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ABSTRACT

A survey of the mussels of the Zumbro River drainage of
southeastern Minnesota was made during the summer of 1988.
Fighty-three sites were studied and 1184 specimens from 17
species were examined for size, condition, abundance and
distribution. Both transects and timed searches were employed
to gather data.

Mussel density was found to be low but similar to that of
the adjacent Cannon River.

Both density and diversity were high below dams as the
result of fish congregating there. However, the dams disrupt
the distribution of some fish serving as glochidial hosts.

Some mussel species have been extirpated in parts of the
drainage and recruitment was found to ke poor at many sties.

Excessive siltation and unstable substrates appear to be
the major limiting factor in the main stem of the Zumbro
River, and long stretches are essentially devoid of mussels.



INTRODUCTICN

The distribution of mussels in streams in Minnesota is
unknown in vast areas (Bright et al, in preparation). The
only thorough studies to date are of the Red River (Cvancara,
1970}, St. Croix River (Doolittle et al, in preparation), Blue
Earth River (Chelberqg, unpublished), Cannon River (Davis,
1988), Mississippi River (Fuller, 1973, 1980), Chippewa River
(Ostlie, unpublished), Pomme de Terre River ({Schladwieler,
unpublished), and some Canadian streams along the northern
border (Clarke, 1973). Even fewer studies provide
quantitative information about abundance: Cvancara (1970, Red
River), Fuller (1978, 1980, Mississippi River) Davis (1988,
Cannen River) and Ostlie (unpublished, Chippewa River). Thus
we have a pcor base upon which we can evaluate the status of
changes of water quality of streams state-wide based on
mussels or upon which we can assess the present or past
condition of mussel populations.

In 1987 the Minnesota Department of Natural Resocurce
Nongame Wildlife P*oqran spensoraed a study of the Cannen River
Drainage (Davis, 1988) in order to improve the data base for
mussels in southeastern Minnesota. Then, in 1988, they
sponsored a similar one on the Zumbro River (this study).

Information regarding the nussels of the Zumbro of
yesteryears is scanty at best. Although early Americans used
mussels routinely as food aleong the Mississippi River, there
is no evidence that they did so along the Zumbro.

The Zumbreo apparently escaped serious exploitation by the
button industry. The Olmsted County Historical Scciety has no
records of clamming on the river and older residents of the
area recall none. However, Lloyd Wilcox, a Wabasha resident,
recalls harvesting mussels as a young boy with his father and
uncle (personal communication, 1988). He recalls two trips a
season to the Zumbro in the 1930's for a couple of years.

They harvested between Mazeppa and Zumbro Falls where mussels
were apparently abundant.

The earliest scientific record is that of Grant (1885)
who reported a specimen of Anodonta arandis found by Winchell
somewhere along the Zumbro River in Wabasha County. Much
later, in August 1938, Dawley collected from the North Fork at
Kenyon and found four species (discussed later). All her
specimens are vouchered in the Bell Museum of Natural History
collection at the University of Minnesscta. Two other
specimens at the Bell Museum are recorded as being from the
Zumbre, but specimen $#2308 is probably from the mouth of the
Cannon and specimen #2244 is probably from the mouth of the
Whitewater.

The purpose of this study, then, was to determine the
diversity, distribution and abundance of mussels in the Zumbro
River System and also to evaluate the reproductive success of
as many populations as possible.




HE STUDY AREA

The Zunmbro River watershed is in southeastern Minnesota
almost entirely in Goodhue, Wabasha, Dedge and Olmsted
counties, and it is tributary toc the Mississippi River (Plate
1) . The rolling, loess- and till-covered uplands that were
once mostly native prairie are now devoted to agriculture.
From the headwaters in the west the streams flow eastward in a
trellis-like pattern that was most likely controlled by
ancient faulting and joint patterns in the early Paleczoic
pedrock. The canyons are deep in many places, even on
tributaries, and the river is over 500 feet below the uplands
in its lower reaches. Trees and shrubs are common along the
banks in many stretches on tributaries but in others the
vegetation has been stripped for the convenience of farming.
A hardwood woodland flcurishes in the lower reaches of the
watershed. Floodplains are farmed and drained where they are
wide enough to produce crops. More complete descriptions of
the region can ke found in the Hydrologic Atlas of Minnesota
(Dept., Cons., 1939) and in Streams and Rivers of Minnesota
(Waters, 1977}, but a few salient points need to be emphasized
here.

The entire watershed is prone to spring fleooding and to
flash floecding during summer thunderstorms, many of the floods
being destructive. Such a conditicn exists because there are
essentially no wetlands in the system to slow rapid runoff,
and what few existed previously have been mecstly drained. In
addition, runoff rates no doubt have been increased by the
vast areas that have fallen to the plow. The flocod stage at
Zumbro Falls is the 18-foot mark on the gauge, and this mark
was exceeded 11 times prior to 1959, the maximum flow there
being 30,700 cfs compared to the normal 479 cfs (Dept. Cons.,
1959). Many stretches on tributaries have been channelized,
particularly where the floodplains are conducive to farming,
and such practice has further compounded flood severity.
Increased flcod severity and increased erosion of upland soil
since settlement have prcduced additional stress on Zumbroe
mussels.

The system is alsoc prone to pericdic low water levels
that effect mussels; the summer of 1988 is a good example
(this study). '

The alkalinity of the Zumbro is about 225 ppm (Waters,
1977) so the streams are of the hard-water type, and the pH
ranges from about 7-8. Most of the streams in the watershad
are warm, but a few tributaries are cold and locally known as
good trout streams. The water is often turbid in the spring
but generally clears by fall, however increased erosion of
farmland has raised mean-annual levels.

There are a number of dams in the Zumbro drainage, the
largest being the one impounding Zumbro Lake on the South
Fork. Dams are of note because they restrict the free



movement of host fish that disperse glochidia.

MATERIALS AND METHODS

Mussels were examined at 83 sites (Plate 1) in the Zumbro
system, the distance between them averaging 6.4 km (4 miles)
and ranging from 1.6 km (1 mi) to about 12.8 km (8 mi) apart.
Length of the sampling areas ranged from a few nmeters to about
5§00 m. Many of the sites correspond to the Minnesota
Department of Natural Resources, Division of Fisheries,
stream-survey sampling stations, which provide additicnal
ecological data not collected in this survey. We paid special
attention to the Rochester area because of the impending flood
contrel project.

Two gquantitative sampling techniques were used. One was
developed by Davis (1988); it consisted of laying a fabricated
set of frames (0.5m x 1Im) across the stream from bank to bank
(a2 transect), counting and measuring length, height, width of
live mussels in each of the frames and recording the presence
of dead individuals. 1In each transect the substrate was
excavated to a depth of about 10 cm. The initial goal was to
analyze three transects from both a pool and a riffle at each
site. However, sampling riffles by this method was abandoned
early in the season (as did Davis, 13988) because so few
mussels were found that it proved very inefficient and
uninformative relative to the time expended.

Transects were not examined at some pools (Appendix 1)
for a number of reasons. Either the pocl was dry,
accessibility was too difficult to haul in SCUBA gear, the
visibility was too poor to effectively use SCUBA, or an
initial reconnaissance indicated extremely low numbers of
mussels. Morecver, conly one transect was made at a few sites
(Appendix 1). Based on Davis' data (1988) from the Cannon
River, it was thought that one transect might be sufficient.
However, 1t was soon obvious that mussels were so scarce that
three transects were a minimum. Some of those early sites
were re-visited but some were not.

A second quantitative method was used that proved
extremely useful - the timed search (Cvancara, 1970). This
method consisted of wading, snorkeling and diving in a large
area of a stream (much larger than the transects) discovering
mussels by both sight and feel. The distance covered in the
search was recorded as well as the time spent searching and
produced the number of mussels per meter per hour. All
specimens during such a search were identified and measured as
in the transect method.

Random searches were also made at some sites where
nussels were extremely rare to improva information about which
species were present at a site. Both the timed-search and
random search provided the opportunity to examine all the
habitats in a stretch of stream rather than just pocls.



The timed searches produced more mussels than did the
transects, 864 and 320 respectively (Table 1)}, even though
more time was required to complete transects in many
instances. In addition more Jjuveniles were fcound in the timed
searches than in the transects sinply because of the
difference in area and variety of habitats exanined.

Time did not permit replication and testing the
reproducibility of density data from timed searches. However,
Cvancara (perscnal communication, 1987) indicated that the
method does produce "adeguately" reproducible results, but
that it needs further evaluation.

Significance of Dead Shells

Some Minnesota floodplain deposits contain beautifully
preserved Unionid shells, some even with brightly colored
nacre, that range from hundreds to thousands of years old.
Where eroded fronm stream banks and re-~deposited in a stream,
these shells are often impossible to distinguish from those of
nodern mussels that have been dead for only years or decades.
Floodplain deposits were carefully checked for the presence of
fossil shells at 12 sites; only one yielded three identifiable
fragments. It was concluded, therefore, .that fossil shells
are sufficiently rare in the Zumbro system that dead shells
without pericostracum are less than a few decades old (surely
they would dissolve if submerged much longer). In contrast,
shells of dead mussels still bearing periostracum or parts of
the animal are convincingly recent (a year or so ©1ld). The
above information improves confidence in concluding that some
species had a formerly wider range fairly recently. For
example, Venustaconcha ellipsiformis was found live at twe
sites on the North Feork (Plate 18) but dead shells were found
upstream so a wider distribution is indicated within the past
few decades.

on the other hand, occasional dead shells downstream from
a place where live mussels occur have less significance
because the dead ones could have been washed in during floods.

Plate 7 shows that cnly dead shells of Lampsilis radiata
siliquoidea were found on the North Fork. That information
indicates that it was formerly there, perhaps widespread, and
that it is presumably extirpated. The term "extirpated" is
used advisably herein because absence is difficult to prove!

Causes of Mortality

The year of 1988 was one of drought in scoutheastern
Minnesota and water levels in the streams of the Zumbre were
extremely low. Dry Run Creek was totally dry and there were
major dry stretches on Cascade and Silver Creek late in the
season. At Site 15 (Cascade Creek) the mussels that were
found on 28 June were all dead on 23 August, when the siream
was dry. In other places mussels were trapped in dry to near



dry pools on the bank side of bars, as well as in small dry
channels near banks and were dying or fresh dead.

At Site 53, on the South Fork, the water was but a few
inches deep and there were dead and dying mussels everywhere.
Some of the shells of dead ones were broken, which suggested
that muskrats or raccoons were preying on some. The cause of
the die-off is unknown.

Muskrats or raccoons had almost eliminated the mussels at
Site 23, and at Site 3 on Salem Creek muskrats had just dined
on all the Amblema plicata. Not many muskrat or racoon
middens were found in the watershed as those animals are
trapped down so predation is probabkly not a seriocus problem
everywhere.

Mussel Distribution

The distribution of both live and dead specimens found
during the 1988 season is shown in Plates 2-18. In general
the maps show patterns of extirpation, formerly wider
distributicns, as well as restricted distributions within the
zumbro drainage. Further interpretation of each map follows
in the species accounts.

Mussel Diversity

Live mussel diversity of the 83 sites ranges from one to
a maximum of nine species (Table 2), the average being 3.2.
The diversity at stations on the Cannon River is similar, the
range being 1-11, with a mean of 23.45 (Davis, 1988). No live
mussels were found at 24 sites on the Zumbro and only eight
sites had more than five species {Table 2).

Dawley's 1938 collection provides the only opportunity to
compare recent with older Zumbro data. Species she found on
the North Fork at Kenyon are listed below alongside those
found in this study.

Dawley, 1938 Site 33, 1988

A. ferussacianus Dead? Live
A. grandis grandis Dead? Live
5. undulatus Dead?

L. complanata Dead? Dead
1. compressa Live
Y. ellipsiformis Dead
1. radiata siliguoidea Dead




Her finding of Strovhitus undulatus is of considerable
interest because it was not found on the North Fork during
this study (Plate 15). A re-examination of her single
specimen (BellMNH 2800) showed that it was incorrectly
identified and is actually Ancdontoides ferussacianus. Thus,
she only found three species. Moreover, all her shells appear
te be from recently dead individuals as they retain the
periostracum. The comparison shows three more species at
Kenyon in 1988 than found 50 years earlier. The difference
most likely stems from a much more thorough search during this
study and not because species diversity has improved in 50
years. _

Figure 1 shows changes of diversity from site to site
along major stretches of streams in the Zumbro watershed.
Diversity ranges from three to five in the upper half of the
North Fork and then decreases in the lower half to its
cenfluence with the main stem (Fig. 1A). Downstream the
diversity is high again at Zumbrc Falls (Site 78) and Hammond
{Site 77) (those two sites have the most stable substrate
examined on the main stem) but from there it generally
decreases toward Kellogg.

On the South Fork diversity generally decreases
downstream te its confluence with the North Fork (Site 70),
with two major exceptions (Fig. 1B). Diversity is high just
below both Silver Lake Dam and Zumbro Dam. The pattern is the
same on the Middle Fork (Fig. 1D); decreasing diversity
downstream and high diversity just below the dam at Cronoco
{(Site 57).

In contrast, the diversity of the South Branch of the
Middle fork increases from the headwaters of Dodge Center
Creek to its confluence with the North Branch. There are one
to four species at each site above Mantorville Dam, whereas
there are five to nine species at each site below the danm.

Diversity can also be viewed in a different perspective
by summarizing stream segments as follows:

No. Live Species
North Fork 5

North Branch Middle Fork
above Pine Island 4

Middle Fork + Milliken CreeXk
above Pine Island 8

South Branch Middle Fork not
not including Dodge Center Creek 8

Dodge Center Creek 4

Scuth Branch above Silver Lake 7



Scuth Branch belecw Silver Lake +
Main Stem 10

In a broad sense, then, the above list shows a general trend
of increased diversity downstream in the Zumbro drainage (as
it prcobably should be). However, that broad change is
punctuated by very different trends when viewed by locality
(Fig. 1).

It is recognized that as diversity changes from site to
site or remains abcut the same over a segment of stream (Dodge
Center Creek, Fig. 1), the composition of those faunas may
differ markedly. Table 3 was assembled to show those
differences. It indicates that Anocdontoides ferussacianus,
Anodonta grandis dqrandis, and Lagmigona gcomplanata are
generally dominant in most of the tributaries. Lampsilis
ventricosa is clearly the dominant species in the largest
streams and Ancdonta grandis grandis holds second place. The
remaining species are less common. If the entire drainage is
considered as a whole, Anodontoides ferussacianus and
Lampsilis ventricosa clearly represent the highest proportions
and Anodonta grandis grandis and Lasmigona ccmplanata are a
distant third and fourth (Table 1).

Considered that way, the faunas of the Zumbreo and the
Cannen are very different, for Davis (1988) found Proptera
alatus (some spell it alata), Lasmigona complanata and
Lampsilis radiata giliquoidea to be of the highest
proportions.

Mussel Density

Density data for each site is presented in two ways in
Table 5 —1pool density in the transects (mussels/mz) and
mussels m ' hr'' in the timed searches. In the transects pool
density averaged 0.48 mussels/m’, ranging from a high of 8
mussels/m2 (Dodge Center Creek) to zero. Timed searches
produced densities ranging from 0-11.4 mussels m'' hr’', the
highest being at Site 21 on the North ForX. The mean pool-
density of the Zumbro (0.48 mussels/mz) is comparable to that
of the Cannon (0.55 mussels/ma), the latter figure being
recalculated from Davis' (1988) data by eliminating his
atypically high locality CAN4C.

Davis (1988) calculated the mean pool-density of
tributaries of the Cannon to be 0.50 mussels/mz. In the broad
view, then, pool densities in the twe watersheds are gquite
similar.

Table 6 shows mussel densities ¢f stream segments derived
from transects and timed searches. Docdge Center Creek has by
far the highest mean pool-density of any segment of the Zumbro
River (2.6% mussels/m"), but densities are lower outside the
transects as shown in the timed searches. In contrast, the
North Fork has average transect densities (0.47 and .55



mussels/n@) whereas timed-search densities are at their
highest {1.43 and 2.44 mussels m' hr''). The lowest mean pool-
density was found between the Rochester Reclamation Plant and
the head of Zumbre Lake (0.01 mussels/mz). In fact only two
live mussels were found along that stretch (one in a transect
and one during the timed search). Density is also very low on
the stretch between Zumbro Dam and the Mississippi River as
shown in Table 3.

It was noted previcusly that transect and timed-search
densities are not always positively correlated:; that is, if
transect density is high, time-search density may be high or
low. However, Figure 26 shows that downstream trends of the
twoe are quite consistent with a few exceptions.

In general densities are highest in headwater areas and
decrease downstream, but show increases below each of the
major dams (the dam at Mazeppa on the Neorth Fork was not
examined).

Substrate Preference

Substrate was recorded for 674 specimens. The standard
Wentworth system was used to identify particle sizes with the
exception of "“"granules", which were included with sand. Table
4 shows that the most important substrates in the Zumbro
drainage contain size classes ranging from silt to sandy
pebbles and that each species has its preference. Of the ten
categories, substrates ranging from silty sand to sandy
pebbles harbor the most species. Davis' study of the Cannen
River (1988) showed essentially the same results.

Substrates that are cobbly or bouldery with sand or silt
between the large particles are the most stable substrates on
nuch ©f the Zumbro because they are the most resistant to
floods. The substrates least resistant to floods appear to be
silt, silty sand and sand.

Assessing Reproductive and Recruitment Success

Davis (1988) analyzed histograms of mussel length to
assess the recruitment success on the Cannon River. He
inferred that the larger the number of length~frequencies for
which there were specimens, the more frequently juvenile
recruitment had occurred. He also noted the paucity of
specimens less than 30 mm long and coencluded their scarcity
was caused by sampling error or, in one case, [they do] "“not
exist due to growth patterns or, more probably, ...that no
mussels were recruited in a past season.'" His comments raise
two important perennial issues: why are so few small
specimens typically ever found, and if young are typically
scarce, how dces one interpret reproductive and recruitment
success?

Isley {1911) was one of the first to point ocut the
problem and significance of the scarcity of very small
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mussels. He said, "I have collected many specimens from the
size of a nickel to a guarter, but mussels under the size of a
dime are rare. A number of experienced field workars have
spoken to me of a similar difficulty in finding juvenile
specimens”. That difficulty still persists, as recently
pointed out by Clarke (1986).

There are several hypotheses to explain the scarcity of
juveniles in healthy, reproducing mussel populations. Baker
(1928) stated that "After shedding the byssus the young
mussels often bury themselves deeply in the bottom." Clarke
(1986) presumed that "...burial in the sand must be the normal
habitus" for Proptera capax in the St. Francis River in
Arkansas. In southwestern Virginia, Neves and widlak {in
Clarke, 1986) found that some species bury in the streanm
bottoms, some as deeply as two feet. Clarke (19886) also
argued that the normal "beautiful" condition of young shells
is probably evidence that juveniles are hypobenthic. Thus, it
seems possible that the absence of small specimens in healthy
populations is simply that they are buried in the stream bed
and therefore not easily found.

Recent observations in Minnesota have suggested a second
hypothesis to explain the scarcity of young. In the late
summer of 1988 young of Proptera alatug less than three years
old were found on the St. Croix River (unusually low water)
crawling about in a small shallow channel by the bank on a
sandy substrate. At the extensive Faribault bed on the Cannon
River young of Lasmigona compressa two and three years old
were found in a similar situation in 1987. In both those
cases the young were found about 30 meters from the adult
populations that were living away from the bank in swifter and
deeper water. No juveniles were found among the adults.

Wayne Ostlie (perscnal communication) has found juveniles of
several species on the Chippewa River and most were removed
from adults. These observations suggest that juveniles
sometimes might be more abundant in special habitats awvay from
the major occurrences of adults.

Clarke (1986, Fig. 1) found no juveniles of Proptera
capax in early August during his study, but did find some in
mid to late September, indicating that the juveniles were
emerging from the substrate in early fall. Thus, a third
hypothesis is available to explain the scarcity of young:
sampling does not extend far enough into the fall to permit
finding them.

Although this survey was not specifically designed to
test the foregoing hypotheses, it did produce some information
bearing on each.

About 40 man-hours were spent sieving substrate in search
of young mussels and at many likely localities substrate was
excavated to depths of 25-50 cm. At the site below
Mantorville Dam, one person screened substrate for two hours
down to 50 cm. All those efforts produced no youndg even
though many cubic yards of sediment were examined. The
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technique was disappointing and not at all useful on the
Zumbro. :

A few Jjuveniles were found during transect surveys, but
finds were sufficiently rare that the method was
disappeinting.

On the other hand, timed searchesg produced surprising
numbers of young. In such searches each site was extensively
checked for young in areas both with and without adults.
Special attention was given to eddies associated with bars,
rocks and snags as well as pools on the bank side of bars,
riffles, and small shallow channels.

Efforts to find young were fruitful in the sense that a
fair number of juveniles were recovered but they represented
only four common species (A. grandis grandis, L. ventricosa,
L. gomplanata, and A. ferugssacianus) and one less common
species (8. undulatug). About 10% of the 1184 specimens
measured were young. Thus, with maximum effort (especially in
timed searches) it was not too difficult to find young of
common species that occurred in high densities.

Most of the juveniles found on the Zumbro were found at
shallow depths in the substrate or at the surface. As many
were found on the surface as buried at shallow depths, so this
study cannot support the hypothesis that mos< juveniles are
hypobenthic.

About half of the juveniles were found during the last
two weeks of the survey (29 August - 9 Septenber) but most of
those were A. ferussacianus from Site 13. The remainder were
found at various times during the period prior to 29 August.
The only young with byssal threads (attached to cobhkles in a
moderate current) were of L. ventricosa and they were found 23
August and 1 September. Although it seemed that young were
more common in the fall, the data do not bear out such a
supposition. Sc this study provides little evidence either to
support or refute fall emergence.

At Site 13 (on 26 August) the abundant young of A.
ferussacianus were clearly separated from adults. They were
all in the middle of the creek on the surface of the sand
substrate. The adults, on the other hand, were mostly partly
buried in silt near the banks in slower current. . This case
represents the only support for the contention that young
might be separate from adults.

In order to avoid the problem of the scarcity of
juveniles, Clarke (1986) recently proposed a novel methed for
using size-data to evaluate recruitment. His methed involves
the use of the mesoconch, a "...discrete shell stage which is
ontogenetically intermediate between the nepioconch (the area
cf the beak sculpture) and adult stages”. He claimed that the
mesoconch, the hypobenthic stage which includes the sculpture
bearing nepioconch, can be recognized by several criteria. If
So, then the length of the mesoconch can be measured, and
"...if mesocench measurements of living specimens in a
population demonstrate that hypobenthic emergence ocCcurs
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principally, say, in the 3 to 5 cm size classes; but no living
epibenthic specimens can ke found at any time of the year
which are smaller than, say ¢ cm; this may be an early
indication of reproductive failure.™®

Amblema plicata is the only Zumbro species that does not
possess a mesoconch. It is easily recognized on the other
ones but is difficult tec identify with certainty on some
specimens, The following data were derived for five Zumbro
species:

Mesoconch ILength (mm)

M Range
Anodonta grandis grandis 45 40-50
Anodontoides ferussacianus 2% 19-40
Lampsilis radiata siliguoidea 39 30-50
Lampsilis ventricosa 45 40-50
Lasmigona complanata 42 31-49

Length~frequency analyses can be presented for only five
Zumbro specles from a few stations and stream segments because
data sets with fewer than 25 measurements were not considered
adequate. The graphs {(Figs. 2-25) include data from both
methods. The white bar represents data from transects, and
the black bar represents data from timed searches plus
transects.

Interpretation of length~frequency analyses can be biased
by size overlap and slowed growth rate in older populations
(Haskins, 1954). This preoblem can be minimized if both age
and length are known. Conseguently a scattergram comparing
length with age is provided for each species as an inset on
Figures 2, 7, 15, 16, and 22. In instances where age could
not be estimated closer than, say, 5-6 years it was plotted as
5.5 years. Some specimens were judged to be less than a year
01ld and they were arbitrarily plotted as 0.5 years. Given the
length ©of a specimen, then, its age can be estimated from the
graph and length frequencies c¢an be translated to approximate
age frequencies., Males and females are not distinguished on
either graph.

The age-~length diagrams of L. ventricosa, A.
ferussacianus and A. grandis grandis show increased scatter
with length that most likely reflects slowed or varied growth
rates in older individuals. Thus, age is less accurately
predicted for large specimens than for small ones, the latter
being within about a year.

Inspection of the length-frequency diagrams (Figs. 2-25)
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shows that they fall into four general types, as follows:

1 - No juveniles found. Length classes present just
larger than the length of the mesoconch (both the
range and mean length of the mesoconch should be
considered). Figures 7 and 12 are good examples of
this type. Figure 12 represents a small leocal
population of A. ferussacianus on the North Fork that
ranges in age from about 2-6 years and exhibits
satisfactory recruitment (that part of the life cycle
from attachment of glochidia on fish hosts to
successful establishment of juveniles on a
substrate). Repreduction (that part of the 1life
cycle from production of sperm to extrusion of
glochidia from the female) is presumed, but it need
not have occurred right at Site 20 because fish hosts
move about during spawning, low water, and in the
fall during periods of decreasing temperature.

Figure 7 is similar except that it depicts the entire
population of Dodge Center Creek (6 sites). Both
show that recruitment has been annual for 4-6 years.

2 = No juveniles found. Length classes absent between
the length of the mesoconch and the next largest
length class. Figure 15 shows that all the specimens
L. radiata siliguoidea in the Middle Ferk above
Oronoco Dam are colder than about four years. The
graph indicates poor recruitment suggesting that the
specles might be in trouble over the entire stretch
of stream.

In this case reproduction was established by
finds of gravid females here and there, so any
probklen probably lies in the recruitment stage.

3 - Length-freguency diagram bimodal (Fig. 18) or
pclymedal (Fig. 16). Such a diagram is taken to
indicate intermittent recruitment.

4 - Young found. All length classes represented. Figure
19 is the »est example of this type and it indicates
steady annual recruitment (but not high numbers).

The foregoing results provide a framework for discussing

the status of the mussels of the Zumbro River.

DISCUSSION
Mussel Species of the Zumbro River

Actionaias carinata (Mucket)

only one live specimen of A. carinata was found in the
entire Zumbro River drainage. It was about 15 years old (sex
undetermined) and was living in silt wedged between cobbles
and boulders in a pool at Spertsmans Park at Zumbro Falls
(Plate 2). Dead shell records (Plate 2) indicate that it
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occurred in the Scuth Branch of the Middle Fork, the South
Fork and cquestiocnably the North Branch of the Middle Fork some
time in the recent past.

Nine of the twelve fish hosts of the nucket occur in the
Zumbro system and four are known above the dam at Oronoco so
fish-host availability doces not seem to be a factor limiting
its distribution.

Elsewhere the mucket's favorite habitat seems to be
shallow swift water with a stable sand, gravel or cobbly
substrate (Baker, 1928; Mathiak, 1979). Although such
habitats are present in the Zumbro system, the species
probably has been neither abundant ner widespread for reasons
unknown. Davis (1988} found the mucket live at two localities
in the adjacent Cannon River but concluded it was formerly
"more widespread". Dawley {1947) considered A. carinata "...
widely distributed in medium and large rivers, but not present
in large numbers" in Minnescta. However, recent work (Bright
et al, in preparation) shows it is restricted to only the
Mississippi River drainage.

Because no evidence of either reproduction or recruitment
- was found and because it is so rare, the mucket probably is in
danger of extirpation in the Zumbro drainage.

Alasmidonta marginata (Elktoece)

A. marginata is a minor component (Table 1) of the Zumbroc
River mussel fauna {22 live specimens). Dawley (1947)
considered it as "not commen, but found in beoth small and
large rivers in Minnesota. It was not found in the Cannocn
River (Davis, 1988). It now lives in the lower half of the
Socuth Branch of the Middle Fork, hkeleow the dam at QOronoco and
below Silver Lake Dam on the Scuth Fork (Plate 3). It
formerly lived in the North Branch.

Four cof the five fish hosts listed by Fuller (1978) occur
in the watershed and all four also exist above the dam at
Oroncece. The specimens examined below Silver Lake (Site 2} in
Rochester appeared to be in superb condition and recent
recruitment was indicated by one individual about two years
cld, and one female was gravid. Reproduction was indicated
elsewhere by a few gravid females.

Its favorite substrates in the Zumbro are stable sand to
sandy pebbles, where it was always found buried so that only
the siphonal aperture was exposed.

The elktoe probably never was common in the Zumbro as
evidenced by its former distribution {(Plate 3). Aand at
presant it appears to be barely "hanging con", even below
Silver Lake Dam where only eight specimens were found. Its
survival above Zumbro Lake Dam is gquestionable if the
population becomes smaller for any reason because the chances
of glochidial infection of local fish hosts will be
significantly reduced. Moreover, the Zumbrc Lake Dam
precludes additional recruitment from infected fish migrating
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upstream from the Mississippi River.

Amblema plicata (Threeridge)

Oonly one live individual of A. plicata was found in the
entire study area (Plate 4, Table 1). It occurred in a pool
on the lower South Branch in gravelly sand. The dead
specimens found on Salem Creek recently met their demise at
the hands of a muskrat. It does not occur in the Cannon River
(Davis, 1988).

Eleven of the fifteen fish hosts listed by Fuller {1978)
occur in the Zumbro drainage, however far fewer occur above
the major dams in the system.

: Threeridge is widely distributed in Minnesota in both
small and large streams (Dawley, 1947; Bright et al, in
preparation), but its major concentrations appear to be in the
Red River, lower St. Croix River and Mississippi River. 1In
all likelihood it was never abundant or widespread in the
Zumbro drainage and is now at risk of extirpation - the
species is rare and no evidence of recruitment or reproduction
was found.

Anodonta grandis grandis (Flocater)

Plate 5 shows that the floater is one of the most
widespread species in the study area, where it occurs from
small headwater streams to the main stem of the Zumbro River.
It is alsc a major component cf the mussel fauna (Table 1),
being cone of the four most abundant species. Moreover, it is
widespread and commen throughout Minnesota (Dawley, 1947:
Bright et al, in preparation}.

In the smaller tributaries it is meost commonly found near
the banks buried in sandy silt and silt as well as in eddies.
In the large segments of the Zumbro it tends to be most common
in pools with 51lty sand and in sand among cocbbles and
boulders.

Recruitment and repreduction (evidenced by gravid
females) appear to be successful on the whole in Dodge Center
Creek (Fig. 2} and in the North Fork (Figs. 3 and 6). The
bimodal nature of Figure 5 indicates intermittent recruitment
at Site 24 on Dodge Center Creek. The general impression is
that A. grandig grandis is successfully surviving on all the
tributaries. However, between Zumbre Lake Dam and the
Mississippi River (Fig. 4) no individuals less than 75 mm
(about 4 years old) were found suggesting that recruitment is
minimal. At many sites along this stretch adults were scarce
and mostly old, but some gravid females were encountered.

There are 15 fish hosts for the species in the Zumbrc
drainage and they are widespread.

The species appears to be extirpated in the Scuth Fork
upstream from Rochester for reasons unknown.
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Anodonteoides ferussacianus {Cylinder)

In the Zumbro River system the cylinder is essentially
confined t¢ the small- and medium-sized tributaries (Plate 6}
as it is in other parts of the state (Dawley, 1947; Bright et
al, in preparation). In such places it is most often found
partly buried in silt along the banks where it is commonly
assoclated with Anodonta grandis grandis. It is the most
abundant species in the Zumbro (Tables 1 and 2) and represents
about one-third of the overall mussel fauna. Davis (1988)
found it common and widespread in the adjacent Cannon River.

Nine species of fish serve as glochidial hosts for A.
ferussacianus (Fuller, 1978} and six are Xnown in the Zumbro
watershed. Four or five of those are known above the major
dams in the drainage.

Recruitment is good at all localities where it was
abundant enough to evaluate quantitatively (Figs. 7~14) and
even at other sites juveniles commonly were found. Successful
reproduction is indicated by ubiquitous gravid females. It
appears to be comfortably established throughout the
tributaries. Its occurrence on the main stem (site 77) is
considered accidental.

Lampesilis radiata giliquoidea (Fat Mucket)

Plate 7 shows the distribution of the fat mucket in the
Zunbro River. It is mostly confined to the Middle Fork and
Scuth Fork. It is apparently extirpated in the North Fork and
only four old live individuals were found in the stretch
between Silver Lake and the mouth of the Zumbro. It was once
more widespread in the South Branch of the Middle Fork than
now. Davis (1988) found it widespread in the adiacent Canncn.
Dawley (1947} viewed it as widespread in all parts of
Minnesota and not restricted to any streanm type.

The fat mucket was found in silt and sand.along ‘banks but
was most common in pebbly cobbly sand. ER

Density of the species is low enouqh at most 51tes that
length-frequency could be examined only for the stretch on the
Middle Fork above Oroncco Dam (Fig. 15). No length classes
between the mesocench length and 75 mm are apparent so
recruitment is considered poor, all the specimens being older
than about four years. In fact only cone of the 41 specimens
on the North Fork was less than four years old. Young of the
species 1-3 years old were found at a few sites, but they are
uncommon everywhere. Gravid females were identified at sone
localities but they were not common. L. radiata siliguoidea
may be in trouble in the Zumbro drainage.

Fuller (1978) listed 13 fish hosts for the species and 11
occur within the Zumbro drainage. At least five of those live
upstream from the major dams.
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Lampsilis ventricosa (Pocketbook)

In the Zumbre system, L. ventricosa is restricted to the
lower reaches of the Middle Ferk and South Branch of the
Middle Fork and to the South Fork and main stem (Plate 3).
Overall it is about the second most common species (Tables 1
and 3} in the fauna and at several sites it represented over
60 percent of the individuals encountered (Table 3). Davis
(1988} found it far less common and widespread on the Cannon.
Dawley (1947) claimed it to be common in small, medium and
large rivers in Minnesota.

Large leocal populations exist on the South Fork just
upstream from the mouth of Cascade Creek, in the headwaters of
the South Fork (Site 53) and in the main stem at Site 77.
Elsewhere it is rare to commen.

The pocketbook's favorite substrate in the Zumbro is in
firm sand, pebbly sand and sandy pebbles. It was found near
the banks, in bars, in pools and in eddies behind boulders and
logs.

Four of the six fish hosts listed by Fuller (1978) occur
in the Zumbro drainage. Only the white crappie lives akove
Mantorville Dam on the South Branch of the Middle Fork. No
fish hosts are known on the North Fork above the dam at
Mazeppa, which perhaps explains its absence there.

This is the only species for which young were found still
attached to byssal threads. They occurred at Sites 2 and 78.

Figures 16-21 show the length-freguency analyses for the
pocketbock. Only 28 specimens of L. ventricosa were recovered
from the Scouth Branch of the Middle Fork between Mantorville
dam and the mouth and most of them were older than 5-6 years
(Fig. 16). Recruitment along that stretch is slow and
intermittent (Fig. 16) and few gravid females were found. On
the Scuth Fork, above Silver Lake Dam, recruitment is
currently slow but persistent (Fig. 17) and gravid females
indicate reproduction. Taken as a whole, the population
between Zumbre Lake Dam and the river mouth appears to be in a
state of minimal and intermittent recruitment (Fig. 18); few
gravid females were found along that stretch in the scattered,
low-density local populations. At Site 353, on the South Fork,
recruitment is negligible and intermittent (Fig. 21) and most
cf the local population is over 5~6 years old. But gravid
females were found indicating reproduction. The healthiest
local population of the pocketbook is just below Silver Lake
Dam {(Fig. 1%), where both reproducticn and recruitment are
scund.

In the 20 ft.-~deep pool just below the ocutlet of Zumbro
Lake Dam the youngest ventricesa was about 10 years old and
the oldest was about 28 years. It is rare between the
Rochester Reclamation Plant and Zumbro Reservoir as well as in
the main stem downstream from Site 77 (Hammond).
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Lasmigona complanata (White heelsplitter)

The white heelsplitter represents about ten percent of

the live mussels found in the Zumbro (Table 1). t is never
abundant, but it occurs at 24 sites, primarily in the Middle
Ffork and its tributaries (Plate 9). It is absent in the main

sten below Zumbro Falls and is apparently extirpated in Salem
Creek. It is more widespread and abundant in the adjacent
Cannon River (Davis, 1938). Dawley (1347) showed its
distribution to be state wide, but sporadic in occurrence. 1In
the Zumbre drainage it is most abundant in the North Branch of
the Middle Fork and the Middle Fork (Table 3, Flate 9).

Its favorite habitats are sandy silt, pebbly sand and
pebbly cobbly sand (Table 4) near kanks and in pools with a
firm bottom.

All four fish hosts, including the eurcpean carp
{facultative), exist in the drainage. However, conly the green
sunfish occurs in the North Fork abeve the dam near Mazeppa,
so the fate of L., complanata is tied to that of the single
fish species. Two fish hosts (carp and green sunfish) exist
above the dam at Oronoco and three fish hosts live above the
Mantorville Dam (carp, green sunfish and white crappie).

Figures 22-25 show length~frequency data for the species.
The population on the Middle Fork above Croncco Dam indicates
recent recruitment (Fig. 22) but a big gap between the 45 and
75 mm length classes. Most of the individuals are more than
about eight years old and a few gravid females indicate
reproduction. Thus recruitment has been intermittent but the
population overall appears temporarily safe. In the South
Branch of the Middle Fork (below Mantorville Dam, Fig. 23), at
Site 47 (Middle Fork, Fig. 24) and at Site €7 South Branch of
the Middle Fork, Fig. 25), local populations exist showing no
recruitment, and individuals ranging from abcut six to nine
years old, although a few gravid females were found. The
white heelsplitter apparently is not recruiting well anywhere
and is just hanging on in the Middle Fork above Oronoco Dam.

Lasmigona compressa {Creek Heelsplitter)

The creek heelsplitter is supposedly widespread and
abundant in streams and small rivers in Minnesota according to
Dawley (1947), however, there are insufficient literature or
voucher records to confirm her statement. Widespread maybe,
but certainly not abundant., Davis (1988) found it at only
five localities on the Cannon, but it is more widespread in
the Zumbro drainage (Plate 10}. The main populations occur in
the North Fork, the Middle Fork, and Dodge Center Creek (Table
3). It represents but a few percent of the overall fauna
(Table 1).

It was normally found in poels with a sand or silt
substrate.

The fish that host its glochidia are (is)} unknown,
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No more than a few individuals were found at any site and
most of them were large. No signs of recruitment were found,
and only eggs were seen in a few females. All of which
suggests a species that is merely "hanging on",

ILasmigona ceostata (Fluted Shell).

Lasmigona costata was found live at but four places on
the Zumbro (Plate 11). At one time it lived in the South
Branch, the lower North Branch and lower Cascade Creek. Davis
found it live at only three places on the Cannon. It is
recorded from less than 30 sites in the state (Bright et al,
in preparation) primarily from the Red River and St. Croix
drainages and southeastern Minnesota.

In the Zumbrec it inhabits pools with bottoms of pebbly
sand and sandy pebbles.

The only knewn fish host is the european carp (Fuller,
1978).

Only four of these mussels were found live during the
survey, they were all c¢ld, and the one below Oronoco Dam was
deformed. ©One gravid female was found. The fluted shell must
" be on the brink of extirpation in the Zumbro drainage.

lLeptodea fragilis (Fragile Papershell)

The fragile papershell is a large river species known
only from the lower St. Croix, lower Minnesota, and
Mississippi River below St. Anthony Falls (Bright et al, in
preparation). Davis (1988) reported it from the lower Cannon.
In the Zumbro it was found live only in the area below Zumbro
Lake Dam and at Site 75 con the main stem (Plate 12}). It might
have been more widespread in the past, but the dead shells
could have been washed downstreamn.

Its single host is the drum, which occurs only below
Zumbro Lake Dam.

Only seven live specimens were found and they were all
cld. Several gravid females were seen but there was no sign.
of recruitment. Either L. fragilis is on the verge of
extirpation or it represents a species never common and one
that only sporadically and accidentally becomes established in
the Zumbro.

Ligumia recta (Black Sandshell)

This species was found only at Zumbrc Falls, where two
very old live specimens (sex undetermined) were found at
Sportsman's Park (Plate 13}. It is rare on the Cannon (Davis,
1988). Dawley (1947} indicated its occurrence in all
drainages in the state, being "common in all but the smallest
rivers".

Four of its five fish hosts cccur in the river below
Zumbro Lake Dam.
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This species is so rare that it cannot survive in the
Zumbro River unless it becomes re~established by recruitment
from the Mississippil River.

Proptera alatus (Pink heelsplitter)

The pink heelsplitter was probably a bit more widespread
than it is now (Plate 14}, but at present it only exists at
two sites on the main stem where the substrate is stable.
There, a few old individuals (sex undetermined) live in sand
sandwiched between boulders and cobbles. It is guite common
in the adjacent Cannon (Davis, 1988) and in some places along
the Mississippi. It alsec occurs in the Red River and the
lower Minnesota and St. Croix Rivers.

Its only host is the drum, which occurs below Zumbro Lake
Dam.

This species is another one that is so rare in the Zumbro
system that it probably cannot survive, without recruitment
from the Mississippi River.

Strophitus undulatus (Squawfoot) -

The squawfoot lives only in the Middle Fork, Scuth Branch
of the Middle Fork, just below Silver Lake Dam, and at cne
locality on the South Fork (Plate 15). It apparently lived
further up the Scuth Branch and in Cascade Creek in the recent
past. Davis (1988) found it only in the upper stretch of the
Straight River, a tributary of the Cannon, at three sites.
Dawley (1947) noted that it occurred in "small rivers in the
St. Croix and Red River systems, and in the Mississippi River
south of St. Anthony Falls, not common but found in both small
and large rivers®.

Three of the fish hosts listed by Fuller (1378) occur in
the Zumbro system. At least tweo of them exist above the major
dams at Mazeppa, Mantorville, Oronoce and Mayowood.

Only 29 live individuals were found and nine of those
occurred just below the Oreonoco Dam (Site 57). No evidence of
recruitment was found but an occasional gravid female was
noted. The squawfoot is another mussel species just hanging
on in the Zumbro drainage even though its glochidia are
capable of develcopment without a fish host (Lefevre and
curtis, 1911).

Toxalasma parvus (Lilliput)

The lilliput is confined to southeastern Minnesota in the
Mississippi River, lower St. Croix River and lower Minnescota
River (Bright et al, in preparation). Fuller (1985)
considered it abundant. It occurs live at only four sites in
the Zumbro drainage (Plate 16) and is rare. Davis (1988) did
not find it in the Cannon systen.

All five of its fish hosts listed by Fuller (1878) occur
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in the Zunmbro.

Fuller (1985) considered it a species of "soft substrate"
in the Mississippi and there it was found in the Zumbre in
silty sand and sand in variocus habitats.

Although no evidence of reproduction or recruitment was
found in the Zumbro drainage its status is difficult to access
because it i1s so easy to miss on account of its small size.

Truncilla truncata (Deertoe)

Only one individual was found on the Zumbro River at Site
80 (Plate 17), Even though beth the specie's fish hosts exist
in the drainage, it is not expected to survive unless re-
established by recruitment from the Mississippi River where it
is commen. It's present occurrence, on the other hand, might
be accidental.

It is known to have occurred in the lower St. Creoix and
Minnesota Rivers as well as the Mississippi below St. Anthony
Falls (Bright et al, in preparation).

Venustaconcha ellipsiformis (Ellipse)

The ellipse was unknown in Minnesota until Davis (1988)
discovered it in the Cannon River, where he found it live at
five localities. It is now also known from nine sites on the
Zumbro River (Plate 18). It was previously further upstream
in the North Fork than now and is apparently extirpated from
Cascade Creek and the North Branch of the Middle Fork. It
represents about 14% of the fauna in the South Fork upstream
from Rochester {(Table 3}.

It was found in both riffles and pools, partly to
completely buried in firm sandy silt or silt. In the riffles
it occurred in firm sand among pebbles and cobbles.

Its fish host(g) are unknown. '

No recruitment was evident in the Zumbro drainage as all
specimens were uniformly large, but gravid females were
commonly encountered indicating healthy reproduction.

General

The present mussel fauna of the Zumbro River can be
separated into three general communities. In the headwaters
of the tributaries the dominant species are Anodontoides
ferrascianus, Anodonta grandis grandis and Lasmigona
complanata. As one proceeds downstream Lampsilis radiata
siligquoidea, Strophitus undulatus, Venustaconcha
ellipsiformis, Alasmidonta marginata and Lampsilis ventricosa
appear, but vary in abundance from place to place. They
constitute a sort of "mid~stream” community. As the Zumbro
increases in veolume and size downstream to its mouth a third
community is evident that is dominated by Lampsilis ventricosa
and Anodonta grandis grandis. Less common species in the
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latter community include Leptodea fragilis, Alasmidonta
marginata and Proptera alatus.

There is no doubt that the natural composition of the
midstream and "big water" communities has been altersd by
erection of dams, For example, no reason is evident to
preclude the occurrence of Proptera alatus (Plate 14) living
upstream from Zumbro Lake were it not for the dam blocking
dispersal of its host fish.

The scattered and low-density occurrences of such species
as Truncilla truncata, Actionaias carinata, Leotodea fragilis,
Ligumia recta and Proptera alatus downstream from zZumbro Lake
beg for explanation and two come to mind. Much of the strean
bed below Zumbro Lake appears to be unstable, as witnessed by
the constantly moving bed load of sand (even in low water
periocds) and bars that are soft and always shifting. This
condition is especially pronounced between the confluence with
the North Fork and Zumbro Falls and below Theilman. Such
places constitute minimal habitat for mussels and they are
rarely found there. However, where the subrate consists of
protected areas of sand or silt between cobbles and boulders
mussels are often found buried in the sand and/or silt (such
as the sites at Hammond and Zumbro Falls). Excessive input of
silt and sand from the North Fork might therefore be creating
long stretches of stream bed that are simply unsuitable for
mussel infestation and therefore account for their low
densities and scattered occurrences. On the other hand the
species mentioned above could always have been rare in the
main stem, representing nothing more than rare and random
recruitment via the odd infected fish moving upstream from the
Mississippi River - after all, most species in a communiity are
rare. Although both hypotheses are viable explanations,
either together or separately, the fact that mussels are found
in places with stable substrates lends strongest support for
excessive siltation being the major limiting factor on the
main stem of the Zumbro.

_ It was pointed out above that both density (Fig. 26) and
" diversity (Fig. 1) of mussels tend to be high just below the

major dams on the Zumbro and that Davis (1988) had found high
densities below dams on the Cannon River (but not necessarily

high diversity). It is a well known observation that fish
tend to congregate below dams periodically (J. Underhill,
personal communication). Davis (1988) pointed out that such

congregations could enhance the local population of mussels by
improving recruitment and therefore mussel density. Then, as
density increases, the chance of fish infection by glochidia
improves. Moreover, as density of the mussels increases so
does the chance of fertilization. fThat positive feedback
system, coupled with the more or less stable habitat the danm
provides, probably accounts for the finding of high densities
below dams on the Zumbro.

The high diversity of mussels below Zumbro dam can be
explained in a similar fashion. Fish that are infected



23

elsewhere might migrate to dams and congregate there, shed the
parasitic juvenile mussel, and thereby increase the number of
mussel species below the dam. Morecver, the artificial
habitat stability may improve recruitment of less common
species.

Experience leads to the opinion that mussel density in
the Zumbro drainage is lower than it was earlier in the
century, however, evidence is scanty. Baker (1928) noted
densities of 1 to 20 per sguare yard in Oneida Lake, Wisconsin
and as many as 10 per square foot in Sturgeon Bay, but that
the density of mussels in rivers "...greatly exceeds that of
lakes." Many sites on the Zumbro preduced densities less than
Baker's and in fact many had no mussels at all. Cvancara
{1970, Fig. 8) found more than 100 mussels per hcour throughout
much of the Red River system, but the maximum found in the
Zumbro was 1l4/hr and averaged only 17.8/hr. Lastly, Lloyd
Wilcox's recollections (personal communication, 1988) indicate
that mussels were sufficiently abundant in the upper main stem
of the Zumbro in the 1930's to be commercially important,
which they are not now. The trend, then, seems to be toward
depletion of mussels in many parts of the drainage.

Density is highest in headwaters, prcbably because those
areas of the drainage are the least effected by human
alteration. In fact the unusually high densities recorded
(Fig. 26} at such places as Site 47 on the Middle Fork, Site
21 on the North Fork and Site 24 on Dodge Center Creek might
be a window to the past, those sites representing relictual
densities that occurred more commonly in the Zumbro before the
advent of human disturbance.

CONCLUSIOQONS

The transect method of assessing mussel density developed
by Davis (1988) was thorcughly tested during this survey.
Although it proved useful, two problems became apparent.
First it produced low diversity at most sites, especially
where mussel distribution was scattered and patchy and where
mussel densities were extremely low. Second, it was not cost
effective where density was low and the transects were very
long.

Timed searches were added at most sites te augment the
transect data. This method consistently increased diversity
over that of the transects {(Fig. 1). Moreover, it produced
density data at sites where no mussels were found in the
transects. However, standardizing the time spent searching
would improve the method. This technique should be included
in future surveys.

Random searches proved to be ineffective as they yielded
no quantitative information.

Both SCUBA and snorkeling improved efficiency at most
sites and SCUBA proved invaluable in the deep pocls.
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Density and diversity of mussels in the Zumbro River are
similar to those in the Canncn (Davis, 1988).

The Zumbro River is a highly altered aquatic ecosysten as
evidenced by low mussel density, long stretches devoid of
mussels, retracted distribution of some mussel species,
extirpation of some mussel species from entire tributaries,
poor recruitment at some sites and dams limiting the
distribution of fish that serve as mussel glochidial hosts.
Humans have altered the system by chemical and organic
pollution, dam construction and increased siltation and runoff
from agricultural areas. The results of this study provide
one basis for future menitoring of the aforementioned
conditions.
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TABLE 1. Proporticns of Live Species in the Zumbro River Systen,
1988

Transects Transects &
Timed Searches

N % N %
Acticnaias carinata 1 .1
Alasmidonta marginata 12 3.8 22 1.9
amblema plicata 1 .1
Anodonta grandis grandis 34 11.0 191 16.1
Ancdontoides ferussacianus 108 33.8 368 33.1
Lampsilis radiata siliqucidea 6 1.8 76 6.4
Lanpsilis ventricosa 108 33.8 250 21.1
Lasmigona complanata 31 9.7 158 13.3
Lasmigona compressa 4 1.3 33 2.8
Lasmigona costata 2 6 3 .3
Leptodea fragilis 7 .6
Ligumia recta 2 .2
Proptera alatus 3 .3
Strophitus undulatus 10 3.1 33 2.8
Toxalasma parvus i .1
Truncilla truncata 1 .1
Venustaceoncha ellipsiformis 5 1.6 34 2.9

320 1184 .
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TABLE 4.

Species clay

Al
A.
A.
A.
A.
L.
L.
L.
L.
L.
L.
L.
P.
3.
T.
T.
V.

cari
marg
plic
gran 0.
faru 1

rs

vent

comph

compr

cost

frag

rec

alat

und

pary

trun

ellip

Overall 0.6

site

5.2

Substrate Preference

Graveltly
Sandy Cobbly Silty
silt  silt Sand
.2 3.6 7.8
13.2 14.2 49.5
5.9
3.0
19.5 9.3 &.1
26.7 53.3
4.2
X
4.0

11.7 5.8 23.7

H = &74

Sard

56.0

5.6

Pebbly Sandy
Pebbly Cokbly  Sandy Cobbles &
Sand Sard Pambles  Soulders
X
7. 14.3 50.0
11.7 10.8
7.4 3.7 g.5
2.5 7.8 2.5
37.2 5.5 £3.2
14.6 341 4.8
13.3 4.7
x x
X
X
X
16.7 8.3 16.7
12.0 8.0
19.0 13.6 4.2 Q.4

15and" imcludes granules

X = present



Transects Timed Search

9

Site # i Tive clams Area (m%) Mussels/m’ Mussels m hr'!
48 3 11 .27 .115
49 4 17.8 .22 .128
50 - - - -

51 2 19.1 .10 173
52 3 26 12 .043
53 8 8 1.0 1.325
54 1l 13.6 . 07 0636
55 - - - 0

56 0 3.8 G .033
57 - - - .2086
58 0 5.8 8] 0]

59 1 26.2 .04 L0022
&0 0 18.5% 0 0

61 - - - -

&2 0 9.8 4] O

63 0 4 0 L0052
64 1 31.0 .03 G

€5 3 13.8 .22 .022
66 6] 14.2 ¢ .00286
&7 15 36.2 .41 .0755
68 0 2.5 0 .20

69 1 81.0 .02 L0298
70 G 2.5 0 0107
71 4] 5.7 9 044
72 13 16.1 .81 22

73 c 70.4 0 . 005
74 0 27.2 0 .00Q046
75 0 17.0C 8] 00167
76 0 22.8 0 .00296
77 11 62 .18 254
78 0 i6 8] .115
79 11 24 A6 .0215
80 0 24 0 .023
31 - - - 0

82 0 9.8 O 0]

83 4 14.5 .28 .0365

™ .48 m L4351
SD 1.20 SD 1.71



‘00 Q3LSWI0

sanyame] Yy
L,

SA1TH =
5

ajig bujjdweg

dpp

2 e/

. AL
VICSINNIW 23 _u.,/\\ 24 g1 191s8yo0Yy
ayeg raapigr 6L

yinog

L5

2]
aye T,
Qg g < 99

pueisi T
aulg

KRy

r e1oJqQunz
VE
..O,F._;N
0

LIOELY T

INHQOOD

8961 'VIOSINNIW HIAN O4IWNZ “AIAYNS TISSAW



suauntzads  peag W

suawidads Aall @

DIBRULILDD BDIDUOUT IOV

YIOSANNIW

oRe; d3LtSWTO

c,
- /.
Ty A

i

aNe __u;:m;h.

oiguing

.- o
v aye
o kg

02 YHSYEYM

jeyuen B3
abpo

18182ys0y N

e~

ua
aYeo
B

Youpig

\\ ]

R:)
Q\QQ\O
4’

- pueidj

eu 5
0 'd FA

£
i 5

ru p1olqungz

00 ANHAOOD

bnog

2733L%

886l "VIOSINNIW "HIAN Ow_mEDN.“>m>xDm T1ISSOW




suawisads

suawidads

pivulbavu v3

YIOSANNIN

peag W
antT @

HOPLUSDY

oRY;

QILSNWAO

(LR L B R CET o R R |

ayey
Qigqunz

- g

YHSYA VM

t818aYya0yYy

e

)

Aﬂém v

-

o

alio,

4

yinog

o
m...%\m_.___:___

INHACOD

273318

_

986L 'VLIOSINNIW

WIAR OYIWNZ CAIAINS TISSNOW




Ir i Ll

02 d3a1LswWwio

3713318

SUBWIDHGS peag W

suawidads aa @

piro17d vuwaqquy 59
1
jawe gy E3
afipoQ

b

5
o

.

AT u“wy/\.\

VIOSAMNMNIW
ayep] 4o0apig -l B i
e h\\l-\ ] Q,U__c_q.vnmw

1818aYys0Y

aNed
Gy g

2 eyseqem
INHQOCGD

Q0 YHSYHVYM

9861 'VLIOSINNIW JIAIY QIIWNZ “AIAINS TISSAW




G aletd

0D GILSNWNTIC v

\Pf

Q;_:Gh.f

373318

sSudWIDads pesd

suawiasds aall @ i - Vllq\it/.

Wiy,
IMJ P T

gapunab gipuval piucpouy

= \\lm &
X ; ebpoq
VIOS INNIW R _uﬂ\. ;_

r aye | oraspigll

ﬂ:q._m_‘_ T
autd
“n

& A«Q

° GGojjaN

2NN

STl eysegem
\ YHSYEYM INHA0OD

ge6L VIOSINNIW "HIAIY OYgWNZ “AIAYNS TISSOW



FAATIWN]TY

STTTH

suswisads  peag W i
suauwdads  anl @ k fl\\.)?n/.
- - ’ EQHV/I(

SRUPLODSENAD S
SOPLOFUOPOUY : .

G M - tojuen E3

abpoq

1a}saydoy

YIOS3INNIW
- o

oIQin g

T

.v.m_ ____OO )

eySEqEM
YHSYEVYM

ANHAOOD

3733183

886L ‘VIOSINNIW "HIAIN OJIWNZ AIAINS TISSOW




ﬁ GhUld

pajel (3iswWI0

373318

suyswInads peaqg ¥

suawioads astl @

vapronbiiie vIVIPDI
s1718dwpy

YIOSANNIW
aRP ) oA (\J\/.\(:/l(../
Yluprg
yinog

...\1\

m:oxéo

ayo T
o:,:::N >
O . _uc.___a._

%
3 surd
5

\\\_..m___

c_:c_: g

L eyoaqung

O:._ nz

INHACO0D

YHEYEYM

ge6L ‘VIOSINNIW “HIAIY OYGWNZ “ATAINS TISSAW




suawizads pead W

syawsads  antl @

pgonrdguaa 81718dung

YI1OSANNIW

00 g3LsSwWI0

B

5] \\

aye] saapig -1

BGonay

arguny

==

1sijuen 3
sBpod

Yruprg

0D

G......___.v_.U

IAHAOCOYD

313318

gg6l VIOSINNIW WIAN O¥dWNZ TAIAYNS TISSNW




‘09 03LSWI0

3733.L8

supwizads  peag W

suswiands  aat]

vynupydwoo vuobiumsoy

Y¥IOQSIANNIW

yinog

Yoy,

ayel
oLz

0o ¥YHSYEYM ANHOOOD

9861 ‘VLIOSINNIW "HIAIY OYIWNZ AFAYNS TISSNW



)
\M}ﬁ:\rf€

La_;c.m,

213318

sudsundads  pesg ¢

SUdwWiAds anlg [}

vaesadaduwos puobiruspy s -
¢

1oquan E3)
sbpoq

-
2
B

R 1l __37\\ IEILLVELD

YIOSANNIN
. aYeT 10apgLl -

JMWW
< aNeq
i

oiqunz

BBoyyan orqunz

INHACOD

0 YHSYBYM

886L VIOSINNIW YIAIS OJ9WNZ “AIAYINS TISSNW



T

DU

ARe

QIALENWI0O

Tuawi2ads

orag W

suaunaads  aall @

nmipgsoo vuobruwsvy

YIOSIONNIW

- o

a¥el soapigal

o~

1a}s3yaoy

020

sd
©
o
E
3
~

oLy

YHEYAVYM

_.v ejoiqw

ot

nz

0
oW e

1ajuen B3
afipoqQ

yiftog

....‘_nd.f__________.n_‘_‘e.

INHIOOD

37133143

886L 'VIOSINNIW YIAI O4IWNZ “AIAYNS TISSNW




A R

00 GILSWIO

_—— =

313318

mC.QE_.oun_m pea] W

suawioads aAalYl @

s1710vaf vapojdaq

sbpoq

:;UM\ 1ajsayroy - D

YIOSINNIW
aye] saAfrg ) o
e e h\\l\ . Hrupsg

o~

o

o

a

€
>
N "~

e

albo,

x.. .
S ) i
> : o
: *. =~ ayry %)
S
~ _
o

,_ ~

ornn 7
- _ 2 oo
o%

[7F3
S £
s ]
)

CLGE-—.N

()
s||e4
osqunz

00 YHSYAVYMm INHAOOY

986l ‘VIOSINNIW WAIANY OYIWNZ ATAYNS HISSNW



02 JILSWIO

suUswIdads pRrag Wy

suswrnads A1l @

varoaa prunbirg

VIOSINNMNIW

-

_nom

B P

0 Tar

\\ 19189y 20R
ayej raaigl

s~ P

o
o
a
£
=
L]

GYET
oWy

YHSYSYM

373318

rayusy B W
abpog 32 v 86pog,
D )

Yrvetg

Sl ejorqun
) joq 2

,OE:N
o

A

AINHACOD

986l 'VIOSINNIW NIAR OJGWNZ “ATIAINS TISSNW




‘03 A3ILSWIO
=raramal]y
AN
suawidads peag Yy
suzwinads sa1m @
sngapen vdogdodd

../.. §
e
VIGS IMNMIW

&
: w
»m.-@m . . G_Q
AT

I;V\l(ri\.\-{ zﬁu
30 vo_.,/

aNE] ha;_:m..\._..\

LR

L~

14
o
fa]
£

=
~

s

b o
.am,,. awey g

o1qiuny

— -

b er0iquInZ
wns
,..‘,\m1 oy
Tl eySEARM (..\a/
\ ‘0D YHSVEBYM . INHOOOD
2961 VIOSINNIW “HIAIY OQJIWNZ ATJAYNS TISSNW




Gl 210Td

R a31sWIO

304A0a

suawliosads peag ¢

— s —)

373318

suawizads 2a17 @

snapynpun snziydodis

YIOSINNIW

) >
10 Miany

\\ 19180Yy20H
ane’) saapig .

o~

i
Q

e
E

E
I

osqunz

=

giqung

*g

BUSBOEM

YHSYEYM

8861 'VIOSINNIW

ANHOGCOY

WIALY OYIWNZ ATAINS TISSON



7o a3ILSKHWIO

Fangawa] |

LER BT
s

susw|oads peag W

suawidads oMt @

snaavd vusvIvIOL

L
W I 1aquen 53
N d 98pog

_..

YIOSINNIW "0 yd 13182Y30Y - A

aye] sargl, - :
Zo. h\\r\ oﬂ..s. Yauepsg
o«
)
a e
~ 3
- Z
-~

1
~,

e
N < awe
H ]

P
Eas
0

z98 1/
! . mbmu\ﬂ.., I

o

grgwnyz

——

S g

< Srg Y
a3
;

Ohn.__.cﬁ\m

aamc:ox

: e ‘.oo,.
e
~ Af RYSBOUM
YVHSYBYM

INHAOOD

313318

g86L 'VIOSINNIW JIAIY OJIWNZ “ATJAINS TISSMOW




L1 HEe g

‘02 U3ILSWI10 v

po

Wnog

“latamag)y

373318

suawlidads  peag W

suzwizads any @

DIVOURIE D] IRUNL]

sepuen I3
ebpod

YIOSINNIW

Youpig ainoe

...\\.\

Q.w.*.m_____,..“\r__

al .c__Q\\n\

,__,ow

BYsEqE M

0d YHSvYBVYM o Re; INHAQOD

.wwor VIOSINNIW YIAIY OAIWNZ ~AIAINS -Emm_ﬁz



suawisadsg perag

sSuUswiIands aAa]

gruaofrediyqe
vyoUODPDEISNUSY

YIOSINNIW

joRe]

¢g31swio0

olqung

=

(]
sitey
slqunz

YHSYHYM

)
P

aanng

teyusy B3
abBpog
\p)

N

¥2upigg
yinog

.cmt‘:;e_

F eloiqwnz

taa,

&

FONHQOOD

3733Ls

8861 'VIOSINNIW YIAN OYIWNZ -AIAINS TISSNW




H W o s u
b TP
... feaatenw .o_..o- m
g son1Y 10d)SSISSIN — W04 HION [
Hea by  on s %
$3123ds 31} “SL10ISNYYL 00 N s ..
sa1oads poap + 8A ‘S LIDIASNVHL - NS T~
saoeds aa) ‘SAOHLAN 1TV cerees . v
s2193ds poap + dall ‘SOQOHLIW 1TV - V G
%io4 yinog B
3116 Aq woadisumo( AqrstanQ sai03adg ‘| FHNOIA Lol
" L v 15 i IR
\el ]
7 ,@n.n
=F m rm
niog appiy - O W104 SIPPIN 8 0§ — 4D a2y abpog - Ot




7 aznb1a {wu) sTassny Jo 11 huo

sy Sh g§ 1 Gt 59 1 oF ot T4 6l 5

1 — . 1 1 1
- 1
gTosSsny
- Y
JO
B Toqunn
- §
L1T7=N ﬁ
0l
(ww} §1ISSNH 40 HIINIT
ngl 0w ogl 6zl on ool 0§ o oL 09 os ov oc oz
v1v(] 2ayed . . ' 2
. S
ST . v
10asuevl], 1TV ) . - . ™
[] . . .t .. . 9 uuw
. wr
@21y I9qua) abpod T ’ h . . ww (OG- 0F) ¢ ‘HONOIOSIN 9
ot SIGNYHD SIONYHD  Y1INOOONY o
sipuedh FiptGvip ejuopouy .

EL



¢ aanb1g

eqe(

J098UrIY,

AI1Cod UIIACN

vleQq

1TV

s1pupil stpuvib

eJuopouy

i

13

68

() STOSSNW JO yihuay

St 59 i G

ot

Lb

giasan JO

THCUINN




Loaanfinyg

{ww) stassny Jo yibua

LR L | D BB -
joosuedl 11V

I9ATY 14dISSIW

01 uweqg ajxe] oiqunyg

sipueih stpuwvib ejuopouy

ST9SSN|

in

IDquInp




g aanbrg

G aanbhrg

eqe( rvleqd
1o088URT, 11V
b2 °315

STpuedb sipucab B3uOpouy

fay sTossn To nnbhian

(ww) sTossnW I10 Yyabuar

G 5¢

6ot 6§ 1 il 69 b1

£
sToSSNK
L
70
& Joquny
8
d ]



Looanht g

tww) H19N3
oot 06 0n oL 09 Qs ov o¢ 0z ot
- [}
BT I
TR © T b *
. i -
. . N
- - ww (Qp - 61) 62 HIHOIOSIN
SANVIIVSESNNTI S I INOQONY
van( - SR Belei
Jaasura, 1TV

Y0210 a3ua) obpog

suuPIopssNIag] Soplojuopouy

()

6 59

sTassn Jo yihbuor

3

& ¢ g o g

4

977 =N

J0

ancuny



g oanbr,l (ww) sT28sNN Jo yjbuoYy

1] ) 6 o o 6¢ 14 Sl §

& Slossny

T 30

Taquing

ge=N FH

v (]
I asuURa, Tiv

NOBID USYTTTIN

snueIoEsSSNID ] sopiojucpouy



T

G oanbtg () sTassni JO 111 buary

56 S Gt 69 Gl §

¢S oy oL ¢l .
—— 'N
i S[assSh[y
X i fs)
g Tacunp
-0l

@MHZ

E R R3]

1a98UuRa, itV

A0 aIppIW UoUvRIg YIION

SNUPTOPSSENIN] S8plojuopouy



0L sanbrty

ele( rae(
o9sueal 11V

104 UrIoN

supueIowvssSnaIaj sopiojuopouy

St

¢

{umur)

¢

sTassn Jo 11q1buat

5

5€

6

6l 5

001=N

L

U

al

STOSSNE

JO

10dWnp



11 aanhig (ww) sTassnw 3o yihuor

56 59 S 59 55 61 5

g | —Ei .

- b S10SSOK

[ g 30

Joqunpy

v (] v e
F08suel], 1TV
g 2115

snueISPSsSnIal soapioluopouy



71 2anbig

v1e(q

Joasue,

02 2118

Bl ed

119

SNUTTIVSSNIO

Sopiojuopauy

6t

&9

{ 1)

59

s1assniy 1o uqhuatg

o 6t

&l

s

1€

- 1
-
STO0SSNH
- 9
jo
& IBQUINN
- 01
KA
al




£ 1 ainhrgy {ww) siessnu jo yibuan

51 ¢ 5§ b1 S¢ & ¢l

- Y

o) g1

+

DESURH

Al 30

Joqunpy

g
ad!
- 91
- 81

¢8=N
- 07

R g vy e or
joasuviy, TV

2 2118

SHNURIOPSSENIsng Saproiuopouy



= § RV

eqeq eqe(
1o085URA, TTV
97 811§

SNUETORSSNIDT Sopiojuopouy

ph

(uwr) stassni Jo uyjhuoarg

5§

cr

6¢

6

&l

= LI

43!
- U
!

il

- 81



G1 21nbhHT1 (ww) stassnp 3o Ybusqg

{1 11 1) L1 ) 56 5 S¢ 5 51 §
r 1
- )
. STassNKH
r 4
Jjo
r 4
IaqunnN
al
&1
1b=N
- ¥l
fww) HiIONIT
el a9z on O 06 oa ol 09 0s
eqe(q _H_ ele(g - . 5
jo88URI] 1TY ] - . _
. : s b
. [ . b )
we(q OD20UOCT() BAOJE 104 DTPPIK . ° ww {0G-0C) 68 ‘HINOJOSIN 2’
ESPTONBTITTS BIPTPET STITSdwsd VIONDINS  YiYIOFH  SIISJNYY o



gp aanhra

(ww} sf1assnp JoO yIhuoarl

GEL 61 sl SH 11 59 6l 69 55 S 5 &l §
fww)
Ovt Of} ozl on oe]] 0z 09 08
-
HERL eqrQ . .
1aasuely, 1Ty - oo T ... )
UINOW 03 weqg aTTITAIONURH o
YI04 DTPPTH UDURIE YINOG R
ww (0S-0¢) Gy  HINOJDSEW
PSODTIUBA STTTSdWE . e YSOIWINIA  SITSINT

[}

Zt

Ll

al

1]

S8v3A

STOSSNYW
10

Jaquny



L1 aanbi1g () stassnW jo yibuag

¢s1 &L GEL czb s1 801§ 1 6l 6y 4 & 5¢ & | §

O L L

sTossSaN

jo
- 01 Jacqunpn
A

ad

il

- 81

e e(] _H_ eled -
13asuUeay 11¥

weq 93er] IIATILIS

DA0Qqe 3I0d YInog

PE001JIUA STLISAUWT|



07 @anbryg (ww) stossny 3o yirbuarg

& sEL 6l Sli 1] 1] 11 6l 3 1} 5 .mn _W.w-.-ﬂ m
1 I
-
- S1HS6NE
L9 Jo
L JTagqunN
-01
-l
9g=N
all

vle( E v3ed -
joo85ueI], TV

6L % s271I5

PSO2TITUDA STTT1sdue]



Lz 2anbiy (wu) stassnE Jjo yibuar

1 1. 114 B 1 Y S 1 ) 1] Gt 59 65 oY £ 5t st &

55t S | s oo S st 8
| | | _

-4 STOSTNR

g Jo
Joquingy
-01
Lk
ad
Ol =N
91

rye( vleg
1o038URI], 11V -
£§ 91318

PSCOTIYuaA sSTrIsdue]



27 2anbry (wmr) stassuy Jo yibuar

11 (T 1 W+ A A 1 . 1! % 58 5t L m.m b ot 14 | 5

B I

faw) HLON2
v (] R edd| o2 ot oo os | 08 oL oy ot

il =

10a8URI] T1Y

.

med 0o0UolQ

2A0Q® I10J DIPPIH .

- wuw {gk-IE) 2 HINODOSIN
rleUERTCUOD vuobiwsed ‘ YIVNYTJNOD  FHOSIMSY

0l

21

0l

]|

SEYIA

ST0ssSnpK

Jjo

Jaqunp



g7z aanbry (ww) syossol Jo yiybuag

Sh 1 sl 59 69 & 5¢ 14 ]| §

v 6l sy S SOL S g
_ ‘N
| X
- 8
sSTOSSnR
- 8
. Jjo
- B Ioquiny
. 4!
| ]!
- 91
k=N
L8

oo
qoasuell TTVY

yInow o1 wed 91TTAITOJURK

104 STPPTW Houedd uyinos

pyvue1duod ruobhiwser]



Fz 2anhi (ww) sTassnW Jo yibuer

IO T T N T . . A . .
K oTos8s0W
- ¥ Jo
L g aoquny
9Z=N
- B

eleq E vqeQg -

Joasuel], 11V

Ll 2318

ejeueTdmioD eUObIWS®



fa)

z 2anhtg

TR 1

eqp(g D =2a Y ey
309suey, TTY

L9 2318

ejeueTdwod ruobruwsed

1]

01

(wut) sT9sSNKW 30 Yabuan
I R A
||
-
il
- 3 SToSENH
L 8 30
ot Joquiny
&1
Al
6g

- 91




AL16 A8 WYIHLSNMOO

wog g
I/W/S|ASSNW : YIIDSS PIWGY ———
,W/SI9550W }oa5uDs) O~ - —0
" 5 " oo "
~ S
i
\
\ o~ _}50
s
1 o
\ f
yao 4 O’}
qoon | b |
by
Vot g1
J j
| {
V
O
14 0'¢

ALISN2A 3SSNNW

'9g JHNSY

M t n 5t " " i L1 oo _.u.-__ n oo u_n Bl; 1 -.m nm
® ® — SN PR = N
. C
(o]
Lol
P .
'
Jaary 1ddIssISSIN — %I04 y4nog " f
M
b
n.n_ﬁ_ -G |
5 LA t i L] \ £ nown (LI 3 u i us
i 4// ..r.!.!:.!{.lnl!lll _ \\C .\ '
\ /.\ A~ \a/ \oJli/n., \
O A ™ ’ N 7 \
’ /o\ y i
G0 A\ _m.o
' _/ i _
\
. AY u
Q 0 \ _.o._
yJod IIPPIW yauosg ©
ynos — yaard 123usld abpoq \ !
\ |
- .m.
%104 3|PPIN s \ _ !
\
e \ [
. o

o2

A I N P



APPENDIX I

Site Data



SITE 1
Locazion: E 1/2 Sec 2, T106l, R14W. South Tork: C-2C0 m upstrean
£»om Hwy 63 kridge, NE corner Soldiers rield Park, Rochester.
DNR Tish Station Number: -
Date: 20 June 1988
Water Temperature: -
Transect Location: 100 m upstream from bridge.
Range of the Mean Depth of Pool Transects: 130 cm

buraticn of Timed Search: -

Transech Timed Ssarch
SPECIZES L H ) o H W

Lappsilis radiata siligu oidea 60.1 38.4 24.4

Lampsilis ventricosa 72.5% 40.0 23.8
- 92.2 64.9 A4l.5
m 8§2.4
£D 13.9

Lasmicona gomplanata 8.5 74.6 27.7

RANDOM STARCH (Presence hoted}
Teoxolasma parvus (live)

Ancdonta grandis grandis (dead)



