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ABSTRACT 

An agreement in 1993 between the Wisconsin Department 

of Transportation and Wisconsin Department of Natural 

Resources called for mitigation of 0.54 acres (0.22 ha) of 

lost centrarchid spawning habitat in Irogami Lake, Waushara 

County, Wisconsin, due to future relocation of State Trunk 

Highway 21. An ecological study was conducted to determine 

recommendations for restoring the lost habitat, as well as 

to assess the pre-construction characteristics of the 

bluegill Lepomis macrochirus and largemouth bass Micropterus 

salmoides populations and species composition of aquatic 

invertebrates and plants in the construction area. Data 

were collected from April through August in 1993 and 1994. 

Physical habitat characteristics of bluegill spawning 

colonies in all areas of the lake were documented. 

Substrate, bottom gradient, water depth, distance from 

shore, and relation of nests to cover are the 

characteristics on which the mitigation plan was based. 

Fish were caught with fyke nets, boat-mounted electrofishing 

gear, and seines. Scale samples were collected from 

bluegills and largemouth bass for age determination. 

Bluegills built colonies in areas with mean (range) bottom 

gradient of 6% (1.1-13.2%), depth of 89 cm (65-119 cm) and 

distance from shore of 19.1 m (1.5-86.9 m). Spawning 

substrate particle size ranged from fine (< 0.5 mm) to 
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cobble (64-256 mm). About half of the colonies (56%) were 

greater than 5 m from cover. Length increments of bluegills 

of ages 1-7 were not significantly different from state (P = 

0.17) and regional (P = 0.36) increments. Length increments 

of largemouth bass were significantly smaller than average 

state (P = 0.05) and regional (P = 0.02) increments. 

Mortality rates, based on fyke net catches, of bluegills of 

ages 2-7 were Z = 0.314 and A= 27%, and of ages 7-8 were Z 

= 2.1 and A= 88%. Mortality rates, based on electrofishing 

catches, of largemouth bass of ages 4-7 were Z = 0.27 and A 

= 24%, and of ages 7-8 were z = 1.9 and A= 85%. 

Recommendations for recreating spawning habitat include: 

placing the spawning bed along the new highway; rip-rapping 

of the lake shore in that area; laying a 15.2-cm blanket of 

substrate consisting of 80% (by weight) of gravel 6.3-19 mm 

diameter with an allowance of no more than 10% gravel of 19 

-200 mm diameter, and 20% consisting of fine gravel and 

coarse sand containing no more than 5% of particles less 

than 0.5 mm diameter, on the preexisting bottom slope; 

maintaining 0.46-1.2 m of water on top of the substrate; and 

adding a 2:1 slope to the outer edge of the new spawning 

bed. The new spawning bed would cover 0.6 acres (0.25 ha) 

of lake bottom. 
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INTRODUCTION 

Objectives of this study were to: (1) conduct an 

ecological study of Irogami Lake, Waushara County, 

Wisconsin, to serve as a basis for recommending mitigation 

to restore and enhance spawning habitat for bluegills 

Lepomis macrochirus and other centrarchid species; (2) 

determine population characteristics of bluegills and 

largemouth bass Micropterus salmoides (age and growth, 

mortality, catch per unit effort) and compare the 

characteristics with similar data for the state and region; 

(3) determine the fish species composition of Irogami Lake; 

and (4) conduct a qualitative study of insects and other 

aquatic invertebrates and macrophytes in the mitigation area 

of the lake. 

The Wisconsin Department of Transportation (DOT) is 

planning to realign (date of construction not determined) 

State Trunk Highway (STH) 21 between the towns of Wautoma 

and Redgranite, Waushara County, Wisconsin (Figure 1). In 

1987-1991 Highway 21 had an accident rate of 294 accidents 

per 100 million vehicle-miles, or an average of 5.3 

accidents per mile, which is twice the statewide average for 

state trunk highways. In sections of STH 21 that have 

average spacing of access from commercial or private 

driveways and public roadways of less than 91.4 m, accident 

incidence was 20.4 accidents per mile, almost seven times 
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the incidence of accidents per mile of the state trunk 

highway system as a whole (East Central Wisconsin Regional 

Planning Commission 1986). 

According to the preferred alignment plan of the DOT, a 

segment about 274 m long of STH 21 that runs between two 

lakes, Irogami and Silver, will be redirected through the 

southern edge of Irogami Lake. This highway segment has an 

access density of less than 91.4 m. The construction plan 

would reduce access points from 65 to 22 and minimize 

acquisition and relocation costs, estimated at 1.2 million 

dollars based on comparable sales of 9 seasonal and 2 

permanent residences on the Silver Lake side of STH 21. No 

residences existed on the Irogami Lake side of STH 21. The 

Wisconsin Department of Natural Resources (DNR) estimated 

that the realignment would effect the loss of 1.54 acres 

(0.63 ha) of lake, which included 0.54 acres (0.22 ha) of 

fish spawning habitat, primarily that of bluegills, and 1 

acre (0.41 ha) of other lake area (Figure 2). Candidate 

alternative alignments effected loss of less habitat (0.19 

and 0.35 acres) but restricted access to a lesser extent. 

In January, 1993, the Waushara County Board of 

Supervisors accepted Resolution Number 00-01-93 supporting 

the DOT plan for STH 21, and they encouraged DNR support. 

The DNR and DOT have an agreement on inter-departmental 

liaison procedures under Wisconsin State Statutes 

4 



Figure 1.-A portion of State Trunk Highway 21 between 
Wautoma and Redgrapite, Waushara County, Wisconsin 
and location of lake aLea mitigation site. 
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2.-Lake and existing spawning bed area affected by 
highway construction. Numbered markers along 
proposed center line (e.g., 150 + 00, 152, 154, 
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S.30.12(4), to minimize adverse environmental effects of 

construction or reconstruction of transportation facilities. 

Under this agreement, the DNR agreed to the proposed 

alignment if the DOT formulated an acceptable study, 

including pre- and post-treatment research, for development 

and evaluation of a technique to mitigate greater than 1:1 

the 0.54 acres (0.22 ha) of lost spawning habitat. Total 

lake surface area will be mitigated through wetland creation 

at another site, prearranged between DNR and DOT (Figure 1). 
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METHODS 

Study Area 

Irogami Lake, previously (and sometimes) known as Fish 

Lake (Figure 3), is a kettle lake of 289 acres (118.5 ha) 

and average depth of 0.76 min Waushara County, Wisconsin 

(Sec. 31,32,5,6 T 18,19N R llE) lying almost entirely in 

glaciolacustrine deposits of sand, except for the 

southwestern quarter which is in alluvium (includes sand, 

clay, gravel, and mud). The drainage basin land use 

consists of 110 acres (44.5 ha) of farmland, 93 acres (37.6 

ha) of woodlots, 22 acres (8.9 ha) of pastured woodland, 26 

acres (10.5 ha) of low density residential area, and 8 acres 

(3.2 ha) of wetlands. 

Identification of Spawning Habitat 

Locations of bluegill reproductive activity were 

recorded during spring and summer, 1993 and 1994. Lake 

water temperatures were monitored during fyke net operations 

in April of both years. To identify the initial onset of 

spawning, I began searching all areas of Irogami Lake daily 

for redds when water temperature warmed past 15.6 C because 

bluegills have been reported to begin spawning in Wisconsin 

when water temperature reaches 19-21 C (Snow et al. 1960, 

Beard 1982, Becker 1983). Redds were identified either by 

~cleared" patches of substrate or presence of groups of 
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bluegills. Most redds were in colonies of closely spaced 

groups of redds. I marked each location on a lake map and 

described it in a log book. I did not place markers in 

redds for fear of causing heightened awareness of colonies 

to anglers. Observations of bluegill reproduction were 

continued through August each year because bluegills may 

spawn through August in Wisconsin (Snow et al. 1960; Beard 

1982; Becker 1983). Observations of other species using the 

mitigation area for reproduction were also recorded. 

Night observations of spawning colonies were necessary 

for positive identification of bluegill redds because male 

bluegills were rarely seen guarding redds during the day, as 

they have been observed to do (Emig 1966; Pflieger 1975; 

Becker 1983). I used a hand-held spotlight to illuminate 

spawning areas and identify species of fish. Bluegills were 

tolerant of disturbance, and if observed carefully, did not 

leave their redds. 

I used three methods to check daily for presence of 

eggs or fry. Only redds in which spawning occurred were 

used for quantification of bluegill spawning habitat. 

First, redds were viewed with a tube consisting of a 1.2-m 

section of white PVC pipe with a 10-cm inside diameter and a 

piece of plexiglas sealed in one end. An observer, while 

drifting over a colony in a boat, pushed the tube down into 

individual redds, which allowed the contents to be viewed. 
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The second method was to suck eggs and fry from redds with a 

1.5-m section of steel pipe (0.63 mm inside diameter). I 

covered the top end of the pipe with my thumb before 

inserting it into a redd. When the thumb was removed, eggs 

or fry were drawn into the pipe. The end of the pipe was 

covered again, and the pipe was withdrawn from the redd. 

Its contents were poured into a dissecting pan, and the 

sample was examined for eggs or fry. If neither method 

yielded results, and presence of eggs or fry was still 

suspected, I scooped with a dip net particles from the 

bottom of a redd for examination. The net was used as 

little as possible to limit disturbance of redds. 

Throughout spring and summer, water temperature in the 

colonies was measured at 1/2 the depth of the water column. 

Quantification of Spawning Habitat 

Physical characteristics of individual redds and 

bluegill spawning colonies that I described were number of 

redds per colony; length, width, area, and water depth of 

colony; distance between redds; redd depth (depth of 

depression) and diameter; lake bottom gradient; substrate 

composition; and distances to shore, cover, and other 

colonies. A colony was defined as a cluster of redds at 

least three times the greatest distance between redds (80 cm 

x 3) from another cluster of redds. Cover was defined as 
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any material in the water such as woody debris, clumps of 

aquatic vegetation, or docks that could provide protection 

for fish. 

When obtaining these data, I approached each colony 

with caution to avoid disrupting spawning and rearing 

activities. If males were on the beds or eggs or fry were 

present, the colony was left alone and measured later when 

fish were not present. I placed a red flag in each redd 

before sketching the colonies and counting the number of 

redds in each colony. Flags were removed after physical 

characteristics were recorded. Length and width of colonies 

and distances to shore, cover, and other colonies were 

measured to the nearest 0.5 foot with a 100-foot plastic 

tape and converted to meters. Colony area was derived from 

maximum lengths and widths. This method was used because 

colonies were generally orientated in a rectangular manner 

and for ease of measurement in the field. Redd depth and 

diameter, distance between redds, and water depth at redds 

were measured to the nearest centimeter. Bottom gradient 

(percent slope) was calculated by subtracting water depth at 

shore from depth at the outer edge of a colony and dividing 

by the distance from the shoreline to the outer colony edge. 

I collected a 150(depth) x 34(diameter)-mm core sample 

from one redd in each colony for substrate analysis. The 

sampled redds were selected at random from a numbered 
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diagram of each colony. Substrate samples were air dried 

and then mechanically sieved into particle sizes of> 4, 2-4 

(small gravel), 1-2 (very coarse sand), 0.5-1 (coarse sand), 

and< 0.5 mm (Orth 1983). Percent composition by dry weight 

was calculated for each particle size range. Particles 

larger than 4 mm were individually measured and classified 

according to criteria for particle sizes of the Wentworth 

classification system (Orth 1983). Percent composition for 

these larger particles was also determined. 

Fish Sampling 

Fish were caught by fyke nets, a pulsed-DC 

electrofisher, and seines in 1993 and 1994. Each year the 

same fyke nets were placed at 8 fixed locations; 2 nets in 

the mitigation area and the other 6 approximately equally 

spaced around the rest of the lake (Figure 4). Of the 8 

nets, 4 had 1.3-cm (1/2") square mesh and 4 had 1.9-cm 

(3/4") square mesh. Assignment of mesh sizes alternated 

around the lake. All nets had 15.2-m (50 ft.) leads. 

Netting began on April 29, 1993, and May 4, 1994. Nets were 

checked every 48 hours, and were removed on May 27, 1993, 

and May 26, 1994. Total fyke net effort was 30 net-days in 

1993 and 24 net-days in 1994. 

Species, length to the nearest millimeter, and weight 

to the nearest gram were recorded for all fish caught by 
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fyke nets. Scale samples were removed for age determination 

from the left side of bluegills and largemouth bass at the 

tip of the pectoral fin just beneath the lateral line 

(Regier 1962) from at least 10 fish per centimeter length 

group. The right ventral fin of all species was clipped for 

identification of recaptures, then the fish were released. 

Electrofishing surveys were conducted on two evenings 

in 1993, April 29 and June 1, and three evenings in 1994, 

May 10, 17, and 24, by personnel of the Wisconsin Department 

of Natural Resources with help from faculty and students 

from the University of Wisconsin in Stevens Point. Sampling 

began at 1900 h. Equipment, similar to that described by 

Novotny and Priegel (1974), ran pulsed DC current at 400 

volts and 17 amps (peak pulse). The entire shoreline and 

selected mid-lake areas were fished at depths ranging from 

0.3 to 2.4 m depending on the discretion of the boat 

operator. Total electrofishing effort was 6.38 h in 1993 

and 6.2 h in 1994. Sampling was selective; bluegills and 

largemouth bass were the only species collected. Lengths 

and weights were recorded, scales samples taken, and fin 

clips administered in the same manner as for fyke net 

samples. 

A 9.1-m (30 ft) bag seine of 0.9 cm (3/8 inch) mesh was 

used to catch small bluegills and largemouth bass, which 

were not efficiently captured by fyke netting or 
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electrofishing, in an area in the south end of the lake near 

Highway 21 (Figure 4). Lengths and weights were recorded, 

and scale samples were taken from enough fish to complete 

the smaller centimeter length groups lacking 10 fish each 

caught by the other methods. 

Population Characteristics 

Age and growth were determined by methods similar to 

those described in Bagenal and Tesch (1978), Frie (1982), 

and Nielsen and Johnson (1983). Small scales were mounted 

between microscope slides, and impressions were made of 

larger scales hot-pressed into one - millimeter thick vinyl 

acetate strips about the size of a glass microscope slide. 

Scale samples were magnified and observed by use of a 

microfiche reader (31X). The scale edge was considered the 

last annulus because scales were collected in spring (April, 

May, and June). I used the computer program Disbcal (Frie 

1982) for back-calculation of length at age. Disbcal 

computes back-calculated lengths according to the Fraser-Lee 

formula: 

Li= a+ [(Le - a) x (Si/Sc)], where 

Li= length at age i, 

a= intercept of the body-scale regression, 

Le= length at capture, 

Si= scale measurement to annulus i, and 
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Sc= scale measurement to edge of scale. 

Intercepts of the body-scale regression values were those 

recommended by Carlander (1981): 20 mm for both bluegills 

and largemouth bass. 

Average length increments of bluegills and largemouth 

bass were compared to state and regional (Lake Michigan 

District) averages (Wisconsin Department of Natural 

Resources 1991). A paired t-test (a= 0.05) was used to 

determine if annual length increments of bluegills and 

largemouth bass in Irogami Lake were significantly different 

from the state or regional averages. Length increments for 

bluegills included ages 1-7 and for largemouth bass, ages 1 

-7. Increments for bluegills of ages 8 and 9 and largemouth 

bass of age 8 were not used due to a small N for those ages. 

Instantaneous and annual mortality rates were estimated 

from catch curves (Ricker 1975). A catch curve for 

bluegills caught in fyke nets was constructed from pooled 

data for 133 fish caught in 1993 and 106 caught in 1994. A 

catch curve for largemouth bass caught by electrofishing was 

constructed from pooled data for 102 fish caught in 1993 and 

206 caught in 1994. Catch per unit effort was expressed as 

numbers of fish caught per net day (24-hour period) for fyke 

nets and as numbers of fish caught per hour for 

electrofishing. 
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Aquatic Invertebrate and Plant Survey 

Aquatic plants were collected by hand in shallow water 

or by dip net in deeper water as they progressively appeared 

from late May into June. The samples were taken to the 

University of Wisconsin in Stevens Point for identification. 

Two faculty members, Dr. Fred Copes and Dr. Robert 

Freckmann, identified samples to the species level. 

I collected insects and other invertebrates to 

determine taxa present by D-net, dip net, or by picking them 

off overturned rocks or aquatic plant stems. Specimens were 

preserved in 80% alcohol and identified no further than 

genus by several students; identifications were confirmed by 

faculty members, Dr. Edward Stern and Dr. Stanley Szczytko. 

Water Chemistry 

Water samples were collected at one-half the depth of 

the water column on June 8, July 13, and August 5, 1994, 

from two locations, both with depths of 1.5 m (Figure 4). I 

collected the water samples in an alpha horizontal water 

bottle and used a Hach kit (chemical titrations) to 

determine pH, dissolved oxygen, alkalinity, carbon dioxide, 

and chloride (Table 1). Water temperature was measured at 

each water sampling location. 
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Table 1.- Results of chemistry analysis of water samples collected in 1994. 

Date 
Site 

Time of day 
Water temperature (C) 
pH 
Dissolved oxygen (mg/1) 
Total alkalinity (mg/1) 
Carbon dioxide (mg/1) 
Chloride (mg/ 1) 

June 08 
1 2 

0815 
17.8 
8.5 

8 
119.7 

25 
100 

0930 
17.8 
8.5 

8 
119.7 

25 
100 

July 13 
1 2 

0830 
23.3 
8.5 

8 
136.8 

15 
100 

0915 
23.3 
8.5 

8 
119.7 

10 
100 

August 05 
1 2 

0845 
20 
8.5 

8 
136.8 

< 5 
25 

0915 
20 
8.5 

8 
119.7 

< 5 
25 



Silt Depth 

Department of Natural Resources depth soundings have 

recorded soft organic sediment depths of over 9.1 m (30 ft) 

in some areas of Irogami Lake (WDNR 1983). Soil engineers 

from the DOT took core samples from the mitigation area for 

determination of soft sediment depths. Cross-sectional 

diagrams of the mitigation area were developed from these 

data as well as a map showing silt depth contours (Figure 

5) • 
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RESULTS 

Chronology of Bluegill Reproductive Activity 

Bluegills began spawning in Irogami Lake in late May 

and early June. In 1993, 17 colonies were discovered and 

redds were first observed on June 4 in colonies 5 and 6 in 

the mitigation area {Figure 6) when the water temperature 

was 16.1 Cat 2000 h. Eggs were first observed in redds on 

June 14 when the water temperature reached 23.3 Cat 0933 h. 

Eggs and fry were last observed in redds on July 14 when the 

water temperature was 23.3 Cat 0930 h. 

In 1994, 13 colonies were discovered and the first 

redds and eggs were observed on May 24 in colony 5 {Figure 

7) when the water temperature was 21 Cat 0845 h. Eggs and 

fry were last observed on July 20 when the water temperature 

was 25 Cat 0830 h. 

Interyear Use of Colony Sites 

Certain areas of the lake were used for nesting 

annually. Coggeshall {1924) and Avila (1976) observed 

similar behavior. Of 22 spawning sites, 6 were used in both 

seasons, 14 were used only in one season, and I am unsure 

for 2 sites (Figure 8). Of the 6 common sites, 4 were in 

the mitigation area. Colonies 10 and 11 {1994) were 

probably used in 1993 {Figures 6, 7). They were overlooked 

for most of the 1993 season and discovered in late July 

24 



N 
tJI 

Figure 6.-Locations of bluegill spawning colonies in 1993. 
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Figure 7.-Locations of bluegill spawning colonies in 1994. 
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Figure 8.-Nesting colony sites used in both 1993 and 1994. The first number in 
parenthesis represents the corresponding colony number for that site in 1993, 
the second, 1994. 



after spawning had ended for the year and males were no 

longer guarding redds. Therefore, I could not determine 

whether they had been used in both years. 

Quantification of Spawning Habitat 

Bluegills built nesting colonies in areas with an 

average (and range) bottom slope of 6% (1.1-13%), water 

depth of 89 cm (65-119 cm), and distance from shore of 19.1 

m (1.5-87 m) (Tables 2, 3). About half of the colonies 

(56%) were greater than 5 m from any cover, which consisted 

of submerged brush, docks, shoreline rip-rap, or beds of 

aquatic vegetation. The greatest distance between 

individual redds in a colony was 80 cm (rim to rim), but 

most redds were closer together. 

In 1993, 29% of colonies, 30% of redds, and 31% of the 

total colony area were in the mitigation area. In 1994, 8% 

of colonies, 13% of redds, and 11% of the total colony area 

were in the mitigation area. 

Bluegills used 3 kinds of substrate for reproduction: 

74% of redds were in a combination of sand, silt, and small 

sticks, 24% in sand and gravel, and 2% were in silt (Table 

4) • 
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Table 2.- Physical habitat characteristics of bluegill spawning colonies in Irogami Lake, 1993. 

Colony Bottom Water Distance of Nest 
1993 Number of length width area gradient depth colony from Depth Diameter 

Colony nests (m) (m) (sq m) (%) (cm) shore (m) (cm) (cm) 

1 4 3.7 3.1 11.2 6.0 65.5 5.2 5 - 6 40 - 46 

2 14 8.4 2.4 20.5 5.4 80 6.2 7 27 - 33 

3 27 8 3.4 27.3 7.1 89.2 7.4 6 - 8 33.5 

4 11 6.4 3.4 21.4 6.6 87 7 7 40 

5 19 5.9 4.3 25.1 8.0 75 6.1 6 40 

6 38 12.3 4.3 52.7 8.0 75 4.3 6 40 

7 8 2.4 2.1 5.2 11. 9 100 4.6 6 30 

8 13 6.1 3.1 18.6 10.7 83 3.7 8 - 10 40 
N 
I..!) 9 6 5.2 3.1 15.8 9.3 109 6.1 6 - 7 30 

10 15 7.2 3.4 24 13 96.5 2.4 6 - 7 35 

11 22 5.5 4.3 23.4 10.5 99.5 1.5 9 35 

12 13 3.2 2.4 7.7 2.8 102.5 17.1 7 30 

13 20 3.6 4.9 17.6 3 102.5 23.8 7 30 

14 42 8.8 7.6 67.4 2.7 119. 5 38.1 5 - 6 30 - 33 

15 15 4.3 3.4 14. 3 3.3 84 13.7 8 - 11 57 

16 11 6.7 5 33.6 3.5 87 13.7 8 - 10 47 

17 18 4.9 3.4 16.4 3.9 112. 5 18.3 7 - 9 30 

Total 296 402.1 

Mean 17.4 6 3.7 23.7 6.8 92.2 10.5 7.1 36.6 

Range 4-42 2.4-12.3 2.4-7.6 5.2-67.4 2.7-13 65. 5-119. 5 1.5-38.1 5-11 27-57 



Table 3.-Physical habitat characteristics of bluegill spawning colonies in Irogarni Lake, 1994. 

Coloni Bottom Water Distance of Nest 
1994 Number of length width area gradient depth colony from Depth Diameter 

Colony nests (m) (ml (sq m) ( % ) (cm) shore (ml (cm) (cm) 

1 3 3.7 2.6 9.5 6.4 65 - 78 9 7 45 - 55 

2 4 3.2 2.4 7.8 4.7 64 - 68 5.6 7 40 

3 9 2.7 3.1 8.4 5.6 55 - 75 5.5 7 35 - 40 

4 12 4.1 3.5 14. 4 7.4 59 - 87 7.3 6 45 

5 26 8.8 4.3 37.7 9.0 56 - 93 4 6 - 7 30 - 50 

6 9 2.5 3 7.5 13.2 65 -89 3 8 40 

7 14 6.9 4.6 31.7 1.1 98 - 104 86.9 6 45 

8 16 5 3.4 17.3 1.2 94 - 95 74.7 3 - 5 40 - so 
w 9 22 5.9 7.4 43.4 1.3 98 - 105 70.1 3 45 - 60 
0 

10 34 10.1 7.1 71.5 1.4 95 - 100 64 3 45 - so 
11 32 10.7 6.4 68.3 1.5 95 - 99 57 3 - 4 35 - so 
12 4 1. 7 1.5 2.6 4.8 68 - 73 12.5 6 - 7 40 - 45 

13 10 4.6 5.2 23.7 N/A 104 N/A 11 50 - 55 

Total 195 343.6 

Mean 15 5.4 4.2 26. 4 4.8 84.1 33.3 6 44.6 

Range 3-34 1.7-10.7 1.5-7.4 2.5-71.5 1.1-13.2 65-105 3-86.9 3-11 30-60 



Table 4.-Substrate sample analysis - percent composition by weight. 

Particle size (mm) Particle size (mm) 

1993 1994 

Colony > 4 2-4 1-2 0.5-1 < 0.5 Colony > 4 2-4 1-2 0.5-1 < 0.5 

1 2.1 2.9 19.7 75.2 1 1.4 6.8 91. 8 

2 2.6 3.5 18.0 75.9 2 2.0 7.1 90.9 

3 1. 6 2.4 14.2 81. 8 3 1.7 4.2 4.2 19.1 70.8 

4 2.5 2.8 8.5 86.1 4 1.5 1.5 11.4 85.6 

5 1. 6 1.7 4.7 92.0 5 0.6 1.2 5.8 92.4 

6 1.1 1.2 4.2 93.4 6 0.7 6.8 4.8 16.3 71.4 

7 2.8 2.9 8.3 86.0 7 60.3 2.9 1.1 8.6 27.0 
w 

8 3.7 2.1 14. 2 80.0 8 66.5 3.9 1.5 4.9 23.3 >--' 
9 3.2 2.6 11.2 83.0 9 48.4 8.9 3.0 9.5 30.3 

10 3.0 2.3 11.0 83.7 10 52.1 8.5 3.1 8.5 27.8 

11 1.8 2.5 10.4 85.2 11 50.6 9.3 2.9 8.7 28.5 

12 5.9 5.7 15.1 73.2 12 2.9 2.5 6.3 88.3 

13 4.3 3.1 2.9 15.3 74.4 13 100.0 

14 0.4 0.5 11.4 87.7 

15 5.5 4.6 11. 8 78.1 

16 0.4 0.5 0.8 98.3 

17 2.9 3.1 8.9 85.1 



Spawning Activity of Other Centrarchid Species 

Other centrarchid species such as largemouth bass, 

green sunfish Lepomis cyanellus, and rock bass Ambloplites 

rupestris, were observed on redds in the mitigation area 

(Figure 9). Occasionally, green sunfish were seen guarding 

bluegill redds left vacant during the day. 

Fish Species Composition and Population Characteristics of 
Bluegills and Largemouth Bass 

Besides the bluegill and largemouth bass, eight other 

fish species were caught in Irogami Lake (Table 5). Common 

carp Cyprinus carpio were also observed in Irogami Lake 

during electrofishing but were not captured. 

Mean back-calculated total lengths from scales of 

bluegills ranged from 47.4 mm at annulus I to 252 mm at 

annulus IX for 1993 and 1994 combined (Figure 10). Mean 

back-calculated total lengths from scales of largemouth bass 

ranged from 72.5 mm at annulus I to 398.3 mm at annulus XIII 

for 1993 and 1994 combined (Figure 11). Length increments 

of bluegills of ages 1-7 were not significantly different 

from average state (P = 0.17) and regional (P = 0.36) 

increments (Figures 12, 13). Length increments of 

largemouth bass of ages 1-7 were significantly smaller than 

average state (p = 0.05) and regional (p = 0.02) increments 

(Figures 14, 15). 
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Figure 9.-Spawning sites in the mitigation area used by other centrarchid species in 1994. 



Table 5.- Mean and range of lengths, number captured, and catch per unit effort (CPUE) in fyke nets and 
b~ electrofishing of fish sEecies caught in Irogarni Lake in 1993 and 1994. 

Common name Scientific name Mean length Length range CPUE 
(mm) (mm) n Net day Electrofishing hour 

1993 
Black crappie Pomoxis nigromaeulatus 239 75 308 14 0.47 
Bluegill Lepomis maeroehirus 143 22 - 242 353 7.6 8.2 
Green sunfish Lepomis eyanellus 138 72 - 193 15 0.5 
Largemouth bass Mieropterus salmoides 179 45 - 358 147 0.2 16 
Northern pike Esox lueius 547 116 - 889 87 2.9 
Pumpkinseed Lepomis gibbosus 135 75 - 209 19 0.63 
Rock bass Arnbloplites rupestris 147 61 - 214 105 3.5 

w White sucker Catostomus eommersoni 551 495 - 581 3 0.1 
.j:::.. Yellow bullhead Ietalurus natalis 293 223 - 341 46 1.5 

Yellow perch Perea flaveseens 221 172 - 274 7 0.23 

1994 
Black crappie Pomoxis nigromaeulatus 305 275 - 340 8 0.33 
Bluegill Lepomis maeroehirus 134 27 - 252 453 6.2 37.9 
Green sunfish Lepomis eyanellus 138 95 - 190 22 0.92 
Largemouth bass Mieropterus salmoides 249 28 - 507 374 0.12 53.7 
Northern pike Esox lueius 579 338 - 940 21 0.87 
Pumpkinseed Lepomis gibbosus 134 85 - 200 15 0.63 
Rock bass Arnbloplites rupestris 150 55 - 243 117 4.9 
White sucker Catostomus eommersoni 533 505 - 560 2 0.08 
Yellow bullhead Ietalurus natalis 296 206 - 450 160 6.7 
Yellow perch Perea flaveseens 196 75 - 282 11 0.46 
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Figure 10.-Mean back-calculated length at age with 95% 
confidence interval for bluegills in Irogami Lake, 
1993 and 1994. Numbers above each point represent 
the number of empirical and back-calculated 
lengths used to determine mean length at age. 
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Figure 11.-Mean back-calculated length at age with 95% 
confidence interval for largemouth bass in Irogami 
Lake, 1993 and 1994. Numbers above each point 
represent the number of empirical and 
back-calculated lengths used to determine mean 
length at age. 
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Figure 12.-Mean back-calculated length at age for bluegills 
(n = 522) in Irogami Lake and the Wisconsin state 
average length at age for bluegills. 
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Figure 13.-Mean back-calculated length at age for bluegills 
(n = 522) in Irogami Lake and the Lake Michigan 
district (LMD) average length at age for 
bluegills. 
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Figure 14.-Mean back-calculated length at age for largemouth 
bass (n = 322) in Irogami Lake and the Wisconsin 
state average length at age for largemouth bass. 
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Figure 15.-Mean back-calculated length at age for largemouth 
bass (n = 322) in Irogami Lake and the Lake 
Michigan district (LMD) average length at age for 
largemouth bass. 
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Estimation of bluegill mortality, from fyke net 

catches, indicated that 27% (Z = 0.314) of the bluegills of 

ages 2-7 die each year, and 88% (Z = 2.1) die between ages 7 

and 8 (Figure 16). Estimated total annual mortality of 

largemouth bass, from electrofishing catches, was 24% (Z = 

0.27) for largemouth bass of ages 4-7, and 85% (Z = 1.9) 

between ages 7 and 8 (Figure 17). 

Fyke net CPUE was similar for bluegills and largemouth 

bass in both years, but electrofishing catch rates were 

greater for both species in 1994 (Table 5). 

Aquatic Plants, Insects and other Invertebrates 

Thirteen taxa (11 genera and 2 families) of insects, 

five species and one genus of other invertebrates (Table 6), 

and 18 taxa (17 species and 2 genera) of aquatic plants 

(Table 7) were identified in 1993 and 1994. 
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Figure 16.-Catch curve from fyke net catches of bluegills. 
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Figure 17.-Catch curve based on electrofishing catches of 
largemouth bass. Estimated annual and 
instantaneous mortality rates are for ages 4-7 
(Z = 0.27, A= 24%) and 7-8 (Z = 1.9, A= 85%). 
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Table 6.-Aquatic insects and other invertebrates collected 
in the mitigation area of Irogami Lake. 

Class Insecta 
I. Order Hemiptera (true bugs) 

Suborder Heteroptera 
Family Mesoveliidae 

Genus Mesovelia sp. 
II. Order Ephemeroptera (mayflies) 

Suborder Shistonota 
Family Heptageniidae 

Genus Stenonema sp. 
Family Ephemeridae 

Genus Ephemera sp. 
III. Order Odonata (dragon and damsel flies) 

Suborder Zygoptera (damsel) 
Family Coenagrionidae 

Genus Enallagma sp. 
Suborder Anisoptera (dragon) 

Family Aeshniidae 
Genus Anax sp. 

IV. Order Coleoptera (beetles) 
Suborder Adephaga 

Family Haliplidae 
Genus Peltodytes sp. 

Family Gyrinidae 
Genus Gyrinus sp. 

Suborder Polyphaga 
Family Curculionidae 

Genus Bagous sp. 
V. Order Trichoptera (caddis flies) 

Suborder Limnephiloidae 
Family Phryganeidae 
Family Molannidae 

Genus Molamna sp. 
Family Leptoceridae 

Genus Oecetis sp. 
Genus Nectopsyche sp. 

VI. Order Diptera (flies) 
Family Chironomidae 

Class Crustacea 
Subclass Malacostraca 
I. Order Amphipoda 

Family Gammeridae 
Genus Gammarus 

Species pseudolimnaeus 
Order Decapoda 

Family Astacidae 
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Class 
I. 

Class 
I. 

Genus Orconectes 
Species rusticus 
Species virilus 

Hirudinea (leeches) 
Order Pharyngobdellida 

Family Erpobdellidae 
Genus Mooreobdella 

Species fervidae 
Gastropoda (snails) 
Order Mesogastropoda 

Family Viviparidae 
Genus Viviparus sp. 

Order Limnophila 
Family Planorbidae 

Genus Helisoma 
Species trivolvis 
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Table 7. Aquatic plants identified in Irogami Lake, 1993 and 1994 

Scientific name 

Potamogeton amplifolius 
Potamogeton gramineus 
Potamogeton natans 
Potamogeton pectinatus 
Potamogeton zosteriformis 
Vallisneria americana 
Elodea canadensis 
Eleocharis acicularis 
Nymphaea tuberosa 
Ceratophyllum echinatum 
Najas flexis 
Najas guadalupensis 
Nuphar variegatum 
Polygonum natans 
Scirpus sp. 
Myriophyllum exalbescens 
Typha latifolia 
Chara sp. 

Common name 

large-leaf pondweed 
variable pondweed 
floating leaf pondweed 
sago pondweed 
flatstem pondweed 
eelgrass 
elodea 
needle rush 
white water lily 
coontail 
bushy pondweed 
bushy pondweed 
spatterdock 
smartweed 
bulrush 
water milfoil 
common cattail 
muskgrass 



DISCUSSION 

Dates and Temperatures for Reproduction of Bluegills 

Bluegill spawning depends on time of year and water 

temperature. Spawning activity of bluegills in Wisconsin 

has been reported to begin in late May or early June when 

water temperatures reach about 19-21 C, and it may continue 

into July or August (Mraz and Cooper 1957; Snow 1960; Snow 

et al. 1960; Johnson 1971; Beard 1982; and Becker 1983). 

Similar dates and temperature ranges are reported for other 

states and in Canada (Table 8). 

Although the onset of reproductive behavior of 

bluegills in Irogami Lake was similar to that of previous 

studies, bluegills did not appear to begin spawning on the 

same dates or temperatures in 1993 and 1994. Spawning was 

earlier in 1994. In 1993, males built and guarded redds at 

16 C, 10 days before eggs were found on June 14 at 23.3 C. 

In 1994, eggs were present in the first redds discovered on 

May 24 at 21 C. Annual differences in water temperature 

warming rate and daily temperature variation may account for 

the differences. Warming was more gradual in 1993 than 1994 

(Figure 18). In 1993 the water temperature reached the low 

20's in mid-May for a short period, but then temperature 

declined and did not return to 21 C until almost mid-June. 

In 1994 the water was 21 C by May 24. Apparently, male 

bluegills in Irogami Lake will build redds and establish 
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Table 8.-Characteristics of bluegill reproduction from the present study and reported for 
previous studies. 

Location 

Irogami Lake 

Alabama 

Arizona 

California 

Canada 

Colorado 

Illinois 

Indiana 

Iowa 

Spawning 
Spawning temperature Substrate 
period (C) composition 

May 24 - July 20 21 - 25 sand, silt, sticks, 

May - August 25 

June 

June - August 17 - 24.5 

May - August 23 

May - September 

June 

late May - August 21 - 26.7 

gravel, cobble 

fine gravel 

sand and gravel 

sand, gravel, leaves, 
sticks, mud 

sand, gravel, mud 

sand or gravel 

sand, mud, 

grass, twigs 

sand and gravel 

Continued on next page 

Bottom 
gradient 

1 - 13% 

flat or gradual 

slope 

Number of redds Water 

per colony depth (m) 

3 - 42 0.7 - 1.2 

1 - 500 0.1 - 1.2 

8 (avg.) 0.2 - 0.7 

0.6 - 1.8 

15 - 100 0.6 - 1.5 

0.1 - 1 

2 - 3.1 

up to 50 0.3 - 1.2 



Table 8.-Continued. 

Location 

Irogami 
Lake 

Alabama 

Arizona 

California 

Canada 

Colorado 

Illinois 

Indiana 

Iowa 

Distance of 
colonies from 

shore (m) 

1. 5 - 87 

2 - 10 

Nest 
depth (cm) 

5 - 11 

5.1 - 15.2 

1.3 - 2.5 

3 - 5 

5.1 - 7.6 

Nest 
diameter (cm) 

27 - 60 

20.3 - 61 

45.7 - 61 

20.3 - 30.5 

71.1 - 88.9 

30.5 - 61 

Reference(S) 

Present study 

Swingle and Smith (1943) 

Saiki (1973); Singer (1973) 

Emig ( 1966) 

Clark and Keenleyside 1967; 
Scott and Crossman (1973); 
Amundrud et al. (1974); Gross 
(1979) 
Avila ( 1976) 

Richardson (1913); Bennett 
(1937); James (1946) 

Evermann and Clark (1920); 
Coggeshall(1924) 

Harlan et al. (1987) 



Table 8.-Continued 

Location 

Michigan 

Minnesota 

Missouri 

New Jersey 

New Mexico 

New York 

Spawning 

period 

May - September 

late May - August 

late May - August 

July 14 - 28 

May and June 

North America late June - August 

Ohio early May - August 

South Dakota May 

Continued on next page 

Spawning 

temperature 
(C) 

24.4 

20.2 

17 - 28 

Substrate 

composition 

sand 

gravel 

sand 

sand and gravel 

Bottom 

gradient 

flat or gradual 

slope 

7:1 slope 

Number of redds Water 

per colony depth (m) 

9 - 15 

0.9 - 1.8 

0.3 - 0.6 

15 - 100 

0.6 - 0.9 

3 - 100 
0.3 - 2.5 



Table 8.-Continued. 

Location 

Michigan 

Minnesota 

Missouri 

~ New Jersey 
-...__J 

New Mexico 

New York 

Distance of 
colonies from 

shore 

North America close to shore 

Nest 
depth (cm) 

Ohio 15 

South Dakota 

Nest 
diameter (cm) 

61 - 91. 4 

45.7 - 61 

60 

Reference(S) 

Hankinson (1908); Carbine 
(1939); Schneider (1993) 

Eddy and Surber (1947) 

Pflieger (1975) 

Breder (1936) 

Koster (1957) 

Wright and Allen (1913); 
Dominey (1981) 

Thompson (1985) 

Morgan(1951); Stevenson et al. 
(1969); Stevens et al. (1981) 

Churchill and Over (1933) 



Table 8.-Continued 

Spawning 
Spawning temperature Substrate Bottom Number of redds Water 

Location period (C) composition gradient per colony depth (m) 

Utah late spring - sand or gravel 40 - 50 0.3 - 1.8 
mid summer 

Wisconsin late May - August 19 - 21 sand and gravel 0.3 - 1.5 

Continued on next page 



Table 8.-Continued. 

Location 

Utah 

Wisconsin 

Distance of 
colonies from 

shore (m) 

close to shore 

Nest 
depth (cm) 

5.1 - 15.2 

5.1 - 15.2 

Nest 
diameter (cm) 

30.5 - 61 

30 

Reference(S) 

Sigler and Miller (1963) 

Mraz and Cooper (1957); 
Snow (1960); Snow et al (1960); 
Johnson (1971); Beard (1982); 
Becker (1983);Littlejohn et al. 
(1985) 
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Figure 18.-Water temperatures recorded for May and June of 
1993 and 1994. 
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territories at 16 C; the lowest such temperature I found in 

the literature was 17 C (Clark and Keenleyside 1967; 

Stevenson et al. 1969). However, the temperature for 

spawning in Irogami Lake was similar to spawning 

temperatures (21 - 23 C) in many other studies (Table 8). 

Bluegill eggs and fry need temperatures warmer than 

21 C for good survival and growth. Beard (1982) found that 

temperatures below 21 C postponed or interrupted spawning 

and slowed development of eggs and fry. Optimal reported 

temperatures for the survival and growth of bluegills are 

22-27 C for embryos (Banner and VanArmen 1973) and 25-32 C 

for fry (Hardin and Bovee 1978). In laboratory experiments, 

fry did not survive temperatures below 11 C or above 34 C 

(Banner and VanArmen 1973). 

Characteristics of Bluegill Spawning Habitat 

Characteristics of bluegill spawning colonies in 

Irogami Lake: substrate, number of redds per colony, bottom 

gradient, water depth, and nest depth and diameter, were 

similar to those in other areas (Table 8). Notable 

differences occured in distance of colonies from shore and 

relations to cover. Bluegill redds often have been reported 

to be close to shore (Swingle and Smith 1943; Eddy and 

Surber 1947; Mraz and Cooper 1957; Beard 1982), but in 

Irogami Lake the colonies ranged from 1.5 to 87 m from 
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shore. Redds also are reported rarely to be near objects 

such as rocks and logs or in vegetated areas (Coggeshall 

1924; Clark and Keenelyside 1967; Avila 1976; Weaver and 

Ziebell 1976). These sites may not be chosen for nesting 

because they can serve as ambush sites for large predators 

and hiding places for egg predators. Redds in Irogami Lake 

were built both tightly in cover and greater than 10 m from 

cover. 

Bluegills may select certain substrate for spawning. 

Redds that were farthest from cover and the shoreline (> 60 

m) were over sand, gravel, and cobble bottom, the only area 

that I found (colonies 7-11 in 1994) in the lake with this 

kind of substrate. Although, Carbine (1939) and Clark and 

Keenleyside (1967) found no consistent relation between redd 

site selection and substrate material, many authors have 

stated that bluegills use or prefer sand and gravel as 

reproductive substrate (Swingle and Smith 1943; Eddy and 

Surber 1947; Mraz and Cooper 1957; Snow et al. 1960; Sigler 

and Miller 1963; Stevenson et al. 1969; Johnson 1971; 

Pflieger 1975; Avila 1976, Stevenson et al. 1981; Becker 

1983; Harlan et al. 1987). Perhaps bluegills will forego 

placing redds close to shore in favor of sand and gravel 

substrate containing cobble. The great distance from shore 

of these redds in Irogami in the only source of exposed 
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rocky substrate suggests that bluegills may choose substrate 

for nesting. 

Catch per Unit Effort and Mortality 

Possible reasons for the greater electrofishing CPUE of 

largemouth bass and bluegills in 1994 than in 1993 are 

differences in electrofishing gear, concentration of 

electrofishing effort based on the previous year's 

experience, and in temperature between years. In 1994, a 

new boomshocking boat was used which may have been more 

effective at stunning fish than the equipment used in 1993. 

Also, in 1994 we concentrated on areas that produced the 

highest capture rates in 1993. Water temperatures differed 

when electrofishing occurred in the years, two sampling 

dates in 1993 of April 24 and June 01 and three dates in 

1994 of May 10, 17, and 24. The water temperature was 3.5 C 

cooler on the earliest date in 1993 than in 1994 (12 C vs. 

15.5 C) and the two other dates in 1994 were greater than 

0.5 C warmer than the later date in 1993 (16.7 C vs. 17.2 

and 20.5 C). Warmer water typically increases conductivity 

of electricity through water, increases floatation of fish, 

and changes fish distribution patterns (Reynolds 1983). 

I can only speculate on causes for higher mortality of 

older than the younger bluegills and largemouth bass 

(Figures 16, 17). Possible reasons include greater angler 
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exploitation of the larger fish (Coble 1988) and mortality 

from stress associated with reproduction. The estimated 

annual mortality rates for both the younger and older 

bluegills and largemouth bass were within ranges reported 

for other lakes (Table 9). 
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Table 9.-Estimated annual mortality rates (A) for bluegills and largemouth 
bass from various bodies of water. 

Bluegill 

Water body 

Gordy Lake 
Muskellunge Lake 
Shoe Lake 
Spear Lake 
Blueberry Pond 
Dead Lake 
Manistee Lake 
Murphy Flowage 
Lake Beulah 
Rockland Lake 
Pretty Lake 
Browns Lake 

Location 

Indiana 
Indiana 
Indiana 
Indiana 
Michigan 
Michigan 
Michigan 
Wisconsin 
Wisconsin 
Wisconsin 
Wisconsin 
Wisconsin 

Annual 
mortality 

rate Reference 

72.5 - 82 
60 

71 - 76 
71 - 87 

37 
41 
66 
61 
62 
61 
67 
66 

Gerking (1953, 1954) 
Ricker (1945) 
Ricker (1945) 
Ricker (1955) 
Schneider (1993) 
Schneider (1993) 
Laarman (1980) 
Snow ( 197 8) 
Lundquist (1990) 
Lundquist (1990) 
Lundquist (1990) 
Lundquist (1990) 



Table 9.-Continued 

Largemouth bass 

Annual 
mortality 

Water body Location rate Reference 

Ridge Lake Illinois 35 - 40 Bennett (1954) 
Gordy Lake Indiana 60 Gerking (1953) 
Michigan ponds Michigan 40 Ball and Tait (1952) 
Francis Lake Minnesota 29.6 Ball and Tait (1952) 
Browns Lake Wisconsin 49 Lundquist (1990) 
Browns Lake Wisconsin 24 Mraz and Therenin ( 195 7) 
Lake Beulah Wisconsin 58 Lundquist (1990) 

VI Pretty Lake Wisconsin 57 Lundquist (1990) 
O"I Rockland Lake Wisconsin 58 Lundquist (1990) 



RECOMMENDATIONS 

Recommended physical habitat for spawning of bluegills 

and other centrarchids in Irogami Lake entails location, 

shoreline design, spawning substrate composition, depth of 

substrate, total area, lake bottom slope, distance from 

shore, and water depth. 

Location 

The spawning area should be constructed in the 

southwestern end of the lake parallel to the location of the 

previous habitat. This area was used for spawning by 

bluegills, largemouth bass, green sunfish, and rock bass, 

and provides easy access to the lake by heavy construction 

machinery. Newberg (1975) recommended building habitat in 

areas previously used. 

Shoreline 

Rip-rap is recommended for shoreline construction 

because it reduces erosion and has aesthetic, ecological, 

structural, and economic benefits. Rip-rap protects the 

bank by dissipating wave energy and by reducing soil 

particle movement caused by fluctuating water levels 

(Schnick et al. 1982). The larger rocks are resistant to 

waves and ice heave and should be large enough to prevent 

human alteration. Rip-rap has a somewhat natural 
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appearance, and it can be enhanced by vegetation. 

Vegetation provides shade and cover for fish and a more 

natural-appearing bank (Hunt and Graham 1972). Rip-rap also 

provides attachment surfaces for invertebrates, which may 

increase invertebrate abundance and composition (Schnick et 

al. 1982). Rip-rap has economic advantages because no 

special construction equipment or practices are needed, 

damage or loss is easily repairable by addition of more 

rock, and rip-rap is recoverable and can be stockpiled for 

future use (Keown et al. 1977). 

Although rip-rapping the shoreline may not limit 

angling opportunities for many people, some anglers may find 

the steep, angular terrain difficult to navigate. 

Handicapped angling access should be made available on the 

Silver Lake side of STH 21 or elsewhere on Irogami Lake. 

Substrate 

A combination of sand and gravel is recommended for 

replacement substrate with composition of 80% (by weight) of 

gravel of 6.3-19 mm (1/4-3/4 in) diameter with an allowance 

of no more than 10% gravel of 19-200 mm (3/4-8 in) diameter. 

The remaining 20% should consist of fine gravel and coarse 

sand containing no more than 5% of particles less than 0.5 

mm diameter. The allowance for some larger stones between 

19-200 mm provides a margin of error for contractors 
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creating the substrate and for variety in the substrate to 

increase its aesthetic quality. The sand component should 

be limited to less than 20% because of the questionable 

utility of sand. Information collected by Hausle and Coble 

(1976) indicated a rapid decrease in salmonid emergence when 

sand in spawning gravel was 20% or greater. 

According to numerous authors, bluegills and other 

centrarchids, including those found in Irogami Lake, prefer 

spawning substrates composed of mixtures of sand and gravel 

(Breder 1936; Snow 1960; Mraz et al. 1963, Sigler and Miller 

1963; Breder and Rosen 1966; Emig 1966; Stevenson et al. 

1969; Johnson 1971; Colgan and Ealy 1973; Coble 1975; 

Pflieger 1975; Avila 1976; Becker 1983; Harlan et al. 1987). 

To determine preference of spawning sites by largemouth 

bass, Hunsacker and Crawford (1964) compared mixtures with 

average particle diameters of 3.8-5.1 mm (0.15-0.2 in), 19 

mm (3/4 in), and 6.3 mm (1/4 in). Largemouth bass seemed to 

select sites with the two smaller particle sizes. Some 

bluegills in Irogami Lake used combinations of sand, gravel, 

and cobble as reproductive substrate and, based on location 

of redds, may have selected that substrate. Stevenson et 

al. (1969) found that substrates composed of sand and fine 

to medium gravels produced the most bluegill fry in an Ohio 

farm pond. 
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Interstitial spaces among substrate particles provide 

hiding places for eggs and fry, protecting them from 

predation and dislodgement by wave action (Schnick et al. 

1982; Auer and Auer 1990). If substrate does not afford 

adequate protection (interstices too large or not present), 

spawning beds may develop into convenient feeding grounds 

(Hacker 1956; Prevost 1956). Balon (1975) indicated that 

the photophobic nature of bluegill embryos helps them to 

scatter and hide among stones. This consideration seems 

especially important for Irogami Lake because male bluegills 

rarely guarded redds during daylight. 

Dissolved oxygen in the microhabitat where fish embryos 

develop is important for survival. Coble (1961) found that 

survival of rainbow trout embryos increased with increasing 

intragravel dissolved oxygen in the Alsea River Basin, 

Lincoln County, Oregon. Dombeck et al. (1984) tested 

several substrates (sand, gravel, organic silt, living 

plants, leaves, and wood) under laboratory and field 

conditions for survival of muskellunge Esox masquinongy 

embryos. In the laboratory, dissolved oxygen concentrations 

close to the substrate were lowest over leaves, plants and 

silt (0.0-0.2 mg/1) and highest over sand and gravel (3.8-

4.1 mg/1). Fungal infection occurred quickest (on day 3) on 

inorganic substrates. Fungus did not spread rapidly to eggs 

isolated in interstitial spaces of the coarse substrate. 
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Physical isolation of the eggs from one another impeded 

fungal proliferation. In the field, greatest early 

mortality occurred on substrates with decaying leaves, where 

conditions close to the eggs were virtually anoxic. 

Depletion of dissolved oxygen at the substrate-water 

interface is the result of biological oxygen demand of 

decaying organic matter. Sediments composed of organic 

materials can have high biological oxygen demand whereas 

sand and gravel have little biological oxygen demand. 

Decomposition of organic matter can result not only in 

dissolved oxygen depletion, but also in production of 

ammonia and hydrogen sulfide. Adelman and Smith (1970), in 

experiments on effects of hydrogen sulfide on northern pike 

Esox lucius eggs and fry found that the number of malformed 

fry increased with increasing levels of hydrogen sulfide. 

Finer particles clog interstices increasing the tendency for 

organic particles to accumulate in substrate. These 

considerations are the basis for the recommendation that 

fine particulate matter (< 0.5 mm) be limited to less than 

5% of the composition of the mitigation substrate. 

Total Area, Lake Bottom Slope, Distance from Shore, and 
Water Depth 

Silt data obtained from the mitigation site by DOT soil 

engineers indicated that in some areas near shore, soft 

sediment is greater than 0.6 m deep (Figure 5). Soft 

61 



sediment limits the area available for substrate mitigation. 

Heavy material set on top of silt sinks, rendering it 

useless to fish. Department of Transportation engineers are 

unsure of the effects of a heavy blanket of fill on the silt 

layer. The weight of sand and gravel may cause a bulge of 

silt to rise further out in the lake. Because replacement 

substrate will have to be set on solid bottom, the mitigated 

spawning area will have an uneven, rather than a smooth, 

perimeter. 

Because of deep silt deposits in the 0.54-acre (0.22 

ha) spawning area affected by highway construction and 

limited distance that construction machinery can deposit bed 

material, some of the spawning bed will have to be placed on 

shallow deposits of silt. The new spawning bed should 

extend out to the 0.6 m (2 ft) silt depth contour line, or 

further where possible resulting in the bed covering about 

0.6 acres or 0.25 ha (Figure 19). Because the gradient in 

the mitigation area is flat enough (5-13%) for centrarchid 

reproduction, little mechanical manipulation to adjust slope 

of the new bed will be necessary. 

Depth of water over the bed should be between 

0.46 and 1.2 m (1.5 - 4 ft). These depths and slope are 

similar to those used for spawning by bluegills in Irogami 

Lake and in the literature (Table 8). 
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Depth of the blanket of spawning materials should be at 

least 15.2 cm (6 in) with at least another 15.2 cm (6 in) of 

fill material deposited underneath it to provide a firm 

base. Depth of bluegill nests in Irogami Lake over rocky 

substrate ranged from 3-6 cm. Spawning substrate in excess 

of 6 cm, up to 15.2 cm deep, would serve to provide 

interstices for eggs and fry and reduce chances of 

encroachment of silt in the bottom of redds. In areas where 

the bed is deposited on top of silt, extra fill may be 

necessary to bring the bed up to the level of the adjacent 

bed before the 30 cm (12 in) blanket of spawning and base 

fill is added. 

A 2:1 slope should be added to the end of the spawning 

bed to slow advancement of silt up on to the bed. A silt 

barrier should be placed out from the work area to trap 

suspended fine material, preventing it from moving out and 

settling in other parts of the lake. The barrier should 

also be set out far enough from the spawning bed to minimize 

the amount of suspended material that will settle in the 

construction area. 
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