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INTRODUCTION

The Mackinaw River is a major tributary of the lllinois River in central linois.
Historicatly the quality of stream fisheries in this Basin has been rated "good to
excellent” with 100 fish species present (Smith, 1971). At the same time
dredging, siltation and agriculiural pollution were also noted as factors negatively
impacting the quality of the streams. Since Smith's comments neaily twenty years
ago, few stream fisheries investigaticns have been conducted in the Mackinaw
Basin. The mast recent comprehensive survey of stream fisheries was conducted
by Stinauer {1966, Unpubi). Duyvejonck (1978} examined fish use of
channelized and natural sections of Buck Creek and one of its unnamed
tributaries. A small survey encompassing a section of the Mackinaw River and
Panther Creek was conducted in 1886 (Saliee, 1986 Unpubl.).

Thus, with a limited historical perspective, the primary objective of the
study was to assess the quality of the Mackinaw River Basin with respect to fish
community and value as a specrt fishery as part of an ongoing effort by the IDOC
Stream's Program to characterize major watersheds in lllinois.

METHODS AND MATERIALS

Study Area

The Mackinaw River {Fig. 1) drains an area of approximately 1163 square
miles (1516 km?2} (Healy, 1979) of the Grand Prairie Division of centrat Illinois
(Schwegman, 1973). From its headwaters in Forgd County east of Bloomington,
the Mackinaw River flows 128 miles {2198 km) (IDOC-Winois Streams Information
System-ISiS, 1989) in a generally westerly direction and empties into the Hlinois
River south of Peoria. Scils are primarily joess {lverson, 1987) and range from
brownish-gray beordering the stream to dark soils in the remainder of the
watershed with non-calcareous subsoils (IL. St. Planning Comm., 1940). No
major urban centers directly impact the river though several small municipalities
discharge effluent into tributaries (Short, pers. comm. 1988). Channelization has
occurred on 15.4% {19.9 miles) of the mainstem river (IDOC-ISIS, 1889). Land
use in the watershed consists primarily of row crop agriculture with seme pasture
and forests along stream drainages. The Mackinaw River provides multiple
recreational opportunities including fishing, swimming and canoeing.

ish Collection

Fish were collected from 22 stations in the Mackinaw Basin from 27 July
to 31 July 1987 {Fig. 1). Stations were selected based upon several criteria:
amount of historical data {fish, macroinvertebrates or water quality), proximity to
adjacent stations and size of stream reflecting habitat diversity and accessibility for
sampling.

Boat electrofishing was conducted at 8 mainstem stations using a 12 ft. V
bow boat with three booms extending from the bow. A 3-phase 3000 Waltt, 230
V.A.C. generator was the power source. Both the boat operator and person at
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the bow netted fish. Supplemental seine hauls were taken at 5 of these stations
usinga 30 fl. x 4 ft. x 0.25in. mesh bag scine. The seine was pulled through pool
or run areas while riffles were sampled by spreading the seine across the
downstream end of the ritfle and moving fish into the seine by kicking and turning
rocks upstream of the seine.

A 30 foot electric seine, similar to one described by Larimore and Smith
(1963). powered by a single phase 1400 W generator, was used at the two
uppermost mainstem stations and at all tributary stations. With this method, four
netters followed the seine as it was moved upstream by two persons.

Fish lengths were recorded to the nearest mm or placed in 10 mm size
groups. Fish less than one kilogram were weighed to the nearest gram while
larger fish were weighed to the nearest 10 grams. Small specimens were
preserved in 10% formalin and identified in the laboratory according to Pllieger
(1975}, Smith (1979) or Becker (1883). In a few cases, often due to the small size
of the specimen (usually < 30 mm) or indistinet characteristics, identification was
limited to the famity level,

Data Analysis

Sampling effort varied between stations thus total number and total
weighit for each species were converted to numbershour and grams/hour
respectively. Due to difficulty in standardization, seine haul data are included only
in determination of the Index of Bictic Integrity (1B} (Karr, 1981, 1986} and in
comparison of species composition with comparable historical data.  Fish
condition factors were calculated using relative weight (Wry {Johnson and
Nielsen, 1985) with parameters determined by Bertrand (Unpubl. IDOC data).
Community similarity was evaluated using Hora's index (Horn, 1986) which
determines the amount of overlap or similarity both in number of 1axa and
distribution of individuals among the taxa. Values range from 0 (no similarity) to 1
(identical). Using these community simifarity values, a cluster analysis was
developed based upon an unweighted pair group with arithmetic averages
(Sneath and Sokal, 1973). Brillouin’s diversily index was recommended by
Kaesler and Herricks (1976) and calculated using the BASIC program of Brower
and Zar (1984).

RESULTS AND DISCUSSION

Relative Abundance and Species Composition

Fifty-nine fish species and a tfotal of 63 taxa (includes ammocostes,
hybrids and fish identified to family) were collectad in the Mackinaw Basin, Fifty-
one species were collected from 10 stations on the Mackinaw River (Table 1).
Catch per Unit Effort (CPUE) ranged from 237.0 tish/hour (DK-18) to 740.0
fish/hour (DK-21), while number of taxa ranged from 15 to 38 with the two furihest
downstream stations DK-01 and DK-12, yielding the fewest taxa 17 and 15,
respectively.

At tributary stations, CPUE ranged from 192 fish/hour to 9224.0 fish/hour
(Table 2). The highest values were obtained on the Little Mackinaw River (DKE-
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01) and Mud Creek (DKG-01) with 2788 .0 fishrhour and 9244.0 fish/hour,
respectively. Since both stations were pooled at the time of sampling, these
values may reflect the concentration of tish under drought conditions as well as a
related increase in sampling efficiency. Number of taxa on the tributaries ranged
from 10 to 36 per station, but only 2 stations DKP-02 {Monay Creek) and DKT-01
(Crooked Creek) had fewer than 22 species.

Fish Weights

On the Mackinaw River, aggregate fish weight/hour ranged from 39.8
kg/hour at (DK-20) to 83.7 kg/hour at (DK-16) and showed no longitudinal trends.
Based upon weightthour, carp (Cyprinus carpic ) comprised the greatest
proportion (26.1%) by weight of combined electrolishing samples. Other species
contributing to the sample weight included river carpsucker (Carpiodes carpio )
(18.4%), golden redhorse {Moxostoma erythrurum § (14.4%), gizzard shad
{Dorosoma cepedianum ) (8.0%), quillback {Carpiodes cyprinus ) (6.5%) and
smallmouth buffalo {Icticbus bubalus ) (5.6%).

On the tributaries, total sample weights ranged from 0.118 kgshour at
Crooked Creek (DKT-01) to 59.098 kg/hour at Panther Creek (DKK-02-A). As on
the mainstem river, carp, river carpsucker, golden redhorse and quillback were
generally the major constituents of aggregate weight where they occurred.
However at 3 stations, Walnut Creek (DKJ-01) and PantherCreek (DKK-02, DKK-
02-A) one species, gizzard shad was the major single constituent of total fish
weight. At DKK-02-A this species accounted for over 40% of the fish weight.
Downstream at DKK-01, gizzard shad were not coliected potentially reflecting the
unequal distribution of satisfactory habilat. Gizzard shad were collected in only
one additional tributary, Hickory Grove Ditch (DKB-01), whers conditions were
apparently marginal for its existence as it comprised only about 2% of the total fish
weight.

Diversity

Brillouin's diversity index assumes the entire population has been
sampled (Kaesler and Herricks, 1978). For each sample, the maximum diversity
may change depending upon the number of taxa and number of individuals. To
normalize diversity, actual diversity is divided by the maximum diversity to obtain
the evenness value {Brower and Zar, 1977). Fvenness thus indicates the
distribution of individuals among the taxa, relative to maximum diversity which
could be obtained from a sample.

On the Mackinaw River, evenness was moderately high.  With two
exceptions, DK-01 {0.565) and DK-19 (0.681} in the lower reacties of the River,
evenness values ranged from 0.773 to 0.858 {Tahle 1). Gizzard shad and
emerald shiners (Notropis atherinoides ) were the most abundant fish at stations
DK-01 and DK-19, for a combined total of 75.3% of all fish in DK-01 and 49.2% in
DK-19.

On the tributaries, evenness values ranged from 0.589 on Mud Creek
(DKG-01) to 0.834 on Hickory Grove Ditch {DKB-01), but were typically between
0.700 and 0.800 (Table 2). At DKG-01, three species, the bluninose minnow
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(Pimephaies notatus ), common stonercller (Campostoma anomalum ) and sand
shiner {Notropis stramineus ) accounted for a total of 75.6% of fish distributed
among 24 species in the sample.

Community Similarity

Based on community similarity, stations DK-01, DK-04, DK-12, DK-19,
the most downstream stations, are more closely clustered compared 1o the six
upstream stations (Fig. 2). Based upon percent composition, the five most
abundant species in the four downstream stations were emerald shiners, gizzard
shad, river carpsucker, golden redhaorse and carp  In the upstream stations,
golden redhorse, sand shiner, common stoneroller, red shiner (Notropis
lutrensis ) and bluntnose minnow were the five mosi prevalent species.

Community similarity analysis of tributary stations shows ne consistent
patterns {Fig. 2). This may be due to heterogeneity of fish communities both
within and between these tributary basins.

Fish Condition

Relative abundance, evenness, community similarity and aggregate
weight assess community composition, but do net directly reflect the condition of
individua! fish. Fish condition as assessed by relative weight Wr reflects food
availability and general habitat suitability (Nielsen and Johnson, 1985},

Relative weight condition tfactors for smallmouth bass {Micropterus
dolomieui ) and common carp were calculated (Niclsen and Johnson, 1985)
using a standardized equation determined by Bertrand (Unpubl. data). Only
smallmouth bass = 18 cm and carp = 28 cm were used in the analyses. For
specific size groups, relative weight values deviating substantially from 100
reflect either insufficient forage (values much less than 100} or inadequate use
of avalilable forage (values much greater than 100) {Nieisen and Johnson, 1985).

On the Mackinaw River, smallmouth bass condition {Wr} was usually
between 80 and 95, but ranged as high as 112.1. On the tributaries, smalimouth
bass condition ranged from a mean of 80.5 on Panther Creek (DKK-01) to 87.7
on Henline Creek (DKV-01) {Fig. 3). Carp in both the Mackinaw River and
tributaries were in very good condition with Wr values approaching 100 at most
stations {Fig. 4).

index of Biotic Inteqri

in comparison to preceding analyses, the Index of Biotic Integrity (IBI)
examines the fish community based upon trophic composition, abundance and
overall fish condition. Proposed by Karr {1981), and examined by Fausch et al.
(1984) and Karr (1984; 1986} for midwestern streams, the 1B is based upon 12
factors or metrics of the fish community with total scores ranging from 12 (poor) to
80 (excellent). These values reflect the refative amount of change from optimal
conditions of streams of similar size within a given 1Bl region. The IBI provides a
consistent regional comparison of the quality of stream tisheries. As used in the
Hlinois Strearm's Program, when condition information {i.e. % diseased, tumors,
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etc.) is unavailable, an Alternate Index of Biotic Integrity (AIBl} is calculated
(Bertrand, Pers. Comm. 1987). For this, the mean of the other 11 metrics is used
for the condition metric.

On the Mackinaw River, AlB! values ranged from 40 (fair) to 56 {excellent).
Again, lower rated stations (DK-01, DK-12) occur in the downstream reaches of
the river. The highest rated samples were collected [rom stations DK-15, DK-17,
DK-20 and DK-21 {Table 3).

AlIBI values on tributaries ranged from 34 to 58. The highest quality
streams included Walnut, Panther and Henline Creeks. Mongy and Crooked
Creeks with AlBI values of 34 were the lowest rated streams sampled during the
survey. Species richness for these stations was the lowest obtained in the Basin.

Historical

An analysis of fish species composition/abundance over time ¢can provide
valuable information concerning changes in water and habitat quality. In the
Mackinaw River Basin, 44 species were common between the 1966 and 1987
surveys. Eight of the 52 species collected in 1966 were not found in 1987 while
15 of the 59 species collected in 1987 were not found in 1966 (Table 4; Table 5).

Three species were collected in 1986 and not collected in 1987,
however 13 species were found in 1887 and not found in 1986 (Table 5). This
must be qualified by noting only seven stations (five Mackinaw River; two Panther
Creek) were sampled in 1886 compared to 22 in 1987. Forly-six species
commen to both the 1986 and 1987 surveys were collected at these seven
stations (Table 4; Table 5). Collection in 1987 of the black redhorse {Moxostoma
duquesnei), pugnose minnow (Natropis emiliae ), spotfin shiner (N. spilopterus ),
biacknose dace {(Rhinichthys atratulus ), and walleye (Stizostedion vitreunt)
suggests improved conditicns as these are “intolerant” species not found in
19686.

Of special interest is the increase in the black redhorse. Two previous
collections have been recorded from this Basin (L. Page, Pers. Comm. 1288).
Compared to other sucker species, the black redhorse is less tolerant of siftation
{(Smith, 1973). Though impact from point-source pollution has historically been
minimal on the Mackinaw River {Short, 1988 Pers. Comm.} the presence of the
black redhorse and the other sensitive species suggests even further
improvemnent in water quality within the past 20 years. With reference to AIBI
values, there were no substantial differences on the Mackinaw River between
1986 and 1987 (Table 3). Differences in Panther Creek values may be
attributable to sampling methods where minnow seine hauls were taken in 1986
while the newly acquired electric seine was used the following year.

CONCLUSICNS

On the Mackinaw River, distinct differences were apparent in the fish
community with respect to river reach. Species richness, AIBL, and evenness
values indicate lower gualily stations in the reach downstream of the town of
Mackinaw. Community similarity analysis showed samples from the four
downstream stations were more similar to each other than to samples from the six
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upstream stations. Often habitat parameters are interrelatcd as shown by
Sheldon {(1968) in examining species diversity and longitudinal succession in
stream tishes. Thus, a more intensive sampling efiort is needed to isolate specific
factors impacting this downstream section to determine methods for habitat
resforalion.

The 1987 survey findings support the assessment of Smith (1971},
rating the Mackinaw Basin fish community as "good to excellent”. In comparison
o historical collections, increases in occurrence of species intolerant of poor
water quality or habilat impacted by suspended sedunents or siltation also
corroborate with this evaluation. The mainstem above the town of Mackinaw
aleng with several tributaries (Panther, tenline and Walnut Creeks) are among
the most valuable fisheries in the region.  These streams provide valuable
sportfish nurseries as typified by Henline Creek where 84 8% of the smalimouth
bass collected were less than 100 mm.

Body condition for carp was good with Wy values (near 100) indicating
optimal use of food resources, while conditicn of smallmouth bass was fair,
indicating some stress due to insufticient torage ¢r habitat limitations.

The collection of 49 spectes from five Mackinaw Hiver stations and two
Panther Creek stations in 1886 elucidates the ceoisgical value ot this section of
the Basin. Impoundment of this reach of the river, as has been proposed in
recent years would resull in a substantial oss 1o our state's aguatic resources.
Due to their diverse fish fauna, aesthelic and recreational values, the Mackinaw
River and its tributaries should receive protection from any development or land-
use practices which might have deleterious impacts.

ACKNOWLEDGEMENTS

The authors wish to thank William [ucker, Witiiam t:ttingor. Matthew Short, Mark
Joseph, and Chris Vonnahmae of the lHllinois Tnvironmental Protection Agency
{IEPA) for providing habitat and water quality data and for assistance in field
collection. Qur sincere appreciation to Division of Fisheries personne| Chief Mike
Conlin, Pregrams Section Head Jim Allen, Conservation lesource Manager Ed
Walsh and lllinois Endangered Species Project Manager Glen Kruse for their
assistance with fish collection. This project was tunded by Federal Aid to Sport
Fish Restoration Project {(F&7R) and the lllinois Doepartment of Conservation,
Division of Fisheries.

LITERATURE CITED

Becker, G. C 1983, Fishes of Wiscansin, University of Wiscensin Press. 1052 p.

Bertrand, W.A (unpublished IDOCdata). Fig™ conditon ga-arceters as determined from
lilinois fish data.

Bertrand, W.A. (Pers. Comm. 1987). Discusscn on caituiaton of A3 Allernate Index of
Bictic Integrity).

Brower, J.E. and J H. Zar 1884, Field and laboracry mathaeds for general ecalogy. Second
Edition. Wm. C. Brown, Publishers, Dubuque, owa 226 po.



89

Duyvejonck, 4.8. 1978. Movements and distribution of fishes in natural and channelized
tributaries of the Mackinaw River, dclean County, Ilinois. L. St University,
Unpublished M.S. Thesis 42 pp.

Fausch, K. D., J.R. Karr, and P.R. Yant 1984, Regional application of an Index of Bictic
Integrity based on stream fish communities. Trans. Am. Fisheries Soc.113:39-55.
Healy, R.W. 1879. River mileages and drainage areas for lllingis streams-Volume 1. lllinoi
River Basin. U.S. Geological Survey, Water Resources Investigations Report No.

USGSMWRD/WRI-80/014.

Homn, H.S8. 1966. Measurement of "overlap” in comparative ecological studies. Amer.
Natur. 100:419-424,

Minois Department of Conservation. 1889, 13IS (lilnois Streams Information System).
Division of Planning. Springfield, Il

llincis State Planning Commission 1940, Repart on the Lower Hllinois River Basin and
contiguous area draining in the Mississippi River. 87 pp. + Appendix.

Iverson, L. R. 1987, Soils in Neely, R.D. and C.G. Ha's'er, complers (1987). The natural
resources of lllinois: introcuction and guide. Hinois Maturat History Survey Special
Publication 8, 224 pp.

Kaesler, RL. and E.E. Herricks. 1978, Analysis of data from biciogical surveys of stream:
diversity and sample size. Water Resources Bulletin 12:125-135.

Karr, J.R. 1381, Assessment of bictic integrity using fish communities. Fisheries 6(6):21-
27 Karr, J.R., P.R. Yant, K.D. Fausch, and L.J. Serlosser 1984, Evaluation of an Index
of Bictic integrity: Temporal and regional appication in the Midwest. U.S.EP.A
Environmental Research Brief. Environmenta! Research Laboratory, Corvallis, Oregon
97333 EPA-600/D-84-053. 7 pp.

Karr, J.R., K. D. Fausch, P.L. Angermeiar, P B, Yant anc LJ. Scilosser. 1986, Assessin
biclogical integrity in running waters: A method and s raticnale. [L. Nat. History Survey
Special Publication 5. 28 pp.

Larimore, RW. and P.W. Smith 1963. The fshes of Champaign County, |linois, as
affected by 60 years of stream changes. .. Natural Hist. Survey Bull. 28(2). 299-38:

Nielsen, L.A. and D.L. Johnson 1983 Fisheries Techriques. American Fisheiies Society,
Bethesda, Maryland. 468 pp.

Ptlieger, W.L. 1975, The Fishes of Missouri. 2nd Printing. Miszouri Dept. of Conservation.
343 pp.

Sallee, R.D. 1988. Unpublished fisheries data from the #ackinaw River and Panther Creek
IL. Dept. of Conservation, Streams Program. Aledo, IL.

Schwegeman, J.E. 1973. The natural dwisions of llinois. Scae 11,000,080, lllinois Dept
of Conservation in Neety, R D, and C G, Heister, compzlers {1987 The natural
resources of Blinois: introduction and guide. llimeis Matural History Survey Special
Publication 8, 224 pp.

Sheldon, A.L. 1968. Species diversity and longitudinal succession in stream fishes.
Ecology. 49:193-198.

Short, M. 1888, (Pers. Caomm ). Infermation conceriing impicts of muncipalities on the
Mackinaw River and its tributaries. lllingis Envito~mental Protection Agency.
Springtield, IL.

Smith, P.W. {1971}, lllinois Streams: A classification based on their fizhes and an analysi
of tactors responsible for disappearance of native species. I, Nat. History Survey Bial.
Notes No. 768, 14 pp.

Smith, P.W. (1979). The fishes of Minois, University of IN.nois Press. 314 pp.

Sneath, P, H. A and B. B. Sokal. 1973, Mumerical taxoromy freeman, San Francisco.

Stinauer R. (1966}. Unpublished. Mackinaw River Bazs.n, Urpublished Illincis Department
of Conservation repott, 17 pp.



=]
~r
[Ta]
~0
o
o~
==
o

~J
—
T
[}

(et
O e e O O O

'
- B o R I ¥}

-~

=
-

—

YNOoOow
&8
—
— —
— o

o+ BT = o R B v S, o

r~J
-
[Ca]

nd e
.:I..'_'_

-
— et

M

—
—

ODDD\ID%O\J‘D

DODN‘—NG‘-DF‘DQrmmD%Mmﬁd‘\OGDD\OO-—‘—“N\O
-—

Lo o B T IV O o B e T SRl o e

~d
—

OO0 oOoOoOoODOO0000oO000oOooOoO00O
COoOOoOWMROMMOMONRINORGGNMC OO0 0~ MMOE
OPPOoONMOoOCODoOVMoOUNOooODOoOCNRENO oSN O I
OrONOGODDOoOUOr TN OOSMOC oMU 00 MW =
OooOOCoDOoOO0OCCOoOoODOoOOoLoOOCoooooD SO

#0-Aa $0-AC
IW/43 (2IHS

02-%d 8l-%d AL-3d
J¥/53 2v/43 Jv/43
G4 0% 09

¢ 0L los o0
228 oL Loig oo
gl 00 | 09 00
€L 09 |loz w0
9z 00 |90l 00
¢ 0L | o0g o0
28l 00 | oeE 0o
6'¢ 00 |05 60
0'c 00 |00 00
i'6 00 oz 00
€L 08 | o'g 02
2°¢ 0L o o
0’ o0 |oo 00
oo 00 |oo 00
v g2 09w | 092 04
00 00 | o0 02
o0 oo | oo 00
2710 0ti2| 0tzz oty
a0 02l oL o0
g0 00 o1 00
9°z 0'9ze| 0'zg 078l
oo 0E |oiy 02
00 00 |oo o0
o0 072 1oL o0y
00 00 | oo ol
629y 00 | 0°sl 00
i“ss 00 | o8l 00
0’0 oL |0z o0
¢t 00 |oo o0
0’0 o0 | oo g
GL-3%0 9L-%a| §L-MQ §L-X0
/43 (&IHS) d¥/d43 (2IHS
PR 09

| o

OO0 OCCOOMENOOMOoUW e 0 00D O N A e

OO+ 000N ONOOOWVEOUNOMAAr O 7o

05

gl

[l

[Fa}

—

—

~f

[ B o]

Q0

CoOoOoOOoOO0OOOoOOoO DD OOoO o000 0o oD 0oo0D0oOo
OO0 0O0ooOoOQO— OO0 oMo OO0 o000 o

L]

o T e e O e e S i S o e s S I o o o i o o B e e e e e o i L L R o |
SN NN OO0CNMN 00N OOOoODOO-roOMNOD oS00t

O
=
L]

—

-_ ~F
oo oOooQOooO~NoaoOno oo oo O -NO O D

o~

—
(48]

o
P

—
MY

CoOo0OoQOoCoCoOOoOOOLDO OO0 oo O0OoOo 0O

WN3opLlda]ad el elo]lSowo)y
a51oypad peaylIoys
IMJnJyikls BUCISOXOH a5Joypad uap|on
ToUsoNbNp BWO1SCXOW 2sJoypsd y2e|g
INJNSIUE BWOISOX0N 3SIOypad JaAlls
JajL1=A sopoldle] Jayansdaed ulpybiy
ShULJOAD Sepoldae] Yoedq) 11Ny
O10JED 58p01dde] Jayansdses Jaaly
JoBiU SRGOLI2] 0)2i4ng 3228
SR 1PULJ0AD SAGO11T1 0844 Yinowsig
SMegng SRQELIST 01B44Nq Yanowy jeus
WNYeWOUE BHi0lsodue] J9710J400015 uowng
SA1E300 SojEUdeulld MOUU LW asoulunig
To10d1yA SId0JICN Jautys 1010213315
SL)LIBJOUN SIOGJION JULys ullpay
SROULLEJ1S SIO0JI0N JaJLys pues
SNio3d0]1ds SIdoJIoN Jaulys uljleds
SR 12gnd SLAOJION JAULYS aoefAsoy
SISUaJin) SIdOII0N Jaulys poy
S11u5J0p SLO0JIGN JauUiys yinoubg
S egdadosAdys StdodioN Jaulys padilis
|z Soplouilsoyie SIAOJION Jauiys pleJaul
FL1IGEL U SNIGOSeU2Yd MOLULW UINoWJayans
BUE 1194035 S(SAOGAH qNyd JaAa)Ls
SRIe3INB K SILOSON gnys PeayAudcH
SNIENOEWOJIE SM|L30WSS gnyd Y343
oLdieD SAUTJdAD deed
Nue [padad BU0S040(Q PRYS pPJEZZL9
SPUID1SC1E|d SNa1s051daq JeB asoulacys
SNEss0 SNa3sds1del Jeb asoubue
Elel350.4 E1)INBUY 133 uelLlauy

=]
=)

—

COO\C;DDLH

3]

-~ -
—

e S e B e B e i O e S S o e e o o B e B i e Y o e e i ol L o L R
oMo~ OO DO OoONoCoc oo oD o000

0g
&2
82
22
92
T4
4
£z
Zc
L2
a¢
6l
-4
il
gl
sl
7l
gL
2l
Ll
oL

= 0d M W D P B0 O

| 9921 0'0
0°22 0%
g'ol 0670
5 0L
' 070
g2 61 070l
0°8% 0°EL
gL 00

gL o0
&6 00
00 0°¢
24 0og
0’0 070
00 0°0
gL 02l
&0 00
¢'0 070
g6l 0&d
&0 0622
0’0 070
€421 0795
209
60 0°0
2°0 070
e 02
£l 0'0
%89 07§l
(N
00 00
00 070
&1-20 &1 -A4
4543 (2IHS
9

YSL4 40 JOQUNU 1B30} SIIBI[RUL ,HSy BIEP NEY BULSS

90

2l-Ma 2i-Aa
o¥/43 (LIS

1}3

uo 13235

(2)Poy3Iak
BULYS110433912 4O S3ANULY

*{ ) SINBY 4O JIQUNU JOJ PIIDB]00

S(L2-NQ) wealysdn 01 (L0-XQ) We21SUMOP W34 JBpJo (euipnaibuo) Ul

paBUBIJE B4E SUOLIEYS “SUCLIBLS JBALY MBUIYIEK WEL} YSi4 JO) $3N)BA SSILUBAD PUR AJLSI3ALD (JNOH/J3QWAN) 3duepunge aallelay "L 3198l



91

$31J0B21B9 P14 1IUSPIUN PUB S3319000WLE 'SPLigAly SSPNIdUl (2) Ao elep BULYSL0J12213 Joy palejnaien (q)
SINEH 13T = HS

f(3UBIIND *JTY) AULES D1410313 = D¥/S3

f{Iusdand “)Ty) BuLys14od3d91s 08 = J¥/43 ()

20870 20870 85870 £L.°0] 0%8°0
94572 22272 28972 50872 5697
33
33
b LE 2 Bt 82 41
%2 33 2z Bt L2 9l
0°0%L 27568 Q°LEC 076%Yl 6°E€92 07EYS
¢*¢ o0 00 0°0 0’0 07§
0¢ 00 00 00 0’0 0o
0’0 00 00 00 0'g 0%0
g0 Q0’0 Q0 00 gL 0%
¢'0 00 00 0°¢ 0’0 o%0
0’0 €1 0'9 071 é'e 070
0’0 2°'s 0°0 0'% 0’g 070
g’ 00 9L 0% o'a 0°0
¢'¢ 00 00 00 o' 07
g'0 00 D0 0°¢ og 07l
0’0 0’0 00 074 0'¢ 0%
0 §9 00 0°0 0'p 0%
9’0 00 0°0 O0°0 00 0%
o0 00 &§1L 0L g2 00
0'0L 802 s 02l | 8§79 070
'8y £°8L 070t 0°élL | 6°: 070
0'c 0°0 00 09 9¢ 0'0
0'% &°¢ 00 Q% gL 0'C
0’0 00 0°0 07 ?¢ 00
g2t 6t 0t G°9 &9 0'¢
0’0 0’0 00 00 g’e 00
0°% 89 0°0 0°62 100 0'L
0°0 ¢V 00 o' 9’6 0°0
¢°0 00 00 071 gL 00
0’02 0°0 0°0 070 o'c Q'0
0've €Y 06 0°52 | BL 0%

108°0
8692

53

13

le £l

Le £l
Qg9y 07 %L1

oo~ooooo

oo oo oD
Do 000000
oOoCCoOOo0 000 oo

.
.

.
NooOoMNOoOODOoOoooOOOnNN— O

—

oo OoOOoOo oo OO0 OO o

ol o R TR ol o e Bl VR & Bl o B o B e e i e

SCoOoOoOOo0oo DO Do OO
.

~F

L&l o
bl

(3%

OOMO OO0
N a v ok a
oo 0 Do 0o

N OoOOoOoC oo No0o0OoONDOo O
—oNCOCDOONONSTRo OO~ OO0
——

.

Y]

]
oo oo oM

OO0 O~ —m

O‘DqMDODI\-

[ B o o Y e N am B}
oMo o DN
Lo B B e B Y o e e e}
cCoOOoOoCooOooO
Ccovoooonn

.
MO SO0V OoO— 00 CcCOOO0D oS

CcCooooooCoODOoOo oo oo oo

oo ONODoOoONOCODONOOS O

.
COoODOoOOOMNOOOoOOCODOQO— O

o

OO0 o oo Do oOoO0oOO0o oo
Moo OoMOoXDNro oo O oo
CoOOoOoDOOOCoLDODo oo OoOOOoOOOoo
COoOoDoODoOOOoOoO0Ooo o000
CcCOoOoOoOoooOoDoOo oo oo0
—oOoOOoOoooOoDoO o oo oooO0

9670 (o 9529) SSIWBAT §,MiIN0TY)LdE
96" L {q){> aseq) AILSJRALQ S,UINC])LJE

(SPoyIaW 11¥) EXel jO JaquNN
(spoyiaw 11y) saroads Jo Jaqun

2 (2) exel 4o Jagunu 1230l
m satoads 4o Jagqunu 1e30]
0728 (Q) Jdnop/ystd jo Jequnu jelo)

FEPIULICEAD PILSLIUSPIUN

BBP143.8.J3Ua) PaljLiuspiun

sapoLdied poly1IudpLUN

PLJIGAY YsSEIuNs JedBuo X usadg

5512302011y

| SUsnunJb SAJ0ULPO01GY WNndp JIlemysadyd ig

5Te00Z BlIOISOSU}3 J9)Jep pspueg (g
371qe333ds BWO1SCaYL]

Ja1dep 1e0Jy1IBuUBRID &%

DNiGIU B003509433 J33148p AUuyor g%

3Je]19qe]} BWOISOSYI] JO3Jep JlEJUEL /4

ggydaooxoyd BUI3)5d JalJep pESUIIPURIS 9

BIEN0BU BUIDJad J33J8p apLsuOB1g §¥

WNSIIIA UOIPIISUZLIS A3118M ¥y

SIJE|MUUE 5100X0d 21ddeds a3iuy §%

S1J1sadnd 5331100 QU SSBq 3204 29

Sl10)ebal swoda] ysiyuns Jeabuol |y

SndljooJTel Swwoda )16am1g v

SN JeUEAD SD0Qa] YSLUNS usalg g¢

Saplou|es SNJo100J0 W SSBq Ylnowdblel gg

TRa UG |0p SNJ310000 [ $58q YInow) jeus /¢

STOSAIYD SUDJOW SSeq allys 9¢

SNAB1J SNJOJON 1B29U01S GF

STJEeAL}0 SI30IPOTAd US141BD PE3YIB|4 ¥E

smyelound SNJNTEJD] YSi1ED 1aUUBYD €€

[UQSJOULI0T SMUO1S01RT J2)ons ailyM 2g

SUBTIJBIU BN o1UsdAR Jaxonsioy UJayldoN LE

[ o e o o N o ]
[ e R T i e Y )

.

1
—oMNOOo oD MOoeC oS o000

.

SCooooSoo oo oo oo o0l
.






93

5314062180 pPalSLIUBpLUN pue SpLUgAY ‘S2130J00UE SaPNIAU] (Q)
(aJung 'y ‘aulasg 21213913) = 2¥/83 (B)

LL8"0 49470 22270 %2170 Z2970 L&L°0 BSLO0 940 9970 68570 92970 YEBO (3 3seg) SSIUUBAZ §,ULNOY)LJE
21672 G047 B66TL  DL2'Z D072 02572 069TZ  A09'2 Sl 6L6TL SEL'2 15972 (q) (o aseg) A11SJI3ALQ §,ULnol)ilg

22 01 9l 12 [£4 82 e 3 9% 92 2 42 (q) =xe) 30 Jaquwnu jel0)

ze oL 9L 0z 22 22 43 €€ v 2 £2 52 saloadg 4o Jequnu jelol
0°0L8 0726l 0°%902 0°8LL2  0°8L0L 0°§2E  0°9%  £°99.L 8°E8ZL 079228 §°e82 0°vIZ JNOH/YSLA 40 J3UPU 18301
0’0 00 00 079l 0°0 [ 00 g9 92k 0% 070 0°0 seplutadAg patyiuspiun
00 oo 00 60 (1h1] 00 00 00 g a (V1] 070 SEDLYIJIBIIUI] PILLIUIDLUN
0’0 00 €0 0°0 00 00 00 070 00 00 0°¢ 0°0 $912050UY
00 00 G0 0°0 00 PR 0°0 00 00 0’0 00 08 SUETUURJE SRIGUIEOTAY Wnap J3lemysaty g
0%l 00 00 0°0 070 00 00 e 00 0°'¢c 00 0°2 F1PUCT PUOIS0AU3T JI1JEp PIPURE g
08l 0°92 0¥ 070 09 0°0 09l 0°0 04 0’0 0°0 0°0 F11qe17ads BOIS02U1T Jaldep 1B0JYIaURID (F
0L 02 0% 00l 0yl 271 02 o 00 00 008 070 @RJETU BUOIS09U33 J2142p AUUYOr &%
02l 09 0%l 00 00 00 09 28 8%l 0'c 00 070 SJE] 190 ]} BUO3IS0803I3 J3IJEP ||BIURS gY
0’0 00 00 0°0 00 00 00 €L 070 0'¢ 00 0'0 #ieydedc¥oud BUIDJSd JI3JEP PEIUIIPUIS 29
00 00 00 02 070 9'g 0% (s 871 0'¢  0°¢ 00 BIE IRl BUISISd JalJep apLsyoeis g4
g0 0'C 00 0°0 0°0 00 00l 070 0°0 0'c  0°0 0% $9poIded BUIDIad yo.JadBol g
0’0 00 00 0°0 00 0'0 02 00 00 0°¢  0'0 070 STIETRULS STXOWoq 21ddeJs 2ILyn 9
070EL 00 00 0°82 02 8’9 0y ZTO0L Y 00 0% 0°0 Frisadnd §8313001g0y sseq Y20y £y
082 00 00 0°0 0oL Z1 00l 17§ 999 0% 00 0°0 §I307ebal STuodsq _ysiyuns Jesbuol gy
0y 00 00 00 0°0 00 0'gl  2°L b2 0%z 0°0 0°92 SAJ Yoo oel Siweda] 1116an1g LY
¢ 00 00 02l 092  £°5l ‘oL 0% 0% 0'8 09 09 SMIT3UBAD SIUOGST YS1juns usalg (b
00 00 00 00 00 Ll 00 070 95 0’8 00 0°g §9010W{ES SN1970CJ310 $58q YanowebJeT &¢
099 02 00 02 TR A o't Z0L g€ 0% 0'¢ 0°0 (N3 TUKa10p SNJ9300131% $58q YInow) 18 g
0’0 00 g0 00 00 00 09 070 00 0'0 00 0°0 SNINI3LS SAUTSPLGET apLSJaA] LS Y0048 4
0’0 00 0D 00 0°Q 00 00z 070 575 0’0 00 00 SA3EjoU FAIAPANg Mouulwdey adiuisyoelg gg
0% 0°0 02 0°2 (1 0°0 0°0 8'g 8"l 0°9¢ 070 0°Q SNAE]4 SNJOJON 1E38U015 &
0’0 00 00 00 00 0°0 00 070 070 00 0°¢ 09 SNIEIAN SAINTEIST US143ed Jauuey) 4§
0’0 00 02 09l 02 00 00 0o 9 0°'0 4 02 §[jeiel SNINTE13] peay)Inq Mo11a4 €f
0°0 00 00 00 0°0 0D 00 00 (11] 0% 00 0°0 sE1sll SNUATELST peayping yoelq 2§



94

Table 3. Alternate Index of Biotic Integrity values for stations sampled in 1986
and 1987. Mackinaw River stations are in longitudinal order from
downstream to upstream.

Station
Shrearm Code _ 1986 1987
Mackinaw River DK-01 40
DK-12 40
DK-19 47
DK-04 47
K15 51 56
DK-16 47 50
DK-17 49 56
DK-18 47 45
DK-20 53
DK-21 56
Hickory Grove Ditch DKB 1 49
Litile Mackinaw River DKE-01 47
Mud Creek DKG-(H 45
Walnut Creek DKJ-G1 53
Panther Creek DKK-01 36 53
DKK-(2 34 53
DKK-02 A 42
West Br. Panther Creek DKKB-01 49
East Br. Panther Creek DKKC-02 48
Money Creek DKP-02 34
Crooked Creek DKT-M — 34

Henline Creek DKY-01 58
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Table 4. Number of stations sampled and number of species cotlected in
1966, 1986 and 1887 from slreams in the Mackinaw basin. Number
of species is from all methods used at the station(s).

Stationsa Speciesb
Stream 1966 1986 1987 1966 1986 1987
Mackinaw River 5 5 10 44 a5 51
Mud Creek 1 0 1 20 - 24
Walnut Creek 1 t] 1 23 - 34
Panther Creek 1 2 3 27 17 45
W. Br. Panther Creek 1 0 1 20 - 26
E. Br. Panther Creek 1 4] 1 1 - 22
Money Creek 1 0 1 19 - 16
Henline Creek 1 1] 1 19 - 22
Crooked Creek 0 0 1 - - 10
Hickory Grove Ditch 0 0 1 - - 24
Little Mackinaw R. 0 0 1 - - 23
Total 12 7 22 52 43 59

a [Includes only streams sampled in 1887; additional streams were sampled in
1966.

b Excludes misc. minnows, hybrids, ammocoetes and unidentified taxa.
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Table 5. Historical changes in species composition from three surveys of the
Mackinaw River Basin.

Species found in 1266 and not found in 1987 {8 Spocies)

Common shiner {Notropis cornutus ) Galdfish { Carassius auratus )
Creek chubsucker (Erimyzon oblongus ) Orangespotted sunfish
(Lepomis humilis )
Fathead minnow {Pimephales promelas) Tadpole madiom (Noforus gyrinus )
Freckled madiom {Noturus nocturnus ) Yellow bass
{AMorcne mississippiensis )

Species found in 1987 and not found in 19668 {15 Species)

American eel {Anguilia rostrata ) Siiver chub (Hybopsis starieana)
Black redhorse (Moxostomna duguesnei ) Silvery minnow
{Hybognathus nuchalis )

Black buffalo {ictiobus niger ) Spotfin shingr {Notropis spifopterus )
Blacknose dace {Rhinichthys atratulus ) Steelcolor shiner (Notropis whipplei)
Blackstripe topminnow Striped shiner

(Fundulus ofivaceus) (Notropis chrysocephalus )
Brook silverside (L abidesthes siceulus ) Walteye ( Stizostedion vitreum')
Logperch {Percina caprodes ) White Bass (Marone chrysops )

Pugnose minnow (MNolropis emifiae )

Species found in 1986 and not found In 1987 (3 Species)

Common shiner (Notropis cornutus ) Skipjack herring
{Alosa chrysochloris )
Sauger (Stizostedion canadense )

ies found in 1987 and not found in 1986 (13 Species)

American eel (Anguilla rostrata ) Sitver chub {Hybopsis storeriana)
Banded darter {Etheostoma zonale ) Sitvery minnow

(Hybognathus nuchalis )
Black buffalo (fctiobus niger ) Steelcolor shiner {Notropis whipplei)

Blacknose dace (Rhimichthys atratufatus ) Walleye (Stizostedion vitreum )
Brook silverside {Labidesthedes sicculus ) White sucker

{Catostomus commaersons
Fantail darter (£theostomna fiabellare ) Yellow bullhead {fctaturus natalis )
Pugnose minnow {Notropis emifiae
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Figure 2. Coefficient of similarity based upon Horn's Index, using number of
fish per hour.
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Figure 3. Relative weight (Wr) for smallmouth bass in the Mackinaw River Basin.
Sample size is indicated within each bar.
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Figure 4. Reiative weight (Wr) for carp in the Mackinaw River Basin. Sample
size is indicated within each bar.
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