigan Department of

Natural Resources' Fisheries Division, Lansing, Michigan.

E. The Saginaw Bay Sucker Fishery

1. Background .

For purposes of commercial fishery catch and effort
data reporting, the area designated as Saginaw Bay, Lake
Huron Statistical District MH-4 (Figure III-1), extends into
a wedge-shaped region of Lake Huron proper (Smith, et al,
1961). The adjacent open-lake waters of Lake Huron were
included in the Saginaw Bay district, according to Hile

(1962), to separate the whitefish grounds off the mouth of
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Figure III-1. Lake Huron Statistical Catch
Districts (from Smith, et al, 1961)
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the bay from the more northerly grounds of the Oscoda area
and the southerly grounds of the Harbor Beach region.
Almost no suckers are taken from the deep waters of this
wedge-shaped region, therefore, reported catch and effort
statistics correspond almost exactly to the 2960 km2 area of
Saginaw Bay described by Beeton, et al, (1967).
Multi-species fisheries present a perplexing set of
problems to any investigator studying the population
dynamics of a particular species' population within such
fisheries. The Saginaw Bay trap net fishery is a relatively
non-selective harvester of an assemblage of different
species including: channel catfish; yellow perch; carp;

suckers; lake whitefish; sheepshead (Aplodinotus grunniens);

quillback (Carpiodes cyprinus); black crappies (Pomoxis

nigromaculatus); white bass (Morone chrysops) and others.

The fishery has some ability to target on desired species
(e.g. yellow perch and lake whitefish) during specific times
of the year. At present suckers represent an incidental
catch and are not specifically sought by commercial
fishermen. The species composition of the commercial catch
varies according to the seasons. For example, 1lake
whitefish, yellow perch and suckers are most available to
the fishery in the early spring and late fall whereas carp,
sheepshead and quillback are most available during the warm
summer months. Availability, as used here, is a term which-
refers to that portion of a given stock which is actually

vulnerable to a fishery during a particular time. If a






35

species' vulnerability to the fishery varies during
different times of the year (e.g. due to temperature-induced
behavioral movements), then changes in relative abundance
indices (e.g. Ct/ft) from season to season within a given
year are probably unreliable indicators of changing
population abundance. In such instances only yearly
relative abundance indices are likely to be of any value in
assessing population abundance. A particularly vexing
problem associated with the analysis of Saginaw Bay sucker
fishery catch and effort data is that, due to the poor
market for these fish, reported landings are usually a
subset of the actual catch. The reliability of catch per
unit effort indices calculated from such data is
questionable unless it can be assumed that a reasonably
constant proportion of the actual catch is landed throughout
the fishing season from year to year. With such problems in
mind, we will cautiously proceed with an analysis of Saginaw

Bay commercial sucker fishery catch and effort data.

2. The Sucker Fishery, 1929 to 1956

An excellent description of the Saginaw Bay commercial
fishery for all major species harvested during the period
from 1929 to 1956 is provided by Hile and Buettner (1959).
Up until the mid-1940's, the principal species harvested by
the fi§pery were lake herring, walleye, suckers, carp énd
yellow perch. Changes in the species composition of the
Saginaw Bay fishery paralleled similar changes which

occurred throughout the Great Lakes since the early 1940's.
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Declining abundances of highly valued species (e.g. lake
herring and walleye) contributed to corresponding reductions
in the size of the commercial fishery (cf. Figure III-2).
From the group of highly prized species harvested in
abundant quantities during the early part of the 20th
century, only yellow perch were caught in commercially
significant amounts by the mid-1950's. Increased abundances
of carp, channel catfish and suckers were observed after the
mid-1940's, however, these species remained underutilized
due to the absence of sufficiently profitable markets.

For the Great Lakes fisheries, according to Hile
(1962), the period from 1929 to 1943 is regarded as the so-
called base or reference period of abundance for all
commercially harvested species. During this time, the
abundances of the principal commercially harvested species
populations were considered relatively stable. An index of
relative abundance for a given species can be calculated by
dividing each year's catch per unit effort ratio, Ct/ft’ by
the base period's mean catch per unit effort for that
species in a particular catch district. The resulting
abundance index, when multiplied by the amount of nominal
effort, ft’ expended during a given year, provides a measure
of the expected catch for that year (i.e. the catch that

would result if the abundance of the current year's stock
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Figure III-2. Participation in the Lake Huron
Commercial Fishery (U.S. Waters, 1960-1976).
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were equal to the abundance of the stock during the base
period). The assumption of constant catchability, q, is
implicit in this particular measure of relative abundance.

The years from 1929 to 1956 can be divided into two
separate periods, one of lower abundance, from 1929 to 1945,
and one of higher abundance, from 1946 to 1956. Table III-
1, Table III-2, and Figure III-3 contain summaries of catch,
o

effort, f and catch per unit effort, Ct/ft, statistics

t? t’
for these years. The mean catch per unit effort from 1929
to 1943 (i.e. the base period of abundance) was
approximately 27.7 pounds of suckers per shallow trap net
1lift. Figure III-4 depicts the abundance of Saginaw Bay
suckers as a percentage of mean 1929 to 1943 catch per unit
effort. A period of slightly decreasing relative abundance
from 1929 to 1945 is followed by a period of steadily
increasing relative abundance from 1946 to 1956.
Equation III-12 can be rewritten as,

ITII-19 C, = th
which suggests that a simple linear regression of total

ft = b(ft) )

catch, C versus nominal effort, f forced through the

t? t?
origin will yield an estimate (i.e. the slope parameter, b)

of mean biomass, B multiplied by catchability, q. The

t’
regression of Ct on ft for the 1929 to 1945 period resulted

in the following,

- - . p2
III-20 C, = b(f) = 26.9(f )5 r® = 0.97.

If an independent estimate of catchability, q, could be

obtained, we could estimate B simply by dividing the slope

t



39

Table III-1
Saginaw Bay Commercial Sucker Production

(1929-1956) %

Year Catch (1bs) Effort Catch Per Effort
*

Ct ft* Ct/ft
1929 1193000 36000 33.1
1930 1687000 53000 31.8
1931 1183000 . 47000 25.2
1932 1292000 36000 35.9
1933 1069000 32000 33.4
1934 1136000 33000 34,4
1935 803000 40000 20.1
1936 936000 39000 24.0
1937 922000 38000 24.3
1938 780000 29000 26.9
1939 748000 30000 24.9
1940 880000 31000 28.4
1941 820000 29000 28.3
1942 683000 31000 22.0
1943 892000 36000 24.8
194y T40000 37000 20.0
1945 813000 39000 20.8
1946 1214000 34000 35.7
1947 932000 26000 35.8
1948 821000 24000 34,2
1949 630000 19000 33.2
1950 642000 18000 35.7
1951 904000 19000 47.6
1952 941000 21000 44,8
1953 971000 23000 2.2
1954 1060000 19000 55.8
1955 889000 17000 52.3
1956 536000 14000 38.3

* Source: Hile and Buettner (1959)

%¥* Standardized Effort, f,_ = (Ct)(fs)/(Cs)

t
where: Ct = total catch from all types of
gear
fs = total effort with standardized
gear

Cs = total catch with standard gear

Note: One unit of standardized effort equals one shallow
trap net 1lift.
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Table III-2
Saginaw Bay Sucker Fishery

Summary Statistics, 1929-1956%

Statistics 1929-1945 1946-1956
Ct range (1lbs) 683000~ 536000~
1687000 1214000
Ct 975000 867000
°c, 258000 200000
f, range (shallow 29000~ 14000~
trap net 1lifts) 53000 34000
?t 36200 21300
°f, 6400 5400
Ct/ft range (lbs.per 20.0- 33.2-
trap net lift) 35.9 55.8
Ct/ft 26.9 41.5
C./f, | 5.1 7.7

*Data source: Hile and Buettner (1959)

1929-1956

536000~
1687000

933000
239000

14000~
53000

30400
9500

20.0-
55.8

32.6
9.5
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Figure III-3. Saginaw Bay Commercial Sucker
Production (1929-1956).
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parameter, b, calculated from equation III-19 by q.

One of the first steps undertaken when examining a time
series of commercial fishery catch and effort data is the
calculation of the following simple linear regression,

ITI-21 C, = a + b(ft)'

t
A significant positive correlation between catch, Ct’ and

effort, f indicates that the stock under examination has

£
not been-overexploited since, according to Ricker (1975),
catch can only increase with an increasing effort if there
are reserves of stock to draw upon. Equation III-21,
applied to the 1929 and 1945 catch and effort data series
resulted in the following,

2

I1I-22 C, = 1896.69 + 26.86(ft); r°~ = .45; r = .67%

t
(p = .01).
According to Ricker (1975), a large significant

correlation between catch, C and effort, ft, indicates

£
that the rate of exploitation, u, has been less than 75%
over most or all of the range of efforts represented by the
data. Recall equation III-5,
III-5 u = FA/(F + M) = F(1 - 8)/Z = F(1 - 3)/(1n S).

u represents the fraction of the total mortality rate,
A, attributable to fishing. The upper tound for u, then, is
the value of A. By definition, total instantaneous
mortality rate, Z, equals F + M, and survival, S, equals
Ezat, during time, 4t. For the sake of convenience, assume

that the duration of the time period, 4t, is equal to one.

Previous investigations of the dynamics of white sucker
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populations (e.g. Geen, et al, 1966 and Coble, 1967) plus
the present investigation (Chapter VI) indicate that annual
white sucker survival rate (S) ranges from 0.50 to 0.75.
Taking natural logarithms, we find that Z ranges from
approximately .228 to .693. We are now in a position to
calculate rough point estimates of instantaneous fishing

mortality rate, F.

Case (1)

Assume annual survival rate, S, equals .50. Then, A

1 - S = .50. The upper bound for rate of exploitation, u

.50. Rearranging equation III-5 we solve for F as follows,
III-23a F = u(F + M)/A = u(1lnS)/(1 - S)
= .50(.693)/(1 - .50)
= .693.
Now, since for S = .50, 1nS = Z = F + M = .693, equation
ITII-23a implies that all mortality is attributable to
fishing.
If u = .35, we obtain,
IIT-23b F = u(F + M)/A = u(lnS)/(1 - 3)
= .35(.693)/(1 - .50)
= .u485.
If u = .20, we obtain,
III-23c F = u(F + M)/A = u(lnS)/(1 - 3)
= .20(.693)/(1 - .50)
= .277.
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Case (2)
If annual survival rate, S, equals .625, then A = 1 -
= .375. The upper bound for rate of exploitation, u = .375.

Solving equation III-5 for F we obtain,

III-24a F = u(F +M)/A u(lns)/(1 - 8)

.375(.470)/(1 - .625)
= .470.

If u = .250, we obtain,

III-24b F = u(F + M)/A u(ln8)/(1 - 3)

.250(.470)/(1 - .625)
.313.

If u = .125, we obtain,

III-24c F = u(F + M)/A

u(lnsS)/(1 - S)
.125(.470)/(1 - .625)

= .157.

Case (3)

Assume annual survival rate, S, equals .75. Then, A

1 - S = .25. The upper bound for rate of exploitation, u

.25. Solving Equation III-5 for F we obtain,

III-25a F = u(F + M)/A (InS)/(1 - S)
.25(.288)/(1 - .75)

= .288.

If v = .175, we obtain,

ITII-25b F = u(F + M)/A u(lns)/(1 - S)

.175(.288)/(1 - .75)

= .202.
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If u = .100, we obtain,

III-25¢ F = u(F + M)/A u(lns)/(1 - 9)

.100(.288)/(1 - .75)

= .115.

Equation III-23a represents our worst assumptions about
survival and exploitation rate while equation III-25c¢
represents our best assumptions about these parameters.

By rearranging equation III-9 we can solve for the
catchability constant, q, as follows,

II1-26 q = F/ft'

If we substitute mean effort, F; = 36,200 trap net 1lifts,
during the 1929 to 1945 period into equation III-26 along
with each of the values for F obtained from equations III-23
through III-25 we obtain a range of possible estimates for
catchability, q. Table III-3 contains a summary of these
catchability estimates which range from q = 3.18 x 10'6 to q
= 1.91 x 10'5. These estimates for q, coupled with the
result of equation III-20, enable calculation of rough point

estimates of mean biomass, Bt’ ranging from Bt = 1,408,000

= 8,459,000 pounds (Table III-3).

pounds to Bt

Application of Leslie's model (equation III-17) to the
1929 to 1945 catch and effort data resulted in the
following,

aB, - qK, = 33.5044-.000000715(K ); r® = .42

III-27 Ct/f‘t

where: q

7.15 x 10-7 llft-l

B, = qBo/q = 46,845,000 pounds.

0
Recall that the prerequisite for application of the Leslie
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Table III-3
Catchability and Mean Biomass Estimates

(1929-1945)

Equation F Estimate q = F/Fi* §t = b/q**
I1I-23a .693 1.91 x 10°° 1408000
III-23b .485 1.34 x 10°° 2007000
I1I-23c 277 7.65 x 1070 3516000
TII-24a 470 1.30 x 1072 2069000
III-24b .313 8.65 x 10~° 3110000
III-2kc 157 4.3 x 1070 6198000
III-25a .288 7.96 x 1070 3379000
III-25b .202 5.58 x 10~° 4821000
III-25¢ 115 3.18 x 1070 8459000
* Ft = 36,200 trap net lifts

**¥ b = 26.9 (see equation III-20)
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model is that enough fish must be removed from the
population to significantly reduce the catch per unit effort
ratio, Ct/ft' Examination of the catch per unit effort
column in Table III-1 reveals no obvious, consistent decline
in Ct/ft. This indicates that the fundamental prerequisite
necessary for application of the Leslie model has not been
met. The estimate of catchability, q, obtained from
equation III-27 appears to be an underestimate (compared to
q estimates listed in Table III-3), the effect of which
results in an overestimate of mean stock biomass, E;.

The regression of Ct versus ft’ forced through the
origin, for the 1946 to 1956 period resulted in the
following,

III-28 €, = 40.0(f); r® = 0.97.

Equation III-21 applied to the 1946 to 1956 catch and
effort data resulted in,

IT1-29  C, = 297694.46 + 26.78(f,); r? = .53; r = .73%
(p = .05).

The significant correlation between C, and ft for the 1946

t
to 1956 period indicates the sucker stocks were probably not
overexploited.

If we substitute mean annual effort, ?£ = 21,300 trap
net lifts, during 1946 to 1956 into equation III-26 along
with each of the values for F obtained from equations III-23
through III-25 we obtain a range of possible catchability

estimates. Table III-4 contains a summary of these

estimates which indicates catchability ranges from q = 5.40
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Table III-4

Catchability and Mean Biomass Estimates

(1946-1956)

5

-5

-5

-5

-5

-6

-5
-6

-6

Equation F Estimate q= F/f;*
II1I-23a .693 3.25 x 10~
I1II-23b .485 2.28 x 10
III-23c 277 1.30 x 10
III-24a .470 2.21 x 10
III-24b .313 1.47 x 10
III-24c .157 7.37 x 10
III-25a .288 1.35 x 10
III-25Db .202 9.48 x 10
III-25c .115 5.40 x 10
* E; = 21,300 trap net lifts

** b = 40.0 (see equation III-28)

R = * %
Bt b/q

1231000
1754000
3077000
1810000
2721000
5427000
2963000
4219000

7407000
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6

x 10~ to q = 3.25 x 1072,

These estimates for q, coupled
with the result of equation III-28, enable calculation of

rough point estimates of mean stock biomass, B ranging

)
from 1,231,000 pounds to 7,401,000 pounds (Table III-U4).

Application of the Leslie model kequation III-17) to
the 1946 to 1956 catch and effort data failed to result in a
model of the proper form (i.e. with a negative slope
parameter,-q).

In the above analyses of catch and effort data for the
periods, 1929 to 1945 and 1946 to 1956, we have seen how the
assumption of a constant instantaneous total mortality rate,
Z, necessary for calculating point estimates of F via
equations III-23 through III-25, resulted in higher
estimates of catchability, q, during the latter period than
for the earlier period. The apparent increase in relative
abundance during 1946 to 1956 (as measured by the increase
in mean catch per unit effort over the previous period)
could be a result of increased trap net catchability, which,
in turn, results in lower estimates of mean population

biomass, B during 1946 to 1956 than during 1929 to 1945.

£
Whether or not such an increase in trap net catchability
actually occurred from one period to the next is a matter
for conjecture, however, such an idea may be given some
credence by the fact that more nets with nylon mesh were
used during 1946 to 1956 than during 1929 to 1945, when the

mesh of most nets was made from cotton or linen fibers.

Different types of fibers exhibit different catchabilities.
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Since nylon is stronger and more durable than natural
fibers, nylon nets may possess greater catching potential

than natural fiber nets.

3. The Sucker Fishery, 1960 to 1979

The Saginaw Bay sucker fishery during the years from
1960 to 1979 can be divided into two periods, one of higher
relative abundance, 1960 to 1967, and one of lower relative
abundance, 1968 to 1979. Table III-5 and Table III-6

contain summaries of catch, Ct’ effort, f and catch per

t’

unit effort, C_,f statistics for these years. Figure III-

t/° e
5 depicts the declining sucker catch from 1960 to 1979.
Figure III-6 shows the relative abundance of Saginaw Bay
suckers during 1960 to 1979 expressed as a percentage of
mean 1929 to 1943 catch per unit effort. A period of
steadily decreasing relative abundance from 1960 to 1967 is
followed by a more or less stable period of relative
abundance from 1968 to 1979.

During 1960 to 1967, 84.5% of the total sucker catch
was taken with shallow trap nets, 7.3% was harvested with
haul seines, 3.6% was taken with fyke or hoop nets and 4.6%
was harvested by a mixture of other, miscellaneous gears.
Table III-7 contains a monthly summary of total reported
catch, Ct’ and nominal effort, ft, during 1960 to 1967. 1In
terms of total landed catch, the fishing year for this
period can be divided into the following quarterly intervals

(the percentage of the total catch harvested during each

quarter is contained in parentheses); December - February
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Table III-5
Saginaw Bay Commercial Sucker Production

(1960-1979)*

Year Catch (1lbs) Effort Catch Per Effort
Ce £, Ct/ft
1960 378700 9350 40.5
1961 517300 10540 49.1
1962 662800 9250 71.7
1963 472100 6730 70.1
1964 392800 6770 58.0
1965 353400 6330 55.8
1966 299300 6040 49.6
1967 219500 5000 43.9
1968 148900 4310 34.5
1969 123200 3740 32.9
1970 137700 3670 37.5
1971 132400 3620 36.6
1972 90600 3640 24.9
1973 144700 4540 31.9
1974 110600 4210 26.3
1975 108600 4360 24.9
1976 124800 3750 33.3
1977 98400 2950 33.4
1978 132000 3480 37.9
1979 107600 2590 41.5

*Source: Mich. Dept. Nat. Res., Fish. Div.
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Table III-6
Saginaw Bay Sucker Fishery

Summary Statistics, 1960-1979%

Statistics 1960-1967 1968-1979 1960-1979
C, range (1bs) 219000~ 90600- 90600~
662800 148900 662800
’c't 412000 121600 237800
¢, 137500 18500 168700
ft range (shallow 5000~ 2590- 2590~
trap net 1ifts) 10540 4540 10540
£ 7500 3740 5240
1 1950 570 2270
C“/ft, range (1lbs 40.5- 24,9~ 24.9-
3 per trap net 71.7 41.5 71.7
1ift)
¢/t 54.8 33.0 41.7
S
C/f 11.4 5.3 13.6

* Data source: Mich. Dept. Nat. Res., Fish. Div.
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Figure III-5. Saginaw Bay Commercial Sucker
Production (1960-1979).
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Figure III-6. Saginaw Bay Sucker Abundance (1960-1979)
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January
February
March
April
May

June
July
August
September
October
November
December

z
Ct

Month

January
February
March
April
May

June
July
August
September
October
November
December

z
£y

* Source:

Catch (1lbs)

Ct
77248
115375
402814
515445
522142
211581
64292
52613
483029
449336
338267
63615

3295757

Standardized
Effort

ft
1458
1481
3728
7366
7772
4414
2030
1290
8146
13089
10296
1817

62887

Mich. Dept.
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Table III-7

Saginaw Bay Monthly Catch and Effort Data

(1960-1967)

Catch Range Ct/ZCt
(1bs)
100~ 16605 2.
5635- 29801 3.
20684~ 94933 12.
18068-177428 15.
21887~ 12552 15.
5636- 4T7UST 6.
3218- 14874 2.
912- 20301 1.
21610- 79989 14,
29296~ 82651 13.
13905- 77130 10.
38- 18362 1.
Effort Range ft/gft
(trap net lifts)

TU- 336 2
136- 309 2
191~ 725 5.
381-1400 11.
619-1259 12.
107- 794 7.
173- 430 3.

50- 377 2.
412-1335 13.
933-2615 20.
203-3141 16.
213- 655 2.

Nat. Res., Fish. Div.
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X
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100

100




57

(7T.7%); March - May (43.6%); June - August (10.0%) and
September - November (38.6%). Similarly, in terms of the
amount of nominal effort expended, the fishing year can be
divided into the same quarterly intervals (the percentage of
total effort expended is contained in parentheses):
December - February (7.6%); March - May (30.0%); June -
August (12.3%) and September - November (50.2%).

The regression of C,_ versus f forced through the

t t?
origin, for the 1960 to 1967 data, is,
III-30 €, = 54.8(f.); r° = 0.96.

Regression of catch on effort for the 1960 to 1967 catch and

effort data results in,
2

ITI-31 Ct = 23008.09 + 51.86(ft); r- = .54; r = ,T4*
(p = .05).
If we substitute mean annual effort, F£ = 7,500 trap

net lifts, during 1960 to 1967 intc equation III-26 along
Wwith each of the values for F obtained from equations III-23
through III-25 we obtain a range of possible catchability
estimates. Table II1I1-8 contains a summary of these
estimates which indicate catchability ranges from q = 1.53 «x
10"'5 to g = 9.24 x 10'5. These catchability estimates,
coupled with the result of equation III-30 enabled
calculation of crude point estimates of mean stock biomass,

Bt’ ranging from 593,000 pounds to 3,582,000 pounds (Table
I1I-8).
Application of the Leslie model (equation III-17) to

the 1960 to 1967 catch and effort data failed to result in a
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Table III-

8

Catchability and Mean Biomass Estimates

(1960-1967)

F Estimate q = F/ft*
.693 9.24 x 107°
.485 6.47 x 107
277 3.69 x 107°
470 6.27 x 107°
.313 3.17 x 1072
157 2.09 x 1072
.288 3.84 x 1072
.202 2.69 x 107°
.115 1.53 x 107°

= 7,500 trap net lifts

54.8 (see equation III-30)

B

t

= b/q**
593000
847000

1485000
874000

1314000

2622000

1427000

2037000

3582000
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model of the proper form (i.e. with a negative slope
parameter,-q). A glance at the catch per unit effort column
in Table III-5 reveals that, for the period from 1962 to
1369, the Saginaw Bay sucker fishery experienced a steady
decline in catch per unit effort. Recall that a steady
decline in catdh per unit effort is a necessary prerequisite
for the application of the Leslie model. It would seem
instructive, therefore, to apply the Leslie model to the
1962 to 1969 catch and effort data in order to obtain an

additional estimate of catchability, q.

- - i d 2 -
III-32 C./f, = aB, - qK, = 82.2482 - .0000177(K/); r° = .94
where: q = 1.77 x 1072 1ift~1
Bo = qBO/q = 4,647,000 pounds.

These estimates of catchability, q, and biomass, Bo,
are close to those obtained from calculations summarized in
Table III-8.

During 1968 to 1979, 92.1% of the total sucker catch
was taken with shallow trap nets, 4.0% was harvested with
haul seines, 1.9% was taken with fyke or hoop nets and 2.0%
was harvested by a mixture of other, miscellaneous gear.
Table III-9 contains a monthly summary of total reported
catch, C

and nominal effort, f during 1968 to 1979. In

t? t?
terms of productivity, the fishing year during this period
can be divided into the following quarterly intervals (the
Percentage of the total catch harvested during each quarter

is contained in parentheses): December - February (11.4%);

March - May (56.1%); June - August (9.7%) and September -




Saginaw Bay Monthly Catch and Effort Data
(1968-1979)*

Month

January
February
March
April
May

June
July
August
September
October
November
December

z
Ct

Month

January
February
March
April
May

June
July
August
September
October
November
December

zft

* Source:

Catch (1lbs)

73348
69533
317826
337652
163011
68998
39799
34208
113449
149260
69693
22699

1459476

Standardized

Effort
ft

1235
1556
3487
5661
3709
3247
3720
4212
6921
6286
3433

T49

44216

Mich. Dept. Nat.

Res.,

Table III-9

Catch Range

1150-10166
1167-17687
5120-50985
9UTU-55U66
4558-35305
1851-11820
1003- 6373
614~ 5284
5216-18199
6589-18843
2329-10179
15- 5715

Effort Range
(trap net lifts)

20-199
33-270
100-616
141-732
150-487
117-414
163-562
49-534
312-941
343-689
168-476
1-110

Ct/zC

Fish. Div.

t

5.
4,
21.
23.
11.

ft/th
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November (22.8%). In terms of the amount of effort expended
during these years, the fishing year can be divided into the
same quarterly intervals (the percentage of total effort
expended is contained in parentheses): December - February
(11.4%); March-May (56.1%); June - August (25.2%) and
September - November (37.7%).

The regression of Ct versus ft’

origin, for the 1968 to 1979 catch and effort data is,

. p2
III-33 C, = 32.2(f.); r° = 0.98.

Equation III-2]1 applied to these data resulted in,

ITI-34 C, = 66545.16 + 14.73(f ); r2 = 21; r = .46

forced through the

(N.S., p. = .05).
Previous calculations of catchability and mean stock biomass
(cf. Tables III-3, III-4 and II1-8) depended upon the
assumption that the rate of exploitation, u, was less than
75% (refer to the discussion preceding and accompanying
equations III-23 through III-25). This assumption, in turn,
depended upon a significant positive correlation between

cateh, C and nominal effort, f_ (Ricker, 1975). The fact

t’ t

that the catch-effort regression described by equation III-
34 is not significant (p = .05) could indicate that the rate
of exploitation, u, during 1968 to 1979 was greater than
that assumed for other periods (i.e. 1929 to 1945, 1946 to
1956 and 1960 to 1967, respectively). This is most unlikely
in view of the relatively stable picture of abundance during

1968 to 1979 shown in Figure III-6. To maintain

consistency, the method used to calculate point estimates of



62

catchability and mean stock biomass for the 1929 to 1945,
1946 to 1956 and 1960 to 1967 periods will not be used for
the 1968 to 1979 period. It seems reasonable, however, to
assume that catchability, q, during 1968 to 1979 was not too
different from catchability during 1962 to 1969 (as
determined by equation III-32). If so, then an estimate of
mean stock biomass, ﬁt, during 1968 to 1979 can be obtained
by dividing the slope coefficient, b, from equation III-33
by the 1962 to 1969 estimated catchability or,
II11-35 B, = b/q = (32.2)/(1.77 x 107°) = 1,819,000 1bs.
Application of Leslie's model (equation III-17) to the
1968 to 1979 catch and effort data failed to result in a
model of the proper form (i.e. with a negative slope
parameter,-q). It is interesting to note that Leslie's

model, applied to catch and effort data from 1960 to 1979,

resulted in the following estimates,
2

III-36 Ct/ft = qBO - th = 63.0615-.00000673(Kt); r< = .43,
with: q = 6.73 x 1070 11771
BO = qBO/q = 9,370,000 pounds,

The following approximate 95% asymptotic confidence
limits for B0 (biomass present at the start of 1960) were
calculated after the method described by Ricker (1975),

Lower 1limit = 6,310,000 pounds

Upper limit = 66,043,000 pounds.
Tending toward the conservative, suppose that the lower
limit of approximately 6,310,000 pounds is a reasonable

estimate of stock biomass available at the beginning of
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1960.

The Saginaw Bay trap net fishery captures a number of
species simultaneously. It is reasonable to assume that the
relative catching efficiency or catchability, q, of trap
nets for two species present in abundance in the commercial
catch should be roughly similar. To test this hypothesis,
catch and effort data from 1968 to 1975 for yellow perch and
suckers were analyzed by means of equation III-17. The

following result was obtained for yellow perch,
2

ITI-37 Ct/ft = qB0 - th = 79.8146 - .0000128(Kt); r- =.83.
The following result was obtained for suckers,

- -
ITI-38 Ct/ft = qB0 - th = 37.5793 - '0000123(Kt)’ r- =.51.

Comparison of equations III-37 and III-38 reveals that
estimated yellow perch catchability (q = 1.28 x 10~°) and
estimated sucker catchability (q = 1.23 x 10'5) are very
close for the 1968 to 1975 time period.

A reasonable estimate of survival rate for suckers in
the vulnerable portion of the population is S = .60 (ef.
Chapter VI). This estimate is very close to the survival
rate S = .625, assumed by equations III-24, With a constant
survival probability, S = .625, and hypothetical rate of
exploitation, u = .25, estimates of mean stock biomass, E;,
for the periods from 1929 to 1945 and 1946 to 1956 are
3,110,000 pounds and 2,721,000 pounds, respectively (cf.
Tables III-3 and III-4). The same survival rate and

exploitation rate result in a mean biomass estimate of

1,314,000 pounds for the 1960 to 1967 period. An estimate of
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mean biomass for 1968 to 1979 1is provided by equation III-
35 and is equal to approximately 1,819,000 pounds. A
conservative estimate of mean stock biomass during the 1929
to 1956 period is about 3,000,000 pounds. Similarly, a
conservative estimate of mean stock biomass during the 1960
to 1979 period is approximately 2,000,000 pounds.
Rearranging equation III-8 we get,

III-39 F =C./B,.

During 1929 to 1956, mean annual catch, C}, equalled about
933,000 pounds. Dividing this by our above estimate of mean
biomass (i.e. 3,000,000 pounds) for the same period we
arrive at an estimate of effective fishing mortality rate, F
or,

III-40 F = C./B, = (933000)/(3000000) = .311.

This compares favorably with our estimates of F obtained
from equations III-23 through III-25. During 1960 to 1979,

mean annual catch, Ct’ equalled approximately 238,000
pounds. Dividing this by our above estimate of mean biomass
(i.e. 2,000,000 pounds) for the same period we arrive at an
estimate of effective fishing mortality rate, F or
III-41 F= C, /B, = (238000)/(2000000) = .119.
This is close to the estimate of F obtained from equation
ITI-25c.

The above estimates of mean annual sucker biomass of
3,000,000 pounds for the 1929 to 1956 period and 2,000,000
ﬂounds for the 1960 to 1979 period are probably overly

conservative. In his study of white suckers in South Bay,
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Lake Huron, Coble (1967) estimated a standing stock of
approximately 17.5 kg/hectare for regions less than 36 m
deep. If the standing stock of white suckers per hectare in
Saginaw Bay is comparable to that of South Bay, then an
estimate of standing stock is 17.5 kg/hectare times 2.96 x

5

10° hectares (the area of Saginaw Bay) or approximately 5.18

X 106

kg (11,396,000 pounds). Suppose that one third (i.e.
3,799,000 pounds) of this estimated standing stock is
vulnerable to the commercial fishery. As previously
indicated, a plausible estimate of survival rate, S = .60
for the vulnerable portion of Saginaw Bay sucker
populations. From equation III-5 we calculate a maximum
exploitation rate, u = .40,which obtains when all mortality
is attributable to fishing. If we assume a more realistic
exploitation rate, u = .20, then a point estimate of
effective fishing mortality rate, F = .255 which, when
multiplied by 3,799,000 pounds, yields an estimate of
potential annual catch (i.e. 969,000 pounds). This estimate
is very close to the 1929 to 1956 mean annual harvest of
933,000 pounds.

Mean 1968 to‘l979 annual reported sucker landings were
approximately 122,000 pounds. Discussions with commercial
fishermen reveal that up to 75% of the actual sucker catch
is regularly returned to the water due to the absence of
profitable markets for suckers. If this is so, then annual
landings could incfease by a factor of some 400% without an

apparent increase in nominal fishing effort.
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The results of the present analysis of catch and effort
data indicate that the Saginaw Bay commercial fishery could,
with careful monitoring and regulation, harvest
approximately 500,000 pounds of suckers per year. Harvest
levels beyond 500,000 pounds per year could probably be
obtained only with an expansion of fishing effort. Initial
"fishing up" efforts for suckers could effectively reduce
the usefulness of the catch per unit effort ratio, Ct/ft’ as
an indicator of relative stock abundance. The catch per
unit effort ratio is a useful indicator of relative stock
abundance when the fishery is not subject to marked
fluctuations of its characteristic rate variables, rk(t)
(e.g. exploitation and recruitment). Mdnitoring of stock
responses to changes in exploitation levels during the
fishing up stage would probably be best accomplished by
observing changes in the size, age and sex composition and

growth and mortality rates of the exploited populations.




CHAPTER IV

Fishery Bioeconomics

A. Introduction

The concept of a fishery production function was
introduced in Chapter III where equation III-12 was employed
to represent the relationship between total catch, Ct’ and

nominal effort, f assuming constant levels of

t ’
catchability, q, and mean exploitable population size,'gt.

Recall equation III-12,

ITII-12 Ct = q(ft)(Bt) = q(Bt)(ft)’

which implies that for each level of mean exploitable

population biomass, B total catch, C is determined

t? t?

directly by the amount of effort, f applied by the

t?
commercial fishery. Equation III-12 is a short term, non-
equilibrium fishery production function used to describe the
effects of changes in effort on total catch during a period
of time when mean catchable stock biomass is assumed
constant.

Population size, Bt’ is a dynamic entity responding to
continual changes in its determining rate variables, ri(k),
i=1i,.....,n. For an exploited fish stock, the most

important of these rate variables, ri(k), are: growth rate;

natural mortality rate; fishing mortality rate; recruitment
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rate and net migration rate. The rate of change in the size
of an exploited fish population can be represented by,
Iv-1 dBt/dt=G+H-M-FiI,
where: G = rate of stock growth

R = rate of recruitment

M = rate of natural mortality

F = rate of fishing mortality

I = rate of migration (immigration-emigration).
The long term persistence of an exploited fish population
depends upon the establishment of some sort of equilibrium
relationship between the rates of biomass addition and
subtraction. In practice, unless there is evidence to the
contrary, the net migration rate, I, can be assumed equal to
zero for most freshwater fish populations. Suppose that the
rate of population change, dBt/dt, is equal to zero (i.e.
the population is in an equilibrium or steady state). From
equation IV-1 we have,
Iv-2 dBy/dt =G + R -M-F =0,
which, when rearranged gives,
Iv-3 F=G+R-M.
The right side of equation IV-3 indicates that, in
equilibrium, the rate of population decrease due to fishing
is exactly offset by the aggregate rates of growth,
recruitment and natural mortality. In equilibrium,
mortality rates are balanced by compensatory changes in the
rates of growth and recruitment. The determination of an

accurate and realistic functional form for equation IV-3
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constitutes one of the most difficult problems confronting
an investigator studying the dynamics of exploited fish

populations.

B. The Logistic Surplus Production Model

It is usually the case, in studies of the dynamics of
exploited fisheries, that precise information concerning
rates of growth, natural mortality and recruitment is
unavailable. 1In such instances, investigators are often
obliged to use some form of lumped parameter model to
describe the rate of change in fish population biomass,
dBt/dt. For example, the so-called logistic growth model is
given by the following,

IV-4 dBt/dt = r(Bt)Bt,

where r(Bt) is a decreasing function of population size, Bt‘
In accordance with conventional assumptions regarding
density dependent population growth, r(Bt) is given by,

Iv-5 r(Bt) =r(1 - Bt/K)’

where: r

the intrinsic population growth rate
K = maximum population size.
Equation IV-5 substituted into equation IV-4 results in,
IV-6 dBt/dt = rBt(1 - Bt/K)’
with solution given by

IV-7 B, = B Kelt )

t 0

rt
K - Bo(1 -e )
Now, the rate of change in catch, Ct’ during time, A4 t,

can be described by,
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IV-8 dCt/dt qf B

t e
where: q = catchability
f‘t = effort during time, a t.

The integrated form of equation IV-8 is the short term
production function represented by equation III-12.

By subtracting equation IV-8 from equation IV-6 we get
an expression for rate of change in stock biomass as a
function of growth rate, r(Bt)Bt, and harvest rate, qftBt,
or

Iv-9 dBt/dt = rBt(1 - Bt/K) - qftBt'

At equilibrium, this equals zero, implying that,

IV-10 af B, = rB (1 - B_/K),

t

which, upon solving for B results in the following nonzero

t)
equilibrium,

IV-11 Bt = (K/r)(r - qft).

If we substitute equation IV-11 into equation III-12 we get,

IV-12 C, = qf,B

£ qft(K/r)(r - qft)

t

af K - (K/r)(qf,)?
aK(£,) - q?(K/r)(£,2),

which describes the long term equilibrium relationship

between catch, Ct’ and effort, f If we differentiate

t.
equation IV-12 with respect to effort, ft’ set the result

equal to zero and solve for ft’ we obtain,

IV-13 f, = r/(2q),

which is the amount of fishing effort necessary to produce

.

the maximum sustainable physical yield from the exploited

stock. If we substitute equation IV-13 into equation IV-12
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we obtain,

V14 C, = akr/2q - a2 (K/r) (r?/8e%)
= Kr/2 - Kr/l4
= rk/b,

which is the maximum physical yield or MSY (maximum
sustainable yield).

The following linearization procedure, adopted from
Jensen (1976), was used to estimate the parameters of
equation IV-9. From equation III-12, mean exploitable stock

biomass during year t is given by,

IV-15 Et = Cy/(afy)
= (1/q)(Ut).
where, Ut = Ct/ft.

A rough approximation of the derivative in equation IV-9 is,

IV-16 dBt/dt = (Bt+1 - Bt-1)/2
= (1/q)(U“.| - Ut_l)/z
= (1/q) 80U,
A = -
where, Ut = (Ut+1 Ut-1)/2’

By substituting equations IV-15 and IV-16 into equation IV-9
we get,

V=17 (1/q) 8Uy = (r/Q)(Ue) [1 - (U)/(gK)T - Cy.

By multiplying through by q we obtain,

IV-18 AUt = (rUt) - (Ut)/(qK)] - aCy,

which can be written as the following linear equation,

VIi-19 X

t = a1X1 +=anX

Xy + a3X3,
2
2 = Ay . 4 ) = s = s Lot =
where: Yt = Ut’ X1 = Uty X2 z (Ut) : X3 = Ct, a; =r; a, =

-r/(qK) and 33 = -q. The constants a3, and aj can be
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estimated by least squares multiple regression analysis.

The following examples from the fisheries literature
are indicative of the widespread use and application of
surplus production models to commercially exploited
fisheries: Schaefer (1968); Fox (1971); Walter and Hogman
(1971); Walter (1973); Fox (1975); Walter (1975); Jensen
(1976); Hilborn (1979); McGaw (1980); Deriso (1980); Gatto
and Rinaldi (1980); Mohn (1980) and Uhler (1980). Surplus
production models, particularly the logistic surplus
production model, have been utilized to describe and manage
virtually every significant commercially exploited fishery
in the world. The attractiveness of surplus production
models is attributable to their simplicity and minimal data
requirements (i.e. yearly total catch, Ct’ and nominal
effort, ft data). The simplicity of these models, however,
is overshadowed by the restrictive assumptions necessary fgr
their successful application. Some of the critical
assumptions of logistic surplus production models are that:
(1) the time lag between spawning and subsequent recruitment
has a negligible effect on population growth: (2) each unit
of biomass in the exploited stock is identical with respect
to growth and mortality factors (i.e. the age structure of
the stock is unimportant); (3) the model is applied to a
closed homogeneous stock; (4) the exploited stock is in a
state of equilibrium with respect to the various factors

which affect stock biomass change and (5) the catch per unit
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effort ratio, Ct/ft,

population biomass, Bt’

is an accurate and reliable proxy for

Surplus production model users have, in recent years,
identified the need to integrate biological data on the
processes of growth, mortality and recruitment with
traditional catch and effort statistiecs. The combination of
biological data with catch and effort data is necessary,
according to Jensen (1976) and Hilborn (1979), to confirm
and expand upon results obtained from surplus production
models. Dependence upon the catch per unit effort ratio, in
one form or another, as a proxy for biological variables
results in models whose independent variables lack
sufficient contrasts. The usefulness of multiple regression
estimation systems may be severely compromised by the
presence of independent variable multicolinearity. Surplus
production models estimated by linear or nonlinear
techniques continue to enjoy widespread use despite such
potential statistical intractabilities.

Deriso (1980) describes a difference equation stock
production model which incorporates age-structure,
recruitment, survival and growth in an attempt to estimate
stock dynamics parameters and optimal harvesting strategies.
A similar approach is employed by Gatto and Rinaldi (1980)
in their effort to develop a difference equation stock
production model for the Gulf of Venezuela commercial

fishery. These models are, perhaps, more realistic than
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other surplus production estimation systems in that they
recognize the necessity for including biological information
directly into the estimation algorithm. The shortcomings of
these efforts stem from the fact that they rely too heavily
on the catch per unit effort ratio, Ct/ft’ to approximate
the biological processes of growth, survival and
recruitment.

The effects of random variability introduced into catch
and effort time series data on surplus production model
parameter estimates are explored by Fox (1971), Uhler (1980)
and Mohn (1980). These studies emphasize the difficulty of
obtaining useful results from surplus production models when
the data are subject to varying degrees of instability.
Stock production model estimates of optimal effort and
maximum sustainable yield (MSY) are statistical point
estimates and, as such, may not be significantly different
from zero. Therefore, when using any of the stock
production model variants, according to McGaw (1980), care
should be exercised in the interpretation of the results for
purposes of fisheries management.

The proper perspective of surplus production model
analysis, according to Fox (1975), is that it is little more
than a regression model, yet often very useful for making
"first estimate" projections of the relationships between
the level of exploitation and expected equilibrium yield.
The assumption of equilibrium conditions precludes

application of surplus production models to either the
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ascending or descending stages of a fishery. Hilborn (1979)
observes that fisheries control systems that utilize catch
and effort data frequently fail to provide reasonable
estimates of logistic growth model parameters and will
produce poor catches, especially when managing long-lived
low productivity species. Christie (1974) asserts that
catch and effort approaches to population estimation appear
to be too slow and retrospective for dynamic systems like
those of the Great Lakes. It would seem, then, that the
applicability of stock production modelé to real world
dynamic fishery systems is extremely limited. However, due
to the all too prevalent lack of comprehensive biological
data, these models are often the only available means of
obtaining information about exploited stock dynamies. With
this in mind, we will proceed to apply the logistic surplus
production model to Saginaw Bay commercial sucker fishery

catch and effort data.

C. Application of the Logistic Surplus Production Model
Recall equation IV-12,

' _ 2 2

IV-12 Ct =z qK(ft) - q (K/r) (f‘t )

which suggests that, under equilibrium conditions, a

parabolic relationship exists between equilibrium yield, C

t’
and nominal effort, ft. If we let a = gK and b = q2K/r,
then equation IV-12 can be written,

_ 2
IvV-20 Ct = a(ft) - b(ft ).

If we divide through by ft we obtain,

IV-21 C./f, = a - b(f,),
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which indicates another means of surplus production model
estimation (under assumed equilibrium conditions).
Differentiating equation IV-20 with respect to nominal
effort, ft’ setting the result equal to zero and solving for
ft yields,

Iv-22 fMSY = a/(2b),

which is the optimal level of effort (i.e. the level of
nominal effort which results in MSY). By substituting
equation IV-22 into equation IV-20 we obtain an expression
for maximum sustainable yield (MSY).

IV-23 Cygy = a-/ (b,

Recall the linearization procedhre (equations IV-15
through IV-19) used to estimate the logistic surplus
production model (equation IV-=9). In order to estimate
population growth parameters from time, t to t+n, catch and
effort data is needed from time, t-1 to t+n+1. For example,
catch and effort data from 1929 to 1956 is required to
obtain growth parameter estimates for the period from 1930
to 1955. 1In effect, the linearization procedure "swallows"
the first and last years' data in order to derive population
growth parameter estimates for the intervening years. The
equilibrium-centered model represented by equations IV-20
through IV-23 uses all of the available data. For
example, catch and effort data from 1929 to 1956 is used to

obtain estimates of optimal effort and MSY for the same time

period.
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Equations IV-19 and IV-21 were applied to catch and
effort data from the following time periods: 1930 - 1945;
1946 - 1955; 1930 - 1955; 1961 - 1967; 1968 - 1978 and 1961
- 1978. Population dynamic parameter estimates resulting

from these applications are listed in Table IV-1.

1. 1930 to 1945

Although both the multiple regression and simple linear
regression representations of the logistic surplus
production model yielded parameter values with the expected
signs, the estimates of fMSY and MSY seem too large when
compared to observed mean catch, Et’ and mean effort, f;,
during this period. In addition, the estimate of
catchability obtained from the linearization method, q = 2.3
X 10_7, appears to be too small when compared to independent
estimates of catchability for this period (Table III-3).
The surplus production model fails to adequately describe

observed catch and effort data from 1930 to 1945.

2. 1946 to 1955
The linearization procedure (equation IV-19) failed to
generate parameter estimates with the expected signs.
Estimates of fMSY and MSY obtained from equation IV-21 were
reasonably close to observed mean catch, Et' and mean effort
?;, during this period.

3. 1930 to 1955
Both estimation procedures yielded parameter estimates

with the expected signs. The estimates of fMSY and MSY

obtained from both methods are in relatively close agreement
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Table IV-1

Surplus Production Model Results

1930-1945
2
AUt = r(Ut) - r/(qK)(Ut ) - q(Ct)
= .101186; r/(qK) = .003739; q = 2.3 x 10~/
K = 117,662,000 pounds; fusy = r/(2q) = 220,000 1lifts
MSY = rK/4 = 2,976,000 pounds
) 2 2, _ 2
C, = aK(f,) - q“K/r(f %) = 27.0623(f.) - .00006151(f )
C,/f, = a = b(f) = 28.2137 - .00004521(f,)
fysy = 2/(2b) = 312,000 lifts; MSY = a%/(4b) = 4,402,000
pounds
E% = 662,000 pounds; ?} = 36,300 lifts
1946-1955
C,/f, = a - b(f) = 58,3428 - .000075513(f,)
fysy = 2/(2b) = 38,600 1ifts; MSY = a2/(4b) = 1,127,000
pounds
Et = 900,000 pounds; T, = 22,000 lifts
1930-1955
2
U, = r(Uy) - r/(gK) (U %) - a(Cy)
r = .092137; r/(qK) = .000961; q = 1.5 x 10~°
K = 63,917,000 pounds; fMSY = r/(2q) = 30,700 1lifts
MSY = rK/4 = 1,472,000 pounds
_ 2 2, _ 2
Ce = qK(ft) -q K/r(ft ) = 95.8762(ft) - .00156087(f‘t )
C./f, = a - b(fy) = S4.UT34 - .00071726 (f,)
fysy = @/(2b) = 38,000 1ifts; MSY = a®/(4b) = 1,034,000
’ pounds
Et = 938,000 pounds; ?t = 31,000 lifts
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Table IV-1 (cont.)

1968-1978
2
tu, = r(uy) - r/(aK)(U.") - qlcCy)
r = .313292; r/(qK) = .001112; q = 7.2 x 10~°
K = 3,913,000 pounds; fMSY =r/(2q) = 2,200 lifts
MSY = rK/4 = 306,000 pounds
_ 2 2, _ _ 2
Co = qK(ft) q K/r(ft ) = 281.7374(ft)l .06474821(ft )
Ct/ft‘= a - b(£) = 47.7471 - .00404820(f,)
fygy = 2/(2D) = 5,900 lifts; MSY = a%/(4b) = 141,000
pounds
'C, = 123,000 pounds; f, = 3,800 lifts

t
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with observed mean catch, Et’ and mean effort, Tt’ during
this period. Figure IV-1 depicts the equilibrium
relationship between catch and effort generated by
application of equation IV-21. Also shown in Figure IV-1 is
the short term production function obtained by applying
equation III-19 to this time series of catch and effort
data. The surplus production model appears to be a
reasonable approximation of the relationship between catch
and effort data from 1930 to 1955. From this evidence, one
could infer that the Saginaw Bay commercial sucker fishery
was in a state of equilibrium during this period. If this
calculated relationship reflects potential stock dynamics,
then an upper bound (from the standpoint of MSY) for annual
sucker harvest from Saginaw Bay is approximately 1,000,000

pounds.

4. 1961 to 1967
Both estimation procedures failed to generate parameter
estimates with the expected signs. Realistically, this
period is represented by too few data points to warrant the

application of surplus production modeling techniques.

5. 1968 to 1978
Both estimation procedures yielded parameter estimates
with the expected signs. The estimates of fMSY and MSY
obtained from both methods are within the neighborhood of

and mean effort, o

observed mean catch, C t

£
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Figure IV-1. Logistic Surplus Production Model
(1930-1955).
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Interpretation of these results is complicated by the fact
that this period 1is represénted by relatively few data
points. Figure IV-2 depicts the relationship between catch
and effort data generated by the multiple regression
linearization procedure. Also shown in Figure IV-2 is the
short term production function obtained by applying equation
ITII-19 to these catch and effort data. Three observations
can be made about the relationship portrayed in Figure IV-2:
(1) the fishery was not in equilibrium; (2) the fishery was
overexploited; or (3) the logistic surplus production model
is an inappropriate descriptor of stock dynamics for this

period.

6. 1961 to 1978

Both estimation procedures failed to generate parameter

estimates with the expected signs.

D. Saginaw Bay Sucker Fishery Economics

The preceding analysis of catch and effort data via the
logistic surplus production model is an attempt to determine
a workable production function which can be used in an
economic analysis of the fishery. This section describes a
simple bioeconomic fishery management model based upon the
logistic surplus production model. The following economic
analysis is patterned after the presentations by Fullenbaum
and Bell (1974) and Anderson (1977). This analysis depends
upon a reasonably accurate determination of the cost and
revenue curves for the Saginaw Bay commercial sucker

fishery. Cost and revenue data for 1979 were obtained from
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Figure IV-2. Logistic Surplus Production Model
(1968-1978) .
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an eastern Saginaw Bay commércial fishery operation which
encompassed two full time fishing vessels.

Table IV-2 contains a description of a typical Saginaw
Bay commercial fishery operation for the year, 1979.
The total costs of $88,639 represent the operating cost
exclusive of operator labor for the two fishing vessels.
This operation must earn at least this amount plus a
moderate return to the operators' labor and capital or, in
the long run, it will be forced to cease fishing. Since
this operation fishes 60 trap nets, the average opportunity
cost of a trap net is ($88,639/60 nets) or approximately
$1,477. During 1979, each vessel was fished an average of
175 days. Approximately 3 nets were lifted per bcat day.
An estimate of the total amount of nominal fishing effort,

f produced by this operation is:

£
2 boats x 175 days fished/boat x 3 lifts/day fished =
1050 lifts.

An estimated yearly average of 17.5 1lifts per trap net is
obtained by dividing 1050 1ifts by 60 nets. The average
cost per net 1lift is ($1,477/17.5 1ifts) or approximately
$84., In 1979, suckers comprised about 6% of the total
landings (in pounds) of this operation. Assuming that the
cost of landing a given species is directly proportional to
its percentage composition in the total landed catch, the
cost of one trap net 1ift for suckers is $84 times .06 or

about $5.04. The total cost of fishing for suckers can be

expressed as a function of nominal fishing effort, ft:
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Table IV-2
Cost and Revenue Data

Description: 2-40 ft. steel-hulled trap net boats; 190 h.p.
engines; 60 nylon trap nets (6 ft. and 10
ft.); power spools; net pullers; ship to
shore radios; total est. market value:
$70,000.

1979 Production (2 boats)

Species Total Lbs. Avg. Price/Lb. Total Return
($) ($)
Catfish 115851 0.50 57925.50
Carp 58162 0.10 5816.20
Quillback 38150 0.15 5722.50
Sheepshead 33158 0.15 4973.70
Perch 22547 0.55 12400.85
Suckers 17655 0.05 882.75
Whitefish 10296 0.90 9266.40
Other spp. 5000 0.30 1500.00
Totals 300819 Lbs. $98487.90

Variable costs

crewshare; net materials and repair; vessel maint. and
repair; fuel and oil; ice; boxes; misc.
$41365.00

Fixed costs
depreciation; license fees; mortgages; utilities;
insurance; misc.

$47274.00
Total costs $88639.00

$98487.90
- 88639.00

Return to labor, management and investment $ 98u48.90
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IV-24 TC = $5.04(ft).
In section C of this chapter we obtained the following
estimate of sustainable yield in terms of nominal fishing
effort for the 1968 to 1978 period:
IV-25 C, = 281.7374(f,) - .06474821(f ).
This relationship was used to describe the dynamics of the
Saginaw Bay sucker fishery during 1979.

Average cost in terms of physical yield is calculated
by dividing equation IV-24 by equation IV-25;
IV-26 AC = $5.04/(281.7374 - .0647“821ft).
If we solve equation IV-25 for effort, ft’ by means of the
quadratic equation, we obtain:
IV-27 £ = (-281.737 & (79375.9626 - .2590C.) /%) /(-.1295).
If we substitute equation IV-24 into equation IV-26 we
obtain an expression for average cost in terms of physical
yield:
IV-28  AC = $10.08/(281.7374 £ (79375.9626 - .2590C,)"/?).
By substituting equation IV-27 into equation IV-24 and
differentiating the result with respect to Ct we obtain the
following expression for marginal cost in terms of physical
yield:
IV-29 MC = $5.04/(79375.9626 - .2590C,) /2.

Table IV-3 and Figure IV-3 show the relationship
between total physical yield, Ct’ and average and marginal
costs per pound. As the amount of effort applied to the

fishery increases, total physical yield eventually falls

while average cost per pound increases since more money is
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Table IV-3

Average and Marginal Cost Data

Total Catch Nominal Effort Average Cost Marginal Cost

(1bs) (trap net lifts) per Pound per Pound
($) (%)

66400 250 .019 .020
124700 500 .020 .023
174900 750 .022 .027
217000 1000 .023 .033
251000 1250 .025 .0l2
277000 1500 .027 .058
294700 1750 .030 .091
304500 2000 .033 .223
306500% 2176 .036 infinity
306100 2250 .037
299700 2500 .042 -
285100 2750 .049 -
262500 3000 .058 -
231700 3250 071 -
192900 3500 .091 -
146000 3750 .129 -
91000 4000 .222 -
27900 4250 .769 -

* MSY
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Figure IV-3. Average and Marginal Cost of the
Saginaw Bay Commercial Sucker Fishery, 1979.
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spent to obtain less yield (Anderson, 1977).

We know from the theory of open access fishery
economics that the open access equilibrium or zero economic
rent point will occur when the demand curve for suckers
intersects the average cost curve. Due to the relative
unimportance of the current Great Lakes sucker fishery,
adequate information is not available to estimate a reliable
sucker demand curve. In such instances, according to
Anderson (1977), a simple fixed price model can be used in
place of an explicitly derived demand curve. According to
data obtained from the Michigan Deparment of Natural
Resources' Fisheries Division, the ex-vessel price of
suckers from Michigan waters of Lake Huron has remained
relatively constant at about $0.05 per pound over the past
twenty years. The fixed price of $0.05 per pound will be
used in all subsequent bioeconomic calculations concerning
the Saginaw Bay commercial sucker fishery.

The P = $0.05 line intersects the average cost curve
shown in Figure IV-3 on its backward bending portion where
approximate fishery yield is 282,500 pounds. Substituting
this figure into equation IV-27 we find that this
corresponds to an effort level of approximately 2,800 trap
net lifts. This is very close to the 1979 observed level of
2,590 trap net 1lifts. The expected fishery yield (i.e.
282,500 pounds), however, is more than two and one half
times the reported catch of approximately 108,000 pounds.

Conversations with commercial fishermen indicate that only
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one-fourth to one-third of the current sucker catch is
landed due to the lack of profitable markets for these fish.
If the reported 1979 sucker landings for Saginaw Bay
represented approximately one-third of the actual catch,
then an estimate of the 1979 total catch is approximately 3
x 108,000 pounds or 324,000 pounds. This figure is very
close to the above estimated equilibrium catch of 282,500
pounds.

Maximum economic yield (MEY) occurs at the intersection
of the P = $0.05 line with the marginal cost curve shown in
Figure IV-3. According to Figure IV-3, MEY occurs when
yield is approximately 267,000 pounds. Substituting into
equétion IV-27 we find that this corresponds to an effort
level of approximately 1,400 trap net lifts. The total
economic yield at this point is the difference between the
selling price (i.e. $0.05/1b) and the average cost (i.e.
$0.03/1b) multiplied by the<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>