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LAKE FISH ASSEMBLAGES IN HOOSIER NATIONAL FOREST,
PERRY COUNTY, INDIANA, WITH EMPHASIS ON LAKE
CONDITION ASSESSMENT

Thomas P. Simon: Aquatic Research Center, Indiana Biological Survey, 6440 South Fairfax
Road, Bloomington, Indiana 47401

ABSTRACT. Three lakes in Hoosier National Forest were created by the impounding of several creeks
within the Middle Fork Anderson River watershed. All three lakes were created during the early 1960’s to
provide recreational opportunities for the public. Only a single study by the Indiana Department of Natural
Resources provides data about a decade after the lakes were created on the historical fish assemblage of the
lakes prior to reclamation. The current study found that the three reservoirs possess simple fish assemblage
structure and are dominated by sunfish species. The lakes do not possess many benthic species or obligate lake
species. The index of biotic sustainability classified the lakes as “poor” for all three lakes. Scores ranged from
28 to 31, with the mode 29. The majority of the sites in Hoosier National Forest lakes scored between 29 and
30 IBS points. Both Indian and Tipsaw lakes had sustainability scores of 30, while Celina Lake had a mean
IBS score of 28.5. Tipsaw Lake ranked the highest with an IBS score of 31.
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INTRODUCTION sustainability of the biological assemblages
occur. Productivity of reservoirs increases

position and relative abundance of small during the first decade as river and lacustrine

reservoir fish assemblages is available for most ~[1Sh species co-occur in the reservoir (Wetzel
areas of North America (Frey 1986). The 1‘983). As recruitment of river species fe.uls with
Indiana Lakes and Streams Survey sampled t1m§:, lacustrmct species QOmlnate and 1ncr§:a§e
many lakes in northeastern Indiana (Johnson until the carrying capacity of the reservoir is
1945; Ricker 1945a,b; Ricker 1942a,b; Wohls- ~ ¢Xceeded and declines are observed.

chlag 1950; Gerking 1945, 1950a,b), but small Fisheries management studies of Hoosier
reservoirs in southern Indiana were not sur- National Forest lakes were done between

veyed. Many of these small reservoir lakes were 1972 and 1987 by the Indiana Dep artme’nt Of
created during the early- to mid-1960’s for Na%tural Reso‘urces (Hottell 1977a,b; 1978a,b,c;
recreation, water storage, and drinking water Glander 1984; Glander & Burch 1988). Celina,

prior to the golden days of the Lake and Tipsaw, and Indian lakes were surveyed the
Stream Survey most frequently; however, Saddle Lake and

Small reservoirs in Hoosier National Forest English Reservoir were also surveyed (Hottell

- . - 1977b, 1978c). With an increasing need to
have experienced an increasing number of fish d ational cunities f ;
kills, affecting species diversity and biological provide  recreational -opportuntties for spor

condition. Haas & Boston (1998) did not cite anglers, management of black basses, such as
an thropog;f,enic disturbance as the cause for largemouth and smallmouth bass (Micropterus

concern; rather, they suggested that water level salmoides and M. dolomicu) and sunfish popu-

. lations have received increasing attention.
drawdown has influenced these effects across &

o . These species are dominant members of the
similar small recreational lakes. Generally, as o

. . o fish assemblages of small reservoirs in southern
reservoirs age, changes in the stability and

Indiana. Recently, sampling intensity has in-
creased providing the opportunity to evaluate

Current Address: Department of Biology, 600 Chest- trends 1n water quality and fish assembl-
nut Street, Science Building, Indiana State Univer- a8€ stability. Sampling Was.condl}cted t?etween
sity, Terre Haute, Indiana 47809. 1970-2005 for several projects, including the

Correspondence: thomas.simon@indstate.edu monitoring of game species populations by the

Limited information concerning species com-
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Indiana Department of Natural Resources and
the current study.

The purpose of this study is to document the
distribution of the fish assemblages in small
reservoirs of Hoosier National Forest; describe
the species richness, structure, and function of
fish assemblages; and document invasive species
threats. In addition, there are many environ-
mental threats that require further management
such as sport fishing, water quality, water-
shed nutrients, and biological pollution of the
lakes.

METHODS

Study area.—The need for recreation oppor-
tunities on public lands provided the impetus
for creating reservoir lakes on public lands
(Haas & Boston 1998). Lakes in the Hoosier
National Forest are found in Perry County and
impound a variety of stream tributaries includ-
ing the Middle Fork Anderson River.

For this manuscript, I describe the fish
assemblages of Celina, Tipsaw, and Indian
lakes, which are part of the Middle Fork
Anderson River watershed (Fig. 1). Many of
the smaller ponds and shallow wetlands within
the area were not sampled. I recognize that
increased sampling in these small ponds and
shallow wetland habitat may result in addi-
tional fish species being found, but I believe
that the majority of species are documented in
our studies from the main lakes.

Sample collection and reach selection.—Fish
were collected using a representative sampling
approach. Species are sampled in their relative
abundance and not true abundance. Most fish
sampling approaches are generally incomplete
since individual fish cannot be seen, and rather
rare species are usually under-sampled. My
sampling approach used boat-mounted electro-
fishing equipment capable of applying 250-300
v, pulsed DC current, with 2-3 amps into the
water. A single netter was positioned on the
bow of the boat and, using a long-handled dip
net, attempted to collect every individual fish
that was seen. Fish were placed into a live-well
until completion of the reach. All fish were
identified using Gerking (1955), Smith (1979),
or Becker (1983). Fish were counted and the
maximum and minimum lengths were recorded
(mm TL). Batch weights (g) were recorded for
each species and each individual was inspected
for deformities, eroded fins, lesions, and tumors
(DELT) anomalies. Voucher specimens were
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Figure 1.—Location of Celina, Tipsaw, and Indi-
an lakes in Hoosier National Forest, Perry County,
Indiana.

deposited at the Division of Fishes, Aquatic
Research Center, Indiana Biological Survey,
Bloomington, Indiana.

Reach selection was based on natural shore-
line features of each water body. For example,
intact riparian corridors consisting of wetlands,
natural vegetation, or deciduous trees were
preferred habitats over anthropogenically mod-
ified habitats such as boat slips, steel sheet piling,
manicured lawns, or rock rip-rap. A project that
developed reference conditions for southern
Indiana lakes showed that areas with natural
features had the greatest diversity and most
natural fish assemblage attributes (Simon 2004).
The number of reaches sampled within a single
lake was determined by lake surface area (ha).
Each lake reach was 500 m, which in the smallest
lakes (Indian and Tipsaw) almost covered the
entire shoreline. The smallest lakes (20-100 ha)
were sampled at a minimum of two reaches.

Habitat parameters were measured using a
qualitative measure of habitat that was based
on a modified qualitative habitat evaluation
index (Rankin 1989). The index is a composite
of scores for each category based on a total of
100 points. Measures include substrate quality,
instream habitat cover, watershed characteris-
tics, shoreline development, littoral and pro-
fundal zone development and quality, depth,
and measures of erosion and embeddedness.
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Biological sustainability.—Lake management
benefits from an estimate of condition, so that
a reference or standard can be used to
determine the waterbody quality. Karr et al.
(1986) developed a quality assessment index for
streams and flowing waters that relies on 12
attributes of stream fish assemblages. This
same approach was instituted to evaluate the
quality of lake-fish assemblages in southern
Indiana reservoirs in the Interior River Low-
land and Interior Plateau Ecoregions. Ten
attributes of lake-fish assemblages were tested
to develop a reference condition for lakes
greater than 20 ha (Simon 2004); however since
reservoirs are not natural systems an index of
biological sustainability (IBS) was created
consistent with reservoirs on the Tennessee
River (McDonough & Hickman 1999).

The index attributes for each fish species
occurring in northern Indiana lakes were based
on published reproductive guilds (Simon 1999),
trophic dynamics (Goldstein & Simon 1999),
tolerance (Simon 1991), and habitat specializa-
tion characteristics. Each species was classified
into the respective guild and species associa-
tions. These species memberships were then
calibrated to formulate the sustainability or
“least-impacted” condition.

RESULTS AND DISCUSSION

Historical changes.—Limited information is
available to evaluate changes in the species
richness of small reservoirs on Hoosier Nation-
al Forest. The Indiana Department of Natural
Resources (Hottell 1977a; Hottell 1978a,b;
Glander 1984; Glander & Burch 1988) sampled
Tipsaw, Celina, and Indian lakes. They found
14 species in Tipsaw Lake, 9 species in Lake
Celina, and 13 species in Indian Lake (Table 1).
Our unpublished sampling for Tipsaw Lake
found 10 species in 2002 and 8 species in 2005,
in Indian Lake 13 species in 2002 and 10 species
in 2005, and in Lake Celina 10 species in 2002
and 6 species in 2005. The total combined fish
list for Tipsaw Lake includes 15 species, for
Lake Celina 14 species, and for Indian Lake 14
species. Upon completion of the dam for each
lake, occurring in 1967, all fish in the watershed
were eradicated. The Department of Natural
Resources stocked largemouth bass, bluegill,
redear sunfish (Lepomis microlophus), black
crappie (Pomoxis nigromaculatus), and channel
catfish (Ictalurus punctatus) in 1968 (Glander
1984).

Fish in Hoosier National Forest Lakes.—
Twenty fish species in seven families have been
collected from the three lakes in Hoosier
National Forest (Table 1). The dominant fam-
ily was the sunfish family, which was repre-
sented by eight species. Species diversity of the
Hoosier National Forest has not changed
appreciably since the lakes were created in the
mid-1960’s.

The three reservoirs have become more
similar as a result of recreational requirements,
patterns in eutrophication (which has caused
the decline of former native species resident in
the impounded creeks), and the decline of
depth in the three lakes. All three lakes have
a managed fish assemblage that reflects recre-
ational fishing objectives. All three lakes are
dominated by bluegill (Lepomis macrochirus)
and largemouth bass (Micropterus salmoides).
These two species are found throughout the
three lakes.

Structure and function of fish assemblages in
Hoosier National Forest reservoirs.—The man-
aged fish assemblage of the Hoosier National
Forest consists of a simple community struc-
ture that is designed to enhance sunfish and
top-level carnivore production (Glander 1984).
With the goal of increasing the numbers of
bluegill, while largemouth bass were often
highest in relative abundance, the remainder
of the fish assemblage has become stunted. This
has resulted in a loss of biological diversity,
community structure, and biological sustain-
ability for these water bodies. For example, the
highest number of species based on a single
collection in any of the lakes is 13 species in
Lake Celina. Compared to regional expecta-
tions, the highest diversity observed in Lake
Celina is equivalent to an average condition for
a lake of similar size (Simon 2004).

The management of these three Hoosier
National Forest lakes has caused an unstable
community structure that is not sustainable. As
species are managed towards panfish and top
level carnivore production, larger numbers of
forage base species and greater competition are
needed to enhance growth. However, since
carrying capacity restricts that number, the
food chain becomes an inverted trophic pyra-
mid. This inverted pyramid, instead of possess-
ing a large forage base supporting a small top
carnivore base, has a large number of top
carnivores that are forced to feed on a small
forage base. This type of stability can be
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sustained for short periods of time (<10 years);
however, such a system cannot produce con-
tinued top-level fish without causing cannibal-
ism of recruits. The pyramid is a simple three-
tiered structure with the fish community
comprised of insectivores and top carnivores.
The transfer of energy between the various
levels of the pyramid is greatly reduced. The
number of benthic species such as channel
catfish (Ictalurus punctatus) and bullhead
(Ameiurus spp.), and obligate lake species such
as bowfin (Amia calva), has been reduced. As
benthic species and obligate lake species decline
in relative abundance, a need exists to conserve
and recover these species. Promoting the return
of biological species richness will assist in the
maintenance of biological sustainability.

Local extirpations and new records.—Local
extirpations observed in the three Hoosier
National Forest lakes were a result of changes
that occurred with reservoir aging. Species lost
during the first decade were not commonly
found and were probably a result of stocking
from adjacent lakes or small streams in the
area. For example, northern pike (Esox lucius)
and spotted bass (Micropterus punctulatus)
were first and last collected in 1976 from Indian
Lake. Northern pike is a coolwater species and
would not be expected to occur this far south
naturally, while spotted bass would be the
native black bass occurring in the Anderson
River watershed (Simon 1997). The only record
is based on a single individual. Flathead catfish
(Pylodictis olivaris) is another species, typical of
large rivers, that was first and last collected in
1987 as a single individual from Tipsaw Lake.
As habitat changed from riverine to lacustrine,
changes in substrate and dissolved oxygen
concentration caused the extirpation of creek
species. No new records of species have been
recorded from any of the three watersheds since
the preliminary study, suggesting that the
rotenone treatment of the waterbodies prior
to restocking was completely effective.

Condition of Hoosier National Forest lakes.—
The condition of the three Hoosier National
Forest lakes is based on biological sustainabil-
ity of these systems. Biological sustainability is
different from biological integrity since reser-
voirs are not natural systems. The index of
biotic sustainability classification rated as
“poor” for all three lakes (Fig. 2), while the
scores ranged from 28 to 31, with the mode 29.
The majority of the sites in Hoosier National
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Figure 2.—Hypothesized relationship between in-
dex of biological sustainability and lake qualitative
habitat evaluation index (QHEI) (black line) and
observed scores for three lakes in Hoosier National
Forest. The observed relationship between fish
diversity and habitat does not follow the expect-
ed model.

Forest lakes scored 29 or 30 IBS points (66.7%
of IBI scores, n = 6 collection events). Both
Indian and Tipsaw lakes had sustainability
scores of 30, while Celina Lake had a mean IBS
score of 28.5. Tipsaw Lake ranked the highest
with an IBS score of 31. The loss of high quality
biological conditions among the lakes in the
Hoosier National Forest is not a result of
littoral habitat loss, but rather a loss of
profundal zone due to the loss of depth. All
three lakes are experiencing rapid depth loss
due to sedimentation of the highly erodible
soils in the upper portions of the watersheds.
All three lakes have a larger percentage of
littoral habitat compared to profundal habitat,
which provides increasing area for aquatic
plants (Simon et al. submitted, a). Rapid
cycling of dissolved oxygen concentrations in
these areas, as plants change from photosyn-
thesis to respiration during the night, has
caused low dissolved oxygen levels that have
resulted in summer kill (Simon et al. submitted,
b). All three lakes are dominated by sunfish
species and few other species were collected
during the 2005 survey.

Trends in lake condition showed that all
three lakes have remained stable during the last
35 years (see appendix A-C). Indian Lake had
the highest sustainability with scores ranging
from 28 to 38, followed by Tipsaw Lake (25—
38) and Lake Celina (25-34). Although the
sustainability scores are declining for all three
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lakes, the decline is not significant from the
mean for each lake. This suggests that the
variability associated with each lake is suffi-
cient to explain the variability between years.
Relationships with habitat.—Barbour & Stri-
bling (1991) showed that an index of biological
integrity was directly related with habitat quality
in streams and flowing water. In the absence of
pollutants or other anthropogenic disturbance,
the quality of fish assemblages should be directly
related to habitat. It would not be possible for
fish assemblages in lakes to exhibit high quality
condition without the presence of natural
conditions. The three lakes in Hoosier National
Forest showed no relationship with habitat
consistent with the model proposed by Barbour
& Stribling (1991)(Fig. 2). Habitat and biologi-
cal sustainability was skewed for the three lakes.

PROCEEDINGS OF THE INDIANA ACADEMY OF SCIENCE

Although riparian habitat scored the highest for
regionally similar reservoirs in the Interior River
Lowland or Interior Plateau Ecoregions, sub-
strates, profundal zone quality, and instream
cover were reduced compared to other reservoirs.
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APPENDIX A

Celina Lake metrics for all available years from 1970-2005. DELT = Deformities, Eroded fins, Lesions, and

Tumors (DELT), VP = Very Poor, P = Poor.

Metrics 1970 1972 1976

1987 2002 2005

Total number
of species
Number
benthic species
Number
centrarchid
species
Percent
tolerant
individuals
Percent
omnivore
individual
Percent
insectivore
individual
Percent
carnivore
individuals
Relative
abundance
Percent lake
obligate
individuals
Percent DELT
TOTAL
Sustainability
score
Classification

3(1)
1(1)

3(1)
1(1)

9 (3)

30)

2D 2 4

0(5) 0(5) 4.6 (5)

0 (5) 0 (5) 0 (5)

45 (3) 72 (5) 53 (3)

55 (1) 28 (5) 47 (1)

4303)  415(3)  1105(5)

0 (0)
0 (5)

0 (0)
0 (5)

1.6 (1)
0(5)

25 31
P-vP P p

4 (D) 7(1)

0 (0)

9(3) 6 (1)

0 (0)

6 (1)

0 (0) 0 (0) 0 (0)

2 40) 50) 40) 43

0 (5) 11 (5) 17 (5) 0 (5) 0 (5)

0 (5) 7(5) 5(5) 0 (5) 0 (5)

75 (5) 90 (5) 87 (5) 94 (5) 92 (5)

253 10(2) 133)  67(1)  66()

4103)  86(1) 131(1) 229(2) 288 (3)

7.1 (1)
0 (5)

3.5(1)
0(5)

7.6 (1)
0 (5)

3.9 (1)
0 (5)

2.8 (1)
0(5)

28 29
P P P P p
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APPENDIX B

Tipsaw Lake metrics for all available years from 1970-2005. DELT = Deformities, Eroded fins, Lesions, and
Tumors (DELT), VP = Very Poor, P = Poor, F = Fair.

Metrics 1972 1976 1983 1987 2002 2005

Total number

of species 4(1) 10 (3) 90 6 (1) 10 (3) 8(3) 72) 8 (3)
Number

benthic species 1(1) 33 303 1(1) 2(1) 2 (1) 0 (0) 0 (0)
Number

centrarchid

species 3(1) 7 (5) 7 (5) 3(1) 503) 503) 6 (3) 7 (5)
Percent

tolerant

individuals 0 (5 2.5(5) 6.7 (5) 0.4 (5) 39 (1) 7.3 (5) 2.5(5 9.6 (5)
Percent

omnivore

individuals 0(5) 0(5) 0(5) 7 (5) 5(5) 0(5) 0(5) 0(5)
Percent

insectivore

individuals 49 (3) 63 (3) 41 (3) 58 (3) 100 (5) 90 (5) 97 (5) 94 (5)
Percent

carnivore

individuals S1(1) 37 (3) 59 (1) 42 (1) 0 (0) 10 (1) 34 (1) 6.2 (1)
Relative

abundance 549(5) 685(5) 310(3) 541 (5) 100 (1) 67 (1) 236 (2) 177 (1)
Percent lake

obligate

individuals 0 (0) 0.8 (1) 1.6 (1) 6.5 (1) 5(1) 15 (3) 1.7 (1) 3.4 (1)
Percent DELT 0(5) 0(5) 0(5) 0(5) 0(5) 0(5) 0(5) 0(5)
TOTAL

Sustainability

score 27 38 34 28 25 32 29 31

Classification P-vP P-F P P P-VP P P P
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APPENDIX C

Indian Lake metrics for all available years from 1970-2005. DELT = Deformities, Eroded fins, Lesions, and
Tumors (DELT), F= Fair, P = Poor, VP = Very poor.

Metrics 1976 1987 2002 2005

Total number

of species 12 (3) 7(3) 12 (3) 6 (1) 8(3) 10 (3)
Number benthic

species 3(3) 2(1) 4 (3) 1(1) 1(1) 2 (1)
Number

centrarchid

species 8 (5) 2(1) 4 (3) 503) 6 (3) 6 (3)
Percent tolerant

individuals 1(5 0 (5 13 (5) 0 (5 9 (5 18 (5)
Percent

omnivore

individuals 4.4 (5 0(5) 10.8(5) 0(5) 0(5) 1.7 (5)
Percent

insectivore

individuals 66 (3) 77 (5) 81 (5) 91 (5) 93 (5) 92 (5)
Percent carnivore

individuals 30 (3) 23 (5) 10 (3) 9 (1) 6.5 (1) 6.7 (1)
Relative

abundance 1021(5) 795(5) 115 (1) 155 (1) 169 (1) 120 (1)
Percent lake

obligate

individuals 5.6 (1) 3.8 (1) 7.8 (1) 9.0 (1) 5.3 (1) 2.5 (1)
Percent DELT 0 (5 0 (5 0(5 0(5) 0(5) 0(5)
TOTAL

Sustainability

score 38 36 34 28 30 30
Classification F-P F-P P P P P
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