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ABSTRACT

The age, rate of growth and ford habits of four selected
cyprinids were determined for specimens collected from Pool 8

v

of the Upper Mississippil Hiver during the summer of 1975,
The following four speclies wer:2 analyzed: spotfin shiner,
Notrcpis spllopterus (Cope); golden shiner, Notemigonus

crysoleucas {(Mitchill); emerald shiner, Notropis atherinoides

(R&finesque); and spottsil shiner, Nobtropis hudsonius (Clinton).

A1l age and growith calculations were made using total
length measurements. Age and growth data included mean length
at capture, back cslculated lengths at time of amnulus for-
mation, leagth-welght regressions, condition factors,X, and
young-onf-the-year growth rates, The longevity of these four
specles was shorter in rool & than those reported by most cuner
Tesearchers.,

Food habit analyses were based on freguency of occurrence,

<t

percent of total number and percent of total volume. Algae
followed by Cladocera were the most important feood items for
all four species of cyprinids. A comparison of seascnal and
area variations in food habits determined that they were

opportunistic., Thelr food habits were a reflection of the

reners) availabllity of food rather than active selection.
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INTRODUCTION

Purpese

The goal of this study was to descrite the age, growth
and food habits of four selected cyprinid species from Navi-
gation Pool 8 of the Upper Mississippl River. The following

species were investigated: spotfin shiner, Notropls spilopterus

(Cope); golden shiner, Notemigcnus crysoleucas (Fitchill);

emerald shiner, Notropis ztherinoides {(Rafinesque); and spot-

tail shiner, Notropis hudsonius (Clintcn). The Family Cyprin-

jdae contalins more members than any other freshwater group

and is represented in Wisconsin by more individuals and
species (45) than any other family of fish (Eddy and Undernill
1974 Johnson and Becker 1970). Many authors have noted the
importance of these minnows as forage fish (Doble et al. 1956;
Gale and Gale 1976; Reiger 1963; Eddy and Underhill 1974).

Due to thelr prominent role in food webs, an understandineg of
cyprinid 1ife nistory is basic to determing the effects of
ecosystem manipulations snd habitat alterations on the Pool 8
fishery. Studies of the cyprinid communities in the Upper
Mississippi EBiver are sparse. This investigation will Fill

this void, in part.



Do

Life Histories

Spotfin shiner. Spotfin shiners cccur from the eastern

part of the Dakotas to New England, except in Lake Superior
and its tributaries, and south in the central Mississippil
basin to the Tennessee River drainage of Alabama and to
central Missouri (Dobie et al. 1956). Becker (19€€) found
that the spotfin shiner is encountered in moderate-sized
streams with numbers of spotfin shiners being positively cor-
related with stream size. This species can tolerate a wide
variety of habitats. They prefer a moderate current, although
they are commonly found in large lakes. According to Trautman
(1957), the spotfin shiner occurred in the greatest adundance
in streams cf low gradients with sandy silt bottomrs. In re-
laticn to its abundance in Wisconsin, Greene (1935) found
that its most favoraltle habltat was on the sandy and silty
bottoms of the main tributaries of the Mississippl River in
the Driftless area.

Spotfin shiners are intermittent spawners and devending
upon geographical lccation spawn from late May to late August
(Stone 1940; Gale and Gale 1976; Pflieger 1960). They spawn
on gravel riffles or over sandy shoals. The adhesive eggs are
often laid in clusters on logs, on dock pilings or in crevices
of submerged tree trunks (Dobie et al. 1955). Gale and Gale
(1976} observed $9% of the eggs within crevices,

The spotfin shiner feeds on aleae, aquatic insects and

micrecerustaceans (Eddy and Underhill 1974; White and wWallace



1973; Stone 1940) . The spotfin shiner is s hardy balt and

forage species for smallmouth bass (Microvterus dolomieui),

crapple (Pomoxis sp.), and northern pike, (Esox lucius)

(Dobie et al. 1956; Gale and Gale 1976).

Golden shiner. The golden shiner is widely distributed

throughout the United States from Canada to Florida and west-
ward to the Dakotas and Texas (Dobie et al. 1956). It is come
mon.to sbundant in lakes, slow«flowing streams and rivers
throughout Wisconsin and is generally associated with aguatic
vegetation (Johnson and Becker 1970; 3ecker 19€6; Greene 1935},
Golden shiners are rarely found in water with fast current.

The golden shiner has a long spawning season, extendinzg

from June into August in Michigan (Cooper 1935), early FHay tc

e

August in Minnesota and New York (Forney 1957), May to July
in Il1linois {Forbes and Richardson 1908), and March throusgh
July in California (¥cKechnie 19€6). in New Yorx and Alabama,
spavning usually occurs at water temperatures between 20-21 C
(Forney 19€8; Prather et al. 1953). The egzs, which are ad-
hesive, are scattered over filanrentous alzac and less Tre-
quently over rocted aquatic plants {(Cooper 1G36b). No par-
ental care is glven the eggs or fry and the sdults may becone
cannaballistic (Altman and Irvin 1950).

The primary foods reported for golden shiners are zco-
plankton, algae, insect larvae, adult insects and molluscs
(Pearse 1916; Mckechnle 1966; Reiger 1963; Flemer and Wool-
cott 1966).,

Golden shiners are desirable forage fish for crappie,



pass, sunfish, (Lepomis sp.) and northern pike (Reiger 1963;
creene 1935; Cooper 1936b; Rice 1942). Due to its importance
as a forage fish, it has emerged as an important bait fish in
the United States despite lts tendency to scale easily in
warm weather and develop infections (Flickinger 1971; Hedges
and Ball 1953).

Emerald Shiner. Emerald shiners range from northwestern

canada to Lake Champlain and Hudson RBay, the Great Lake drain-
ages, the larger tributaries of the Mississippl Hiver and
southward to Texas and Virginia (Doble et al. 1956; Eddy and
Underhill 1974). 1In Wisconsin, this species occurs commonly
in Lakes Michigan, Superior and Winnebago as well as in large
streams and rivers such as the Wisconsin and Mississippi
(Becker 19663 Johnson and Becker 1970). Forbes and Richardson
(1908) reported that emerald shiners are a pelagic species and
form large scnools.

Dobie et al. (1956) noted emerald shiners spawning over
gravel shoals from mid-May to early June. Emerald shiners
were considered to be early spawners in the Des Moines River
by Starrett (195i), since females collected during mid-July
were speunt. Females ready to spawn were taken in Illinois
frem mid-Yay to early June (Forbes and Richardson 1908).
Spawning occurred from June untll August in both Lake Erie

and Lewis and Clark Lake, South Dakota (Fish 1932; Fuchs
1967), Spawning commenced when the water reached 24 C in

Lake Simcoe, Caznada and continued until the end of Auzust

(Campbell and MacCrimmon 1970).



wn

. Emerald shiners have been reported to feed primarily on
aquatic and terrestrial insects, algae, zooplankton and
oligochactes (Forbes 1883, Coker 1929; Fuchs 1967; Campbell
and MacCrimmon 1970). This species is also an important for-
age fish and 1s used by anglers as balit for yellow perch

(Perca flavescens), walleyes (Stizistedion vitreum)and bass

(Eddy and Underhill 1974),

Spottail shiners., The spottall shiner ranges from the

Northwest Territories of Canada to North Dakota and Kansas,
ezst to the Hudson River, soﬁtheast throuch Iowa, Illinois
and the northern Ohio River drainage, and southward in the
coastal region to Georgia {(Eddy and Underhill 1974). 1In
Wisconein, this species is common in very large inland lszkes,
in Lake Michigan and Lake Superior and in large slow-moving
rivers, such as the lower Wisconsin, the Misslssippil and the
St. Croix (Johnson and RBecker 1970; Greene 1935). Becker
(1966) reported spottsil shiners to be less abundant in the
Wisconsin River than in the Mississippi RBiver. He found it
commonly in sloughs and abundant in moderate currents. Simi-
larly, Forbes and Richardson (1908) observed spottalls in
Illinois to be more prevalent in large lakes and rivers than
in small rivers and creeks.

According to Griswold (1663),. spottail shiners are most
often found in areas of moderate to abundant submerzent vege=
tation. Surber (1939) found an abundance of spottaill shiners
in beds of SalixX sp. In the Sheneandoah River. In Lake Michi-

gan, Pssch (1968) observed this species frequenting areas



with moderate amounts of emergent vegetatlion, malnly Typhs sp.
and Scirpus sp. He noted fewer spottail shirers in aress
where there were dense beds of submergent vegetatlion, such

as Potamogeton sp.

Spottail shiners spawn on sandy shcals and creek mouths,
where the eggs develop and hatch in less than twe weeks (Hubbs
and Cooper 1936; Wells and House 1974). After the water
reaches 20 C, spawning commernces from late May through mide
July in Towa, Finnescta and Lake Michigan (Grisweld 1963;
 MeCann 19593 Smith and Kramer 19543 Basch 19€8).

The primary focds of spottail shiners are Cladocera,
phytoplankton, aguatic insects and Amphipoda (Smith and Kramer
1964 ; Griswold 1963; McCann 1959). Wells and House (1974)
reported this specles to be an important forage fish for
walleyes, smallmouth vass, yellcw perch, white bpass (}orone

chrysops) and lake trout (Sslvelinus ramaveush).
Lnrysops

Study Ares

Navigation Pool 8 of the Upper Mississippl River (Lat.
43°52'N, Long. 91° 17* W) extends from U.S. Army Corps of En-
gineers Lock and Dam No. 7 at Dresbach, Minnesota {(mile point
702.5) to Lock and Danm No. 8 near Genca, Wisconsin (mile
point €79.2). The pool is 38 km long and 4,7 kn wide at its
widest point. The longitudinal gzradlent of the Mississippi
River in Visconsin is less than 10.2 cm per 1.61 km (Martin
1974) .

The flcodplain contains not only the maln channel of the



Mississippi River but also numerous slouphs and backwater
areas representing great ecoliogical diversity and productivity
(Figse 1 and 2)« These areas serve as reproduction and
feeding hablitats for many species of fish, reptiles, amphi-
’bians, waterfowl and mammals. Some of these sloughs are the
outlet of tributary streams into which water flows rapidly;
others leave the main channel and later rejoin it; and still
others are abandoned channels of the Mississippi that contain
large anounts of water without perceptible current (Martin
1974) .

Cyprinids were collected from June through August of

1975 while gathering data for a simulation model study of
Navigation Pool 8 of the Upper Mississippi River cenducted

by the University of Wisconsin-La Crosse River Studies Center,
The intent of the simulation study was to identify significant
correlations between certain physical-chemical parameters
{(depth, current velocity, dissolved oxXygen, turbidity, sedi-
ment size and sediment composition including organic nitrogen,
nitrate-N, nitrite-N and orthopnhosphate-P) and biological para-
meters (fish, benthos, periphyton, aguatic macrophytes and
bacteria). The ficheries portioan of this investigation in-
cluded species composition, relative abundance, blomass, and
habitat preferences of fishes in Navigation Pool 8. If suc-
cessful, the model, which based on empirical data and is still
in develcpmental stages, will have predictive capabilities for
the blological communities operating in the river system. A

prediction of natural and man-made effects on the navigation



Figure 1. Aerial photogranh, 1974, of the upstream half
of Wavigation Pocl 8 Of the Upper Mississippil
River, showing inset designations (Appendiz I).
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FPigure 2. Aerial photogravh, 1974, of the downstream half
of Navigation Pool 8 of the Upper NMississippil
River, showing inset designations (Appendix Y.
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_pool may then bte possible.

Forty-one areas in Navigation Pocl 8 were designated for
ksamplingvin the simulation model gstudy. These areas were
chosen and numbered on the basisg of increasing current velcc-
jity. Two of these areas were not sampled for fish due to in-

gecessability (Appendix II).

METEODS AND FATEHIALS

Collection

Cyprinids were collected from Pcol 8 of the Upper Missis-
sippl River during the summer of 1975 by threé methods;

frame nets, bag seines and A.C, boom-shocking. However, only
minnows captured in seines and by shockinzg were used in this
VQtuiV due to the digestion and decomposition of tood itens
that occurred in Tish caught In frame nets. Nylon bag seines
(9.2 £ 1.8 m with 0.3 cm square nesh netting) were used along
all appropriate shorelines, Thirty-five meter shore seine
hauls were made in an attempt to standardize seine effort in
calculation of catch {number and blomess) per haul. Specimens
:were also cecllected during daylilight hours by a boom=-shocking
unit that generated 230 volts A.,C. at 180 cps. Fish netted
during 3C-min shocking runs were held in a tank and later
transferred to another boat for processing. The catch was
measured as catch per 30 min of boom-shocking. All of the
fish caught were placed in 10% aguecus formalin to prevent

further dicestion of the stomach contents.



Processing

411 of the cyprinld specimens were keyed according to
ecker and Johnson (1970) and Eddy (1974). When the saumple
ize for an area wWas large and the varlabllity of filsh length

Wgs small, random subsamples were taken. The total length

“fto the nearest mm) and weilght (to the nearest C.01 z) were
yfecorded for each fish. The entire alimentary canal was ex-
cised and preserved.

Approximately ten scales were removed from the left side
of each fish immediately above the lateral line and caudad

to the insertion of the dorsal fin (Fuchs 19€7; Smith and
Kramer 1964; Parker 1958). The thin, translucent emerald
shiner scales were stairned with Safranin C to facilitate
'feadinq, A1) scales were nlaced on a glsss slide (25 ¥ 75 x

1 mm) and covered with cellophane tape. The scales were exam-
ined using an Eberbach lodel 2700 Kicroprcjector. Golden
shiner scales were read at a magnification of 42Y and =211
other scales were read at 90X. The two best scales from each
slide were read atleast twice. Regenerated scales were dis-

~ carded. Each reading was taken from the focus to the anterior
’margin along the center ray. The distance from the focus to
the margin was marked on strips of paper and an average
'length to the nearest nmm was taken., Age was determined by
cbunting the numbver of annull. An annulus was recognized bn

the basis of crowding of the circuli and the anastomosis, or

crossing over, of circuli in the lateral flelds.
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Analysis

Body-scale relationships were determined for 5-mm inter-

yvals for all species. Total length-scale length regression
analysis (Whitney and Carlander 1956) were computed on the
”University of Wisconsin LACE computer system. This relation-
ship 1is described‘by the equation:

TL = a + b (SL)

where TL

total langth (mm)

a = y intercept

b = slope of the line
SL = scale length {(mm)
Using this information, a nomograph was constructed to deter-
mine the length of each fish after each year of gsrowth ac-
cording to the methods described by Carlander ans Smith (1944}
and by Hile (1950).
For the determination of the length-weight relatlionships,
mean welghts were calculated at intervals corresponding to the
incremente already calculated for the mean total length.
’,Logrithmic length-welght regressions were run on the LACE
computer system and were calcﬁlated from the formula as de-
_scribed by Lagler (1964):
| W= a(TL)P

where W

H

velght (g)
a = adovted variable

TL = total length (mm)

c’
iH

adopted variable



The condition factor, X, for each 5-mm interval was de-

termined from the equation:

K=3W_ X% 107
13
where W = weight (g)
L = tctal length (mm)

In the analysis of food habits, the entire digestive
tract posterior to the esophagus was utilized. The alimen-
tary canal was split lengthwise and the contents were flushed
with water into a circular counting chamber. The large food
jtems were then exXamined at 10-30X under a binocular dis-
secting microscope. The food items contained 'in the digestive
tract were identifled and enumzrated.

Plankton identification and enumeration were dons with a
compounid micrescope using a calibrated wWhipple disk and a
Sedgewick=-Rafter cell. All counts were made using a 20X
ocular and 21X objective. Depending on the number of orga-
nisrs, three strips or ten fields were counted at random and
the total number was nultiplied by a deriﬁed factor which
then estimated the total number of orzanisms per fish. Food
organisms were identified to mgenus when possible {Appendix
VIIT) with the &id of several keys (Pennak 1953; Hilsenhoff
1975; Heedham and Needham 1962; Smith 1950; Weber 1971).

A combination of the numerical methed, frequency of oc-
currence and volumetric methods were used in the analysis of
food habits of four 2yprinid speciles (Windell 1966; Hynes
195¢). The numerical count was determined by the number of

individuals of each food type in each stomach. The per-



centage of the total number of orgsanisms these composed was
_then calculated. Frequerncy of occurrence was the percentage
of stomachs in which each food item occurred. Volumes of
_food items were determined by the water displacement of a
known number of organisms in a gradusted centrifuge tube.
phytoplankton volumetric values were obtained from the liter-
ature (Marcus 1972; Knieht 1975; Wright and Soltero 1973) and

slso calculated according to Findenegg (1969).

RESULTS

Age and Growth

Spotfin shiner. Spotfin shiners were collected from the

following 27 of the 39 study areas sampled: 1-3,9,10,12~16,1%~

23,25,27,28,31,33-38,40 and 41. Three hundred

6]

ixty~elgnt
~_specinmens from age groups 0-I1 were collected, ranging from
29-94 mm end 0.16-10.1 ¢. The mean total lengths at cepture
of age groups 0-I1 were 47.3, 57.4 and 76.3 mm and the mean
weights were 1.2, 3.3 and 5.6 g, respectively (Table 1).

The mean length at annulus formation was 30 um for age
group I. In two-year-old spotfin shiners, the first annulus
vyﬁas laid down at 27 mm and the second at 57 mm (Table 1).

The total length-weight relaticonship of spotfin shiners
Wes calculated from fourteen S-mm length increments (Table 2).
The relationship was expressed bty the equation Log W = =5.4022
+ 3.2568 Log TL {(Fig. 3). The correlation coefficlent, r, was

0.9984,




Table 1. Mean total lengths and weights at the time of capture and mean total
length at each annulus for ag2 groups 0-II of 368 spotfin shiners col-
lected during the summer of 1975 from Pool 8 of the Upper Mississippi
River.

Age Number Mean Length VFean Weight Length at time of
group examined length range welght Tange annulus formation {(mm)
(zm) (nm) (=) () i 2
0 210 47.3 20974 1.2 0.2=5.0
I 1“‘2 57 QL“ 45‘90 3a3 O o7"'8 .2 30
11 16 7643 68-94 5.6 L Le10,1 27 57

4l
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ble 2. Mean total lengths, mean welights and condition
factors, %X, for S5-mm increments of 374 spotfin
shiners collected during the summer of 1975
from Pool 8 of the Upper lMississippi River.

Length Number Fean Mean Welaht
increment examined length welght range X

(m@) () (=)

3 26.3 0.19 0.16-.21 1.04
20 33,2 0.32 0,18« 4L 0,90
28 3800 Oa52 0935".68 Oa95
sl L3 .k 0.81 0.62~1,13 0.99
57 47 R 1.18 0.88-2 70k 1,082
58 532 1.66 1.14-2,70 1.10
Lo 57 8 2,11 1:57-2.59 1.10
29 2.9 2.89 2.33-4,32 1,16
27 68 .2 3.67 2.47-4.85 1.16
30 72..9 L6l 2.84-5,82 1,20
11‘!’ 77&3 518&’ ug()l“?qOé 1&26
10 82 .4 722 6£.12=8.9 1.29

1 9090 9«22 9022 1-26

3 94.0 10.28 9.23-11,.54 1.24




Figure 3. Total length-weight recression of 374 spotfin
shiners collected during the summer of 1975 from
Navigation Pool & of the Upper Missiscippi River.
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The condition factor, K, ranged from 0.90 for the 31-35
»m‘increment to 1.29 for the 81-85 mm increment (Table 2).

e mean K value was 1.12.

Because intermittent spawninz prevented exact determi-
”,fion of hatching time, maximum lengths of young-of-the-year
fish were consldered to represent those fish of the first
satch. Spotfin shiners from the first hatch in Poocl 8
resched 70 mm by August 26, According to back calculated
growth rates, spotfin shiners had the potential to reach 71
mm in one groving season if they were members of the first
étchg The mean total length of spotfins from agze 0 to Au-
cust 26 was 55.27 mm. The mezn daily increment from June <0
0 August 26 was 0.267 mm and from July 28 to August 26 was
211 mm. The mean totael lengths for young-of-the-year on

une 20, 27, July 7, 28, 31, August 5 and 26 were 37, 40, 47,
9, 50, 52, and 55 mn, respectively.

Golden shiner. Golden shiners were collected from the

followine 36 of 39 study areas sampled: 1-4, €, 8-16, 18-29,
31, 32, and 34-41, They had the widest distribution of the
four cypriniéd species studied in Pool 8. The average total
length at time of cavnture for age groups I-III and V were
87.5. 122.6, 151.0 and 188,0 mm, respectively (Table 3).
Age group I contained the largest number of specimens while
age groups [I1I-V were poorly represented.

The mean total lensth at each annnlus was calculated to
be 55.0, 95.7, 127.5, 139.0 ard 167.0 mm for annuli 1-5, re-

Spectively (Tatle 4). Mean annual growth increments of 55.0,



Mean total lengths and weights at the time of
capture for age groups 0=V of 180 golden shiners
collected during the summer of 1975 from Pool 8
of the Upper Mississippl Hiver,

Number ¥ean Length Mean Welght
examined length range welilght range
(mm) (mm) (=) (=)
151 875 52-115 7 .60 1.32-18,.85
25 122.6 102-142 22.00 12,16-39.61
3 151.0 145-157 43,90 36:30=47 .70
O oh v A W L X KR WCH O PR WA - eN W ey
1 188.0 188 83.10 83.10
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able 4, Mezn total lengths at each annulus and mean annual
increments calculated from scales of 180 golden
shiners collected during the summer of 1875 from
Pool 8 of the Upper Mississippi Eiver.

Number Length at Length at time of annulus
examnined capture formation (nm)
(mm) 1 2 3 b 5
151 )87.5 57
25 122.6 58 100
3 151.0 61 105 135
0 ———— - —— ——— ———
1 188.0 Ly 82 120 139 167
Mean length at annulus 55,0 95,7 127.5 139.0 167.0

Mean annual increment 55.0 41,3 34.0 19.0 28.0

e




143, 34,0, 19.0 and 28.0 mm (Table 4y for years 1-5 showed a
decrease in growth as the fish increazed in are (Fle. 4).

The total length~weight relationship of =zolden shiners,
calculated from 21 S5-mm increments (Table 5), was expressed
ﬁy the enuation Log W = =5.25916 + 3.15398 Log TL (Fig., 5).
The correlation coefficient, r, was 0.9989. K values ranged
from 1.01 for the 61-65 mn increment to 1.26 for the 131-135
mm increment {(Table 5). The mean K value was 1.12,

According to back calculated growth rates, golden shiners
had the potential to reach 69,27 mm in one growing season if
they were members of the first hatch. A young-of-the-year
specimen ccllected on August 26 was 75 om in ienqth.

Emersld shiner, Emerals shiners were collected from

the following 24 of 39 study areas sampied: 1, 8, 10, 12, 14~
16, 18, 22, 23, 25-29, 31, 37, 40 and 41. The scales of 81
young-of-the-year and 36 age I emerald shirers were analysed
for age and growth data (Table &), The mean total length at
capture for young-cof-the-year fish was 48.9 mm and 64.4 mm
for age I specimens. At the time of capture, yosung-of-the-
_year emerald shiners had a mean aversge weight of 1.0 g while
_age group I fish averaged 2.6 =.

" The mean total length at arnulus I formation was calcu-
lated to be 47.9 mm. No ficgh older than age group 1 were
Captured durlng the study.

The total length-weight relationship for 119 emerald
shiners was calculated from 10 5-mm increments (Table 7).

The relationship was expressed by the cguation Loz W =



Ficure 4. Mean snnual growth increments of 180 golden
cshiners collected during {the summer of 1975

from Navigation Pool 8 of the Upper lississippi
River.
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Figure 5. Total length-weight regression of 186 zolden
shiners collected durinz the summer of 1975

from Navigstion Pool 8 of the Upper Misslissippl
River,
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e 5, lean total leneths, mean weights and condition
factors, K, for 5-mm increments of 186 golden
shiners collected during the sumnmer of 1975 from
Pool 8 of the Upper lMississippl River,

Length Humber Mean Mean

jncrement examined leneth welaht K
(mm) {(mm) (2)

6 51.8 1.5 1.06

3 573 1.9 1.03

1 62 .3 2.4 1.01

6 69.2 3.7 1.12

11 737 b,2 1.05

12 78 .2 5.3 1.10

23 82 .7 6.3 1.11

; 29 87 .9 7N 1.09
91-95 33 92 .6 8.5 1.07
96-100 15 97 7 9.7 1.03
[01-105 11 103.7 12 (2 1,09
106~110 9 107 .6 14,1 1.14
1 11-115 4 114.,3 17.0 1.14
21-125 4 122.3 20.4 1.12
126~130 3 127 .7 24,1 1.16
31-135 1 135.0 30.9 1.26
36140 L 137 .3 31.56 1,22
[ 41-145 2 143.,5 35.9 1.22
56-160 1 157 .0 b7.7 1.23
86-190 1 188.0 83.1 1.25




Mean total lengths and welghts at
capture for age groups O0-1 of 117 emerald shiners
¢collected during the summer of 1975 from Pool 8

of the Upper Mississippi River.

the time of

Number Mean Lengtn Mean Welght
examined length range welght renge
(mm) (=) (=)
81 48,9 36-65 1.00 0.38<2,.00
36 66 .4 52"814’ 2.56 0069-’1;’ 08‘;\}’
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Mean total lencths, mean welghts and condition
factors, ¥, for 5-mm increments of 119 emerald
shiners ccllected during the summer of 1675 from
Pool 8 of the Upper Mississippi hiver.

Number Mean Mean Welaht
examined Length welght range K
{(mm) (=) (=)

7 38-0 OQL“? 0038“'053 0086
20 43,0 0.63 0.46-,86 0.80
20 4.5 0.82 0.58=1.10 D77
24 52 .9 1.16 0.69-1.49 0,783
i7 57 .9 1.9 12941 .75 Ce77
12 63.:1 2 .08 1.64-2,5% 0.83

8 673 2.61 1.88-3.2 0.71

2 72 .0 2,77 2.66~2 .87 0,74

L 77 5 L .39 4 ,13-4,87 0.94

5 83.6 L,72 by 345,05 0,81




1115 + 3,0074% Loz 1L (Fig. 6). The correlation coefficlent,
was 0.9898.

X values ranged from 0.71 for the 6£-70 mm increment to
gl for the 76-80 mn increment (Table 7). The mean K value

s 0.80.

According to back calculated growth rates, emerald

iners had the potential to reach 61.33 mm in the first

owing season if they were members cf the first hatch. The
erage dally growth of young-of«the-year from July 28 to

gust 26 was 0.55 mn. Age group 0 fish ccllected on August
reaneed in length from 43-65 mm. The average young-of-the-
r length in July was 41 mm and 50 mmr in August. Cn August
, the mean length for young-of-the-year emerald shiners was
t5 mm.

Spottzil shiner. Spottall shiners were collected from

he following 25 of the 39 study areas sampled: 3, 8-14, 16,
:8, i9, 22-24, 27, 31, and 33-41., All of the spottaill shiner
ollected during the summer of 1975 were young-of-the-year
11th the exception of one specimen from age group I. This
:‘ndividual was 87 mm in total length and weiched 6.57 =.
 Acoord1ng to back calculation, the annulus for this fish was
formed at 77 mm. For the 126 are group 0 spottail shiners,
the mean total lensth was 57.0 mm and ranged from 41-79 mm
wWhile the mean welght was 2.12 g, rangine from 0.65-4,15 g,
The totsal lenqthaweiéht relationship of 127 spottail
§hiners was calculated from nine 5-mm increments (Table 8).

The relationship was expressed by the equation Log W =
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Fizure 6. Total lenczth-welzht regression of 119 emerald
' chiners collected durine the summer of 1975 fron
Navigation Pool 8 of the Upper IMississlippl River.
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Mean total lengths, mean weishts and condition
factors, ¥, for S5-mm increments of 127 spottail
shiners collected during the summer of 1975
from Pool 8 of the Upper Kississippi River.

ength Number Mean Mean delgnt
crement examined length welght range K
(mm) (&) (=)
27 b3,7 0.80 0.65-0.92 0.6
20 5092 1018 0086-1. r.L,'O 009)‘!'
i2 533 1.60 1.38=1.70 1.66
17 57 7 2.01 1.:.31=3.30 108
10 £3.5 2.73 2¢3C=3.C0C 32.07
24 68.2 3.39 2.96-3.80 1.07
i3 71.8 3.82 3,144,175 1.03
3 77«0 4,13 L,10-4,16 0.0
H 87 .0 6.57 6.57 1.00




‘

Figure 7. Total lensth-weight resression of 127 spottall
shiners collected durins the summer of 1975 from
Navigation Pool 8 of the Upper VMississippl Eiver
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‘;gzuu + 3,0152 Log TL {Fiz. 7). The correlation coefficlent,
was 0.9915.

The condition factor, K, ranged from 0.90 for the 76=80
increment to 1.07 for both the €1-65 and 66-70 mm incre-
nts (Table 8). The mean XK value was 1.01.

Young-of-the-year spottall shiners exhibited a potential
aily growth of 0.8611 mm and 2 mean dally increment of 0.7€¢15
| from July 28 to August 26. The mean length of spottail

iners from age 0 on August 28 was 66.9 mm.

Food Habits

Spotfin shiner. The allimentary canals from 199 spotfin

éhiners were examined to determine food habits. The fish were
divided into three length groups; 0-45 mm, 46-70 mm and 71-95
m (Table 9) All of the specimens contained food organisms.
Bacillariophyceae were the rost important food items of
small spotfin shiners, comprising €5% of the total nurber of
food organisms, 63% of the total volume and havine a 40% fre-
guency of occurrence (Table 9). Cyanophyta accounted for 15%
of the volume and 29% of the number of food items, with a 32%
frequency of occurrence. Chlorophyta were found in 20% of the
Stomachs, but represented less than 1% of the total volume
_and 5% of the total number of food items. Cladoéera accounted
for 2% of the total number of food organisms and 21% of the
total food item volume. A 90% frequency of occurrence was
found for Cladccera. Ostracoda exhibited an 18% frequency of

Occurrence arnd unidentifiable insects were present in 17% of
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specimens, but neither represented more than 1% of the

al nusber or volume of food oreganisxs. Sand and vascular
nt material were found in 23% of the fish in this group.
Algae were also a substantial part of the spotfin's alet
the size group 46-70 mm. Bacillariophyceae accounted for
% of the food by volume, 21% of the food by number and was

presented in 72% of the specimens. Cyanophyta comprised

o

% of the total number of food items and 6% of the food volume
th a 37% frequency of occurrence., Chlorophyta was repre-
ented in 16% of the specimens and made up 2% of the total

ood volume but less than 1% of the total number of fcod items,
adocera had an 88% frequency of occurrence and reoresented

of the total food volume but less than 1% of the total

umber of food ltems. Inmature Tendipedidae were in 27% of

he fish and unidentifiable insects were found in 43% of the
omachs, but neither eroup was responsible for more than 1%
the tctal volume or number of food organisms. Sand was
resent in 7% of the specimens and vascular plant materizal
ppeared in 12% cof the fish.

Bacillariophyceae comprised the primary food socurce of

he largest spotfin shiners (71-95 mm). Bacillariophvceaze
ccounted for 83% of the total volume of food items and were
presented in 54% of the digestive tracts. Cladocera were
resent in 83% of the fish and comprised 107 of the total

00d volume. While unidentifiable insects were represented

n 447 of the digestive tracts and Tendipedidae larvae were

Userved in 20% of the fish, neither comprised more than 1%
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£, the total volume cr number of food organisms. Vascular
jant matter was found in 20% of the fish but sand was pre=
ent in only 2% of the specimens (Table 9).

Small spotfin shiners 0-45 mm collected on June 20 from
tudy area 34 fed heavily on Bacillariophyceae (83% total

ood volume) and secondarily on Cladocera (1172 total food
olume) . Shiners captured on the same date from study area

8 fed vrimarily on Cladocera (664 total food volume) with
Bacillariophyceae (227 total food volume) of secondsry impor-
ance.

Bacillariophyceae followed by Cladocera were the major
0od organisms of medium-sized spotfin shiners (L6-70 mm)
ollected on June 12 in study area 28. The reverse was true
or shiners captured on the same date in srea 22. In mediunm~
ized spotfins ceollected in area 34 on July 28, Cladocera were
he dominant organisnr followed by diatoms. In area 25 on

luly 28, the importance of diatoms and Cladocera wWas reversed.
August 5, dlatoms were the most important food item by
rolume (59%) for the medium~-sized shirers from area 28 with
ladocera occupying 22% of the total food volume. For shiners
ollected from area 19 on August 5, Cladocera accounted for®
1% of the total food volume and dlatoms represented 36% of

he food volume. Cladocera were the primary food item, fol-
OoWed in importance by diatoms, for larse spctfin shiners
71-95 mm) collected on June 20 in areas 34 and 35.

' All three length groups of spotfin shiners were used to

etermine seasonal variation in fcod habits. Small spotfins




Relative importance of major icod items for three size groups of spot-
fin shiners collected during the summer of 1975 from Pool of the Upper

Mississippl Biver (¥=values less than 0.5%). For the alegas, the total
number indicates the total number of individual cells (Appendix III)

Size class ¥ish with Total number Total volume
and number of Food 1item focod item food item food iten
fish examined No % % ml %

0-45 mm Bacillariophyceae Lo &7 1,086, 6 28.8168 63
(60) Cyarnophyta 10 G2 b7 G 29 €.7828 15
Chlorophyta 12 20 81,66¢ 5 0.3098 *

Cladccera &y a0 ?7,3;1 2 9.4314 21

Cstraccda 11 18 1,189 * 0.1510 *

Other 17 28 7073 * 0.3816 1

Total 1,675,011 101 Lg, 2734 100

LE~70 mm Bacillariophyceae 71 w2 5,001, 584 21 305 .2944 83
(98) Cyanophyta 36 =7 18,311,412 78 22,6955 é
Chlcrophyta 16 16 153,150 * 65,4696 2

Cladocera 86 883 O, 6Ll *® 32 .£350 9

Ostracoda 14 14 3,624 * 0.L4602 *
Tendipedidae 26 27 8¢ * 0.9392 *
Trichoptera 18 i8 52 * 0.2364 *

Uri*@nt, insect 42 L3 122 * 1.2444 #*

Othe 1 14 6,176 * 0.4535 *

Total 23,570,847 99 37,3772 100

{cont.)

i




e

|
N
L

.
f,; S
.

;1

Table @ (cont.).

71-95 mm Bacillariophyceae 22 sh 3,177,499 773 195.5537 89
(41) Cyanophyta 2 5 15,000 * 0.0178 #*
Chlcrophyta 3 7 103,517 25 1.5875 #

Cladocera 34 83 62,668 1 21,6100 i0

Amphipodza 1 2 203 3 0.1827 1
Tendipedidae 8 20 30 * 0.0316 #*

Unident. insects 18 Ly 58 #* 0.591 *

Other 14 ah L1s * 0.4746 *

Total 3,359,399 99 220.4950 100

<t
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erred Bacillariophyceae during both June and July, com=
1ng 68% and 82% of the total food volume, respectively.
gcera were the next important food group accounting for
 of the total food volume during June and 9% of the total

d volume in August,

For medium-sized spotfin shiners collected in June,

occera were the most important food organism, making up 647
the total food volume and havineg a frequency of occurrence
97%., Bacillariophyceae were the second most important food
T, comprising 32% of the total food volumé and present in

! of the specimens. For medium-sized fish captured in btoth
y and Auvgust, distoms were the dominant food item Dby volume
% and 72%, respectively). In July, Cyanophyta were the

sond nmost important food item by volume (30%) followed by
;adocera {(15%). Cladocera were of secondary importance in
gust samples, representing 20% of the total food volume and
sent in 90% of the specimens. Cyanophyta were found in 55%
f the shiners but comprised only 5% of the total food volune.
Cladocera were present in 100% of the large spotfin
hiners collected in June and represented 90% of the total

food volume. Following in importance were the diatoms with a
% frequency of occurrence and comprising 8% of the total

ood volume. However, in the July specimens from the same
lenoth group, Bacillariophyceae were the most impcrtant food
tem with a 71% freguency of occurrence and making up 82% of
he total food volume. Cladocera were of secondary importance

h July, representing only 9% of the total food volume.



Golden shiner, Food hablt analyses were conducted on

423 golden shiners., The fish were divided into three length
yonges; 0-80 mm, 81-95 mm, and 96=188 mm (Table 10). All of
the alimentary canals contained food organisms.

| Racillariophyceae were the most ilmportant in percent
total number (50%), percent total volume (58%) and in fre-
gquency of ccocurrence (94%) for 31 small wolden shiners.(Table
10). Chlorophyta comprised 20% of the total food volume, 3%
of the total number of food corganisms and exhibited a 26%
frequency of occurrence. Cyanophyta made up‘47% of the total
pumber of fcod organisms, had a 29% frequency of occurrence
and represented 14% of the total food volume. Cladocera ex-
ibited a 71% frequency of occurrence end comprised 9% of the
totsl volume of food. Vascular plant material was present in
24% of the specimens btut sand was not observed in any stomachs.
In 53 medium-sized golder shiners (81-9$5 mm), Bacillario-
phyceae were the dominant food items, comprising 89% of the
total number, 53% of the total volume of food items arnd
‘having a 91% freguency of occurrence. Chlorophyta accounted
for 14% of the food by volume, 5% of the fTood by number and
exhidbited a 38%Z frequency of occurrence. Cyanophyta were
’found in 55% c¢f the specimens, ccmprising 5% of the total
number of fcod organicms but accounted for cnly 7% of the
total volume. 2lasdocera were found in 72% of the stomachs
and represented 25% of the total volume of foed orgahisms.
DéSpite the fact that the freguency of cccurrence of Copepoda

(19%), corixidame (17%), and Ostracoda (13%) were significant,



Table 10,

shiners collected during the sumnmer of

Relative importance of major food items for three size groups of golden

1975 from Pool 8 of the Upper

Mississippl River (¥-values Zess than 0.5%). For the algae, the total

nunber indicates the total number of individual cells (Appendix IV).
Size class Fish with Total number Total vclune

and number of Food item food iiem food food item
fish examined NO. % No. % ml %
0-80 mm Bacillariophyceae 2Q ai 17,087,945 50 11.017¢C 58
(31) Cyanophyta g 29 16,055,417 L7 2.6186 14
Chlorophyta 8 26 572,617 3 3.3761 20
Cladocera 22 71 4,703 * 1.6218 9
Other é 10 1,250 ¥ 0.2628 1
Total 34,125,532 100 18.8875 102
81-95 mm RBacillariophyceae Lg 91 236,564,371 89 31.3330 53
(53) Cyanophyta 29 55 1,432,855 5 3.8730 7
Chlorophyta 20 28 13,323,940 5 8.1599 14
Cladocera 38 72 41,962 3* 14,4700 25
Ostracoda 7 13 647 3 0.0882 5
Copepoda 10 19 2,041 3 0.1021 *
Corixidae 9 17 29 * 0.6%60 *
Other 8 15 1,055 S 0.7795 *
Total 264,262,624 99 58 .8693 39

(cont.)



Table 10 (cont.).

G6-188 mm Bacillariophyceae

(39) Cyanophyta
Chloropnyta
Cladocera
Ostracoda
Mollusca
Statoblast
Nematoda
Other

Total

34
29
17
13
13
10
10
15
17

5,605,022
235,486,489
b,375,01k
L6,668
109,002

10

53

32

3,306

245,625,658

DDONN

e

"X

* %

12.7139
35.1860
1.6949
16.0930
23,8430
0.4298
0.0695
1.2864
1.3703

84,0073

=

e
DN K - OO DN DD

9N



b7

7

ner their volumes nor their numbers were lp of the total.
cular plant material was present In 21% of the specimens

t sand was found in only 4% of the fish from this aroup.
Cyenophyta accounted for 42% of the food by volume of
1den shiners in the 96-188 mm range, 96% of the food by
pber and exhibited a 74% frequency of occurrence. Bacil-
jophyceae comprised 15% of the food iters by volume, 2% of
e food organlisms by number and had an 87% frequency of oc=-
rence. Chlorophyta were present in 43% of the stomachs

t accounted for only 2% of the total number and volume of
ood organisms. Cladocera and Ostracoda were represented in
3% of the fish and comprised 19% and 16% of the total food
olume, respectively. Statoblasts and Mollusca were observed
26% of the stomachs., Nematoda was found in 38% of the fish

-~ - . O U
comprised only 2% of tTho

Ty -
P N

food VoLuumg. Vascular
lant matter was found in 18% of the specimens and sand was
esent in only 3% of the fish.
For large golden shiners captured on August 20 in study
reas 25 and 14, Bacillariophyceae were the dominant food
tems, comprising 804 and 93% of the total food volume, re-
ectively. Ostracoda were the most importantvnon-algal food
item in area 25 with an 80% frequency of occurrence and com-
prising 10% of the total food volume. In study area 14, the
dominant animal food items were Cladocera, comprising 3% of
 he total volume of food and occurring in 22% of the stomachs.
To determine seasonal variation in food habits, golden

Shiners 0-80 mm in total length captured in June were compared
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with shiners from the same lencth group ceptured in Ausust.
kacillariophyceae were the dominant food item during both
June and August. Cladocera were the second most lmportant
food organism 1in poth June and August, representing 12% and
39% of the total food volume, respectively.

: The food habits of golden shiners 81-95 mm collected in
july were compared with those captured in August. Dlatoms
were found in 90% of the specimens in both July and August
samples. Diatoms comprised the largest volume (47%) during
July while Cladocera made up the larzest food volume (69%) in
the August specimens. Cyanophyta were found in 33% of the
July samples and comprised 37% of the total food volume. In
the August specimens, blue~green algae were present in 727 of
the stcmachs but made up a smaller percentase (19%) of the
food volume than the July samples.

Emerald shiner. The digestive tracts from 104 ermerald

shiners were examlned to determine food habits. These fish
were divided into two length ranges, 0-50 mm and 51-92 mm
(Table 11). A1l specimens contalined food.

In the 44 fish from the 0-50 mm group, three taxa of

alpae comprised the dominant food organisms, Bacillariophycesae
were found in 82% of the stomachs, comprised 13% of the fcod
items by number and 42% of the volume {Table 11). Members of
the Cyancpvhyta made up 2% of the total food volume, wWere in

k5% of the specimens and comprised 85% of the total numter of
food items. OFf the algae, Chlorophyta were the least important

[}

in percent total number (1%}, percent total volume (19%) and



Mississippl River (*=values less than 0.5%).

Relative imvportance of major food items for two groups of emerald

shiners collected during the summer of 1975 from Pool 8 of the Upper
For the algae,
number indicates the total number of individual cells (Appendix V),

the total

Size class Fish with Total nunber Total volume
and number of Food item focd item food item food item
fish examined NoO. % NO . pA ml %

0-~50 mm Bacillariophyceae 26 12 762,181 13 15.9561 L2
(L4 Cyancphyta 20 45 5,035,591 85 8.,2072 22
Chloropnyta 30 €3 86,908 1 0.,5287 1
Cladocera 43 g8 35,194 * 12,1300 32
Ostracoda 17 29 2,645 * 0.3360 1
Amphipoda by 9 686 * 0.6174 2
Other 12 27 L5y * 0.0042 *
Total 5,923,673 G9 37 .8492 100

51-G2 mm
(€0) Bacillariophyceae L2 70 1,447 314 2 17 .5378 10
Cyanophyta 39 65 92,460,133 o8 152 ,3704 83
Chlorophytsa 12 20 22,325 * 0,1267 *
Cladocera L2 70 37,107 * 12,7960 7
Unident. insects 28 L7 84 * 0.8568 #*
Other 12 20 1,942 3 0.8294 #*
Total 92,968,920 00 184,500 100

.17
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p frequency of occurrence (68%). C(Cladocera were the most
1gnificant animal food item (987 freguency of occurrence and
2% of the total food volume). Although {stracoda were repre-
sénted in 39% of the stomachs, they accounted for only 1% of
tne total volume. Similarly, amphipods had a frequency cf
occurrence of 9% and accounted for oniy 2% of the total fcod
volume of food organisms. Vascular plant material was in 11%
of the specimens and sand was found in 25% of the fish.
Cyanophyta accounted for 83% of the food items by volume,
98% by number and exhibited a €57 frequency of occurrence in
large emerald shiners (Table 11). Bacillariophyceae comprised
10% of the food items by volume, 2% of the total number of
'food organisms and exhibited a 704 frequency of occurrence.
phyta played a less important rele in the dict of the
larger emerald shiners than in the smaller ones, neing fournd
in only 20% of the larger emerald shiners. Cladocera ex-
hibited a 70% freguency of occurrence but comprised only 7%

of the total volume. Unidentifiable insects were found in
474 or the stomachs but represented less than 1% of the total
volume. Compared with the smaller emerald shiners, fish in
the 51-90 mm range ate more organismsg and a sreater variety.
Vascular plant matter had a frequency of occurrence of 22%
and send was represented in 18% of the specimens,

A comparison of large emerald shiners captured on June

12 in study areas 22 and 28 found that Bacillarilophyceae (87%
and 54% of the total food volume, respectively) followed by

’l

Cladocera (11% and 27% of the food velume, respectively) were
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he important food item for emerald shiners in both areas.
sidentifiable insects were responsible for 14% of the total
ood volume in shiners from area 28 but were represented by
nly one organism in area 22. The food habits of large
emerald shiners collected on Ausust 28 in the three areas

!1&, 18 and 41) were compared. Cyanophyta were the dominaent
food item found in shiners from areé i% and 41 with Cladocera
being of secondary impértance. Bacillariophyceae were the
predominant food organism followed by Cyanophyta in area 18.

’ To determine seasonal variation in food habits, emerald
shiners from the 51«92 mm group captured in June were conmpared
with those from the same length group caught in Auvgust. Algae
were the dominant food organism during both months with Cla=-
docera being the second most important foed items. In the
'June specimens, Bacillariophyceae were the cominant algae,
omprising 61% of the total food volume. Cyanophyta were the
dominant algae in the August specimens, comprising 65% of the
total food volume. Cladocera were the irmportant animal con-
stituent in their diet during both June and August {(34% and
15% of the total food volume, respectively).

Spottaill shiner. Seventy-five spottall shiners were ex-

amined for insested material, They were divided into two
length ranges for study, 0-60 mm and 61-87 mm (Table 12).
A1l of the fish contained food organisms.

Algae were important food sources for the 43 spottail
Sﬁiners in the 0~60 mm rance. Bacillariophyceae were found
in 847 of the stomachs and comprised 737 of the volume.

Cyanophyta made up 62% of the food items by number, 13% of



Relative importance of major food items for two siZe groups of spottail
shiners collected during the summer of 1975 from Fool 8 of the Upper
Mississippi River (*=values less than 0.5%). For the algae, the total
nunber indicates the totzal number of individual cells (Appendix VI).

Size class Fish with Total number Total velume

and nunber of Food item food item food items food item
fish examined NG, % NO » % ml %
0-60 mm acillariophvceae 36 84 908,537 36 31.5913 73
(43) J rothyta 21 L 1,591,270 62 1.4090C 3
Chlorophytsa 7 16 19,410 * 0.0266 *
Cladocera 35 81 24,244 ¥* 8.3601 19
Amphnipoda A 12 1,372 * 1.2348 3
Ostracoda 16 37 972 * 0.1236 *
Tendipedidae 15 25 17 * 0.0179 *
Other 1z 28 705 * 0.2960 *
Total 2,546,527 98 43,0593 98
€1-87 mm  Bacillariophyceae 27 84 399,21k 31 5.0840 23
(32) Cyanophyta 15 47 R70,780 €7 84592 3R
Cnhlorophyta 7 27 4,313 #* C.1169 #
Cladocera 20 £3 11,569 #* 3.98293 18
Amphipoda 22 59 3,060 3 2.7576 12
Ostracoda 22 69 3,197 #* 0.4060 2
Tendipedidae 11 34 27 * 0,0284 %
Unident. insects 23 7% 66 * 0.6732 3
Mollusca 5 16 11 3* 0.3377 2
Nematoda 2 6 5 * 0.2010 1
Other 8 25 127 3* 0.,1175 1
Total 1,292,373 98 22,1126 100

2s
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yplume and were present in 49% of the stomachs. Cladocersa
¢ the most important enimal food item (81% frequency of
arrence end 19% of the total food volume). Tendepedid

vae were in 35% of the stomachs and Ostracoda were found
'37% of the stomachs, but both taxa comprised less than 1%
the total volume of food items. Vascular piant matter was
and in 30% of the stomachs and sand in 37% of the specimens
able 12).

In the 32 spottail shiners of the £1-87 mm range, algae
re also important food items. Bacillariophyceae were in S47%
the fish, made up 31% of the total number of food organisms
kd were responsible for 23% of the total food volume. Cysno-
yta were found in 47% of the stomachs, comprised 67% of the

—r

7 of the volume. Chlorophyta were

ta] numbar ond made vp 38; N
e least significant taxa of algae, comprising less than 1%
f the total volume and occurring in 22% of the stomachs.
ladocera (63% frequency of occurrence and 18% of the total
olume) and Amphiroda (69% frequency of occurrence and 12% of
he total volume) were the most important animal constituents
n their diet. Even though unidentifiable insect parts were
found in 72% of the stomachs, they represented only 3% of the
itbtal volume. These larger spottall shiners had a greater
Variety of animal food items than the smaller shiners. Sand
Was found in 50% of the stomachs and vascular plant material
in 38% of the specimens (Table 12).

Small spottail shiners captured on July 28 from areas 3,

9 and 34 exhibited a similarity in fcod habits., Distoms were
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pe dominant focd organism of fish from those areas, (Cla=-
docera and Ostracoda were of secondary importance in those
areas, with Cladocera beinz the dominant zooplankter in area
3 and 9 while Ostracoda were the vest represented zooplankter
from the specimens of area 34,

Amphipoda were the most important food items in larege
spottall shiners captured on August 26 in area 33, making up
35% of the total food volume and occurrinz in all of the sto-
machs. Cladocera and Bacillariophyceae both accounted for 225
of the total food volume in area 33. For large spottail
shiners collected in area 18 on August 26, diatoms were the
dominant food organism, comprising 68% of the total focd vol-
ume. Cladocera and unidentifisble insect parts were of sec-
cndary importance, accounting for 15% and 10% of the total
food, respectively.

To determine Seasonal variations in food habits, spot-
tail shiners from the 0-60 mm sgroup captured in July were
compared with those from the same leneth group caught in
August. Ninety-one percent of the specimens collected in
July were captured on July 28-31, thus weichtlng the szmples.
In both monthg, Cyanophyta were the meost abundant food items

followed by Cladoceras and Amphipoda.
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DISCUSSION

Are and Crowth

spotfin shiner. Pflieger (1960) noted that annuli other

an the first were usually well defined and ezsily recognized.
e first annulus was usuallj very close to the focus and not

. gpparent as successive annuli. Cuttinz over was not ob-

ous at the location of the first annulus, and freguently

é only indacation of its location was 2 clear, narrow streak
bircling the focus. This condition was also exhibited in

he spotfin shiner scales from Pool 8.

Pflieger (1960) found represenatives of age groups 0-II1
ﬁt the specimens from age group III represented less than 1%

f the total sample. Stone (1940) reported Spottails in age
groups 0-IV with agze groups 111 and IV making up only 10% of
the sample. In the present study, age groups 0-II1 were repre-
sented. The lack of older specimens from the present study
could be due to sampling bilas, higher mortality for older fish,
predation or competiticn. Pflleger noted young and half-

grown speclmens in shallcower more slugsgish water. The deeper
area that is probably inhabited by the older spotfin shiners

in Pool 8 was not easily accesible for seining. This is a
bPossitle reason why older spotfins were not captured in the

present study.

In both the present investization and one done in Ohio
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jieger 1960), the largest collected speclimens wvere ol mm

4 were from age group IT. In a New York study (Stone 1940),
k jargest spotlfin captured was 106 mm.

No data were avallable for the comparison of length-welght
jationships, condition factors or the mean length at annulus
fmation.

Stone (1940), in a New York study, noted the mean total
ngths of age gfoups 0-I1 were 48.6, €8.8 and 74.8 mm, re-

v. The mean total lensths of age groups 0-I1 in the
ool 8 study were 47.3, 57.4 and 76.3 mm, respectively. The
gths for age groups O and 1I were in qlose agreement,
lut the mean length for age group I was smaller in the present
tudy. This could have indicated either a strong year class
the New York investization or poor year class strensth in
ool 8.

A mean total lenesth for young-of=-the-year {ish on Septem-
er 28 of 46 mm was reported by Stone (1940). In Pool B8, the
mean total length for age group 0 on August 26 was 55 mm.
tone*s data were based on a hatchery pond and slow growth
fcould have been caused by competition or some other limiting
factor. The high growth in Pool 8 could have been indicative

of better environmental conditions.

Golden shiner. Average calculated length at each annulus

for golden shiners in Pool 8 (Table 13) were smaller than
those reported for Flora Lake, Wisconsin (Parker 1958). For
the first two age groups, Michigan gelden shiners (Cooper
1936a) exhibited faster growth than the Pool 8 shiners (Table

13). This slower growth rate for the early years of Pool 8




Table 13. Calculated mean total lengths at each annulus of golden shiners from

various locaticnses.

Location and author

1

;’)

Pool 8, Missigsippi River
{present study)

Flora lLake, Wisconsin
(Parker 1958)

Huron Hiver, Michigan
(Coover 1936a)

Various Michigan locations
{Cooper 1936a)

East Lake, Iowa
(Lewis 1950)

55.0

89;6

8945

95

~3

125.,9

Mean total length (mm) at each annulus
3
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ners may be attrivuted to intense competitlion durlneg early
e history stages, overcrowding, predation or other denisity
 endent or independent variables. Differences in mean water
mperatures between various study areas may alsc result in
bwth rate discrepancies. tarting with the third year, the
ol 8 golden shiners showed faster or equivalent growth rates
an the Michigan shiners. Golden shiners from East lLake,

owa (Lewis 1950) exhibited faster growth in all years than

e specimens from Pool 8 except for the first year {Table

3). Poor success in the early hatches of golden shiners

:fom East lLake could have caused a depression in the growth
rate. Only 6 specimens from East Lake were examined from

this age group and could have caused these results. In all

of the above studies (Table 13), axe group I was dominant, in-
aicatine that most of the populaticne were immature and na-
tural nortality was taking a laree anount of the older age
Zroups.

The fact that the older captured fish showed slower growth
rates in their early life than fish that were captured at a
young age may be explained by Lee's phencnemon (Table 13).
This was probably caused by selective natural mortality fa-
Voring greater survivel of the smailer fisn of a given age,
The older fish captured were sctually the slowest growing

fish of that year class.

The 3.15398 Log TL value obttained from the lensth-welght
relationship eguation indicated that Pool 8 golden shiners

Were growing nearly isometrically. The mean condition factor




1.12 also indicated that the populatlon was following the

In New York ponds, Forney (1957) found that the maximum
th at the end of the first growing season was 74 mm,

nile Reiger (1963) reported 58 mm for the same time interval.
e maximum total length attained by young~of-the-year in Pool
was 75 mme

Emerald shiner. The absence of fish older than age group

from the specimens collected during the sumxmer of 1975 in
501 8 was probably due to selective predation, mortslity or
he movenent cf older fish into deeper water and out of the
seining areas. Emerald shiners from age sroup II and III were
probably present in Pool 8 but represented a small percentase
of the population. Both Fuchs {(1967) and Campbell and

rirmon (1070} . fcund aze groups 0-7II in Lewis and Clark
Scuth Dakota and Lake Simcece, Ontario, respectively,
However, no age III1 emerald shiners were collected in July or
Aucgust in the Lake Simcoe study.

Fuchs and Campbell and MacCrimmon determined, by back
calculation, that the average lenzth at annulus formaticn for
_age group I was 66 and 57 mm, respectively. The present
study found that the first annulus was laid down at 48 mm.,
The spawning season in Pool 8 extended from June throusgh
kAumust and caused a wide variation in fish length at annulus
formation. Fish hatched early in the season were larger at
annulus formation than those that hatched later. A smaller

Value for the mean total length at annulus formation could
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e indicated that the hatching success from the early spawns
_Jow in Pool 8. However, emerald shiners from Pool 8 showved
ater growth than those in an Illinols study (Dobie et al.
6) where the first annulus was formed at Ly mm,
Fuchs {(1967) reported a length-weight relationship of

- 4 = -3.9417 + 2,9218 Log TL. Campbell and MacCrimmon
1970) found a length-weight relationship described by the
uation Log W = -7.2371 + 4,1418 Log TL. Swingle (1965)
eported a length-weight relationship represented by the
ation Log W = =4,71 + 2.73 Log TL. The present study‘s
ength-weight relationship (Log W = -5.1115 + 3.0074 Leg TL)
vas in agreement with other researchers' equation for emerald
shiners.
Swingle {1965) reported K values ranging from 0.61-0.69.,
The present study had an average K value of 0.50. Values less
than 1.0 for emerald shiners might have been the result of
their slender, elliptical body form and not their physical
condition,
In Lewis and Clark Lake, the monthly average length of
young=-of=the-year was 29 mm for July and 30 mm for August
(Fuchs 1967)., The average length of age group O from Pool 8
in July was 41 mm and 50 mm in August. Fuchs explained that
his data did not accurately repreéent seasonal growth of young-
of-the-year due to the emerald shiner’s extended spawning
Season and the high mcrtality of age group 0 fish. The mean
length of age éroup 0 was 18 mm on August 15 in Lake Simcoe

. (Campbell and MacCrimmon 1970}. In the Pool 8 study on Au-
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ust 8, the average lenght for young-of-the~year emerals

5h1ners was 45mm., Thils difference was probably also due to
thelr intermittent spawnineg and the resulting colliection of
gifferent spawns of varying sizes at any one sampling date.

Spottail shiner. Annulus formation was at 77 mm for the

one spottail shiner from age group I collected in Pcol 8.

"he first annulus was lald down at 60 mm in fish taken from
Lake Kichigan {Wells and House 1974). Smith and Kramer (1964)
reported that the flrst annulus was formed at lengths ranging
;from 50.2=-63.3 mm, depending on the year, in Red Lake, Minne-
750ta. In Clear lLake, Iowa, NMcCann (1959) found that the first
_gnnulus was laid down st lengths ranging from'72.5»81.u mi
depending on the year. This large variaftion in the length at
snnulus fermation within a specific body of water during dif-
ferent years could cause speculation on tne validity of con-
paring the results from different bodles of water in different
years. The datum from one Pool 8 specimen was insufficient
to speculate on the comparative growth of spottail shiners

in the Upper Mississippl River.

The length-weight relationship for spottail shiners from
riorthern Lake Michigan was described by the equation Log W =
=4.7134 + 2,8535 Log TL and they had a K value of 0.97 (Basch
1968). The present Pool 8 study found a slightly higher K
value (1.C0l) and a similar lensth-weight relationship (Log W
= -5,0244 4+ 3.0152 Log TL).

The oldest spottaill shiners in Nemeiben and Crooked

Lekes, SaskXatchewan were of age group III, according to Peer
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g66). McCann {1959) and Griswold (1%€3) found age pmroups
111 present in Clear Lake, Iowa, but only 1% were three years
d. The oldest fish Smith and Kramer {1964) and Basch (1968)
kund were four years old. Wells and House (1974) reported
:Ottails from age group V in southeastern Lake Michigan but

e oldest fish in western Lake Erie and the Kalamazoo kiver
were age group IV. In the present Pool 8 study, only one
specimen (less than 1% of the sample) represented age group I.
Tne other 126 spottail shiners were all ycung-of-the-year.,

Age group 0 spottail shiners made up 90% in 1961 and 80% in
1956 of all spottails collected in Clear Lake, lowa (Griswold
ik963). Wells and (1974) noted spottail shiners in deeper
water had a greater average length and age while small speci-
mens tended to inhabit shallower water., Their seine catches
contalned a4 much hlgher proporiion of young-of=-tne-year
chiners {96%) than did trawl catches. In the present study,
more than 99% of the sample was composed of age group O
shiners. Peer (1966) observed mature spottails leaving the
sandy shallow shoals immediately after spawning and, during
the remainder of the summer, could only be taken by gill nets
in 4-7 m of water. Wells and House (1974) and Smith and Kramer
{(196L) used both seines and trawls as capture devices. Basch
(1968) utilized seines, small mesh gill nets and minnow traps
to collect specimens. If additional capture devices had been
used in the deeper water of the Pool 8 study, the probability
0f collecting older spottail shiners might have increased.

Wells and House noted that spottail shiners do not live as
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s in the Kalamazoo River as they do in Lake Michligan. This
n mortality for older age groups may also be present in
ol 8 of the Upper lNississippi River. High mortality of
ker spottails caused by spawning stress or predation coupled
+th sampling selectivity were probable reasons why older
iners were not caught in the Pool 8 study.
The mean length of young-of~the-year spottall shiners in
ear Lake, Iowa on August 27, 1956, 1957, and 1958 were 6.0,
L and 59.4 mm, respectively (FcCann 1959). By August 27,
75, the growth of young~of-the-year spottails in Pool & was
just slightly larger (66.9 mm) than those reported for Clear
ke, Tunis could be attributed to btetter growing conditions
or o more successful spawn in Pool 8. Lux (1960) reported the
nean total lensth of age group 0 spottalls in Lake Linweod,
finnesota on July 9, 27 and August 28 to be 28, 38 and 54 mm,
respectively. The mesn total lengths for young-of-the-year
n Pool 8 at corresponiing dates vwere 43, L5, and 67 wn, re-
pectively. The difference in reported growth could have been
ue to intermittent spawning, variation in food quality and

‘abundance or competition.

Food Habits

The present Pool 8 study and those done by Phillips

(1969) and Grirfith and Voorhess (1960) found algae to be the
primary food source of selected cyprinids. COCther researchers
héve not found this to be the case even though they included

data indicating that plant matter was sometimes the only food




om found in the stomachs of individual fish (Stone 1940;
npbell and McCrimmon 1970; McCann 1959; Pfleiger 1960).

s generally believed that the protein regquirement for

uﬁg f£ish is high and their primary sustenance is zooplankton.
is should not exclude the utilization of phytoplankton since
éy are proteinaceous (Davis 1955). Birge and Juday {(1932)
1cu1aﬁed the crude protein content on the basis of percentace
ry weight of certain fresh water algae between 22 .,87-52,19%.
15 evidence suggests that algae may be more important than
reviously supposed.

k Breeder and Crawford (1922) alluded to the indigestibility
f silicious phytoplankters. HMany recent investlgatcrs have
éported that Pacllilariopnyceae are easily digested while

bst Cyanophyta &nd Chlorophyte pass undlgssted threuch the
ﬁtestine (Hutchinson 1973; Fish 1951: Lachner 1§50; Hartley
1948Y, One of the main differences noted by Fish between
diatoms and other algae was in the nature of the cell wall.

The protoplasm of the diatom was not protected by its siliceous
skeleton when in contact with digestive enzymes, whereas the
matrix and cellulose surrounding the cells of Cyanophyta and
‘Chlorophyta were appsrently impervious to these enzymes.

Fish noted that digestive enzymes were able to pass through
raphes and punctae in diaton frustrules.

To determine zlgal viability after passage through a di-

gestive system, Porter (1973) cultured the gut contents of

Daphnia zaleata. Colonles of gelatinous Chlorophyta and

fillamentoug Cyanophyta, but not Bacillariophyceae, reproduced

after cut passage, indlicating that green and blue-green algae
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re poorly incorporated into aquatic fTood chalns. This phe-~
menon of diatoms being easily digested and green and biue-
een algae being difficult to digest was probably also found
the Cyprinidae digestive systems in Pool 8.

In England, Frost (1943) reported that aleae were respon~
iple for a larger percentage (35%) of cyprinid nutrition in
iver Brathay than in Lake Windermere (25%). Forbes (1888)
ound the cyprinids to be more dependent upon plant material
nan any other family of fish in the Mississippl River Valley.
jth the exception of Forbes and Frost, all of the food habit
tugdies mentioned in this pavper deslt with fish populations

n lakes or small streams. Investigations on the biology of
cyprinids is seemingly lacking for large river systems such as
he Mississippl River., There are inherent physical, chemical
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ments., This could explain differences between the present
study and others.

Studies reporting aleae as a major source for cyprinids
(Griffith and Voorhees 1960; Phillips 1969; Kidd 1927; Coyle
1930) used z higher magnlification when looking at stomach
éontents than most other authors that did not find algae to
_be an important food source. The significance of algae was
Probably underestimated in the latter studies simply due to
lack of magnification. In the present investigation, some
ysamples appeared to be devold of fcod material when observed
under o dissecting microscope, but when viewed at 420X algae

Were sighted., The presence of algae in Pool 8 cyprinids was
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totally due to respliratlon or incidental to feeding ac-
ties because 1t was often the only food ltem present in
digestive tract and because of its high fregquency of oc-
rrence.

Cyprinids use pharyngeal teeth to grind their food before
wallowing it. A tangled, broken mass of insect parts, frag-
ents of mollusk shells and other food remnants mizxed with

and and mucus was often found in their digestive tracts

king enumeration and identification difflicult. This problem
s also noted by severl other investigators (Hartley 1948;
asch 1968; Everett 1965; Kraatz 1928). Identification of
stomach contents would have been facilitated 1f plankton and
benthos sampling had been done simultaneously with fish
sappling. Another oroblem caused by the lack of plankton snd
benthos samples was that foced utilization could not be compared
with food availability.,

| No Protozoa and only trace amounts of rotifers were ob-
served in the present Pcol 8 study. Rotifers and Protozoa
are digested faster than slgae and therefore may be more imf
portant than indicated (Seaburg and Moyle 19643 Kidd 1927;
Fuchs 1967). Statoblasts, the overwintering stage of Bryo-
Zoans, were found in all four species of cyprinids in the
present Pool 8 investigation. The soft body of the Bryozoa
Was guickly digested and its volure and ilmportance as a fcod
1pem was probably also underestimated.

Spotfin shiner. Most researchers found that aquatic

insects, especially Diptera and Trichoptera, were the major



ree of food for spotfln shiners and terrestrial insects

le of secondary importance (White and Wallace 1973; Starrett
c0; Pfleiger 1960; lMendelson 1975). These findings do not
ree with Griffith and Voorhees (1960) or with the current
kudy where algae were found to be the primary food group.
stone (1940) frequently found portions of vascular plants
the digestive tract of spotfin shiners but they constituted
nly a small part of their diet. Ee reported only traces cf
:gae in large spotfins, but a few specimens in the 20-39 mnm
ngth range contained unicellular and {llamentous algae in
nsiderable amdunts@ Similarly, Pflsiger (1960) observed
iant material consisting of filamentous Chlorophyta, Bacil-
ariophyceae, Cyanophyta and miscellanecus structures cof higher
ants in many spotlin stomachs, but this plant matter s=ldon
ade up more than a small portion ot the total stomach con-

ents. He frequently observed Cyanophyta (Oscillatoria su.)

Y

n specimens he collected in August. Starrett (1950) reported
that 24% of the total food volume of his summer spotfin samples

Were plant meterisl, especlally Microcystis aerucinosa. In

Poocl 8, algae followed by Cladocera were the important summer
food items of spotTin shiners. Griffith and Voorhees (1960)
established that algee were the primary food source of spotfins
and that they were not selective feeders but ingested most of
the gvailatle forms of phytoplankton. This seemed to also be
the case with the Pool 8 spotfin shiners.

Stone {1940} and Pfleiger (1960) observed that épotfin

shiners did a considecrable amount of feeding at or near the
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’rface of the water. In the current study, lecs than 7% of

e spotfins 46-95 mm long contained sand, indicating infre-
 ent contact with the benthic interface. However, sand was
fund in 23% of the specimens in the 0-45 mm length range.
Since no complimentary plankton data was obtalned, it

.s difficult to ascertain the relative rate of food item
1lization compared to abundance, but speculations were made.
In small spotfin shiners collected on June 20 from study area
fﬂ, diatoms were the primary food source, followed in impor-
tance by Cladocera. The reverse was true for shiners collected
in area 38 on the same date. This was probably a function of
reletive food abundance and not active selection.

Diatoms were the primary food item and Cladocera were of
secondary importance to medium-sized gpctfins captured on June
12, July 28 and August 5 in study areas 28 and 35. This rela-
tionship was probably caused by the predominance of diatoms in
these areas and not due to selection by the shiners. Cladocera
Were probably more abundant or easily attainable in areas 19,
22 and 34 where Cladocera were the dominant food items. Cla-
docera followed by Bacillariophyceae were the dominant food
organisms for large spotfin shiners captured on June 20 in
study areas 34 and 35, probably indicating that these food
organisms were dominant there. Pfleiger {(1960) reported that
Strong preferences for particular food organisms were not ap-
Parent in spotfin sniners. Instead, a variety of food items
Were used as food, suggesting that habitat and food abundanbe

chiefly determined food habits.
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The seasonal fluctuations in food hablts, when present,
re prpbably due in part to actual variation Iin numbers of

e various food items in the habitat and partly to varying
elative avallability. A larger varliation probably would have
cen observed between the winter snd summer food habits than
n just the summer months of June, July and August. Small
potfin shiners were likely consuming the most abundant or-
nisms, Bacillariophyceae and Cladocera, during June and

ly rather than actively selecting these food organisms.
Perhaps, Cladocera were more important food items for medium
spctfin shiners in June than the other months because the Cla-
docera were at a population peak during June. Cyanophvia
were probably more abundant in Pcol 8 durling August than the
other two months taut were represented by 2 larser percentage
of the total food volume in July (30%) than in August (5%).
However, Cyanophyta had a greater {requency of occurrence in
fugust (55%7) than in July (46%). Cladocera ware the most im-
portant food item in June wnile Bacillariophyceae were the
kdominant food organism in July for large spotfin shiners.
This was probably an indication of food ltem abundance and
not selectivity.

Golden shiner. Food habit studles on golden shiners

have indicated they have a wide renging diet. Evans (1974)
nd MeKechnie (1966) observed young shiners feeding princi-
pally on microcrustaceans and algae while larger fish fed

mainly upon insects, crustaceans, mcllusks, algae and other

Vegetable matter. Keast and Webdb (1966) noted no significant
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-rerence in the baslic diet of adults and young., In the

sent study, alwzae were the dominant food item for all sizes,
wever, the larger golden shiners utilized non-crustacean

mal taxa more than the smaller shiners.

Numeroué investigators have concluded that the food ha-

ts of golden shiners vary with food availibility (Forbes

d Richardson 1908; Ewers and Boesel 1935; Flemer and

olcott 1966). 1In studies done by Keast and Webb (19¢6)

4 Keast (1966), they found that alpae became an extremely
mportant food group in the late summer. Algae were respon-
ble for 32% of the total food volume in shiners 45-60 mm

ong and 80% of the volume in fish 95-125 mm long in July.
everal other investigators reported alsgae being 50% of the
otal food volume (Forbes 18873; Sibley 1932; Hice 1942). The
resent study found algae to be the dominant food with Cla-
docera and aquatic insects of secondary importance.

Several authors (Evans 1974; Keast and Webb 1966; Keast
1966) reported that golden shiners are almost entirely middls
water and surface feeders. Theilr dorso-terminal mouth is an
‘daptation for this kind of feeding. In accordance with these,
indings, only 3 of the 123 golden shiners examined from Pool
8 contained sand.

The golden shiner 1s equipped with allimentary structures
kthat adapt it to a wide range of plant and animal food sources.
The g3111 rakers are long, fine and numerous and strain plankton
from the water (Trautman 1957). The pharynezeal teeth are pro-

Vided with both terminal hooks and grinding surfaces. The
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estine 1is 1.0=-1.8 times the length c¢f the head and the
? (Forbes and Richardson 1908). The diet of golden shiners
gependent upon what 1is the most abundant orgsnism at that
yme. In specimens observed by Forbes (1883) and in the pre-
ﬁt pool 8 study, the diet cf individual fish wag occaslionally
mposed of one food item. Where molluscs were abundant,

ey often fed on nothing else or when cladocerans or algae

're dominant in the food habitat, these food organlisms were
ten the golden shiners' only food. Phytoplankton represented
he only food item found in 11% of the golden shiner stomachs
ollected from Pool 8 of the Upper Mississippli River,

Without auxillary plankton data from each of the study

it was difficult to ascertain whether the golden shiners
collected from different locations on the same daté Ware ac-

v sciccting the Tood items in their diet or just uwvilizing
the most abundant food organisms. For large golden shiners
collected in study areas 25 and 14 on August 20, diatoms were
the dominant food item in both areas. Ostracods were the most
mportant Zooplankter in afea 25 while Cladocera were the dom=-
nant focd animal organism in area 14. This was probably an
indication that ostracods were dominant in area 25 while cla-
_docerans were abundant in arsa 14 on August 20 and not that
Vthe shiners were selecting different food items in seperate
_areas on the same date.

Since members of the class Bacillariophycease were the

dominant food item in both June and Aueust, perhaps the small

golden shiners were actively selecting for dlatoms in August
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n Cyanophyta were probably wore prevalent. During both
,’hsy Cladocers were the second most important taxon, com-
,Sing 12% of the total food volume in June and 3% in August.

Emerald shiner. Morphological as well as behavioral

aptations play roles in determining diet. Emerald shiners

ke g111 rakers that are short, trizngular and about one-
urth the length of the filament (Forbes 1883). These ald in
e removal of plankton from the water. The masticatory sur-
e of thelr pharyngeal teeth is a very narrow groove, Their
testine is less than the lenzth cf the head and body (Forbes
d Richardson 1908). Emerald shiners feed and move in large
oo0ls in midwater or near the surface. According to this
spatial distribution, Mendelson (1975) observed that emerald
iners?® diet ususlly consisted of drift organisms or food

ems that were in the water column rather than benthic forms.,
his trend was also followed by the emerald shiners in Pool 8
ince phytoplanktdn and zooplankton were their dominant diet.
Fuchs (1967) noted that food habit changes were associated
'ith a change in gize. The number of organisms eaten by
merald shiners was positively correlated with size. This
eneralization was also followed in the present Pool 8 study.
Mendelson (1975) observed emerald shiners preying on three
principal taxa of organlisms: Tendipedidae larvae, Copepoda and
terrestrial insects. Campbell and MacCrimmon (1970) found the
dominant food of the emerald shiner to be zooplankton with
iﬁsects being of secondary importance. According to Fuchs

(1967), Cyancphyta were the major food items of this species
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: 11 they reached 41 mm when Cladocera became the dominant

‘gd organism, followed by insects. Baclllarlophyceae were

e most important summer focd of emerald shiners up to 50 mnm
pool 8 cf the Upper Mississippi River., Specimens longer

an 50 mm utilized Cyancphyta and Cladocera as thelr primary
hod sources. Cladocera were probably nutritionally the more
portant cf the two food items since they are more easily di=-
ested. The smaller sized group of emerals shiners consumed
wore Cladocera than the larger group, while the larger group
pended more on aquatic insects as a food source. This dif-
rence might be explained by g combination of food item se-
ectivity and availability due to algal succession.

| It was difficult to determine the amount of food organism
itilization by emerald shiners collected from different loca-
oiis in ool O since no concurrent benthes or plankton data
as obtained. Diatoms and Cladocera were the major food items
f large emerald shiners collected on June 12 in study areas

2 and 28, This might be because they were the dominant or
fmost easily attainable organism in those iocations. Similarly
unidentifiable insects were important to the shiners in area
28 but not to shiners from area 22 probably because 1insects
Were more prevalent in srea 28 than in area 22 and not due to
selection.

Even though Cyanophyta were the most numerous food iten
in large emerald shiners collected on August 26 in areas 14
and 4i, 1t was probably not the most nutritionally important

food organism. Cladocera were the next most dominant organism
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were, perhaps, more lmportant nutritionally. Large

16 shiners collected on the same date from area 18 re-

on diatoms for their nutrition. The difference in food
‘itS of shiners collected in different study areas was

kbably due to food item abundance and not selection.

Members of the class Bacillariophyceae were the dominant

4 organism in the large emerald shiners collected in June.
yanophyta accounted for the greatest frequency of occurrence
81%) and total volume of food (€5%) in the August specinens.
ren though Cyanophyta were present in a larger percentaze of

e stomachs and comprised a grater volume, Cladccera (15% of
ne total food volume) were probably the most nutritionally
important food item, since blue-green aleae are not easlly
igastedr These large emerald shiners were likely beine op-
portunistic and foraginz on fcod that was the most abundant
krather than actively selecting food items, Similarly, Camnbell
and MacCrimmon {1970) reported that strongz preferences for a
particular food orgenism were not apparent for emerald shiners.
Instead, a variety of food items were utilized, suggesting

that habitat and abundance chiefly determined food habits.

Spottail shiner. Morphological and behavioral adaptations

of the predator as well as abundance, size, ease of capture
and palatability of the prey were responsible for spottail
shiners® food habits. The intestine of the spottail shiner
is 0.9-1.4 times the length of the head and bedy. Their
Pharyngeal teeth are hocked and compressed with a grinding

surface composed of a narrcw groove (Forbes and Richardson
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gy, This mnorpnology allows thew to be omnivores, utilizing

most abundant food. Like emerald shiners, spottall
jners also dwell in wmldwater or near the surface. However,
ndelson (1975) found that spottail shiners utilized the ben-
s¢ populations more and had a larger varlety of prey than
e emerald shiners despite their spatial proximity. Similar
results were noted in the current Pool 8 study.
Some investigators noted no correlation between the type
jf food taken and the size of the spottall shiner (Boesel
1938 McCann 1959; Basch 1968) . Smith and Xramer (1964) re-
orted =2 definlte change in food selection, with increase in
ize which became evident at 70 mm. In the Péol 8 study,
lgae were the dominant foecd organism for all spottail shiners
but fish larcer than 60 mm consumed a greater amount and va-
,riety of animpal tood items than the smaller fish.,
VeCann (1959) and Griswold {1963) both investigated the
5pottai1 shiiner population in Clear Lake, Iowa, but during
different years. They noted spottails feeding on different
organisns in different environments due to food item adbundance.
Basch (1968) found a shift in food item importance caused by
seasonal variation. The seasonal succession of algze might
eXplain why Cyanophyta were more dominant in the larger fish
caught in late summer than in younger fish captured in early
Summer on the Pool 8 study. Griffith and Voorhees (1960)
established that algzae were the primary food source of spot-
tail shiners. 1In addition, they noted that this species was
not very selective but ingested most of the avallable forms

of phytoplankton.



1n Lower Red Lake, Minnesota, Smith and Kramer (19064)
éund that spottall shiner food habits were related to food
availablility In both plankton and bottom fauna. They deter-
1pned that Cladocera were preferred to Copepoda and Ostraccda
and larger filsh selectively took larger Cladocera. Similarly,
cledocera were far more important food items than either Cope-
poda OT Ostracoda in the Pool 8 study.

k Several authors have reported finding sand grains in the
digestive tract of spottall shiners (Smith and Kramer 1964;
McCann 1959; Basch 1968)., The results obtained from the pre=-
ksent study corroborates these findings, indicating that benthic
foraging wes occurring.

The lack of knowledge about food organism avallability
made 1t difficult to relate their dezree of utiliization of
various food orsenisms by spottall shiners collected in dif-
ferent localities. For small spottails captured in areag 3,

9 and 34, diatoms constituted the principal food. Cladocera
were the secondary food in areas 3 and 9 while ostracods were
of secondary importance in area 34. This was probabdbly an.
indacation that Cladocera were more prevalent in areas 3 and

9 and ostracods were the dominant zooplankter in area 34, It
appeared that large spottall shiners were also feeding on the
most readily available, suitable food. For specimens collected
in area 33 on August 28, awphipods were the most important
food items while diatoms were the dominant fcod organism in
shiners collected in area 18 on the same date.

The reason Cyanophyta were the dominant food organisms
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or small spottail shiners collected in both July and fugust
a5 that a large percentage (91%) of the July specimens were
collected from July 28~31. Diatoms prebably would have been
fne dominant algae 1f more of the specimens had been collected
n early July. Spottall shiners were pronably picking the
ﬁost abundant food organism rather than actively selecting
food items. Since Cyanopnyta are not easily digested food
jtems, spottails probably utilized Cladocera as their major

source of nutrition durling beth months.
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Appendix I. Description cof the 41 sampling areas estab-
lished for the sirulation model studv o

. Navigation rool 8 of the Upper Nissiésipbi

. River during the summer of 1975,

f



Forty-one areas of Ravigation Pool 8 of the Upper

pississippl Hiver were designated for sampling in the simula-
tion model study. The areas were numbered on the basis of
jpereasing current velocity. HNean depth and mean current
velocity of each area were obtained from Claflin (1975) .
’ﬂepths were corrected to a mean pool elevation. The major
aguatic macrophytes occurring in each area were determined
and their relative biomass calculated (total dry weight of
a species in an area/total dry wéight of all species 1in an
grea). The percent bilcmass fiquie given after each species
name is an average of two sampliﬁgs, The fir;t sampling
occurred in June and early July and the latter in late July

and August. Figures I-1 through I-11 are enlarzements of

|
ot

the delineated sections of Navizstion Pool 8 shewn in Figs.

1 and 2. Areas 5 and 7 were not sampled for fish due to
inaccessability.

Areas 1-5. These sreas were sm2ll, euthrophic marsh
openings located above the Goose Island area in the midsection
of the pool {Fig. I~1). A1l had no measureable current velo-
city. They varied slightly in size and were differentiazted

on the basis of size of the opening of water in the center.
All contained large amounts of emerzent vegetation. Ares 1,

With a2 mean depth of 1.7 m, contained the largest opening.

Ceratophyllium demersum {(17.4%) was the predominant species

in the opening. Patches of Nuphar variesatum (16.9%) occurred

along the edees of the emergent Sacittaria latifolla (43.7%)

Surrounding the area. Area 2 had a mean depth of 1.2 m.
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Figure I-1. A4erial photograpn, 1574, of middle Running
Siough and adjoing backwaters of the upper
Goose Island area in the midsection of Kavi-
gation Pool 8 of the Upper Mississippli River.

il
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gemersum {11.7%) and N. variecatun (11.47) were found in

o
Lo o e
—

the opening, which was bordered by dense stands of S.
1atifolia (66.9%). Area 3 had e mean depth of 1.1 m and
latllo o

contained emergent and floating leaved communities. 35S.

), S« latifolia (22.6%) and Sparganium

o, s et e

B9

rigids (32.0

et P

eurycarvvn (18.6%) were the major emergent macrophytes.

Nymphaes tubercsa {(5¢3%) dominatedythe floating leaved .

coprunity. The buildup of Lemnaceae (12.3%) was rarked

during the summer. Both areas 4 .and 5 had dense Sagittaris

[}

sp. stands consisting of 92.2% and 98.5% 3. latifolia, re-
spectively. Area 4 had a mean depth of 1.0 m ard area 5 a
mean depth of 0.9 m.

Ares €. Located in a side channel alone the east side

of upper Haft Channel {(Fig. I-2), area 6 had a mean depth of
1.08 m and a current velocity of 0.015 m/sec. The center of
the area was open, but the margins had stands of $S. latifolis

e St v

(57.2%), S. rigida (17.6%) and Nelumbo pentavetala (11.4%).

Ares 7. This area was south of the main channel above
the "S" curve below Brownsville, Minnescta (Fig. I-2). The
mean depth was 0.61 m. The area contained a stand of S
Jatifolia (75.9%) with a slight current {(0.016 m/sec)

passing through 1t due to its location next to the channel.

H. pentapetala (8.0%), Fotamogeton nodosus (4.5%) and N,

tubeross (3.73) occurred on the edges of the Sagittaria sp.

e

beds.,

Area 8. Located east of upper Raft Channel and sepa-

rated from it by a thin land mass {(Fig. I-3), area 8 had a
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Figure I-3.

ferial photograph, 1674, of the confluence of
Raft Channel and the main channel, immediately
elow Brownsville, Minnesota in Navigation Poo
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pean depth of 0.358 m and an averawre current velocity of
0.019 m/sec. This was predominantly a floatine-leaved com-

munity containing N. pentapetala (37.7%), N. tuberosa (23.9%)

and assoclated submergent species. 3. rigida (6.2%) and S.

latifolia (6:2%) were found near the shoreline.

Area 9. ILocated approximately 1.7 km downstream from
the head of Runninez Slough (Fig: I-1), area 9 had & mean
depth of 1.6 m and a current velocity of €.020 m/sec. The
water flow in this area was a result of currents from Runnineg
Slough. The water was too deep @o support an appreciable
amount of vegetation. Aquatic macrophytes were nct collected
from this ares. |

Area 10. This area adjoined study area 8 on its downe

stream border (Fiz. I-32). There were no obvious physical or

-
H
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1€ mcan &
was 0.9€¢ m and the current velocity was 0.300 m/sec. Like
area 8, it supported a floating-leaved community containing

N. tuberosa (5.9%) and N. pentapetals (4.1%Z). Emerszen:

Scirpus validus (27.6%Z) and S. latifoliz (21.5%) were found

on the perimeter of the area.

Area 11. Study area 11 was located just off Hunning
Slough at the downstream end of area 35 (Fig. I-4). The
mean depth was 0.51 m with a current velocity of 0.034 m/sec.
P. nodosus (21.3%), C., demersum (13.8%) and Lemnaceae {10.3%}
were predominant in the open water. Emergent macrophytes
were S. latifolia (37.1%) and S. rigida (9.7%).

Area 12. This area, referred to as Ebner's Gravel Pit,



Figure I-4.

Aerial photogrzzh, 1974, of upper Running
Slough znd ad joining bhackwater areas in the

midsection of Navization Pool 8 of the Upper

Mississippli Ziver.

W L

.

5
.

A
e
.

.

o
-

-
-
-

e
e

%\3‘

L
.






96

was located east of area 11 {Fig. I-4). The mean depth wes

4,91 m with a current velocity of 0.039 m/sec. Being so
deep, vegetation was restricted to the shallow perimeter,

where C. demersum (43.6%) and Vallisneria sp. (43.47) were

the predominant species.

Area 13. A long, slender area that opened at its lower
end into area 11 (Fig. I-4), area 13 had a mean depth of 1.5
m and a current velocity of 0.043 m/sec. The water was too
deep and turbld to support an apbreciab}e amount of aquatic
vegetationg Emergent vegetationiwas not present. JSubmergent

C. demersum {(64.4%) and Potamogeton foliosus (21.4%) were the

predominant macrophyte species encountered.

Areas 14 and 15. These areas were contiguous and situ-

ated in the upper end of the Stoddard stump field (Fig, I-5).
They possessed silt and clay sediments. The water currents
were best characterized as telng slow sheeting rmovements Lhat
were uniform throughout the entire area. Area 14 had a mesn
depth of 1.6 m with a current velocity of 0.078 m/sec while
area 15 had a mean depth of 1.73 m and & current velocity of
0.101 m/sec. Both areas contained deep water submergent

communitlies typical of the scuthern portion of the pool. The

primary macrophytes in area 14 were Vallisneria smericana

’

(35.9%), C. demersum (22.97) and Elodea canadensis (20.5%}.

V. americana (66.3%Z) C. demersum (16.8%) and P. nodosus .

e

(11.6%) were the wmajor species in area 15.

2 kS

Areas 16 and 17. These areas were located below area 6

(Fig. I-2) just east of Raft Chennel. The increased current







Figure I-5.

Aerial photeszraph, 1974, of the Stoddard stump
fields east of the main channel, adjacent to
Stoddsard, Wisconsin in the southern section o
Navigation Pool & of the Upper Mississlippl

Hiver.
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selocity in areas 1€ and 17 was due tc a chute off Haft
channel located near the downstream end of area 6. The mean
 depvh of area 16 was 1.22 m with a current velocity of 0.116
m/secs Area 17 had a mean depth of 1.35 m and a current
velocity of 0.134 m/sec. The centers of these areas were
deep and open, but floating leaved and esmergent vegetation

was present along the edges. S. latifolia (50.5%), S.

rigida (27.7%) and N. tuberosa (14.2%) were the major macro-
phyﬁes bordering area 16. 3. latifolis (56.7%), N. tuberosa

(20.1%) and Ceratovhvlium sp. {12.5%) were the most abundant

macrophytes in area 17,

Arez 18. Study area 18 was situated wesf of the main
channel, downstream from the "3" curve below Brownsvilie,
Minnesots (Fig. I=-2). 1Its currents wers created by an in-
fiow of water from the main channeli. The mean depth was

0.95 n with a current velocity of 0.1325 m/sec. A desp water
submergent community dominated by V. americana (90.9%) was
found here.

Area 19. This study ares was located downstream from
serea 12 (Fig. I-4) and like area 12, contained dredged
portions wnich were gquite deep. Thz mean depth of study area
19 was 5.1 m with a current velccity of 0,140 m/sec. Although
the center wzs toc deep o support aguatice vegeﬁaticn, the
shallower vorders supported C, demersum (57.5%); iémnaceae

(16.7%) and Ieterantiiera dubia (8.9%),

Area 20, Located in the upper Gooseg Island backwaters

(Fig. I-1), study area 20 was sz pond-like area which recleved
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jts inflow of water Trom & swal'l fceder channel comnected to
gunning Slousgh. The mesn deptn was 0.81 m with a current
velocity of 0.159 m/sec, It supvorted emergent, floatine-
jeaved, and shallow water submerzent communities typical of
the midsection of Pool 8. The major emerzent macrophytes
were S. latifolia (36.8%) and S. rigida (28.7%), floating-
leaved N. pentapetala (8.0%) and submerzent C, demersum

(9.8%) .

Area 21. This area was located at the lower end of the
Stoddard stump field (Fig.I-5). It was similar to study
areas 14 and 15, except that it had fewer landforms to protect
it from the currents of the main channel. The mean depth was
2.63 m with an average current veleccity of 0.206 m/sec. The
dominant macrophytes in this deep water submergent community
were V. americana (63.8%), P. nodosus (20.1%) and Cerato-
phyllum sp. (7.6%).

Area 22, Located at the upper end of Crosby Slcugh
(Fig. I-6), area 22 possessed a failrly swift current
(0.218 m/sec). The mean depth of area 22 was 2.26 m. The
depth, current and sediments of the channel were unsﬁitable
for macrophyte growth. There were, however, plant commu-
nities along the shocre, the doemlrant speclies being S.

latifolia (49.2%), C.

16.2%), Nelumbo sp. (15.4%)
and S. rigids (6.5%).

Area 23, Study area 23 was located lmmediately down-
stream from study area 22 (Fig IQ?); There was a slightly

higher current velocity {0.235 m/sec} than area 22, due to

o

S




Figure I-6.

Aerial photograph, 1974, cf the main channel
end upper Crosby Slough in the midsection of
Navigation Pool 8 of the Upper Mississippl
River.







Figure I-7.
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Aeriasl photcezranh, 1974, of the mailn channel
and lower Croshby Slough in the midsection of
Navigation Pool 8 of the Upper Kisslssippl

River.
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kthe smaller mean depth {1.84 m). A high influx of sediments
caused the downstream end to be fairly shallow. Area 23
a1s30 supported a denser macrophyte population than area 22;
the major shoreline species beinz S. latifolia (54.3%), S.

rigide {15.0%) and E. canadensis (10.1%).

Area 24, Located immediately above area 21 in the
Stoddard stump field (Fize. I-5), this area resembled study
area 21 in its general ecology end vegetation., The dominant

specles were V. americana (66.9%), N. tubercsa (13.2%) end

H. dubia (8.2%). Aree 24 had a mean depth of 1.71 m and a
current velocity of 0.282 m/sec.

Area 25. A large lake-type area with iis downstream

end at the lower end of Running Slough {(Fig. I-8), area 25
was fed by numerous small, meandering channels. Although ths
area was challow {mean dspth, €.61 m), the area preciuded

the growth of most azquatic macrophytes except for a few
patcheg of P. nodosus (6.5%). Stands of emergent species

bordered the area, with §. latifolia (67.2%) and S. rigids

e s el

{(20.37) being dominant.

Area 26. Study area 26 was alsc a large lake-type

area (Fig., I-9) lccated immediately below area 18. 1ts rels-
tively high current velocity {(0.301 m/sec) can be sttributed
to the main channel bordering on its eastern boundary, and
numerous feeder channels off Raft Channel to the west, Thé
area supported a deep water submergent community in which

V. americana (80.2%) and H. dudisz {0,8%) were the dominant

specles,



Figure I-8. Aerial photograph, 1974, of lower Running Slou
and ad joininz backwaters in the Goose Island
aree in the midsection of Navigation Fool 8 of
the Upper Mississippl River.
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Aerizl thotograth, 1974, of the lower reaches
of Raft Channel and associated bvackwater aress
downstreanm from 3Brownsville, ¥Winnesots in Navi-
gation Pool 8 of the Upper Mississippi River.
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Ares 27. A smsll side channel off of lower Humning
Slough, area 27 (Fig. I-1) was fairly deep (2.34 m) and had
a relatively high current velocity (0.344 m/sec). The &area
only possessed vegzetatlon on the shallow borders, with S.
latifolia (67.5%), S. rigida (15.7%) and N. tuberosa (6.6%)
!%eing prominent.

Area 28, This area was located in the main channel
with its upstream end bordering the mouth ef Crosby Slough
(Figs., I-6 and I-7). The mean depth was 4.73 m with a cur-
rent velocity of 0.344 m/sec. The area was virtually devoid
of macrophyte populations except along the shoreline where
the dominant specles were V. americans (59.0%3, P. vectinatus
(26.0%) and. P. ncdosus (13.3%).

Area 9. Located along the west side of the 1aih chan=-
nel at the lower end of thé "3" curve (Fig., I-2}, area 29

was bordered by large stands of S, latifelia. The mean denth

ves 1.63 m with a current velocity of 0.352 m/sec. The pre-

o

dominant macrophytes were V. americana (58.0%), 1

i

+ tuberosa

L

(31.6%) and P. nodosus (14.4%

Nemat®

Area 30. Located a short di

tance downstrean from the

o

o

entrance to Haft Channel (Fig. I-«£j, this area was fairly

]
¥

S

deep and open with a graduval siope on the eastern shore.
The mean depth was 1,57 m with a current velocity of 0.385
m/sec., The dominant macrophytes along the shoreline were

S. latifolia (48.8%), 3, rigida (18.8%) and N. pentapetals

(7.2%). P. ncdosus (i4.1%) alsc occurret on a sandbar near

the eastern shore of the area.
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Arezs 31. Study area 31 was a small channel system lo-
cated at the downstresmm-end of area 27 along wWith some flow

from lower Running Slough (Fig. I-=<2). The channels were

fairly deep (1.57 m), swift (0.393 m/sec) and open. The
borders supported stands of S. latifolia (74.1%), C.
demersum (6.8%), S. rigida (5.0%), N. tuberosas (4.6%} and
P. nodosus {(3.4%).

Area 32. The area (Fig. I-2) bordered the downstiream
edee of area 30. It included the widest part of Raft Channel
and had a mean depth of 2.01 m. The mean current velocity
was 0407 m/sec. The western portion was fairly deep and
open, supporting only a small amount of V. americana (9.6%).
S« latifolia (64.6%), C. demersum (12.5%) and N. tuberocsa
(3.3%) were the major macrophytes on the shallower eastern
shore.

Area 33, Located in the main channel at the downstream
end of the "S" curve (Fig., I-5), area 33 lacked aquatic
macrophytes. The mean depth was 6,71 m with a current ve-
locity of 0.411 m/sec.

Area 34. The middle reach of Running Slough (Figs. I-1
and I-4) was relatively deep (2,41 m) and had a current ve-
locity of 0.448 m/=zsc. It was similar in its general ecology
to upper Runiing Slouzh {(ares 35) but was slightly slower-
fiowing due to side channels branching off at thevdownstream
end of area 35. The only macrophyte sampled along the shore-
iine was N. tuberosa.(100%).

Area 35. The upper part of Running Slough (Fig. I-4)
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had a mean depth of 2.91 m. The current velocity was 0,463
m/sec. This area recieved its water flow directly from the
main channel and was, itself, quite channled. Aquatic
macrophytes were found along the shore only, with C.
demersum (70.4%) the dominant species.

Area 36. tudy area 36 was located off the east side
of the main channel, a short distance downstrean from the
entrance to Running Slough (Fig, I-10). The primary inflow
was from the main channel. Area 36 flowed back into the
main channel approximately 350 m downstream from where it
began . Although the area was fairly shallow‘(mean depth,
1.33 m), the sand sediment and high current velocity (0.470
m/sec) precluded the growth of aquatic macrophytes in the
center of the area. The dominant macrophytes along the
shore were S. latifolia (44.7%), S. ricida (20.2%), P.
nodosus (14.9%) and H. dubia (11.3%).

Ares 37. Located downstream from the Stoddard stump
field (Fig. I-11}, area 37 was bordered on the western side
by the main channel. It, therefore, recieved heavy flow
from the main channel. The current velocity was 0.527 m/sec

and the mesn depth was 1.33 me The area supported larce

«.4
*

heds of submergent vegetation, with V. americana (64 .4%),

\.

<

P. nodosus {(16.7%) and Lemnaceae (12.0%) beiﬁg the dominant
species.

Area 38. This study area was the most downstream por-
tion of Running Slousgh that was sampled (Fig. I-1). It was

a chaneled area with a mesn depth of 1.89 m and a current
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ure 1-1C.

Aerial photograph, 1974, of the main channel
and backvaters immediately downstream from the
mouth of REunning Slcugh in the midsection of

Navigation Pool 8 of the Upper Mississippi
River.






Pigure I=-11.

Aerial photozraph, 1974, east of the main
channel in the scuthern section of Navigation
Pool 8 of the Uprper Mississippi River imme=
diately downstream from Stoddard, Wisconsin.
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locity of 0.53%4 m/sec., Veretation was lackine in most of

the arez with the dominant shoreline forms being P. ncdosus

{28.957), 8. rizida (iB.8%), N. tuberosa (13.3%) and S.
latifolia (12.1%).

Area 39. Located below area 32 (Fig. I-2), area 39
was the farthest downstrean portion of Raft Channel sampled;
Very little vegetation was supported in most of the areas due
toc the depth (2.33 m) and current velocity (0.578 m/sec).
S. latifolia (54.1%) and P. nodosus (13.0%) wers the pre=
dominant species along the shallow eastern boundary and
along the islard in the center of the area.

Ares 40. The uppermost part of Eaft Channel {Fiz. I-3}

L

possessed the second highest current velocity (0,587 n/ses)

due to the direct flow from the mein channel, The ares hsd

=h

~ 9L . A e d d F) N X -
.G m. The majority of the area ¥Was opon,

[

a mean deptn ¢

with vegetation restiricted primarily to the shorelines. 7The

1 ~ N Y  } ™ 2 a4~ Lt
mejor species were S. latifolia (84.0Z) P. pectinatus (10.0%
and C. demersurn (3.1%),

Ares 41, A narrow chute located zlong an outside
curve of the main channel (Fig. I-5), arez 41 had the highest
current veloclity of any area samvled (0.720 m/sec) and wes
falrly deep (2.7 m). The constricted charnmel lazcked aguatic

-

vegetaticn; however; V. americana (56.£%), N. tuberozz (11.57)

Potamoeaton richardsonii (8.4%) bordered the chute,
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Appendix II. Study areas in which specimens of spotfin
shiners {SF), golden shiners (GS), emerald
shiners (ES) and spottail shiners (ST) were
collected from Navigation Pool 8 of the
Upper Mississippl River during the summer

of 1975,

Area SE G3S 53 ST

i + +

2 + + +

3 + + +

L +

6 +

8 + + +

9 + + +
10 + + + +
11 + +
12 + + + +
13 + + +
14 + + + +
i5 + + +

16 + + + +
i7
i8 + + +
19 + + -
20 + +
21 + +
22 + + + +
23 + + + +
24 + +
25 + + +
26 + +
27 + + + +
28 + + +
29 + +

30

31 + + + +
32 + +

33 + + +
34 + + + +
35 + + + +
36 + + + +
37 + + + +
38 o+ + +
39 + +
Lo + + + +
L1 + + + +




Appendix III.

Relative importance of all food 1ltems for three size groups of spotfin
shiners collected during the summer of 1975 from Navigation Pool 8 of

the Upper Mississippl River {(*=values less than 0.5%5). For the algae,
the total number indicates the total number of individual cells.

S5ize class Fish with Total number Total volume
and number of Food ‘item food ‘item food item food item
fish examined NO. % NO . % ml - %

0-45 mm Bacillariophyceae 40 67 1,086,162 65 28,8168 63
(60) Cyanophyta 19 32 Lo, okt 29 6.7828 15
Chlorophyta 12 2 81,665 5 0.3093 *
Cladocera 54 290 27,351 2 94314 21
Amphipoda 2 3 294 #* 0.26L6 #*
Cstracoda 11 18 1,189 * 0.¥510 *
notifera 2 3 302 #* 0.0010 *
Unident. Insects 10 17 10 * 0.1020 *
Cther 7 12 7 #* 0.0140 *
Sand 14 23
Vascular Plants 14 273
Total 1,675,011 101 45,8734 GG
(CQnt a)



Appendix III. {(cont.)

L6<70 mm Bacillariophyceze 71 72 5,001,584 21 309.2944 g3
(98) Cyanophyta 36 37 18,311,412 78 22 6955 €
Chlorophyta 16 16 153,150 * 6.4696 2
Cladocera 86 88 o, 641 3 32,5840 9
Amphipoda L 4 114 * 0.1026 *
0stracoda 14 14 3,624 * 0M602 #*
Rotifera L L 5,991 * 0.0150 *
Tendlpedidae 26 27 89 * 0.9392 *
Trichoptera 18 18 52 #* 0.2364 *
Corixidae 4 4 4 3* 0.0096 #*
Unident. Insect L2 L 122 * 1.24404 #*
Statobhlasts 6 6 26 #* 0.0341 #*
Nematoda 6 6 é * 0.2412 #*
Other L L 5 * 0.0510 *
Vascular Plants 12 12
Sand 7 7
Total 23,570,847 99 374.3772 100
(cont .}

021



Appendix III.(cont.)

71-95 mm
(41)

Bacillariophyceae

Cyanophyta
Chlorophyta
Cladocera
Amphipoda
Ostracoda
Copepoda
Tendipedidae
Trichophtera
Ephermldae
Unident . Insect
Statoblast
Nematoda
Vascular Plants
Sand

Total

™

A
=5 OO\ OO £ 00 =2 Dm0 DO N

5 DD @ W
~3:0 O U A I

s
N

20

Do

3,177,499

15,000

103,517

62,668
203
29k

98
30
5
3
58
8
7

3+359,399

-ﬂ

de o & ok ok ok ok ok K s R\

oo

99

195.5557
0.0778
1.5875

21.6100
0.1827
0.0373
0.0049

0.0316
0.0227
0.1134
0.5916
0.0149
0.2814

220,4950

ot

ok K ok kK K Ria o %X RO

100

121



Appendix IV. Relative importance of all food items for three size groups of zolden
shiners collected during the summer of 1975 from Navigation Pool 8 of
the Upper Mississippl Rilver (¥=values less than 0.5%). For the aleae,
the total number indlcates the total number of individual cells.

Size class Fish with Total number Total volume
and number of Food item food iltem food item food item
fish examined S NO . % NO . % ml %

Bacillariophyceae 29 o1 17,087,945 50 11.0170 58
0~-80 mm Cyanophyta 9 29 16,055,417 47 2.6186 14
(31) Chlorophyta 8 26 976,217 3 3.3761 20
Cladocera 22 71 L,703 # 1.6218 9
Copepoda 2 6 392 % 0.0196 #*
Nauplii 1 3 52 % 0.0016 *
Ostracoda 2 6 brg 0.0603 *
Rotifera 4 13 313 * 0.0008 #
Other 10 32 18 # 0.1733 *
Vascular Plants 8 22 ‘
Total 34,125,532 100 18 .8875 101
(cont.)

oy ey



Appendix IV (cont.)

81-95 mm

Bacillariocphyceae
Cyanophyta
Chlorophyta
Cladcoccers
Amphipoda
Ostracoda
Rotifera
Cepevoda
Corizidae
Trichoptera
Tendipedidae
Unident. Inscets
Mollusca
Statoblasts
Nematods

Qther

Sand

Vascular Plants

Total

= DA £ FLD - DI OO O\

[y

236, 564,371
14,328, 544
13,323,940

b1,962

235
647
785

2,041

29

(VI s o« SN R e N oV

261,262,624

31.3330

14,4700

B oE % E X X A\NO

“

b

N
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58,8693
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Appendix IV {cont.)

96-188 mm
(39)

Bacillariophyceae
Cyanophyta
Chlorophyta
Cladocera

Amphi pmd a
Ostracoda
Copepoda
Nauplii
Rotifera
Evhemeridae
Tendlpedidae
Corixidae
Unident. Insect
Mollusca
Statovlast
Nematoda

Cther

Sand

Vascular. Plants

Total

34
29
17
13

L
13

FoNoNw =

87
7h
43
33
10

33
10

15
18
33
10
26
26

38

18

5,605,022
235,486,489
L,375,014
L6,668
316
109,002
QL2

157

1,804

14

11

70

28

10

53

32

Iy

2hks5,625,658

D

EE N S R - R R AN C N N

100

12.7139
351860
1.6949
16,0930
0.2844L
13.8430
0.,0471
0.0048
0.,0045
0.5292
0.0116
0.1680
0.4298
0.,0695
1.2864
0.0351

84:0073
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Appendix V.

Relative importance of all food items for two size groups of emerald
shiners collected during the summer of 1975 from Navigation Pool 8 of

the Upper Mississippi River (¥=values less than 0.5%).

For the aleae,

the total nuwber indicates the total number of individual cells,

Size class

and number of Food item
fish examined

0~50 mm
(L)

Fish with Total number Total volume
food iten food itenm food dten
NOow % e % ml %
Bacillariophyceae 36 Be 762,181 13 15.9561 L2
Cyanophyta 20 45 5,035,591 85 8.2072 22
Chicrophyta 30 68 86,908 1 0.5287 1
Cladocera L3 98 35,194 3 12.1300 32
Cstracoda 17 39 2,646 #* 0.3360 1
Amphipoda ly 9 €86 * 0,6174 2
Rctifera 2 5 L1 * 0.0011 *
Unident. Insect 7 16 7 #* 0.0714 *
Other 3 7 3 * 0.0217 *
Sand 11 25
Vascular Plants 5 11
Total 5,923,673 99 37 .8492 100

{(cont.)

e




Appendix V

(cont.)

51«02 mm

Bacillariophyceae
Cyanophyta
Chlorophyta
Cladocera
Cstracoda
Amphipoda
Copepoda
Corixidae
Trichoptera
Unident. Insect
Statoblast
Other

Vascular Plants
Sand

Total

N
0 ™ YOO B A0ND

-

22

1,447,314
92,460,133
22,325
37,107
1,179

539

147

84
57

93,967,929

\O

d oA ok % % ok ok ok ok kO

175373
152 .3704

0.1267

12 .7960

0.1497
0.4851
0.0074
0.0120
0.0273
0.8568
0.0748
0.0731

184 .4500

% % ok B %k % ok kg %k

71



Appendix VI.

Relative importance of all food items for two size groups of spottall
shiners collected during the summer of 1975 from Navigation Pool 8 of

the Upper Mississippi River (#*=values less than 0.5%).
the total number indicates the *total nunmber of

For the algae,
individual cells.

Size class Fish with Total number Totsl volume
and number of Food -item foed item foecd dtem food ‘dAtem
fish examined NO . % NO % ml %

0-c0 mm Bacillariophyceae 36 8 908 , 5737 36 31.5913 773

(43) Cyanophyta 21 Lg 1,591,270 62 1.4090 3
Chlorophyta 7 16 19,410 # 0.0266 *
Cladocera 35 12 24,24k * 8.3601 19
Amphipoda 5 12 1,372 * 1.2348 3
Ostracoda 1 2 972 3* 0.1236 #
Copepoda 1 2 99 * 0.0050 *
Gotifera 3 7 588 3* 0.0015 ¥*
Tendipedidae 15 35 17 * 0.0179 *
Unident. Insect L 9 7 #* 0.0714 *
Mollusca "3 7 L #* 0.1228 *
Other 5 12 7 #* 0.0953 *
Sand 16 37
Vascular Plants 13 30

Total 2,546,528 98 43.0593 98
{cont.)
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Appendix VI. (cont.)

$1-87 mm Bacillariophyceae 27 84 399,214 31 5.,08L45 23
(32) Cyanophyta 15 L7 870,780 67 8.4592 38
Chlorophyta 7 22 4,313 #* 0.1169 #*
Cladocera 20 63 11, 569 #* 3.9893 18
Amphipoda 22 69 3,064 # 247576 12
Ostracoda 22 69 3,197 # 0.4060 2
Copepoda 1 3 g8 * 0.0049 #*
Tendipedidae 11 34 27 * 0.0284 *
Trichoptera 3 9 7 * 0.0273 #
Corixidae 2 6 2 * 0.0048 *
Unident. Insects 23 72 66 * 0.6732 3
Yollusca - 5 16 11 #* 0.3377 2
Statotitasts 6 19 17 * 0.02273 ¥*
Nematoda 2 6 5 * 0.2010 1
Other 3 9 3 * 0.0582 ¥

Sand 16 50

Vascular Plants 12 38

Total 1,292,373 98 22.1126 99
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Appendix VII. Taxonomic 1list of food organisms used by
four selected cyprinids from Navigation Pool
8 of the Upper Mississippl River during the

summer of 1975.

Chlorophyta Platyhelminthes
Chlorophyceae Turbellaria
Actinasfrum Sp. Rhabdocoelida

Ank1)tv A2 SImUS  SP e
x bpc

Rotatoria

Cladonhora SD . Monogonota
Closterium sSp,. Ploima
Cosmarium SD.
Eudor "ing SD. Nematoda
Hormldlag 8D
Microspiza Sp. Bryozoa
Dedozonium SP. Phylactolaemata
Pedisstrur sv. Plumatellins
ScenedesSmus SD. Pectinella sp.
Selenastrum Sp.
Staursstzun sp. Arthropoda
Ulothrix sp. Crustacen
Brarnchiopoda
Crysophyta Cladocera
Bacillariophyceae Bosmina lorncirostris
Anphora Sp. Dephnla maleata
Qoocmﬂeid SDe Daphnia sp.
Coscinodiscus Sp. Diaphamosona sp.
Cymatoplaura SD. muryvcercus lamellatus
Cymbells sSp. Leptodora spu.
Diators sp. Pleuroxus sp.
Fragillsaria sv. Copepoda
Gompnonemsa Sp. Encopepods
Gvrogizra sSp. Cyclops sp,
¥elosirs sp. Dlaptonus sp.
‘,r dicn sp. Ostracoda
daviculs sp. Malacostracsa
5 tzchis spe Amphipoda
Sfzuroneis sp. Hyallella azteca
stevhanodiscus sp. Arachnoidea
Surirells sp. .~ Hydracrina
Synedrs Sp. Insecta
, Ephemercoptera
Cyanopnvta Ephemeridae
Myxoohyceae Feracenia SP .
snabaena sp. Odonata
Aphanlizomenon Sp. Zygoptera
Perismoredia ST« Coenargrionidae
Vicrocystlis spe. Hemiptera

Oscillatoria sp.

Corixidae
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Avpendix VII. (cont.)

Trichoptera
Hydropsychidae
Cheumatopsvche sp.
Coeleoptera
Diptera
Ceratopogonidae
Palpomyva sp.
Simuliidae
Tendipedidae

Mollusca
Gastropoda
Planorblidae
Hellisoma Spe
Pelecypoda
Sphaeriidsae
Disidium sp.
Musculium sp.




