ABSTRACT: The southern Lake Michigan basin in northwest Indiana possesses a variety
of aquatic habitats including riverine, palustrine, and lacustrine systems. The watershed
draining this area is a remnant of glacial Lake Chicago and supports fish communities that
are typically low in species richness. Composition of the presettlement Lake Michigan fish
community near the Indiana Dunes has been difficult to reconstruct. Existing data indicate
that the number of native species in the Lake Michigan watershed, including nearshore Lake
Michigan, has declined by 22% since the onset of European settlement. Few remnants of
natural fish communities exist, and those occur principally in the ponds of Miller Woods, the
Grand Calumet Lagoons, and the Little Calumet River. These communities have maintained
a relatively diverse assemblage of fishes despite large-scale anthropogenic disturbances in
the area, including channelization, massive river redirection, fragmentation, habitat alter-
ation, exotic species invasions, and the introduction of toxic chemicals. Data that we
collected from 1985 to 1996 suggested that the Grand Calumet River has the highest
proportion of exotic fish species of any inland wetland in northwest Indiana. Along the Lake
Michigan shoreline, another group of exotics (e.g., round goby, alewife, and sea lamprey)
have affected the structure of native fish communities, thereby altering lake ecosystem
function. Stocking programs contribute to the impairment of native communities. Nonindig-
enous species have restructured the function of Lake Michigan tributaries, causing disrup-
tions in trophic dynamics, guild structure, and species diversity. Several fish communities
have been reduced or eliminated by the alteration and destruction of spawning and nursery
areas. Degradation of habitats has caused an increase in numbers and populations of species
able to tolerate and flourish when confronted with hydrologic alteration. Fish communities
found on public lands in northwest Indiana generally are of lower biological integrity, in
terms of structure and function, than those on private lands and are not acting as refugia for
native fish populations. Stocking of nonindigenous species should be evaluated to enable the
restoration of native fish communities on public lands. Habitat quality will need to be
improved and land-use modifications decreased or reversed in order to restore or slow the
decline in native fish communities.

Index terms: biological integrity, exotic species, fish communities, national park, refugia

INTRODUCTION multimetric indices must be designed and

calibrated for assessment (Davis and Simon

One intention of the U.S. Water Pollution
Control Act of 1972 was to restore the
biological integrity of the nation’s waters
(Hocutt 1981). Similarly, one of the main
tenets of the National Park Service Organ-
ic Act of 1916 was “to conserve . . . the
wildlife therein . . . for the enjoyment of
future generations.” Knowledge of biolog-
ical diversity in most areas is poor (Allen
and Flecker 1993), and our national parks
are not an exception (Stohlgren et al. 1995).
Karr and Dudley (1981) defined biologi-
cal integrity as “the capability of support-
ing and maintaining a balanced, integrat-
ed, adaptive community of organisms
having a species composition, diversity,
and functional organization comparable to
that of natural habitats of the region.”

In order to quantify the decline of biological
integrity (Hocutt 1981, Karr and Dudley
1981) in a system, reference conditions and

1995). In past eras, the streams and rivers of
the Lake Michigan basin were probably
coldwater or coolwater streams. Typically,
these streams possessed fewer individuals
and had lower biomass than warmwater
streams of the Central Corn Belt Plain
(Mundahl and Simon 1998). Simon (1991)
developed expectations for fish community
structure and function in the streams and
rivers of the Lake Michigan basin of the
Central Corn Belt Plain. Simon (1998) also
evaluated palustrine wetlands of that region.
However, few studies have examined the
nearshore of Lake Michigan, precluding the
development of an index of biotic integrity
for this area (Meek and Hildebrand 1910; T.
Simon, unpubl. data).

The health of a stream ecosystem depends
on the surrounding watershed (Maughan
and Nelson 1980, Menzel et al. 1984, Bain
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et al. 1988). Land-use practices in the
watershed can negatively impact the water
body and its resident fish populations.
Wetlands in northwest Indiana have been
extensively drained, rivers channelized and
reversed, river mouths filled, and rivers
contaminated (Moore 1959; Simon 1989;
T. Simon and P. Moy, unpubl. data). The
rivers of the Lake Michigan region have
experienced some of the most destructive
alterations known in riverine systems.

Extensive restoration work in northwest In-
diana has identified and restored plant com-
munities (Choi and Pavlovic 1994, 1995),
examined fire effects on Karner blue butter-
flies (Lycaeides melissa samuelis Nabokov;
Kwilosz and Knutson 1999, Knutson et al.

1999), and gathered information necessary
for restoring wetlands (Stewart et al. 1997).
Except for stocking of game fish (including
nonindigenous species) for recreational fish-
eries, none of this restoration activity in-
cludes native fish communities. It is neces-
sary to measure the departure of native fish
community structure and function from his-
torical conditions if the biological integrity
of these communities is to be restored.

Restoration and maintenance of native fish
communities in northwest Indiana must over-
come significant obstacles (e.g., riparian
corridor impact and presence of nonindige-
nous species). To determine the effective-
ness of the state and national parks as refu-
gia, it is essential to examine the fish fauna

from several perspectives. (1) Is the fish
community at Indiana Dunes and northwest
Indiana representative of native fish popula-
tions prior to extensive urban and industrial
development? (2) Do the Indiana Dunes
National Lakeshore and State Park (public
lands) fish communities serve as a “least-
impacted” area or reference condition for
the Lake Michigan drainage compared to
communities outside of public lands? (3)
What can the present level of fish stocking
in the area tell us about ecosystem health?
(4) How have exotic or nonindigenous spe-
cies influenced native fish populations? (5)
What additional information needs to be
gathered prior to initiating a native fish pop-
ulation restoration effort in northwest
Indiana?
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Figure 1. Location of study area along southern Lake Michigan showing location of streams and land use indicating public holdings.
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MATERIALS AND METHODS
Study Area

The southern Lake Michigan drainage (Fig-
ure 1) in the Calumet Region of northwest
Indiana has a complex geological history
(Chrzastowski and Thompson 1992). This
includes a series of declines in Lake Mich-
igan water levels that contributed to the
build-up of dune and swale topography.
This landscape includes rows of ponds
that parallel the Lake Michigan shore.
Those nearest the present lake shore are
the youngest, and pond age increases with
increasing distance from the present shore-
line. The drainage also contains several
large wetlands and water bodies between
the rows of dunes (e.g., the ponds of Mill-
er Woods and West Beach, the Great Marsh,
and Long Lake). This area also includes
riverine systems such as the Grand Calu-
met and Little Calumet Rivers and tribu-
taries, Trail Creek, and the Galien River.
These principal watersheds drain both
public and private lands.

Public lands in northwest Indiana include
the Indiana Dunes National Lakeshore
(INDU), Deep River County Park, Clarke
and Pine Nature Preserve, and Indiana
Dunes State Park (IDSP), while private
lands are those in private ownership. The
INDU was established in 1966 to offer
recreational opportunities for the public
and to serve as an area for protection of
native biota. Streams in this area are pri-
marily lowland streams characterized by
long, deep pools and short, shallow riffles.
These streams lack significant habitat het-
erogeneity as characterized by a variety of
substrates. Available habitat structure is
primarily woody debris from fallen decid-
uous trees. Wetland draining, channeliza-
tion, and removal of riparian corridors
destroyed habitat stability by reducing the
amount of the formerly prevalent emer-
gent wetlands.

Major impairments to the structure and
function of northwest Indiana’s aquatic
habitats include channelization, water qual-
ity degradation, addition of toxins and
agrochemicals, agricultural sedimentation,
drainage, deforestation, and the addition
of nonindigenous species (U.S. Environ-
mental Protection Agency 1985, Simon

1989, Sly 1991, Hartig and Zarull 1992,
Jude et al. 1995). Water quality in the
Grand Calumet River has been severely
degraded and in certain reaches does not
support native fish populations (Simon et
al. 1989). Only recently have some fish
species returned to the most heavily de-
graded habitats (Simon et al. 1989).

Sample Collection

Fish community structure and function in
northwest Indiana were determined from
daytime inventories conducted between
June and October from 1985 to 1996.
Complete community sampling was re-
quired to characterize sites and determine
fong-term patterns in fish community dy-
namics. We evaluated depressional and riv-
erine wetland sites with a variety of col-
lection techniques and methods (Ohio
Environmental Protection Agency 1989).
For each site, representative samples were
collected to document species diversity
and relative abundance (Hocutt et al. 1974).
All habitats within a sample area were
surveyed relative to their frequency.

Riverine wetlands included headwater
streams, ditches, and moderate-sized riv-
ers. Longitudinal sampling distances were
15 times the average stream wetted width,
with a minimum sampling distance of 50
m and a maximum of 500 m. Sampling
was conducted with a 3.3-m common sense
minnow seine (3.1-mm mesh) in small
headwater streams (less than 3 m across).
For stream widths of 1-5 m (e.g., Trail
Creek) along-line electrofishing technique
using a T&J 1750-watt generator capable
of 240-v DC output with 6-8 amps was
used in an upstream, serpentine manner.
The decision of whether to use a seine or
long-line system depended on depth and
habitat complexity. Streams with a high
degree of habitat complexity were sam-
pled using the electrofishing gear. Streams
wider than 5 m (e.g., East Branch Little
Calumet River) were sampled with a tote-
barge configuration using the T&J gener-
ator and were generally sampled along
both banks. Sampling upstream was con-
ducted along one bank and downstream
along the other bank. In nonwadable
streams (e.g., mouth of Salt Creek), we
used a DC canoe-mounted electrofishing

unit consisting of a T&J 1,750-watt gener-
ator configuration with the net serving as
the anode. In the largest river sizes (e.g.,
Grand Calumet River and Burns Ditch),
either a canoe or an 18-foot Coffelt elec-
trofishing unit was used. The boat elec-
troshocker included a 5,000-watt Honda
generator with a VVP-15 unit with pulsed
DC output and a bow-mounted electro-
sphere. In canoe and boat-mounted collec-
tions, both shorelines were inventoried for
a minimum of 2,300 seconds for distances
of 500 to 1,000 m.

Three techniques were used for Lake Mich-
igan sampling: beach seining, visual transect
surveys by SCUBA, and boat-mounted elec-
trofishing. Lake Michigan beach seining was
done with a 50-foot bag seine with 1.6-mm
mesh. Seines were waded to depths of 2 m
and then pulled into shore along 500 m of
shoreline. Visual transects by SCUBA esti-
mates involved two divers swimming a per-
pendicular transect for 1000 m from shore,
then proceeding every 50 m along a serpen-
tine series of transects parallel to shore. All
fish encountered were visually identified and
counted.

Electrofishing in Lake Michigan was done
by fishing parallel to shore for minimum
distances of 500 m for at least 2,300 sec-
onds. All habitats encountered were sam-
pled including depressions, rip-rapped sea
walls and breakwaters, and beaches. Surf
and littoral zones of beaches were sam-
pled by dragging the electrosphere in the
water along the shoreline. Stunned fish
were netted and placed into a live well for
identification, enumeration, and batch
weighing. Fish were inspected for gross
external deformities, eroded fins, lesions,
and tumors (DELT) and released. Smaller
species such as minnows, darters, mad-
toms, and sculpins were preserved in 10%
formalin. Preserved specimens were iden-
tified in the laboratory using standard tax-
onomic references (Gerking 1955, Smith
1979, and Becker 1983); scientific and
common names follow Simon et al. (1992).

Reference Conditions

Simon (1991) developed reference condi-
tion expectations for the Lake Michigan
drainage of northwest Indiana. Pristine sites
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(i.e., those that could represent reference
sites) do not exist in northwest Indiana.
Therefore, we sampled a range of habitats
and streams draining the watershed in or-
der to characterize the “least-impacted”
conditions for the drainage—in other
words, the best of the remaining areas
(Simon 1991). Unfortunately, very few
least-impacted areas remain. Subtle pat-
terns of the reference condition did emerge
from the cumulative data, which allowed
the reconstruction of fish community char-
acteristics (Davis and Simon 1995). These
reference conditions were used to cali-
brate an index of biotic integrity (after
Karr et al. 1986) for the southern Lake
Michigan basin (Simon 1991).

Simon (1991) defined species that are con-
sidered tolerant and intolerant, assigned
trophic and reproductive guild designations,
and listed pioneer and headwater species.
Tolerant species are those that increase un-
der degraded conditions (Simon 1991), while
intolerant species are those that are sensitive
to changes in water quality and habitat mod-
ification. The percentage of pioneer species
functions as a measure of the permanence of
a perennial stream; an increase in the pro-
portion of pioneer species indicates hydro-
logic alteration (Simon 1991). Reproductive
guilds were alternative metrics proposed by
the Ohio Environmental Protection Agency
for streams and rivers (Ohio Environmental
Protection Agency 1989). This characteris-
tic of lotic fish communities replaced the
percentage of hybrid species (Karr et al.
1986). Destruction of reproductive habitat
causes the loss of species that need clean
sand and gravel substrates. The loss of riv-
erine wetland function for fish habitat and
reproduction was directly measured by the
percentage of simple lithophils. Catch-per-
unit-effort (CPUE) is commonly used as an
estimate of abundance in an area. Although
CPUE is a poor abundance index when data
are combined across species (Richards and
Schnute 1986), we believed it was adequate
for relative abundance comparisons between
our sites. The percentage of deformities,
eroded fins, lesions, and tumors (DELT)
increases at the lowest extreme of biological
integrity (Karr et al. 1986). The health of
fish possessing DELT anomalies is poor and
is associated with degraded water and hab-
itat quality.

Statistical Analysis

Statistical analyses were carried out on
structural (e.g., total number of species;
percentage of headwater species; number
of minnow species; number of darter spe-
cies; number of sunfish species; number
of darter, madtom, and sculpin species
[DMS]; number of salmon species; per-
centage of tolerant species; and number of
intolerant species) and functional (e.g.,
percentage of omnivores, insectivores, and
carnivores; percentage of pioneer species;
percentage of simple lithophils; CPUE,;
and percentage of DELT) attributes of fish
communities by standard methods (Zar
1984). Differences between public and
private sites for each fish community char-
acteristic were examined by performing a
Student t-test for unequal observations.
Significant differences in variance were
determined using an F-test. Results are
reported at a significance level of P <0.05.

RESULTS AND DISCUSSION
Historical Fish Communities

Since only a few studies describing fish
community composition were conducted
prior to 1950 (Table 1), the presettlement
fish community of northwest Indiana has
been difficult to reconstruct. Past studies
covered riverine wetland community char-
acterization (Meek and Hildebrand 1910,
Shelford 1911), palustrine wetland struc-
ture and function (Meek and Hildebrand
1910), and nearshore Lake Michigan fish
communities (Meek and Hildebrand 1910).
Although recent collections (Ledet 1978,
1979, 1980; Spacie 1988; Simon 1991;
Simon and Stewart 1998) have found great-
er numbers of fish species for riverine and
palustrine locations, a large decline in na-
tive fish species has been observed in Lake
Michigan. Often, increasing biodiversity
has been a result of exotic or nonindige-
nous species introductions and coloniza-
tion (Morman 1979, Edsall et al. 1995).
Better sampling methods and more inten-
sive collection efforts led to the collection
of a greater number of species during re-
cent periods (Table 1).

The number of native species in the Lake
Michigan watershed, including nearshore
Lake Michigan, has declined by 22% since

the onset of European settlement (Table 2).
Taxa, including the blackfin cisco (Corego-
nus nigripinnis) and shortnose cisco (C.
reighardi), have been declared extinct (Miller
et al. 1989, Sommers et al. 1981). During
1994 we found the Iowa darter (Etheostoma
exile) in the Grand Calumet Lagoons (Si-
mon and Stewart 1998). Based on historical
distribution patterns, we believe this species
once had a wider range than at present,
suggesting that it has been extirpated from
much of its former range (Lee and Gilbert
1980). The longnose dace (Rhinichthys cat-
aractae; Gilbert and Shute 1980), trout perch
(Percopsis omiscomaycus; Gilbert and Lee
1980), and lake chub (Couesius plumbeus,
Wells 1980) were also once more common
in the nearshore of Lake Michigan (Gilbert
and Lee 1980, Gilbert and Shute 1980, Wells
1980). Lake-dwelling coregonid species have
also declined substantially; only the lake
herring (Coregonus artedii) and bloater (C.
hoyi) have either increased or maintained
their distributions (Smith and Todd 1992).
Keystone predators, such as lake trout
(Salvelinus namaycush), lake whitefish
(Coregonus clupeaformis), muskellunge
(Esox masquinongy), and northern pike (E.
lucius), have been either eliminated or dras-
tically reduced in the nearshore of Lake
Michigan (Table 2). Bowfin (Amia calva),
Iowa darter, and burbot (Lota lota) have
been reduced or eliminated by the alteration
and destruction of spawning and nursery
areas.

Structural Characteristics of Fish
Communities

To compare structural characteristics of fish
communities between public and private
lands in northwest Indiana we divided the
stream sampling effort into headwater (< 50
km?) streams and mid-sized streams (drain-
age area of 50-1,300 km?). Several fish
community structural characteristics in sim-
ilarly sized watersheds were significantly
different between private and public sites
(Table 3). A number of sites on park proper-
ty had either few or none of the expected
structural characteristics of a “least-impact-
ed fish community” (Simon 1991). For ex-
ample, lower species richness (t55 , =2.145,
P =0.039), lower percentage of headwater
species (t33‘7 = 2.111, P = 0.046), lower
number of minnow species (t;,=3.421,P=

Volume 19 (2), 1999

Natural Areas Journal 145



panunuod X

Mo X XX
o
> X >

<
I TR

> K X >
>
]

> >
>

4235080011312 snupxoYJ 99ep K[[QPal WISYINog
SNj12oM]0A N I9UIYS T
snpunqipny ‘N 1SULYS pueg

snpuospny N Jautys [renods

SnIUU3]q ‘N ISUIYS IOATY

saproutiayiv sido.joN ISulys plelswryg
SPIN)0SLLD SNUOSTUPI0N JIULYS USP[OD)
snipynS1q stuosoN qnud pesyAuIoy
SMINUL0D SnjIcnT JUIYS UOWWO))
vj1ap1 uopodulivydouss) des ssein
Snpanp snissvav) Ysgpion

o1dupo snurdC) dre)

HVAINRAAD)

1Ky D 1A

stundiadu <7y 001 uyNoer[g
stuiofvadnyd *0) YSIIAIYM oxe ]
1paLp SnU032400) 0810 AR
ysnokowivu snu1pa4Jos OI) SYe|
DIN4g OWYS MOI) UMOIE
vYyos1kmpys] () UOWITES JOOUTYD)
ssiykw (O MoI) moquIey

Yomsy snyouky.Loou() uouifes oyo)
SVAINOWIVS

winupipada> puoso.Lo(] peys pIezzio
snSuavyopnasd vsory My
avaadnT)

DAY pIUY UIMOg

AVAINY

snasso snasosida] 1e8 osousuo]
VAILLSOSIda T

sSuaos2a1nf 4asuadioy Uoe3Ims axe|
AVANESNEdDY

snuriow uozKutonad Kaidure] eag
stdsnowun uozduwoyiyay Kaidwre] 0AQIS
xtpuaddp -7 Kaadure] J0o01q UBOLIOWY
va21dLdav vagadwnT Kardwe] jooiq 158
AVAILNOZAWOULE]

«9661-5661  OI61 #S66L-P66T 161 061  «€66T-0661 8861
uourtg puBIqIpP'H Jemalsy _uhcu—o——m puBIqIpiH uoung omu&&m
3 YN % uoung 3 NI

0861

0161 SUIEN SUSIIG/UOINIO))
PuCIGIPRH
3 WON

weSIIA e supgsnfeq

“(Z66T) ‘T& 19 UOUIIS MO[[0] SIUIBU DYIJUAIDS PUE UOWIUIO,) “BULIPUY JSIMIYLION Ul dFeurep uedrygdIAl 93e] 24 W0JJ SUOHIIN|0D Sy JO SPI0IAX [EILI0ISIH T IqEL

Volume 19 (2), 1999

146 Natural Areas Journal



panunuos

X

X

X

el ol

X
X

oK

>

T I

Fafiiad

XK X XK X

> X

oo

> ]

X

o KX

snupydpip snnpun,j sy popueq
4vdsip snpnpun,y mouurudoy pesyrels
HYAIINANn,g

snokvwoasiuio s1sdooaq yoiad noiy,
HYAISI00¥Ea]

snupdps snuapoparydy yoted sjeng
AVARNAJOATIHd Y

vj0] v1OT Y0QINg

ayaiavo)

DIDAISO4 DIIMEUY 123 UBDLIOUIY
AVAITINONY

L3uoumbsvw 7 Funyroxsny

snony " ax1d WIayPoN

SHUDILIZUD XOST 9101 SseID
AVAIDOSH

14t} vAquir) MOUUTWIPNW [E1USD)
AYARan()

snurd8 snanjop wojpew spodpe],
snmiound snunjpiof YsIjIed [ouuey)
snsomqau "y peaying umoig

Stpiou "y peaq[Ing MO

Sppow snunizuy peay[Ing Yorrg
AVATENIVIO]

sdouvpau puta.pupy 39x00s panods
snjjaurid o snqoioy ofeyIng yinowSig
supodu wnijauadqRy 1oonsSoy WOYLION
D11291s vO2KuiLT I2JYONSANYD ST
UOSIZUOD ") ISYONS SNYM
SRUI0ISOIDI STUOISOIDT) ISYONS ASOUTUO|
AVAINOLSOLY))

SMDINODIOLID SNIIOWSS qIYD Y921
snupyiydonyia smuipavog ppy
VIODADIVI Y IIBP SSOUZUOT]
snnpap SKynoIUTYYy S0BP ISOWNOR]Y
spjauiod " MOUUTW PEyieq

smpjou sappydatild MOUUTIL dsowUN|g

€9661-S661

0161

vouls  puelqappy

® 1PN

eS661-b661
MEMIS

» uoung

1161

PI0JPYS  PUCIGIPRH

0161

® PN

#€661-0661
uoung

8861
anedg

0861

6L6T

8L61

19pay

0161

SUIBN N UIIIG/UOIIUIO))

pueIqapiy

¥ RN

ueIyarpy e

aurgsneq

JULIARY

‘panuuod ‘1 Iqe],

147

Natural Areas Journal

Volume 19 (2), 1999



ejep paysiqndun woLq ,

>

XK

> R

MR XX
>

R XXX

>

>

MoK K

X

KoK

suztuunad snoutpojdy WnIp 191eMUSIL]
HVAINVIOS

snuosounjaut snqo3oap Kqo3 punoy
. gFvangon

1pa1pq snpo) urdinos PapIoN
AVALLLOD)

umaa1a uoPasozng KA M
vimovut *J 1911ep IpIsyde[q
sapo.dpo vuroua g yo1adgo]

winad g 13I1ep Auuyor

2]1X2 DUOISOIYIT] TSEP BMO]
Sua2s2401f D243 4 Yorad mofe x
avadaq

smpmovwoa3 g 21dderd yoerg
supmuup siouiog a1dderd amym
saprowps “py sseq yinowsre|
nanuojop sni23dolo1py sseq PNOW|RWS
snayo0400W "7 ISenIg

snsomS 7 YINOWIB AL

snsoqq18 7 paesurydung

sijuny -7 ysyuns panodsadueln
snjjaundo suuoda 7 YSIjuns usaIn)
susadna samdojquiy sseq Yooy
AVAIHDAVIINGD

sdosfiyo x syupxos “py puqiy sseq pedms

pUpILPUD 2UCLOW yo1ad M
EVAINOIOIA

SNINO01S SYjSPIGY’T PISIVATIS ooIg
HVAINREHLY

SIDIINID SN2IS0423SVH) JorqapIons surdsearyy,

smndund smipSung Noeqaons suwdssuIN
SupISUOIU PV YORQIONS YOOIy
AVAIILSOUALSVE)

«9661-S661  OI6I
uowng  pueIqEpHH
3 PN

eS661-V66T
3 LITESTN
¥ ol

1161 0161
PIOJPYS  pUBIQIPIH
¥ PN

e£661-0661
uoung

8861
apedg

0861

6L61

8L61

1P

0161
puBqapIiH
¥ PN

LTI NES L |

suLysnied

AULIdATY

JUIEN] I UG UOUIO))

‘panuyuod ‘1 Iqel,

Volume 19 (2), 1999

148 Natural Areas Journal



0.002), and lower number of sunfish species
(t3p5 = 2.569, P = 0.015) were found at
public sites than at private sites in headwater
streams. The percentage of headwater spe-
cies ranged from 0% to 95% at public sites,
which contrasted with 12% to 28% for pri-
vate sites. Most public sites had lower num-
bers of darter, madtom, and sculpin (DMS)
and of minnows and intolerant species. These
results suggest that public sites in northwest
Indiana are not serving as least-impacted or
reference sites for fish communities of
streams; furthermore, they reflect lower bi-
ological integrity than privately owned sites
in this size class. None of the characteristics
of mid-sized streams were significantly dif-
ferent between publicly owned and private-
ly owned lands (Table 3).

The percentage of tolerant species was
highest in the Grand Calumet River (96%)
followed by the Little Calumet River, the
Galien River, and the Lake Michigan near-
shore (Table 4). Only the Trail Creek wa-
tershed had fewer than 50% tolerant spe-
cies. This watershed also had the highest
percentage of intolerant species, compos-
ing 32% of the fish community. The Little
and Grand Calumet river watersheds had

no intolerant species, and the Lake Mich-
igan basin (2.3%) and Galien River (1.2%)
watershed had few intolerant species. The
large number of tolerant species in streams
on the publicly owned land was unexpect-
ed because privately owned lands would
be expected to suffer higher degradation
due to a greater likelihood of suffering
anthropogenic impacts.

Functional Characteristics of Fish
Communities

Functional characteristics of southern Lake
Michigan fish communities are influenced
by trophic guild interactions, reproductive
habitat needs, and water permanence of
streams draining the dune and swale areas.
In our data, the mean percentage of insecti-
vores (t34 5 = 2.345, P = 0.023) was signif-
icantly greater outside the park than inside
the park, when sites for the Grand Calumet
River were removed; but the percentage of
omnivores (t,,, = 0.979, P = 0.332) and
percentage of carnivores (z,, , =-0.286, P =
0.776) were not significantly different be-
tween the two areas. Fish communities sam-
pled from public lands had wider ranges for
all three trophic guilds than did those from

private lands (Table

5). The percentage of

Table 2. Distribution and status of native fish species among habi- omnivores from pub-
tat types in the northwest Indiana drainage of Lake Michigan. lic lands ranged up to
RR = range reductions, EP = extirpated from study area, and 95%, while the per-
EX = extinctions. centage of carnivores
. ranged from zero to
Habitat T

an ypes 74%. The percentage
Lake of pioneer species was
Species Status Michigan Riverine Palustrine not significantly dif-
ferent between public
Lake sturgeon RR X and privately owned
Bowfin RR X sites (49 ¢ =-0.074, P
Lake whitefish RR X = 0.942) and ranged
Blackfin cisco EX X from zero to more
Kiyi RR X than 70% pioneer spe-
Shortnose cisco EX X cies. While many sites
Lake trout RR X on public lands had
Lake chub Ep X no simple lithophils
Longnose dace RR X X and these ranged up
Longnose sucker RR X to 34% on privately
Northern pike EP X X owned sites, there was
Muskellunge EP X no significant differ-
Burbot RR X X ence (f,, , =0.589, P

43,1 = Y209
Trout perch RR X = 0.559) between
lowa darter RR X public and privately
Deepwater sculpin =~ RR X owned lands (Table

5). Degradation of habitats probably caused
the disruption of trophic and reproductive
guilds, and increased populations of those
species able to tolerate and flourish when
confronted with hydrologic alteration.

Abundance and Individual Health of
Fish Communities

Abundance and individual health are mea-
sures of site environmental conditions. De-
clining environmental quality typically re-
sults in lower abundance and increased
DELT. The CPUE at public sites was signif-
icantly lower, in most cases about half, than
that at private sites (£, ; =2.547, P=0.015).
Private lands had significantly greater per-
centages of DELT anomalies (t,5 , = 2.145,
P = 0.039) than did public lands (Table 5).
Fish collected outside the park possessed
greater DELT anomalies—up to 1.3% in the
Lake Michigan drainage. Most of these
DELT anomalies were lesions. Few fish
collected on public lands had DELT anom-
alies. No fish collected from 1990 to 1995 in
riverine wetland sampling showed any DELT
anomalies. However, several fish collected
from palustrine wetlands during the sum-
mer of 1996 from the Grand Calumet La-
goons had physical problems. These includ-
ed a single goldfish (Carassius auratus)
with an internal abdominal tumor that burst
when dissected and expelled a clear liquid
(PM. Stewart, pers. obs.).

Fish Stocking

The Indiana Department of Natural Resourc-
es (IDNR) maintains a fish stocking pro-
gram in northwest Indiana supporting a
popular sport fishery (Table 6). The effects
of fish stocking on native fish communities
in northwest Indiana and on public lands
have not been examined. However, the addi-
tion of keystone predator species such as
coho and chinook salmon and rainbow trout
can change the abundance and community
composition of other trophic levels (Ham-
bright et al. 1986, Schofield et al. 1988). A
decline in biological integrity may result
from fish either being stocked directly into
national park waters or swimming into pub-
lic areas (e.g., Little Calumet River and
Grand Calumet Lagoons; J. Francis, Indiana
Department of Natural Resources, Indianap-
olis, pers. com.).
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Influence of Nonindigenous Species

Large-scale disturbance enables exotic
species to colonize and disperse into areas
impaired or heavily modified by anthro-
pogenic activities (Fox and Fox 1986,

Orians 1986, Mills et al. 1993). The pres-
ence of exotic species results in changes to
the structure and function of fish commu-
nities, further impairing biological integri-
ty (Elton 1958, Mooney and Drake 1986,
Vitousek 1986, Meng et al. 1994, Krueger

Table 3. Structural metric means and ranges for fish communities in headwater and mid-sized
streams in the Lake Michigan drainage on public lands, and in the remainder of northwest
Indiana. Headwater streams have a drainage area <50 km? and mid-sized streams are >50-1300
km?2 (Simon 1991).

Private Public
Attribute (mean+SD) (meanxSD) P-value®
HEADWATER STREAMS (N =20) (N =16)
Total number of species 6.85+3.51 4.50+3.06

5-11 2-13 0.039
Number DMS spp. 0.5+0.68 0.38+0.50

1-2 0-1 0.533
% Headwater species 18.4+6.75 6.7£10.88

12-28 0-95 0.046
Number minnow spp. 2.4+1.60 0.75+1.29

1-3 0-3 0.002
Number intolerant spp. 1.15+1.694 0.69x1.58

0-4 0-1 0.404
Number sunfish spp. 1.85+1.73 0.69+0.95

2-4 1-4 0.015
MID-SIZED STREAMS (N=11) (N=06)
Total number of species 9.46+4.66 9.17£6.46

6-15 8-22 0.926
Number darter species 0.36x0.51 0.83+1.17

0-2 0-2 0.384
Number sunfish species 3.09+1.92 3.17+£1.47

2-3 2-5 0.929
Number salmon species 0.36+0.81 1.0+1.1

0-2 1-2 0.247
Number intolerant species 1.18+1.47 1.33+2.34

0-6 04 0.889
% Tolerant species 64.9+32.89 62.27+28.44

25-50 39-70 0.866
2 p_value refers to r-test comparison of means.

et al. 1995, Moyle and Light 1996). We
found sixteen nonindigenous and exotic
species in Lake Michigan and its tributar-
ies (Table 7). Exotic species composed the
highest percentages of fish found in the
Grand Calumet and Lake Michigan col-
lections—more than 50% in each area
(Table 4). In contrast, the Little Calumet
River and Trail Creek samples had about
12—-14% exotic species. The Galien River
was the only tributary watershed of south-
ern Lake Michigan where exotic or nonin-
digenous species were not collected.

Information Needs for Restoration

The negative impacts of natural and an-
thropogenic disturbances on fish commu-
nity structure and function are well-docu-
mented (Matthews and Styron 1981, Ross
et al. 1985, Pearsons et al. 1992, Allen and
Flecker 1993). Yet little information ex-
ists, with the exception of the study by
Simon et al. (1989), on the effects of such
disturbances on native fish communities
in northwest Indiana. Reference data are
needed to address fish restoration options,
categorize imperiled habitats, and evalu-
ate patterns in fish community response.
Limiting factors in northwest Indiana in-
clude habitat loss, sediment contaminant
burdens and sinks, and degraded water
quality. The interactions between impact
and pattern of community response need
to be assessed prior to restoration. Also
needed are inventories that evaluate recol-
onization sources for species. Stocking of
nonindigenous species should be studied
to determine the relationship of that prac-
tice to long-term spatial and temporal dis-
ruptions to communities of native species.

Once reference conditions for physical
habitat are known, there will be a model
for restoration goals. Mitigation and resto-
ration goals and initiatives for native spe-
cies should be directed toward the return
of habitat to its historic condition. For
example, the greatest number of species
we observed in the southern Lake Michi-
gan drainage was on public lands (Table
3). If these watersheds were truly coldwa-
ter or coolwater streams, high species rich-
ness would not be expected. There were
fewer darter species and a greater range in
the number of intolerant species at the
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private sites. The percentage of tolerant
species was not significantly higher at
public sites than in the rest of the southern

Table 4. Comparison of fish community attributes of Lake Michigan tributaries, 1985 to 1996.
N = number of collections in each watershed.

Percent Percent Percent Lake Michigan drainage (Table 3). Fish
Watershed N exotic tolerant intolerant zoogeography must be considered when
setting biological goals and determining
Lake Michigan 27 52.6 55.7 2.3 reference condition expectations (Hocutt
Little Calumet 14 11.8 66.3 0 and Wiley 1986, Simon 1991).
Grand Calumet River 38 59.3 95.6 0
Trail Creck River 5 13.6 38.5 32.0 Even though public lands currently are not
Galien River 12 0 65.9 12 functioning as refugia for fish communi-

Table 5. Functional characteristics, abundance, and individual health attributes of fish commu-
nities of the Lake Michigan drainage on public lands, and in the remainder of the watershed.

ties, areas of high biological integrity with
least-impacted biological diversity do ex-
ist. The highest quality palustrine wetland
in our study was the middle Grand Calu-
met Lagoon. At this site, intolerant, lake-
obligate species were collected including
lake chubsucker (Erimyzon sucetta), lowa

Private Public darter, and grass pickerel (Esox america-

Attribute (N = 29) (N =23) P-value nus). The highest quality riverine wetlands
included Reynolds Creek (headwaters of

% Omnivores 36.01£34.9 26.62+33.94 the East Branch of the Little Calumet Riv-

19-39 6-95 0.332 er) and the Little Calumet River upstream
% Insectivores 44.00£30.6 31.91+34.38 of Mineral Springs Road. Although nonin-

25-50 3-96 0.193 digenous species are present at both sites,
% Carnivores 6.65£13.62 7.88+16.58 native species dominate the community.

0-5 0-74 0.776 Both areas are located in the upper Little
% Pioneer spp. 17.02+28.69 17.66+33.84 Calumet River drainage. These sites can

25-49 0-73 0.942 serve as a species source pool for enhanc-
Catch-per-unit-effort 99.38+102.28 45.91+42.92 ing recolonization efforts and as models

50-150 18-180 0.015 for water quality and habitat restoration.
% Simple lithophils 4.05+8.454 2.82+5.65

0-34 0-20 0.559
% DELT? 0.01£1.2 0.0+0 CONCLUSIONS

0-1.3 0 0.039 An examination of the U.S. government list

a Deformities, eroded fins, lesions, and tumors.

Table 6. Annual stocking (in thousands) of predator species in northwest Indiana in Lake
Michigan and tributary streams (J. Francis and R. Robertson, Indiana Department of Natural

Resources, Indianapolis, pers. com.).

of threatened and endangered fish species
from 1979 to 1989 showed that 26 species
were removed from the list (Williams et al.
1989). Specific changes in the list were the
result of taxonomic changes (11 species),
discovery of additional populations (5 spe-
cies), and extinction (10 species). Not a sin-
gle species was removed from the list due to
successful recovery (Allen and Flecker

Species Lake Michigan Trail Creek INDU 1993). Extinctions of 27 fish species have

been documented for the past 100 years in

Channel catfish 1.32 the United States. The Great Lakes were

Chinook salmon 150 100 100P among those regions that suffered the great-

Coho salmon 60 90> est loss of fish species (Miller et al. 1989).
Rainbow trout (2 strains)

Skamania (spring) 65 65° The Lake Michigan drainage once possessed

(fall) ~25 ~250 important wetland habitats that served as

Michigan 60 60P spawning and nursery areas to resident and

2 Fish stocked in East Grand Calumet Lagoons, Marquette Park, Gary.

b Fish stocked north of Route 20 at Howe Road (at Little Calumet River km 12.2).

transient fish communities (Goodyear et al.
1982). Native fish populations in adjacent
watersheds have declined by 67% in the
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Table 7. Nonindigenous and exotic species of the Lake Michigan drainage and public holdings.

Species

Lake Michigan

Tributaries Public

Sea lamprey

Alewife

Coho salmon
Chinook salmon
Rainbow trout
Atlantic salmon
Brown trout

Carp

Goldfish

Grass carp

Rudd

Threespine stickleback
Ninespine stickleback
White perch

Striped bass hybrid
Round goby

PR B B e e e e e I e e e

oo Lol B S
> PP

>

Illinois River and by 44% in the Maumee
River (Karr et al. 1985). Fish communities
have been altered due to anthropogenic
changes in the landscape, including drain-
age of wetlands, channelization, introduc-
tion of toxins, and the addition of nonindig-
enous species (Simon 1991). These threats
along with over-fishing have led to histori-
cal changes in Great Lakes fish communi-
ties (Hartman 1988).

Our comparison of historic and current
studies suggested that the number of na-
tive fish species in the Lake Michigan
watershed of northwest Indiana has de-
clined by 22% since the onset of European
settlement. We believe that population
densities have also been altered; however,
little background data exist to support such
a conclusion. Few areas in northwest Indi-
ana, including most sites on public lands,
qualify as “least-impacted.” We found that
in terms of the structure and function of
fish communities, public lands generally
possessed lower biological integrity than
private lands. Public lands in the southern
Lake Michigan region are not serving as
refugia for native fish populations in north-
west Indiana.

Stocking programs exist for channel cat-
fish in the Grand Calumet Lagoons and for
nonindigenous salmonids in the Little

Calumet River and Lake Michigan. To re-
store the native fish communities on pub-
lic lands, stocking of nonindigenous spe-
cies needs to be evaluated to ensure that
native fish communities are not adversely
affected.

Recent estimates suggested that 139 non-
indigenous species occur in the Great Lakes
Basin, including 25 fish species (Mills et
al. 1993, Edsall et al. 1995). The increase
of exotic species has contributed to the
decline of native species. Our study dem-
onstrated that greater numbers of exotic
species exist on private lands than on pub-
lic lands; however, dispersal into aquatic
habitats on public lands has not been re-
stricted, nor have attempts to reduce mi-
gration been explored. The percentage of
exotic species found in our study was high-
est in the Grand Calumet River and near-
shore Lake Michigan (over 50%) and low-
est in the Galien River, Little Calumet
River, and Trail Creek.

Improvements in native species richness
and biological integrity will require exten-
sive habitat restoration to achieve a goal of
“no net loss of species.” The public lands
that we sampled, with the exception of the
Middle Grand Calumet Lagoon and two
sites in the upper Little Calumet River, are
experiencing heavy impacts from large-

scale anthropogenic disturbances and are
not functioning as fish refugia. The eco-
logical integrity of these sites needs to be
further evaluated to permit the develop-
ment of models for restoration efforts.
Habitat quality needs to be improved and
land-use modifications decreased to re-
store or slow the decline in native fish
communities. In addition, natural systems
must be protected against introductions of
exotic and nonindigenous species. With-
out a commitment to native species resto-
ration, continued decline in the native fish
communities of the Lake Michigan drain-
age is inevitable.
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