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PRFFACE

In the spring of 1973 officers of the Michigan Fish Producers
Association asked the Department of Fisheries and Wildlife, Michigan
State University for assistance in developing information on the
economic impact of the Michigan commercial fishery. That request led
tc an involvement of several faculty and graduate students not only in
Fisheries and Wildlife but alsc in the areas of food science and market-
ing. We have tried to work closely with the fishermen and with the
management agency, the Michigan Department of Hatural Resocurces, Fish
Division, to provide information that would relieve the economic plight
of the fishermen. This publication represents one of a series that is
intended to contribute that information.

Niles R. Kevern

Thairman

Devartment of Fisheries and Wildlife
Michigan State University

Zast Lansing, MI L8824



ABSTRACT

Concurrent with recent increases in protein demand, the yield of
traditiconally high value species of Great Lakes fish has declined. Fill-
ing the void left by this decline makes harvest of new species desirable.
Before the harvest of additional species is implemented, it is advisable
to compile relevant information concerning their life history and abun-
dance in the region.

Life history data on white suckers (Catostomus commersoni), longnose
suckers (Catostomus catostomus}, silver redhcrse (Moxostoma anisurum),
northern redhorse (Moxostoma macrolepidotum), and golden redhorse
{Moxostoma erythrurum) are compiled from the available literature. Data
on the past commercial catch of suckers from Michigan waters of the Great
Lakes are compiled. Indications of natural fluctuations in spawning run
intensity, and correlations between time of spawning and water temperature
were obtained from U.S. Fish and Wildlife Service lamprey assessment weir
records.

Growth rates for the species studled are dependent upon the richness
of the enviromment. Sufficient data are not available to predict growth
rates in the Great Lakes, but rates are expected to vary signifiecantly.
Lamprey weir data indicate meximum spawning migrations for large white
suckers when temperatures are about 11-15 C. Weir records show no defin-
ite trends in annual numbers of spawning suckers over the years of weir
operation. These records are not useful in determining the total number
of migrating fish entering a stream.

Commercial catech records reveal an erratic decreasing trend in anmual
yield beginning as early as the late 19th century. Some fluctuations in
catch correlate with shifts in fishing pressure due to gear changes and
the invasion of the sea lamprey. Accurate assessment of stocks is not
possible from commercial records zs suckers were not actively pursued
in most areas,

Limited data from Michigan Department of Natural Rescurces index
stations indicate white suckers are the most abundant sucker species in
Michigan waters, and in some regions of the Great Lakes are one of the
most abundant of all fish species.

Commercial harvesting of these species is desirable but govermment
aid may be necessary to initiate such a fishery. After inception of a
fishery, careful regulation will be required to obtain maximum sustain-
able yields.
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INTRODUCTION

Selective exploitation of fish in the Great Lakes has been responsible
in part for the wide fluctuation in abundance of preferred species. It is
reasonable to assume that the optimum meximum sustained yield of both
preferred speclies and all fish can only be achieved if exploitation is
valanced so all niches are maintained at high levels of preoductivity,
and preferred species are never placed at a competitive disadvantage.

Beth of these criteria require the menagement of more species of fish than
those presently considered preferred.

Historically, the most eccnomical means of management of a species
has been controlled harvest. The exploitation of currently underutilized
species therefore would not only immediately increase the productivity of
lakes, but would provide an additional tocl for the management of the
fishery resource as a whole. In an industry such as the commercial fish-
eries of the United States, where exploitation of a species is entirely
dependent upon the economic advantage involved, the only way to create a
fishery for a speciles is to increase the profit margin, This is most
easily done by creating demand in the fcrm of a desirable product. Frozen
fish patties, where the identity of the fish need not be prominently dis-
played, may be the product required to maintain a stable, profitable mar-
ket for species generally unaccepted by the public. However, it is nec~
essary to estimate future production before processing plants for such a
product can be developed.

The purpose of this study was to gather the available information on
the life histeries, abundance, and commercial exploitation of some of the
common members of the sucker family in Michigan. Hopefully this will pro-
vide useful background information on which future decisions concerning
the commercial exploitation of the several species can be based.

Life history data on white suckers (Catostomus commersoni), longnose
suckers (Catostomus catostomus), silver redhorse (Moxostoma anisurum),
northern redhorse (Moxostoma macrolepidotum), and golden redhorse
(Moxcstoma erythrurum) were compiled from the available literature. These
data reveal similar habits for the species but wide differences in growth
rates within each species depending upon the richness of the environment.

Indications of asbundance were obtained from U.S3. Fish and Wildlife
Service iamprey assessment weirs and Michigan Department of Natural
Resources index stations. These sources suggest the sucker family is cur-
rently underexploited and has the potential of becoming & useful commercial
species. Accurate assessment of sucker stocks was not possible from com-
mercial catch records as suckers were not actively pursued in most areas.

Commercial catch records dating from before 1500 reveal an erratic
decreasing trend in annual yield beginning as early as the late 19th cen-
tury. Some Tluctuations in catch correlate with shifts in fishing pres-
surs due to gear chenge and the invasion of the sea lamprey, and others
seem to reflect changes in the quaslity of the environment.

Acknowledgements are due Asa Wright, Myrl Kelier, Ned Fogel and
Mercer Patriarche of the Michigan DHR, Fish Division for the extensive
information provided,to Bernie Smith and Harry Mcore of the U.S. Fish
and Wildlife Service and to Howard Buettner of the Netional Marine Fisheries




Service for their aid in obtaining records for the lamprey assessment
welrs and the commercial fisheries respectively. Buck LaVellee and
Roy Jensen provided personal accounts of the history of the sucker fishery
in the Bay De Noc area, and Vern Applegate commented uponr the effect of
the sea lamprey on the relative abundance of the sucker species.

This report was jointliy funded by the Upper Great Lakes Regicnal
Cormission and the Michigan Sea Grant Program. It represents a portion
of a masters thesis prepared by the senior author {Galloway, 1975), De-
partment of Fisheries and Wildlife, Michigan State Uriversity,



LIFE HISTORIES

White Sucker (Catostomus commersont)

The white sucker is fairly common throughout most of the United
States and Canada, with the Great Lskes region being nearly centrally
located within its distribution. Scott and Crossman {(1973) describe
it as an extremely 'plastic' species with drastically varying charac-
teristics according to its habitat. The species is known to show a
slight north-south cline in its meristic characters, and a tendency to
evolve dwarf populations. Metcalfe (1966) suggests that this combina-
tion of plasticity, varying meristics, and dwarf populations, may be
responsible for the single species being given a variety of names
across its range.

The white sucker is usually found in warm shallow lakes or bays,
or in the tributary rivers of larger lakes. They are generally taken
in water with depths up to T or 10 m, showing some tendency to move
offshore with increased size and age. Because adults of the species
tend to aveid light, individuals are most active in shallow water in
the evening, tending to move inshore during the afternoon, and offshore
in early morning (Lawler, 1969).

The importance of this species in the biological community depends
upon its interaction with the other species present. In most situations,
this species does not constitute serious competition in terms of food
or space for other browsing species (Scott and Crossman, 1973). Evidence
that white suckers do extensive damage on the spawning grounds of other
species 1s inconclusive, and in all probability less damage is done than
is usually supposed. The common use of young suckers as baitfish
suggests that the species is probably important as forage in many areas.
In some situations, however, the sucker does seem to compete with more
desirable species, and is not used extensively as forage. This type of
situation was reported by Burrows (1569) in regards to the walleye and
white sucker in infertile northern lakes.

Stewart {1926) suggests that the white sucker may be a host for
numerous parasites; Hoffman (1967) confirms this, listing 94 species
which infect this fish (others have since been added to the list by
Dechtiar, 1969).

This species is used in some localities as a baitfish, and as a
food for humans and other animals. It is not considered a prime
commercial species, but has been harvested when more desirable species
were scarce., When marketed in the Great Lakes region, it is often
labeled as 'mullet' and not distinguished from other suckers.



Reproduction

Age at sexual maturity varies greatly with location. Campbell (1935)
found Waskesiu Lake, Saskatchewan males maturing at ages VI and VII, and
females maturing at ages VI to IX. Hayes (1956} reported that in
Colorado male . o. suckleyi matured at age II, and females at age IV.
Spoor (1938) found females in Wisconsin spawning younger than males ab
ages I1I and IV respectively, but most authors agree that males generally
spawn earlier than females. USize at first spawning is small in some
areas. Hayes found males spawning at 150 mm total length (T.L.) and
females at 267 mm T.L., while Stewart (1926) referred to spawners as
small as 152 mm to 178 mm in New York.

Spawning generally occurs in shallow streams with gravel bottoms,
but white suckers will sometimes spawn in the shallow areags along the
margin of a lake. Much of the research on this species has been
conducted in conjunction with the upstream spawning run due to the
ease with which specimens can be cbtained at this time.

Various sources report the onset of spawning by the white sucker
to cccur from early May (Scott and Crossman, 1973} to mid June {Spoor,
1938), depending upon water temperatures. Geen et al. (1966) report
spawning runs begin when stream temperatures reach 10 C, which seems
to correlate well with the description of breeding activities given
by Stewart (1926). Spawning is reported by Trautman (1957) at tempera-
tures as high as 20 C.

The early segment of the upstream run is composed primerily of
males in most years, with females following slightly later (Geen et al.,
1966}. The daily magnitude of a run in a particular stream seems to
be linked to the increase in stream temperature above what it was on
the previous day, with larger temperature rises provoking greater run
intensities (Geen et al., 1966). Geen et al. also report that yearly
run magnitude may be affected by stream levels, as only the largest
individuals seem to migrate in years when stream flow is minimal.

Data from Sixteenmile Lake, British Columbia, suggest that only
25-50% of the adult population spawns in any one year (Geen et al.,
1966). What factors, other than stream level, affect the number of
spawners was not discussed, but Geen et al. did show that some individuals
spawn in successive years, while others skip years in their spawning
activities. Over the six year period of the study, they found 50-80% of
those fish marked in a year returned to spawn cne additional year, 10-30%
two additional years, and less than 3% three additional years. From
this, it can be seen that even though individuals may spawn over a
period of several years, it is unusual for an individual to spawn more
than four times (lake spawning was not considered as a possibility in
these conclusions by Geen et al. apparently because it was felt there
was no suitable substrate on which this could oceur). They also found
that roughly 20-40% of the fish spawned two successive years, and less
than 10% three successive years. Some fish were reccvered as long as
seven years after being marked, indicating a rather low mortality for



adult white suckers. Dence (1948) reported similar first year return
rates for the dwarf sucker, (. commersoni wtawana, but found second
year rates to be much lower, indicating perhaps higher mortality rates
for this subspecies.

Olson and Scidmore (1963) investigated repeat spawning in terms
of homing tendency and concluded that in Many Point Lake, Minnesota,
there was a lake-wide tendency for individuals to return to the spawning
stream in which they were originally marked despite being randomly
distributed throughout the lake at other times of the year,

Scott and Crossman (1973}, and Stewart (1926) report that on the
spawning grounds two to four males often crowd around one female during
spawning acts which lasts only 3-4 seconds and may oceur as often as 40
times in an hour. Egg number has been reported as high as 140,000
(Slastenenko, 1958) with Scott and Crossman {1973) suggesting the usual
number is 20,000-50,000. Campbell (1935) calculated that there were
approximately 24,604 eggs per kilogram of body weight in individuals
from Waskesiu Lake, Saskatchewan. Eggs are simply scattered and adhere
to gravel or drift downstream and adhere to substrates in quieter aresas.

Adult spawning mortality is low as would be expected from the high
number of repeat spawners. Geen et al. (1966) estimated that mortality
at most was 16-20%, and attributed this low figure to the lack of
aggressiveness displayed by males during spawning. Scott and Crossman
(1973) indicate Geen's figures are typical for the north and west, but
are high for the eastern portion of the species! range.

The downstream migration of adults commences about 10-1L days
after the onset of the upstream migration, with females generally
returning to the lake prior to males (Geen et al., 1966). Geen's data
also indicate that the earlier an individual fish migrated upstream,
the more variable its time of return. He found in some cases s fish
marked on the first day of the upstream run would be recovered on the
last day of the return migration, while individuals migrating upstream
late returned more immediately, many without spawning. Scott and
Crossman {1973) indicate that in some populations migration without
spawning followed by lake spawning is common. Downstresm migration of
spent suckers showed a daily peak during or shortly after the period of
highest water temperature, and ceased when stream temperature fell to
the daily minimum (Geen et al., 1966).

Egg incubation periods have been reported from b to 15 days under
verious conditions (Slastenenko, 1958; Geen et al., 1966; Hale, 1970;
Oseid and Smith, 1971). Geen et al. report the young remain in the
gravel for 1 to 2 weeks after hatching, and Geen et al. and Hale (1970)
toth record the fry as being 12-14 mm after this period. According to
Clifford (1972}, downstream movement of the fry in a brown water stream
of Alberta occurs almost entirely at night, their nocturnal drift
pattern being more pronounced than any of the drifting invertebrates.
Clifford (1972} notes that as the fry become larger they move closer
to the stream surface. This behavior suggested to Clifford that the
smaller fry move passively while the older ones move more actively.



Geen et al. (1966) reported most movement occurred between dusk and
dawn. They hypothesize this migration pattern to be due to loss of
orientation in the dark which results in drifting, or to a light
avoidance response which causes fry to hide in the gravel during
daylight and avoid the current. Their findings, that increased water
level and turbidity also resulted in meore downstream movement, seem
to agree with this hypothesis. Using data from both longnose and
white suckers, Geen et al. (1966) roughly estimated the survival rate
of eggs to migrant fry to be only 0.3%.

Focd

Stewart (1926) provided a detailed account of the feeding habits
of white suckers throughout their life cycle. The initial stage, the
'yolk-food period', ends with the beginning of what Stewart calls the
'"top feeding pericd' when the fish are approximately 12 mm long and
9 days old. During this pericd, the mouth is terminal, but is in the
process of becoming inferior, and the fish feeds close to the surface
on fleoating organisms as shown in Table 1. Following the 'top feeding
period’ is the 'critical period' when the transition from top to bottom
feeding takes place. This period covers asbout 9 days during which the
fry make occasional trips to the bottom and take mouthfuls of sand.
The 'fingerling period' (18-75 mm) which follows may last a period of
yYears over which the fish is limited by the size and position of its
mouth to consuming small bottom organisms. During this stage the fish
is not capable of separating these organisms from the sand and must
consume both. Beyond 75 mm in length, Stewart considered the fish to
be in the 'adult feeding period'. During this period, the fish are
characteristically shy, avoiding most light, and feeding most actively
at dusk and dawn. The major differences between the diet of the adult
and fingerling are due to the increased mouth size, and the ability of
the fish to separate fcod from sand.

Carlander (1969) cited several authors who listed the following
foods for young white suckers: entomostracans, small insects, rotifers,
and algae. Larger and adult suckers were said to feed on chironomids,
entomostraca, amphipods, fingernail elams, snails, and detritus.
Campbell {1935) examined the food of adults of this species (217-24k mm)
and cited the following ranges for percentage composition of gut contents:
Chironomidae 5-90%, Trichoptera 2-70%, Mollusca 5-85%, Entomostraca
5-98%, Chaoborus 0-50%.

Reports of the white sucker being a threat to other species through
€gg predation are largely unsubstantiated. FEllis and Roe (1917) reported
that individuals may consume as many as 500 log perch eggs per day, but
Campbell (1935) found no eggs in 100 white sucker stomachs taken on
whitefish spawning grounds, and Stewart (1926) found nc eggs in the
stomachs of suckers he found in brook trout spawning grounds.
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Age and Growth

Reliable age-growth data are scarce, as most of the authors who
dealt with this relaticnship determined zge by counting scale annuli,
and this process is now considered unreliable for fish over five years
0ld (Beamish and Harvey, 1969). From the data available, it is apparent
that large variations in annual rates of growth do occur in different
locations {Table 2). These variations may be due to genetic differences
among populations, but are more likely due to the length of the growing
season and level of enrichment of the body of water which the fish
inhabit. Roland and Cumming (1969) reported that an increase in the
hardness of the water of an impoundment significantly increased the
growth rates of white suckers in the southeastern United States. Eddy
and Carlander (1940) found that growth in Minnesota was correlated
with total dissolved solids, total carbohydrates, pH, plankton abundance,
bottom fauna and length of growing season. Parker (1958) found thinning
of all of the fish populations in Flora Lake, Wisconsin increased the
growth of the white sucker.

Growth rates for adult suckers have been calculated by three
autheors using methods other than scale reading. The results of Beamish
(1970}, using pectoral fin ray sections, Coble (1967) using tags, and
Geen et al. (1966) using length frequency distribution, were similar,
In Ontaric, Beamish found an average annual growth rate of 20 mm at
age VI and slower growth at ages of more than VI (Table 2). The work
of Coble (1967) in South Bay, Lake Huron showed tagged adult fish
recaptured leter in the same year having an average growth of 7-12 mm
for the summer, but fish captured up to 5 years later showed an average
annual growth rate of only 7.6 mm. Geen et al. {1966) obtained an
estimated annual growth of conly 10-20 mm for the population they studied
in Sixteenmile Lake. The drastic difference between these estimates
and those of Beamish for fish under 6 or 7 years of age exemplify the
variance of growth rates possible by this species at different ages.
Differences in growth rates for younger individuals at different
iocations can be seen in Table 2.

Preliminary results of student studies on white suckers from
Lake Michigan, near Ludington, Michigan, show calculated total lengths
similar to the Minnesota studies {Table 2) at ages I and IT, similar
to Beamish's study at age ITI, and slightly larger than Beamisgh's
study at ages V-VII {Tack, personal communication). The work of
Beamish {1973) suggests in some studies errors in age and growth
determinations may have resulted from interpreting a false annulus
as the first true annulus. BSuch an error would have resulted in
underestimations of size at any age.

Growth rate differences also appear between males and females.
Spoor {1938} found for the first 4 or 5 years of life both sexes
increase in length at about the same rate, but from then on the
females increase more rapidly than the males. He alsc reported that
although the average annual increment in length decreases with age,
the average annual increment in weight increases, the rate being the
same per unit of length for males and females.:
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Carlander (1969) lists numerous length-weight relationships for
this species in various conditions of sexual development. The only
Great Lskes population studied was in South Bay, Lake Huron where
Coble (1967) determined & relationship of log W = -4,679 + 2.92062
log L (W is weight in grams and L is fork length in millimeters)
from individuals between 229 and 457 mm. Spoor (1938) and Bassett
(1957) found no evidence of a sexual difference in length-weight
rclation or condition factor. Spoor and others also noted that nc
change in condition factor with age or length was discernible. The
extremes of coefficients of condition {K) based on total length
listed by Carlander (1942} were 1.02 and 1.27. These were used as
Minnesota standards for fish in poor and excellent conditions.

The maximum length reported for white suckers is 635 mm (2,35
kg} by Trautman (1957) and the maximum weight 3.18 kg (579 mm) by
Chambers (1963).

Mcriality

Low natural mortality rates for adult white suckers have heen
reported by several authors. Olson and Scidmore (1963) estimated an
annual mortality of 13.1% for adult white suckers in Meny Point Lake,
Minnesota. Geen et al. (1966) noted the longevity of the adult
population as indicated by the high number of repeat spawners, but
also pointed out the relatively high mortality of young indicated
by the low annual recruitment into the spawning population. Coble
(1967) considered the question in more detail and determined a mean
annual mortality of 25.7% for the South Bay population which was under
predation by sea lampreys. Cohle's data also indicate the rate of
mortality of fish larger than 380 mm increased with size. Maximum
age of this species is about 17 years.

Longnose Sucker (Catostomus catostomus)

The distribution of the longnose sucker is somewhat more northern
than that of the white sucker. It lives throughout most of the main-
land of Canada, and is present in at least parts of all of the states
cf the United States which border upon Canada. This species is one
of the most common in the northwest sections of Canada, and is the
only North American sucker which appears in Asgia. Scott and Crossman
(1973) eall it the most successful and widespread cypriniform in the
north, stating that it cccurs almost everywhere in clear cold water.
In general, it is restricted to freshwater lakes or tributary streams,
and has been reported to depths of about 200 m {Scott and Crossman,
1973).

As with the white sucker, the longnose does compete to some
extent with more favored species for limited food supplies, but this
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competition in most instances is not considered extensive. Longhose
were once thought to be sericus egg predators, but evidence of this
appears to be scarce and possibly the reputation is unjustified. Like
the white sucker, this species is a cammon host for many parasites.
Hoffman (1967) listed 32 commonly oceurring parasites, and others

have been added by Dechtiar (1969).

The longnose is seldom sought by man commercially, but is sometimes
locally sought as a game fish. Its flesh is considered more palatable
than that of the white sucker, but is stiiil primarily used only as dog
food. The limited amount which is marketed for human consumption is
usually labeled as "mullet'.

Reproduction

The reproductive activities of the longnose sucker are similar
to those of the previcusly discussed white sucker. The longnose
sucker spawns primarily in streams or on the shallow reefs of lakes.
The cnset of the spawning run is influenced by water temperature,
the critical temperature for the beginning of the run being repcorted
as 5 C by Geen et al, (1966) with the peak being between 12.2 C and
15.0 C (Brown and Graham, 195L4; Harris, 1962). The majority of
Spawners move upstream between noon and midnight, with maximum move-
ment during the evening hours.

The composition of the spawning run has been reported for several
streams by various authors. Geen et al. (1966) noted that the Long-
nose suckers appeared tc be smaller than the white suckers during the
spawning migration in Frye Creek, and that the males were smaller than
the females. Their data, which show lengths ranging from 130-400 mm
fork length (F.L.) and estimated ages from 5 to 15 Years, also reveal
that a large percentage of the migrating longnose suckers were
immature whereas almost no immature white suckers were present in the
streams during their spawning runs.

Brown and Graham (1954) reported that the males sampled from a
spawning run near Yellowstone Lake had total lengths ranging from 269
to 455 mm, while the females ranged from 345 to 510 mm. The youngest
mature male found was age IV, and the youngest msture female age VI,
with over 51% of the males being age V and 45% of the females age VI.
These data indicate a slightly earlier maturation than was found by
Bailey (1969). He reported average lengths and ages for the spawning
population of the Brule River (Lake Superior) as 386 mm (7.2 years)
for males and 422 mm (8.0 years) for females, and minimum lengths of
267 mm and 292 mm respectively. Bailey alsc estimated over 91% of
the males were from age groups VI-VIII, and over 75% of the females
were from age groups VII-IX.

The extremes in age at first spawning are those reported by Harris

(1962) and Hayes (1956). Harris (1962) found the greatest number of
fish to be 11 years old and all fish examined to be between 9 and 15
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years of age in Great Slave Lake. Hayes (1956) reported males of 2
years (100-125 rm) and females of 3 years (203 mm) spawning in a
Colorado reserveir. The large differences may be due to loecal
differences in maturation rates or to errors in scale reading, as
Geen et al. (1966} found that the scales were not reliable for aging
-mature longnose suckers.

Repeat spawning of longnose suckers is common. Geen et al. (1966)
reported 30-60% of those fish marked in one year would spawn again,
with 12-24% spawning two additional years, and less than 3% three
additional years. They also found 17-L4L8% spawned in successive years.
These first-year return figures are higher than those reported by
Bailey (1969) for the Brule River (Lake Superior). He found that
only 7-18% of the spawners returned in successive years, but did
mention that his estimates may have been in error due to escapement,
spawning in other streams, or lake spawning.

Geen et al. (1966) observed longnose spawning in a stream 15-30
cm deep with a bottom composed of gravel 0.5 em in diameter, and a
current of 30-45 cm/sec. They reported that during the day males rested
upon the bottom and females remained along the banks in areas of still
water. To initiate spawning, a female would move out among the males
and generally two to four males would crowd around her. The Zroup
would thrash about for 3 or 4 seconds during egg deposition. Fellowing
this, each of the individuals returned to their previously held position
in the stream. Geen et al. also noted that spawning cccurred from 6
to 40 times per hour and usually tock place between 0600 and 2130 hours.

The total number of eggs laid by & female in one season has been
reported to be between 14,000 and 35,000 (averaging 26,000) for the
Lake Superior population studied by Bailey (1969), and between 17,000
and 60,000 (averaging 35,000) for the Great Slave Lake population
studied by Harris (1962). No aggressive behavior was reported among
the male spawners by any of the authors. 'This seems to be reflected in
the low spawning mortality rate (11-28%) for the species reported by
Geen et al. (1966) in his studies of Sixteenmile Lake, British Columbia.

The downstream migration of adults follows a daily pattern similar
to that of the white sucker, showing a maximum at sbout the time of
highest water temperature and ceasing when stream temperatures fall to
the daily minimum (Geen et al., 1966)}. Geen et al. report that the
main downstream movement begins sbout 5 days after the spawning
migration begins, with the females generally leaving the stream first.
They estimate the suckers are present in the stream approximately one
month, with the first individuals entering the stream being the last
to leave. The length of time longnose were present in the stream is
consistent with that reported by Brown and Graham (1954), whe found
individual males present in the tributaries of Yellowstone Lake for
5-39 days (average 17) and individual females present for 1u-25 days
(average 19) during a single year.

Geen et al. (1966) report that under laboratory conditions long-
nose eggs require 8 days to hatch at 15 € and 11 days at 10 C. They
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estimate from these figures that under the natural conditions prevalent
in Frye Creek, eggs probably required 2 weeks +to hatch. Because fry
were not sighted until one month after spawning, Geen et al. alsc
suggest that the larvae remained in the gravel 1-2 weeks prior to

their downstream migration.

The downstream migration of fry is poorly documented, being
studied by only Geen et al. (1966). They found fry first migrating
at 10 to 12 mm in total length, and established these to be longnose
sucker by comparison to known specimens. This migration preceded
that of white sucker fry, presumably because of an earlier date of
spawning. The effect of daylight and turbidity upon migration was
the same as that previcusly described for the white sucker.

Food

The food cf this species appears to be highly variable with
respect to age and locality. Scott and Crossman (1973) list typical
foods in order of frequency of occurrence as amphipods, Trichoptera,
chironomid larvae and pupae, Ephemeroptera, ostracods, gastropods,
Coleoptera, pelecypods, copepods, cladocerans, and plants. The limited
results reported by Rawson and Elsey (1950) indicate some change in
diet resulting from growth as shown in Table 3.

Inspection of these data suggests a possible change in feeding
habit from midwater to bottom feeding, as occcurs in the white sucker.
The data of Rawson and Elsey (1950} varies considerably from that of
Brown and Graham (195L4) at Yellowstone Lake. The latter investigators
found that 69% of the fish containing food had algae in their stomachs,
and the algae composed about 33% of the stomach volume. Higher plants
were found in LO% of the individuals and composed 10% of the stomach
volume, their frequency of occurrence exceeding all other stomach
contents except algae (69%) and Diptera (55%). Aquatic insects appeared
to be much more important to the fish studied by Brown and Graham (1954)
than to those studied by Rawson and Elsey (1950). Perhaps this is
because the fish examined by Brown and Graham were captured in stream
environments, while those studied by Rawson and Elsey were from a lake.

As with the white sucker, the label of egg predator seems to be
erroneous. The only report of longnose suckers consuming eggs of a
valuable species was by Stenton (1951) who found 6 of the 9 fish he
examined had consumed brock trout eggs. He presumed, however, that
the consumption was not willful, and that the eggs were probably dead
prior to being taken.

Age and Growth

Age and growth determinations have been carried out by numerous
investigators. Although the validity of these studies is in guestion
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Table 3. Percent volume of the stomach contents of longnose suckers
from Pyramid Lake.®

Food Item - . 25 young fish 100 large fish
Amphipods 1 T2
Chironomidae 6 .9
Copepods L -
Cladocera 66 _—
Snails _ 6
Terrestrial insects 23 _—

Other —_ 8.4

aAfter data of Rawson and Elsey, 1950.
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due to the use of the scale method for aging, the results of some studies
are shown in Table L. Preliminary results from student studies of
longnose suckers near Ludington, Michigan indicate growth which is much
faster than any presented in Table 4., Calculated total lengths at the
first four annuli from these studies are roughly comparable to the
lengths observed in the northern population of Great Slave Lake (Table

L) at ages II, IV, VII, and IX (Tack, personal communication).

The study by Harris (1962) was not the only work showing differential
growth rates between subpopulations in the seme body of water. Bailey
{1969) noted that growth rstes varied in different localities in western
Lake Superior and attributed this variance to differences in the richness
of the habitat. WNeither Bailey nor Harris reported significant
differences between the growth rates of males and females within the
populations they studied, but Brown and Graham (1954) found Yellowstone
Lake females grew significantly faster than males. This was particularly
evident after the first four years of life. OGCrowth in weight was not
reported as being related to any factor other than length by any of
the investigators.

Length-weight relationships were calculated by several authors
including Harris (1962), Bailey {(1969) and Hayes {(1956). Their results
were:

Harris (1962} Great Slave Lake

Log W = -3.60 + 2,88 Log S L
Weight in grams - Standard length in millimeters

Bailey (1969) Western Leke Superior

Log W = =2.5413 + 2.8499 Log T L
Weight in grams - Total length in millimeters

Hayes (1956) Shadow Mountain Lake

Log W= -5.0685 + 3.0225 Log T L
Weight in grams - Total length in millimeters

Bailey noted that fish of particular ages and fish caught in certain
areas showed consistent deviations either above or below the values
predicted by the length-weight relaticonship he derived.

The only calculation of coefficient of condition found which was
based on over 100 fish was that of Harris (1952}, who reported a mean
Kot of 1.90 with a range of 1.73 to 2.0L4.

Mortality rates for this species were revealed to be low by Geen
et al. (1966) in their study on longnose and white suckers, but the only
quantitative estimate found in the literature was by Harris (1962} who
calculated a 55% annual mortality for suckers over 1lb years of age.
Scott and Crossman (1973) state individuals mey be as old as 22-2L years
but Keleher (1961) estimated the largest fish on record (642 mm fork
length, 3.3 kg) to be only 19 years. '
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Redhorses (Moxostoma spp. )

The group of suckers generally called redhorses consists of the
genus Moxostoma which have been referred to as one of the most perplexing
groups of fishes encountered by American ichthyologists. DBecause of the
uncertain systematic position of the group, little reliable information
is available on their life histories (Robins and Raney, 1956).

Both the silver redhorse (M. anisurwn), and the northern or shorthead
redhorse (M. macrolepidotum) are known to inhsbit some streams on the
United States shore of Lake Superior (Moore and Braem, 1965), and the
golden redhorse (M. erythrurum) is common in some sections of Lake Huron.
Fach of these species occupies a range significantly smaller than white
or longnose suckers. The southern shore of Lake Superior lies on the
extreme northern edge of the distribution of silver redhorse with the
drainage of the other Great Lazkes forming the northeast portion of its
bourndary. The golden redhorse range borders on the Upper Great Lakes.
This species being more commonly reported south from the Lake Erie
drainage. The northern redhorse lives as far north as Hudson Bay with
the Upper Great Lakes falling in about the center of its range. More
detailed definitions of these ranges are available in Scott and Crossman
(1973).

Habitat

The habitat requirements for each of these species are somewhat
dependent on the population being considered. Meyer (1962} described
the northern redhcrse as having the strictest habitat requirements of
the three.

In the DesMoines River he found this ‘species only in fast moving
water, usually over rock, gravel, and rubble bottoms, but occasionally
over thick layers of silt behind eroded bank vegetation. Scott and
Crossman {1973) note that prior to 1970, when Jenkins {(1970) combined
four conspecific forms (M. breuiceps, M. coregonus, M. lachrymale,

M. macrolepidotum) into one, this species was considered more of a lake
than a river form. However, the species must now be said to inhabit
the shallow clear waters of lakes or rivers. Cross (1967) found

M. macrolepidotum to be highly tolerant of high temperatures {up to

37 €}, but relatively intolerant of chemical polliution and silting.

The silver redhorse was found by Meyer (1962) to frequent slower
moving waters in the DesMoines River than the northern redhorse. He
reported young silver redhorse congregated over areas with a soft-bottom,
but adults showed little preference for hottom types. BScott and
Crossman (1973) accept this description of the silver redhorse habitat,
and add that the species is more common in streams than in lakes.
However, Hackney, Hooper and Webb (1970} found that the fish of the
population they studied remained in a reservoir except during spawning,
suggesting they preferred the lentic ¢ the lotic environment.
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Meyer (1962) found gelden redhorse to inhabit areas similar to
those inhabited by the silver redhorse, but Martin and Campbell (1953)
found them in deeper, faster waters near riffle areas in Missouri.
Hall and Jenkins (1953) indicate the golden redhorse is better adapted
to river than to lske habitats, but from statements presented by
Carlander {1969} it appears that growth increases progressively in
more lentie environments, being faster in larger rivers than in head-
water streams. Cross (1967) describes the species as sedentary in
streams when stream conditicns are relatively constant; however,
during extended periods of highwater or drought, populations move to
areas with more favorable stream conditions.

Scott and Crossman (1973) note that the golden redhorse is one
of the few species of suckers whose range has not been recently
diminished by habitat changes. This suggests that the golden redhorse
mgy be more tolerant of man-induced environmental changes than other
related species.

Ecology

The species of redhorse being considered here interact with their
biclogiec community in much the same way. All are probably highly
subject to predation when young, but as adults are only preyed upon by
the largest of the piscivorous species. Direct competition for each
of the species is limited to other bottom feeding fishes, particularly
other suckers, but indirect competition must include to a limited
extent all species which depend upon invertebrates spending part of
their life cycles on or in the bottom. This would inelude such high
value fishes as the trouts, sunfish, and basses.

The incidence of parasites in these species is not as well docu-
mented as for the white and longnose suckers, but it appears that the
redhorses are a common host. Hoffman (1567) found only five species
of parasites for the silver redhorse and northern redhorse and thirteen
species for the golden redhorse, but Dechtiar (1972) reports that by
examining only six silver redhorse he found fifteen species of parasites.
Fredrickson and Ulmer (1965) found that the northern redhorse along
the Iowa, South Dakota border were subject to seasonal infestations of
tapeworm which infected as much as 38% of the population.

Reproduction

The spawning activities of the silver, northern, and golden red-
horse are similar with the exception of stream type. Scott and
Crossman {1973) report that silver redhorse spawning takes place in
the main channel of turbid rivers in 0.38-1.0 m of water, over gravel
or rubble bottoms, and that the northern redherse migrates from larger
bodies of water into smaller rivers or streams to spawn on gravelly
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riffles. Gerking {(1953) found that the golden redhorse in Indiana
preferred to spawn in the riffles of main streams, like the silver
redhorse, but would ascend small streams near their home territory.

The onset of the spawning run for each of the species is highly
dependent upon water temperatures. Both Meyer (1962) in Iowa, and
Hackney et al. (1970) in Alabama, found 13.3 C to be a geed estimate
of the water tempersture at the beginning of the silver redhorse
spawning run. The northern redhorse spawns slightly earlier when the
water temperature reaches 11.1 C and the golden redhorse slightly later
when the stream temperature is 15.0 C (Meyer, 1962). Males of all
species congregate on spawning grounds before the females, apparently
to defend home territories. Sex ratios {(males:females) on the spawning
grounds during spawning have been reported for the three species
combined as about 2:1 (Meyer, 1962}, and for silver redhorse alone as
about 4:1 (Hackney et al., 1970). No nest is built by any of the
species, and all of the species show highest spawning intensity in
early morning and evening. Meyer (1962) founéd female silver redhorse
carrying from 14,910 to 36,340 eggs, female northern redhorse carrying
from 13,500 to 27,150 eggs, and female golden redhorse carrying from
6,100 to 23,350 eggs. From a limited number of samples, Meyer arrived
at regression eguations for the number of eggs per female as [-19.7 +
0.101 TL) 1000 for northern redherse, (18.8 + 0.103 TL) 1000 for silver
redhorse, and (-33.1 + 0.136 TL) 1000 for golden redhorse, where total
length was measured in millimeters.

The size of the fish involved in the spawning runs has been
reported only by Hackney et al. (1970) from Alabama. They found female
silver redhorse ranging from 548 mm upward (with most between 548 mm
and 600 mm), and males ranging from 507 mm upward (with most between
510 mm and 530 mm). Their data showed most fish of both sexes becoming
mature at age VII with a very few spawners being ages V and VI. Meyer
{1962} showed similar results for the silver redhorse in his study in
Iowa, and also found that male northern redhorse commonly mature at age
III. His data were not sufficient to show the' age at which females
mature. Scott and Crossman {1973) report ages at maturity of II for
female northern redhorse in South Dakota, IV or V for both sexes in
Saskatchewan, and III or IV for both sexes in the Great Lakes. Meyer
(1962) reported golden redhorse to first mature at age IIT, with most
being mature at age IV.

Food

Fach of these redhorse species obtain food execlusively by sucking
up bottom material and straining from it a random variety of inverte-
brates (Scott and Crossman, 1973)}. Due to this habit, the diet of
these species probably varies greatly with habitat. Meyer {(13962)
reports each of the three species utilized the same focds in the streams
he studied. By frequency of cccurrence these foods were: immature
chironomids {91%), immature Ephemeropters (62%), immasture Trichoptera
{18%), and a few small molluscs. Northern redhorse food habits in
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Lake Nipigon were reported by Clemens, Dymond, and Bigelow {192L) ag
consisting of immature forms of Ephemeroptera, Trichoptera, Chironomidae,
Tipulidae, Stratiomyidae, Ostraccda, molluses, Oligochaeta, various
erustaceans, Hydracarina, and diatoms.

Age and Growth

Silver redhorse:

Few age and growth studies have been conducted on this species.
The results of those which have been published are presented in Table 5.

Meyer (1962) noted that for this species annual gains in weight
continue to increase throughout the life of the Tish despite decreases
in annual length gains. Sexual dimorphism in growth, with the female
becoming larger after sexual maturity {age VI), was reported by Hackney
et al. (1970), but was not noted by Meyer (1962). The longest fish
recorded of this species may be the specimen listed by Trautman (1957)
as 635 mm in length and weighing 3.7Y4 kg, however he noted specimens
of 4.54 km have been reported from the Ohio River.

Length-weight relationships for this species were calculated by
Meyer (1962) using first-degree, second-degree, third-degree, and
logarithmic regressions. He found the logarithmic relationship Log W =
-4.236 + 3.1243 log TL (W = weight in grams, TL = total length in
millimeters) to be the most accurate in describing the length-weight
relationship. Meyer also found that the coefficient of condition
fluctuated between a high of 1.L43 in May prior to spawning, to a low
of 1.08 in June.

Northern redhorse:

Age and growth reccords are more numercus for the northern redhorse
than for most of the other redhorse species. Results of those studies
using more than 100 fish are presented in Table 6.

Meyer {1962) found that annual weight gains for this species
inerease through age VI but then decline. It should be noted however,
that very few specimens above age VI were used for this determination.
Scott and Crossman {(1973) state that growth in Saskatchewan iz much
slower than in Minnesota. This statement, along with the data presented
in Table 6 implies that growth is faster in the southern part of the
species’ range. No sexual dimorphism in growth was reported by any
of the investigators cited. The largest specimen noted by Trautman
(1957) was 620 mm in length and 1.87 kg in weight, but Meyer (1962)
found one age VIII fish of 655 mm, and 3.06 kg.

Length=-weight relationships for this species were calculated by

several investigators including Greenbank (1950), Purkett (1958}, and
Meyer (1962). Their results were as follows:
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Greenbank - upper Mississippi River
log W = =3,20 + 2.83 log TL
Purkett - Missouri
log W = ~4.887 + 2.958 log TL
Meyer - lowa
log W = -L.0L2 + 3.021 log TL
where weight (W) is in grams and total length {TL) in millimeters.

Meyer reported the average condition factor of the northern
redhorse to have an annual fluctustion less than that of the silver
redhorse. In Iowa, the northern redhorse reached its highest
coefficient of condition in Oectober (KT = 1,11} and its lowest in
mid June (Kp;, = 0.91). Fogle (1961, 19%3) reported condition factors
(Kpp,) as high as 1.35 in South Dakota during parts of the annual
fluctuation, but noted a condition decrease during the first few years
of impoundment of the reservoir he was studying.

Golden redhorse:

The results of the most extensive age and growth studies published
concerning golden redhorse are presented in Table 7. TFrom Table 7 no
definite north south growth gradient can be determined. Faster growth
in slower flowing waters seems evident, but this may reflect stream
richness more than the velocity of flow. Sexual dimorphism in growth
was not noted in any of the studies cited. Trautman (31957) 1listed
maximum size in Lake Erie as 660 mm and 2.0l kg, with females tending
to be slightly heavier.

Length~weight relationships have been reported from Illinois,
Missouri, and Iowa as follows (im millimeters and grams ):

Lewis and Elder (1953) - Illinois
log W= -4.85 + 3.07 log SL
Purkett (1958) - Missouri
log W = 04.881 + 2,975 log TL
Meyer (1962) - Iowa
log W = 0L.202 + 3.098 log TL
Condition factors for this species, as for the cther redhorse
species, vary greatly throughout the year. Roach {1948) recorded an

average Kp; of 1.39 in Ohio, while Meyers (1962) recorded monthly mean
conditicn factors (Kpr,) of from 1.02 in June to 1.19 in Msy, in Iowa.
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Mortality rates for these three species of redhorse were not
discovered in the literature, but very few silver redhorse beyond 8
years, and very few golden or northern redhorse beyond 5 years were
reported. However, Scott and Crossman {1973) did report northern
redhorse from slow growing Canadian populations survived to 12 or 1L
years of age.
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HISTORY OF THE COMMERCIAL TMPORTANCE
OF SUCKERS IN MICHIGAN

The Great Lakes have always provided the major portion of the
freshwater fish produced in the United States. The traditionally
high value of many of the species resulted in the fishing industry
being important tc the economy of the Great Lakes States. Unfortunately,
the total United States production from the Great Lakes is gradually
declining. Total internmational production from the Great lLakes does
not appear to have decreased much since 1920 because of inecreasing
Canadian exploitation throughout this period.

The decline of the United States fishery can be traced to problems
criginating on the watershed as well as in the water themselves. The
increasing population of the United States shores has resulted in areas
receiving large quantities of domestic and industrial wastes. Farming
practices have led to increased soil erosion and the introduction of
fertilizers and pesticides to the lakes. Although these problems may
not have drastically altered the main body of water in the lakes, they
have degraded many spawning grounds. Catastrophes occurring within the
lakes themselves include the ccllapse of some stocks, presumably due to
overfishing {(particularly in Lake Erie), the mass mortality of smelt in
Lakes Huron and Michigan in 1942-1943, and most importantly, the
invasion of the alewife and sea lamprey intc the upper Great Lakes
(Buettner, 1968).

The species of suckers considered here have been affected by some
of these changes as have most other species. Despite their known
tolerance to high water temperatures and relatively low oxygen concen-
trations, most species of suckers are also known to be relatively
intolerant to chemiecal pollutants. This fact would suggest they are
sensitive to industrial wastes and pesticide runoff. Most suckers also
have highly specific spawning requirements which make them sensitive to
the increased silting in streams affected by the erosion of agricultural
lands. The ses lamprey 1is_known to have affected the populations of
suckers_in some areas of the upper Great Lakes (Buetiner, 1968). This
is particularly true of the white sucker, which is more vulnerable to’
predation by the sea lamprey than is the longnose sucker. In some areas
sea lamprey predation possibly caused a temporary change in the popula-
tion composition from mostly white to mostly longnose suckers (Applegate,
personal communication}. One factor which probably has not affected
these species is overfishing.

Although suckers, or 'mullet' as they are referred to commercially,
have been locally popular as human or animal food, and some are
occasionally sought as sport fish, they have never been a widely success-
ful item on the freshwater fish market. Historiecally the only substantial
market for these fish was in the New York area where they were used in
'gefilte fish', but this market was seasonal, and has been gradually
decreasing with changes in religiocus traditions. The loss of this eastern
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market is probably the major cause for the decrease in the price of
suckers relative to other species. As the relative price of suckers
decreased, those few fishermen who actively sought them gradually went
out of business, and those fishermen who landed suckers as incidental
catch, found it unprofitable to continue doing so. Thus suckers, which
Buettner (1968) reported as being important in the early shallow water
fisheries, have faded from commercial importance.

Lake Erie

Lake FErie is the shallowest and warmest of the Grest Lakes. Due
to the limited Lake Erie shoreline in Michigan, it is also the least
important lake to this state in terms of commercial production.

Buettner (1968) reported the early fishery of the lake consisted
largely of blue pike, lake herring, sauger, yellow perch, and walleye;
with carp, sheepshead and suckers being abundant but little used. A
succession of collapses of the most favored species which seriously
affected the fishing industry in this lake are discussed by Buettner
(1968). Lake herring was the first major species to show a drastic
decline, with the populaticn collapsing in 1925. This decline was
foliowed by the collapse of the sauger stocks in the early 1950's, the
blue pike and whitefish in the late 1350's, and the walleye in the mid
1960's. These decreases in catch have greatly affected the total United
3tates production from the lske. In the period 1874-1908 the average
annual production was 46.0 million pounds. This declined to 37.7 million
in 1914-1929, 30.6 million in 1930-1939, 26.3 million in 19L0-1949, 25.2
million in 1950-1959, 15.2 million in 1960-1969, and all the way to 8.9
million in the periecd from 1970 to 197k,

The total sucker production from the lake was fairly steady pricr
to 1940, with the annual catch ranging between 0.9 and 1.4 million
pcounds in all but 7 years. Since that year, however, the United States
catch has shown a steady decline and has been below 200,000 pounds
since 1965. Michigan's portion- of the catch has always beern.small, but
has shown an erratic decreasing trend, seldom being gbove 50,000 pounds
since 1935,

The decline in the catches of the favored species was probably
caused by a combination of changing environmental conditions and over-
fishing, but the latter of these two factors probably has not affected
the gucker. The decreasing sucker catch can probably be attributed to
polluticon and the blocking cf spawning streams, but an additional factor
could possibly be a decrease in fishing effort, particularly in shallow
waters with seines and trap nets.

Lake Huron

The U. 8. Department of Interior report (1969) noted that from 1897-
1909 the annual production of six species of Lake Huron fish averaged
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over 1 million pounds each. These species included lake herring,
whitefish, lake trout, suckers, yellow perch, and walleye. No major
changes in the production of these species occurred until the late
1930's when the lake trout and whitefish populations began to show the
effects of sea lamprey predation. These two species were severely
depleted by the mid to late 1940's. The walleye population alsoc began
to decline in the Saginaw Bay area after 1943. This decline was probably
the result of a combination of changing envirommental conditicons and

sea lamprey predation. In addition to these declines, decreases
appeared in the catch of lake herring, yellow perch and suckers in
Saginaw Bay. These trends were attributed by the Department of Interior
to decreasing fishing effort rather than a lesser abundance of fish, but
Buettner (1968) reported that the sea lamprey significantly reduced the
sucker population, and the lake herring population fell due to a failure
to reproduce successfully.

The commercial production of suckers from Lake Huron was significant
in all years prior to 1956, only once dipping below cne million pounds
during this pericd. Koelz (1926) reported that in the years from 1893-
1922 'mullet' commonly ranked in the top three species in annual U. 3.
production. Inspection of records extending into the mid 1960's reveal
that this ranking was maintained despite falling sucker catches.
Historically, the majority of the suckers harvested were captured by
trap and pound nets in Saginaw Bay. Other areas of significant catch
were north of Cheboygan, where trap nets were commenly used, and in
the North Channel, where pound nets were employed.

The effect of the sea lamprey, pclluticn, and declining numbers of
fishermen upon the catch of suckers has been mentioned earlier 'in this
section, but it is difficult to determine the impact of each factor.
Throughout the earlier years of the fishery (prior toc 1930) the records
reveal the sucker catch to be cyeclic, reaching a peak about every 12
years (1895, 1906, 1919, 1931). The first two peaks in this cycle are
of approximately equal magnitude suggestihg the pcpulation was fairly
stable during this period.

The large drop in catch which occurred between 1906 and 1919 was
primarily due to decreases in the Baginaw Bay landings. During this
period, the total lakewide production of all species remained farily
stable and no clearcut reason for this decline is apparent. Fossible
factors influkncing this decline may have been competition with carp
in Saginaw Bay, and the pollution of spawning streams by expanded
agricultural and industrial efforts.

The next major drop in production occurred after 1931 and was
probably due to three factors. The first of these to occur was the
introducticon of the deep trap net in 192%. This resulted in a shifting
of fishing effort from shallcw areas heavily populated by suckers, to
deeper offshore areas. The sea lamprey also established itself in the
lake during this period and presumably caused a decline in the stocks of
suckers in some areas. The third factor, z reduced number of fishermen,
ig a direct result of the declining stocks of high value species caused
by the first two factors mentioned. Continuing decreases in catch are
most likely the result of the decreasing effort casused by low prices.
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Lake Michigan

The records reported by Buettner (1968) revezl that the early
fishery of Lake Michigan was largely supported by yellow perch, chubs,
lake herring, lake trout, whitefish, and probably suckers. Buettner
(1968) provides fairly complete records for all of these species except
the sucker. These records show that the fishery of the lake as a whole
for these species was relatively stable prior to the establishment of
the sea lamprey.

The lake trout catch was first to be affected by the sea lamprey,
declining in 1945 and being almost completely destroyed by 1952. The
whitefish catch increased briefly when the lake trout catch first began
their decline, but they too began to decline after 1952. The lake
herring followed a pattern similar to the whitefish, but did rot decline
greatly until the late 1950's. Chubs responded to the absence of lake
trout predation, and increased fishing pressure by yielding larger
catches beginning in the early 1950's. Yellow perch catches have
fluctuated widely since 1889, but no definite trend is evident. Sucker
records, incomplete on a lakewide basis until 1929, showed a fairly
stable catch of close to two million pounds annually until they tegan
to decline in the mid 1940's.

Koelz (1926) reported that in 1925 the cateh of suckers ranked bth
in annual poundage, being slightly less than that of whitefish. Suckers
were also reported as ranking no lower than 5th in every survey taken
since 1890, but fishermen were noted as saying sucker abundance was
beginning to decline. The report recorded the largest portion of the
catch from Green Bay, while Grand Traverse Bay was noted as supplying
the next largest mumber of fish. The most successful gear uced was
trap nets.

Sucker catch records for the state of Michigan from the lake reveal
a gradually increasing catch through 1907, followed by about a 20-year
period of wide fluctuations. This ended with a catch of only about
456,000 pounds in 1928. The annual yield then rapidly increcased to over
two million pounds in 1935, but. this increase was followed by an
irregular decrease to only 21,000 pounds in 1968. Since then, the
catch has fluctuated between 120,000 and 522,000 pounds annually.

The fluctuations which oceurred in the sucker fishery in Lake
Michigan are difficult to explain for the years prior to the establish-
ment of the sea lamprey in the ares. Declines which occurred after
this time can probably be attributed to a combination of decreasing
populations, the withdrawal of fishermen from the industry, and the
shifting of fishing effort in the Bay Deloec area to whitefish, which
were more valuable and becoming increasingly plentiful (LaValle, personal
communication).

Lake Superior

The records of Buettner (1968) reveal that historically, Lake
Superior has produced only lake trout, lake herring, and whitefish
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in large guantities. Whitefish showed significant declines in catch
between 1908 and 1913 and have remained at these depressed levels,
except for a brief increase from the mid 1940's to mid 1950's. Catches
o lake herring showed increases from the turn of the century to the
early 1940's. Since then, the catch of this species also has sjowly
decreased. Lake trout catches were fairly stable and usually in excess
of two million pounds until the establishment of the sea lamprey in the
lake during the 1950's. The commercial catch steadily declined after
that, but never collapsed as entirely as in the other lakes.

Suckers were never extremely abundant in Lake Superior due to the
lack of shallow water. Commercial records for these species are
incomplete on a lskewide basis unti] 1929, with the highest recorded
catch being LLT7,000 pounds in 1937. In 1947 the catch dropped to
71,000 pounds and has exceeded that value only six times since then.
Michigen's hervest had a high of 378,000 pounds in 1937, and was above
100,000 pounds for most years prior to 1947. In that year it fell to
38,000 pounds, and since then has exceeded 50,000 pounds only three
times. The decline of this fishery is believed to be largely the
result of declining fishing effort.

Careful inspection of catech data reveals simultaneocus variations
in catech ocecurring in at least the three upper lakes. This couild
suggest simultaneous changes in fishing effort in these lakes as a
result cof changing economic conditions. Or, these changes could
reflect simultaneous changes in spawning success in each of the lakes
due to favorable or unfavorable spring weather conditions. The first
of the two explanations seems most probable.
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LAMPREY WEIR DATA

In the early 1G50's electric barriers were installed across many
of the streams of the upper Great Lskes in an effort to assess the
abundance of the sea lamprey (Petromyson marinus), and to block this
species from entering streams to spawn. In order to avoid blocking
the spawning runs of indigencus species of fish, traps were incorporated
into the barriers. Fish accumulating in these traps during their
upstreamn migration were manually removed, with daily records being kept
of the numbers of each species handled, and the physical characteristics
of the stream. These records provide information on the run intensity
of many fish species in Great Lakes streams, but because they were not
designed for this purpcse, they have serious limitations.

Four such limitations affect this study. The first is due to the
common practice of releasing captured suckers downstream from the barrier
rather than upstream. This practice would effectively reduce the
available spawning grounds for suckers, as well as make the recapture
of individual fish possible. BSecondly, the efficiency of the traps would
certainly vary cover the years studied as the result of changes in the
pattern of sedimentation caused by the presence of the weirs. The third
factor which may have resulted in some changes in apparent run intensity
is the filling of the traps during certain periods by other migrating
species (most notably smelt). When the traps are filled, they become
inaccessible to suckers, and give the appearance that no migration is
occcurring. Although this situation was noted in the data, and may have
affected the total numbers of fish caught, it is not believed to have
affected interpretations concerning the effects of temperature upon
spawning. The single factor which probebly most influenced the number
of fish captured is the tendency for the fish to congregate below the
welrs rather than trying to go around them and being captured. This
behavior is especially common in the species of the sucker family
(Moore, perscnal communication)}, and resulted in total sucker captures
well below the true number of spawners present.

Records of the number of fish handled (trapped or killed) annually
at each of the stream barriers monitored by the United States Fish and
Wildlife Service show large annual fluctuations in run intensity. These
large fluctuations reveal no well defined patterns ‘over the period of
years monitored, but several streams have shown periods when the cateh
was unusually high or low for successgive years. Although in most cases
all streams did not fluctuate in the same direction during the same years,
the eight barriers still in operation on Lake Superior did show totals
of both white and longnose suckers decreasing sharply during the early
1970's. The number of fish handled in 1974 showed a definite increase
over those of the earlier 1970's, but totals have not yet reached the
former high levels.

Annual totals for each year and stream suggest that extensive
fluctuations in run intensities are not unusual for these species.
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Although sudden decreases in the number of fish caught between two
successive years cannot be completely explained by the data available,
in a few instances low or highly variable stream flows may have reduced
the number of fish caught in a particular year. In most cases, large
increases in the number of large white suckers captured followed years
in whiech there were large numbers of small white suckers reported from
the weirs. This pattern suggests that the increases are the result of
the maturation of large year classes rather than differences due to
mature individuals spawning only in years with the most favorable
conditions.

Despite the previously mentioned limitations on the weir datga,
which greatly restrict their usefulness in relation to the total number
of spawners in a stream, reliable data concerning the preferred tempera-
ture at spawning can be obtained. The annual spawning runs of both
white and longnose suckers for six streams (34 stream-year combinations)
vere exsmined according to the date and water temperature at which 10%,
50% and 90% of the total fish handled were recorded. These data reveal
that in each situation involving an annual capture of over 100 i-inch or
larger white suckers, 10% of them had been captured by the time the
stream temperature was 1,4-10.0 C (April 21 - May 25), 50% by the time
the temperature was 7.8-17.2 ¢ (May 2 - June 1)}, and 90% by the time the
temperature was 9.4-22.2 C (May 9 - June 17). Smaller white suckers
showed wider ranges of temperature for each division, suggesting they
may not be as temperature sensitive as larger individuals. Longnose
suckers appeared to be slightly more sensitive than either size group
of white suckers, 10% being captured by the time the water temperature
reached 6.7-15.0 C (April 25 - May 15), 50% by the time the temperature
was 8.9-17.8 C (May 4 - May 21), and 30% by the time the temperature was
14.4-20.0 C {(May 8 - June 10). Both the 10 C requirement for the onset
of spawning of white suckers, and the 12.2-15.0 C optimum spawning range
for longnose suckers described in the life history section seem reasonable
according to these calculations. However, the wide ranges of temperatures
invelved, which are the result of rapid irregular fluctuations in stream
temperature, 1limit the usefulness of the data.

In order to reduce the preoblems caused by high fluctuations in
temperature, the average temperature for S5-day periods was calculated,
and compiled along with the number of fish.handled during that Period.
Examination of the data for large white suckers reveals that the average
temperature for the 5-day pericd during which the largest number of fish
vere caught varied from 6.4 C to 16.1 C. The smaller white suckers again
displayed less selectivity, with maximum captures being recorded when
average temperatures ranged from 3.0 C to 2L.4 C. Average temperatures
for the 5-day periods in which the largest numbers of longnose were
captured ranged between 8.4 C and 16.4 C. EHven the ranges arrived at by
using this method were rather wide so a qualitative inspection of the
original data was used to identify key temperatures.

Inspection of the data for large white suckers indicated most maximum
dally catches occurred when water temperatures were hetween 10.0 ¢ and
1.4 C. Tt also appeared that consistent temperatures around 7.0 ¢ to
10.0 € induced upstream movement, but rapid rises in temperature usually
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resulted in readings well above 10 C before movement was recorded. When
temperatures were consistently above 15.5 C, movement appeared to cease.
This information agrees well with that cited earlier from Geen et al.
(1966). Optimal temperature appears to be around 11 - 15 C for large
white suckers, but is less consistent and appears slightly higher for
smaller individuals. Longnose suckers exhibit temperature preferences
very similar to those of the larger white suckers with optimum tempera-
tures appearing to be around 12 - 15 C. Thig correlates well with the
optimum temperatures noted by Brown and Graham (1954) and Harris (1962)
of 12.2 - 15 C, however, the temperature first inducing movement is
often significantly higher (at 10 - 11 C) than the 5 C noted by Geen

et al. (1966). That this species spawns earlier than the white sucker,
as reported by other authors (Scott and Crossman, 1973), was not
confirmed by this datsa.

Temperature preferences more specific than those given are not
possible to determine due to the rapid changes in temperature exhibited
by the streams examined.
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MTICHIGAN DEPARTMENT OF NATURAL RESCOURCES
INDEX STATION CATCHES

As well as being a low-value commercial fish, suckers bring a
relatively small amount of money into the economy of the state as a
sport fish. According to the Michigan DNR Management Report No. 5
(1973) an estimated 2,616,360 suckers were caught by 86,720 fishermen
in 1971. Only one of the other 1lh species listed had fewer fishermen
pursuing them than did the suckers. Due to this low economic value
in both the commercial and sport fields, little research has been
done by any government agency on the abundence of these fish.

The Michigan Department of Katural Rescurces has collected data
from index stations throughout the Michigan waters of Lakes St. (lair,
Erie, Huron and Michigan since 1970. Catch per unit effort {CPE),
where unit effort is one trap net 1ift or 304.8 m of gill nets {graded
63.5 - 152.4 mm mesh), has been calculated for white and longnose
suckers at these stations.

Because such a small amount of data exists, only general comparative
statements can be made concerning abundance. The datsa from Lakes St.
Clair znd Erie indicate that only white suckers are present at the index
stations, and they are present in low to moderate numbers, with only 2
sets yielding a CPE of over 10. Catches of white suckers in Lake Huron
and Saginaw Bay were, at most stations, significantly higher than those
in Lakes 8t. Clair and Erie. Catches per unit effort at Pinconning and
Sand Point in Saginaw Bay were consistently high with catches per unit
effort ranging from 17.5 to over 61.5. In the lake proper, the highest
concentrations appeared to be along the southern shore of the Upper
Penninsula with moderate catches noted in areas close to Saginaw Bay and
along the northern shore of the Lower Penninsulz. The highest single
catches per unit effort were reported at the mouth of the Carp River
(58.4) and Forestville (31.9).

In Lake Michigan, the greatest concentration of white suckers is
noted around Little Traverse Bay and Beaver Island (CPE of 22.0 - 98.5).
Some other stations show high catches per unit effort for single dates,
but these were offset by extremely low catches for other dates, or were
the result of very small amounts of effort. Moderate catches were
recorded for a large number of stations, but little consistency was
apparent at those stations sampled in more than one year. Surprisingly
few white suckers were taken in Green Bay despite historically high
commercial catches of 'mullet' from that area.

In Take Huron, longnose suckers do not appear in the index records
for most of the stations in the southern portion of the lake. Some
longnose are recorded for stations at the northern tip of the thumb
region, and a few were listed at stations along the eastern shore of
the Lower Penninsula, but the highest catches per unit effort appeared
along the northern shore of the Lower Penninsula at Hammond Bay {82.0)
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and Cheyboygan Point (42.4). Longnose suckers were conspicuously absent
from the catches of some of the index stations along the southern shore
of the Upper Penninsula in this lake.

Lake Michigan catches per unit effort of longnose suckers are not
very high for any station where fishing effort was above minimal; the
highest CPE coming from Pt. Aux Barques (L4.6). The only areas where
longnose appeared to he more important than white suckers was northern
Green Bay and along the southern shore of the Upper Penninsula. Other
areas where moderate catches have been made are scattered along the
eastern shore of the lake, but these catches seem to be inconsistent
from year ¢ year and season to season.

In general, the records show white suckers being the predominant
sucker in the lakes surveyed. Longnose suckers, when present, were more
common in the northern regions of the lakes. The availablie data show
higher catches per unit effort for spring periods than for other times
of the year. This presumably is due to these species congregating near
shere prior to spawning.
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DISCUSSION

Close investigaticn would certainly reveal that the recent decline
in the United States Great lakes fishery is even more serious than
indicated by the decrease in weight of the annual catch slone. Many of
the high value species have been all but eliminated from the fishery
either by a sheer decrease in their numbers, or by legal restrictions
designed to protect them. TIn many areas, only one or two species commonly
used for human consumption are still available for commercial harvest.
If the Great Lakes commercial fishery is to survive it will be necessary
to harvest species which are now relatively unexploited. Increasing the
number of species harvested would not only inerease total yield, but also
provide for better overall management by allowing biclogists to control
the populations of low value fish which are competing directly, or
indirectly, with higher value species. Although the biology of the species
considered in this paper suggests that they probably do not compete with
high value fish to a large extent under most considerations, their numbers
and palatability may make them economically feasible to harvest.

Abundance and Stability of Stocks

The commercial catch records of the Great Lakes bordering upon Michigan
show that at least Lakes Huron and Michigan have supported substantial
fisheries to 'mullet' in the past. The decline in these fisheries after
the invasion of the sea lamprey seems to be due more to an alteration in
Tishing effort than to the effects of predation, although the sea lamprey
did affect sucker stocks. If this is true, it seems reasonable to conclude
that in those areas where no large scale environmental changes have
occurred {particularly with respect to chemical pollutants and stream
alterations), significant populations may still exist. Same evidence is
available which suggests this is true.

The Michigan Department of Natural Resources (197L4) reports that the
Lake Huron catch of suckers reflects demand rather than abundance,
suggesting increased effort could substantially increase yield if the
demand were there. In Lake Michigan it was reported that longnose and
white sucker could be excellent commercial species and that their abundance,
as indicated by the catch at index stations, is high relative to other
species (Keller, personal communication). In Lake Superior, suckers are
reported as being less abundant and more scattered than in the other lakes
{Wright, personal communication). This situation would be anticipated
from the morphology of the lake basin and the early commercial records.

The biology of the suckers suggests that the areas of most importance
to a commercial fishery for them would be the bays and shallow inshore
areas of the lakes. Examination of the commercial records show this to
have been true in the past with major areas of production being Green Bay,
Grand Traverse Bay, and Saginaw Bay. Index station catches show other
small bays and river mouths to have sbundances equal to these areas at the
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present time, but estimates of maximum commercial yield from any of the
areas are 1ittle more than guesses. In terms of envirommental changes,
it seems that the area most likely to be able to reach former high levels
of production would be the Michigan portion of Green Bay, but even here
the annual yields estimated by biologists familiar with the area range
anywhere from 250,000 to 1,000,000 pounds. This suggests accurate
estimates of sucker populations are not available for important areasas

of potential production.

The available evidence indicates that commercial catches of 'mullet’
would consist mostly of white sucker, with significant numbers of longnose
being included, but very few redhorse. The biology of all of these
species suggests that their contribution to the overall commercial
fishery would depend, to a large extent, upon their environment. The
literature shows a rather wide wvariance of growth rates, ages, and sizes
at maturity for both the white and longnose suckers. These variances
seem to be largely dependent upon the richness of the environment as
discussed in the life history section. The most discouraging factors
found in the literature are the apparent lov annual recruitment and
the slow growth raetes of adult white suckers, but this would he expected
to improve when the adult population was thinned by exploitation.

A situation paralleling commercial exploitation has been observed
in South Bay, Lake Huron, during the late 1950's where Ccble (1967}
studied the effect of sea lamprey predaticn on white suckers. He found
that the white sucker population decreased sharply about the time that
the sea lamprey destroyed the lake trout population. The sucker popula-
tion began to rebound after about five years, but the average size of
individuals caught continued to decline from a high of about 39 em to
a low of about 32 cm over the period of study which ended in the mid
1960's. During this period, Coble estimated the total annual mortality
of white suckers to be only 25 - 30%, and because of this suggested that
even without lamprey predation the population of larger suckers could
not have been sustained under moderate fishing pressure. Rawson and
Elsey (1950) also found that the removal of larger fish resulted in
larger numbers of small individuals appearing in the population. However,
comnercial catch records support the idea that sucker stocks can be
successfully exploited. These records show that under favorable conditions
populations of white and longnose.suckers have been sustained during long
periods of steady commercial exploitation. It seems that the final
determination on the feasibility of commercially harvesting suckers must
awvalt some sort of trial fishing period.

Management Considerations

Recause of current fishery restrictions designed to protect high
value species, 1t is likely that the Michigan sucker fishery would be
limited to the use of shallow water impoundment gear as a capture method.
This type of gear has not been widely used in recent years, and is fairly
expensive. Due to this expense, and the question of market popularity
and profit which accompanies any enterprise, there is some question as
to the number of fishermen who might be drawn into the fishery. The
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suggestion has been made by some fishermen that a govermment agency
should initiate the fishing effort in order to estimate stocks of fish
and market price, thus giving commercial fishermen something on which
tc base an investment. BSuch an approach seems reasonable since a large
percentage of the catch will come from small areas of water, and it
would allow an accurate stock assessment.

In view of the collapse of the fishery for so many species of Great
Lakes fish, such an assessment would appear to be desirable as a manage-
ment tool in future years. Once economic feasibility was established,
commercial fishermen could take over under some management scheme. A
limited access fishery based on gear and area restrictions, or a quota
system would seem to be a reasonable approach to take in managing these
species.

Conclusions

The literature on the bioclogy of suckers reveals that in most
situations the mortality and growth rates of adults of these species
are low. It also appears that these species are not often important in
the food chain, and do not pose serious competition for more favorable
species. Such conditions would suggest that the sucker population is
relatively static and that establishment of a fishery for these species
would not greatly affect the ecosystem as a whole. Unfortunately, not
enough information is available to determine if such conditions actually
do exist in the Great Lakes.

Commercial catch records, data from lamprey weirs, and index station
records all reveal that suckers are widespread in the upper three Great
Lakes. The lack of informaticn concerning abundance on a commercial
scale arises from the low value of the species and subsequent lack of
fishing effort. OSubstantial data concerning sbundance end the effect
of fishing upon sucker stocks is likely to be gathered only by the
establishment of a fishery.

Because of the lack-of-soliQ apformation about the species, a fishing
industry should be established on a small scale and then gradually expanded
if it becomes evident that the stocks can support the fishing pressure.
Judging from the problems arising in the past in fisheries governed by
economiés alone, such an approach would probably require a quota system
or & limited access fishery.
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