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1. INTRODUCTION AND PROJECT SETTLING 

Solberg Lake is a reservoir located in Price County, Wisconsin (Figure 1). Solberg 

Lake was formed by damming the Squaw River. The Wisconsin Department of Natural 

Resources (or Department of Conservation) has been working oil Solberg Lake since the 

1950's conducting fish surveys and stocking gamefish and panfish. 

The goals of Solberg Lake project were to understand factors influencing Solberg 

Lake water quality and to design projects that would improve lake conditions. In 1991, Blue 

Water Science ( S t .  Paul, Minnesota) sampled Solberg in June, Jufy and August and 

conducted an aquatic plant survey in August to characterize existing conditions in the lake. 

We used existing WDNR fishery records to evaluate the fish community. 

This is the technical report. We have also prepared 150 copies of an 4-page non- 

technical report that is geared for members of the Lake Association. We also pressed and 

mounted samples of typical plants found in Solberg Lake. The mounted plants were given to 

the Lake Association. 

Figure 1. Solberg M e  (a flowage) is in Price C. 



2. GEOLOGIC SETTING 

Currently Solberg Lake is a reservoir on the Squaw k v e r  in Price County. Solberg 

Lake lies very close to the continental divide of North Amerim (Figure 2,  Map 9). Solberg 

Lake drains to the Flambeau River which feeds into the Chippewa River which eventually 

feeds into the Mississippi River. From a glacial setting, SoIberg Lake is lmted in the 

Chippewa Lobe (Figure 2, Map 6 )  which covered Price County about 16,000 years ago. 

Solberg Lake lies in the Northern Highland geographic provence (Figure 2, Map 8). Most 

of the land area today is a combination of forests and wetlands (Figure 2, Map 11). 



Glacial Lana Forms 

Lake clay ulalnr 

' Oulwarh  

Map 6. GLAClAL GEOLOGY 
The la<t mat= advance O! rhc  TCP sheel ovpr Wtsconrin was about 16.W 
years ago. I t  covered all but the "driftless" and "o ld~ r  dr i f t "  areas. A la:er 
ice advanced about 1 1,000 years ago ( d o l t ~ d  boundaries), burylog a fotest 
in Marrttowoc County. Many lailrl forms were creared by the glaclal Ice 
and m e l t w a ~ e ~ r -  Moralnes i so l~d  lhnesl, elongated h ~ l l r  called dr urnl~ns. 
ourwash, and lake clay plains. Manv peat bogs and lakes occupy glacial 
pils called kettles 

R a m  ot Flow 

b 1 0 . 0 0 1 ~ C F S  
OVER 10.000 CF5 

W~dth o l  rlver llne 
~ndrcaro  average f1n.r 

CFS = rare of fro* 
In cu h per Sec 

4 Map 9. PRINCtPAL RIVERS AND THEIR AVERAGE FLOW 
T h ~ r t y  percenr of the state drarns !o tht  51. Law-enm R3wr barjn, and 
the remaining 70 percent to the MISSISSIPP~ River barln. The dashed lrne 
represents the contlnenra! d ~ v ~ d e  (C,D.) between these two malor basins. 
Peak flows are ~n March. A ~ r l l  and June. The Wisconsin R ~ver dra tns 21 
w c r n r  of The area or 1% Irate. The Chippewa-Flambeau sys!em drains 
17 p e e o r :  the Fox-Wolf rvsrem ~n northeastern WILCO~SI~ drarnr 1 2  Wr- 
C P ~ ?  of the srale. 

Map 8. GEOGRAPHIC PROVlNCES (after Martin,  1932) 
The Lake Superror Lowland Ir an old glae~al lake b o t ~ o m  slrrrng In a much 
older depression In the bedrock surface. The Northern Hrghlaod 1s a 
qlacral drif  I-covered Prtcarnbrlan "dome." a soufhern ex~ens~on of ~ h r  
"Canadlan Shreld" of Igneous and mtamorphic rocks. The Central Pla~n 
rr on an arcof Cambrian ranartones. The d r ~ f t - c n v ~ r t d  Eastern Rrdgessnd 
Lowlands are crossed bv do lom~te tscarpmenti. The Wesrern Upland 1: 

dtssecrca by numerour rrlaurar res tb the M~rsrss~pp~ and Wrsconr~n R ~vers  

Map 11. AGRICULTURAL. AND FORESTRY LAND USE 
The m a p  shows land use In terms 0 1  proporllons of land d e u o ~ e d  to agri- 
culture a n d  fcrcr r rv .  t l ~yh fy  vruducrlve farm land I1 I, *nth less than 15per-  
ce7t of woodland. i s  in southern count~es. Prodlrctive farm land 121, ~ t h  
the same extei t  of woodland, i s  ororn~nenl In t t ~  tas! bur ir a \ ~ o  w ~ d d r  
scattered. Agr~culrural land vv~th 15 to 50 percert In woodlarrd 131. occu- 
p ies  about hail 01 the area of the $rat? F n r ~ c f  lands, no? sandy 141, arc 

p r o r n ~ w n t  In :he north. Jack plne (51. and rcrub oak 161 randy lands a r t  

co-mnlrated n ihe tenrral p la~n  and norlhern counlrer 

I 
Figure 2. Geology, geography, and land use of Solberg Lake setting. 
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3. HISTORY OF SOLBERG LAKE AREA 

Solberg Lake is located in Price County and lies just west to a region pock-marked 

with lakes in Oneida and Vilas Counties. About one hundred years ago the area and the 

watershed of Solberg Lake was dominated by pine forests (Figure 3). Some of the original 

pines thc first Iaggers saw were 400 years old. Most of the pine forest was cut in  the late 

1800's (Figure 4). Today we are looking at second and third growth forest for the most 

part. Wetlands have been an important part of the landscape for centuries, and not much has 

been done to them in this parZ of the state. Today much of Solberg Lake and its watershsd is 

still relatively undeveloped except for tier one development around part of the shorcIine. 

Otherwise much of the watershed is a combination of forestal land (second and third growth) 

and wetlands. 

The fish community in these northern Wisconsin rakes prior to settlement and prior to 

the onslaught of resorters was very different then found t d a y  (Figure 5) .  Game fish species 

were dominated by large members and they probably exerted important control aver prey 

species such as sunfish, minnows, and other slender body fish. 

Today, most of the big lunkcrs are gone due to a combination of factors that includes 

fishing pressure and pollution. However, through good fishery management and habitat 

protection, fisheries can still be very g d .  
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Vast acres of logged over, burned over land characterized the lakeland area when 
E.M. Griffith came to the state. 

--Department of Natural Resources photo. 

Figure 4. Landscape changed drastically after logging. (Source: ~inocqua- Woodruff 

Centennial Edition, 1988). 





4. WATERSHED CHARACTERISTlCS 

The Solberg Lake watershed encompasses approximately 17,438 acres. Of that 

17,438 acres, forest lands account for 9,808 acres, followsd by wetlands, 7,180 acres and 

then 450 acres of residential land (Table 1). Residential land use is composed of tier one 

cabins that are predominately seasonal in nature with about 92 seasonal homes and 30 

permanent homes. 

Soils in the watershsd are dominatd by peaty soils Figure 6.  The peaty soils have 

some ability to retain phosphorus that runs off from the watershed, but these peaty soils 

sometimes give up phosphorus as well. The watershed soils have some limitation for septic 

tanks systems with most of the problems associatsd with high groundwater tables. 

Table 1. Land use within Solberg Lake Watershed 

Forest Water Marsh Urban-Residential 

Percentage 53.5 5 39 2.5 
Acres 9,808 915 7,180 450 
Hectares 3,969 370 2,906 182 

Phosphorus characteristics of watershsd soils are shown in Figure 7. The soils have a 

naturally high level of phosphorus availability. 



General Soils Mip Worcester Township 
Sheet 13 of 35 TMN-RE 

Suitability for Suitability for 
Soil Association Aericul ture Forestry 

Peat IP) Poor Poor 

Pence-Vila5 (Pe-V) Pmr Fair 

Soil limitations for 
Sewwe D i s d  

Severe: Unsuitable, high water 
table year round 

Slight: Gravel substrata suited to 
dry well installation. T h e  soils 
are free-draining. Care should be 
taken to avoid contamination of 
drinking water source. 

Stambaugh-Fifield (St-F) Good Good Slight: Low-Iying area have 
fluctuation water table. Care 
must be taken to prevent 
infiltration of silts into drain 
p ips  and filter beds. Free- 
draining substraturncare should 
b e  t a k e n  t o  a v o i d  
antarnination of drinking water 
source. 

Figure 6. General soils of Solberg Lake area. 
Source: Gened Soil Map Rice County, Wiwnsin. Prepared by U.S. SoiI Conservation Service. June 
1966. 
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Approximately where the watershed is located in Price County. Not to wale. 
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W 

16 
19 
20 
21 

Source: F. D. Hole. 1977. Photo-mosaic soil map of Wisconsin. Univ. Wisconsin Ex tension- 
Madison. A2822- 1 .  

Figure 7. Available phosphorus in the watershed around Solberg Lake. Ratings are "high" 
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5. LAKE CHARACTERISTICS 

Solberg Lake characteristics are shown in Table 2. Solberg Lake is fairly shallow 

and has a retention time of about one-half year (6 months). 

Lake Water Chemistry 

Solberg Lake was sampled in two different locations during June, July, and August, 

I99 1 .  At each location the following analyses were conducted: nitrogen, phosphorus. 

temperature, dissolved oxygen, secchi disk, Chlorophyll a, and conductivity. Monj tonng 

results are shown in Table 3. The ratio between nitrogen and phosphorus was 23: 1.  This 

ratio indicates that phosphorus is the limiting factor in the lake, and that phosphorus will 

control the amount of algae in Solberg. As Total Phosphorus increases, over the course of 

the summer, Chlorophyll a increases, causing the water clarity to decrease and results in the 

lake being unappeahng for recreational users and u n a p w g  for garnefish because they have 

trouble seeing their forage. 

The temperature in the lake was nearly the same from top to bottom, indicating that 

the lake is well mixed. The dissolved oxygen was even found all to way to the bottom 

(Figure 8). 

In the summer of 1991, the lake had an average secchi disk transparency of 3.6 feet. 

The greatest reading was 4.3 feet, recorded in July and the lowest was 2.9 feet, recorded in 

August. 



- -  

Table 2. Solberg Lake Characteristics 

Area (Lake): 915 acres (370 ha) 
Mean depth: 8.0 feet (2.4 m) 
Maximum depth: 16 feet (4.9 m) 
Volume: 6,920.3 acre-feet (854 Ha M) 
Littoral area: 15 % 
Fetch: 2.35 mile (3.78 km) 
Watershed area: 17,438 acres (7,057 ha) 
Watershed: Lake 

surface ratio 19: 1 
Estimated average 

water residence time 0.5 years 

Inlets: 5 Outlets: 1 

Land Use @ercentagelarea): 
Forest Water Marsh Urban-Res. 

Percentage 53.5 5 39 2.5 
Acres 9,808 915 7,180 450 

Development (Homes): Seasonal Permanent Total 
92 30 122 



Table 3. Water Chemistry results for Solberg Lake, 199 1 . 

DATE SECCHI DISK TP CHLA TKN NH3 NO3 COND 
LO CAT1 0 N FEET ugll ugll ug/l ug/l ugll umhos 

Jun 8,1991 
- 

Station 1 T 3.5 30 18 800 20 79 30 
Station 2 T 4 20 12 600 34 I00 30 
Station 1 B 30 - - - - 
Station 2 B - 30 - + - 

Jut 30, 1991 
Station1 T 
Station 2 T 
Station2 B 

Aug 27,1991 
Station 1 T 
Station 2 T 
Station 1 B 
Station 2 B 



Figure 8. Temperature and oxygen profiles and =hi disc readings for Solberg Lake. 
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Average summer vafues for several parameters for Solberg Lake are shown in Table 

4, The Trophic State Index indicates Solberg is slightly eutrophic. 

Table 4. Summer Data for Solberg Lake, 1991. TSI refers to Trophic State Index. 

Pmrneter 
Total phosphorus 
Chlorophyll a 
Secchi disk 
Total Kjeldahl N 
Nitrite + Nitrate-N 
Ammonia-N 
pH 
Total Suspend4 

Solids 
Total Suspended 

Inorganic Sol ids 
Conductivity 

TN:TP ratio 
TSIP (TP) 
TSIC (Chl-a) 
TSIS (Secchi) 
TSI (Mean) 

Units 
P P ~  
P P ~  
m 

PPm 
urn hoslcm 

Mean a - Min 
39 6 20 
24 6 17 

1 . 1  6 0.88 
0.850 6 0.650 
0.046 6 
0.036 6 0.007 



Macrophytes 

In the summer of 1991 an aquatic plant survey was conducted. Fifteen transects of 

the lake were compIeted using a hwrance X-16 recording sonar (Figure 9, shows the 

uansectsj and plant hooks, used to collect species of plants. Some of these plants were 

brought back to the lab for better identification and to be mounted. The species of plants and 

depths they were found at are Iisted in Table 5 .  The distribution of the plants around the 

lake is shown in Figure 10. 

Table 5 .  Aquatic vascular plants found in Solberg Lake. All the plants found in Solberg 
Lake were in less than 5 feet of water. 

Smies 
Common Name 
Eldea Elodea cartadmsis 
Waterlily T W P ~ ~ Q  SPP 
Cabbage Potanwgeton mplifolius 
Coon tail Ceratophyllurn demersum 
Wild celery Vallisnersia americum 
Spatterdwk Niiphar spp 
Floatingleaf Potamugeinn maw 
P a t  Sphagnum JPP 
Watershield Brasenia schreben 
Naiads Najm JIexillis 
Arrowhead Sag if fans sp. 

Plant growth was sparse in 1991. The color of the water has a direct effect on the 

depth that some of these species were found and the quantity that was found. Another reason 

why there might be a limited plant growth would be the substraight the plants have to grow 

in. Most weeds grow best in slightly mucky/sandy mixture soils, not the hard firm, or rwky 

sediments that are found around Solberg. 

The percent of plant cover was calculated to be 18% of the lake. This percent was 

determined by using the dot wunt method of analysis. A common percent of plant coverage 



which is considered to be good for the lake is around 40% coverage. When plant coverage 

is less than 40% fertile lakes have a tendency to be dominated by planktonic algae. 

Currently, Solberg does not have long summer perids of nuisance algae growth. The 

aquatic plant community of Solberg Lake is dominated by wild celery, floatingleaf 

pondweed, mowhead, and cabbage plants. 

Examples of sonar tracings for Solberg Lake are shown in Figure 11. 
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Figure 9. Transects followed in Solberg Lake during the aquatic plant survey conducted in 1991. 
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Figure 10. Aquatic plant communities found around Solberg in 1991. 
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Fish 

The fish study conduct& by WDNR on Solberg Lake during the summer of 1991 

consisted of 3 hours of electrofishing. The purpose of this survey was to assess year class 

strength of the young WaIIeye. The whole shoreline was not tested, due to problems caused 

by stumps along the shoreline. The species that were found and the quantity that were 

collected are listed in Table 6.  

Table 6. Fish species and quantity found in Solberg Lake in 191. The electrofishing 
survey was conducted by Wisconsin Department of Natural Resources. 

Smies 
Walleye 
Muskellunge 
Northern Pike 
Largemouth Bass 
Smallmouth Bass 
Yellow Perch 
Bluegil I 
P u m p k i n d  
Black Crappie 
R w k  Bass 

The last time the Wisconsin Department of Natural Resources (WDNR) stocked any 

fish in Solberg Lake was 199 1. The fish that were stocked by the WDNR were 

muskellunge. Under the request of the fisheries manager no more fish will be stocked until 

the WDNR has the opportunity to conduct a full survey in 1994. At that time WDNR will 

reassess the fish stocked in  SoIberg Lake and produce a plan that will be beneficial to the 

lake and the fish community. 

Results from earlier fish surveys are shown in Table 7. Fyke nets were the sampling 

devices and results are not comparable because the 1965 survey was in May and the 1988 

survey was in August. 

A summary of past stocking records is shown in Table 8. Walleye and Muskies have 

been the management choices for stocking. 



Table 7. Results from past fish surveys 

Muskie 
Walleye 
Northern Pike 
Largemou th Bass 
Crappie 
Yellow Perch 
Pumpkinseed 
Bluegill 
Rock Bass 
Bullhead 
Sucker 
Red Horse 

May 13, 1965 
26 Lifts 
CatchlLift 

Aug 23-26, 1988 
20 Lifts 
CatchlLift 



Table 8. Department of Natural Resources Stocking Records 

Date - 
1952 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1 962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
f 971 

Svecies 
Muskie 
Muskie 
Muskie 
Walleye 
Mushe 
Walleye 
Muslue 
Walleye 
Walleye 
Muskie 
Muskie 
Muskie 
Musloe 
Muskie 
Muskie 
Muskie 
Muslue 
Muskie 
Bluegill/ 
Pumpkinseed 
Mushe 
Muskie 
Muslue 
Mushe 
Muskie 
Muskie 
Muskie 
Muskie 
M&e 
Muskie 
Muskre 
Muskie 
Muskie 
Muskie 
Mushe 
Mushe 
Mushe 
Muskie 
Mushe 
Mushe 

Numkr Planted 
520 
150 

5,664 
8,100 
4,962 
8,100 
1,839 
8.100 
80,000 
1.298 
1,416 
1,298 
1,416 
1,416 
590 
620 
500 
800 

7,266 

All fish that were stocked were fingerlings except for the BIuegilllPumpktnseed whicb was an adult. 



Prey F i b  AvaiIabilitv 

One way to evaluate fishery data is to determine how much forage is available to the 

predator fish. 

As a way to l ook  at available prey fish we employed techniques used by Lawrence 

(1958) and Hambright et al (1 9911, and mdified those approaches to get a prey vulnerability 

index. 

To establish a prey vulnerabiIity index, we need several measurements. One 

measurement is to determine how Iarge of a prey fish a gamefish can shaIIow. To do this we 

have converted gamefish total lengths to mouth widths (also referred to as gape width). Next 

we have converted prey fish total lengths to body depths. Then we have made the 

assumption that any prey fish with a b d y  depth less than the mouth width of a gamefish is 

vulnerable to ingestion. 

Literature &ta have been used to express the totaI length verses mouth width 

(gamefish) and total length verses body depth (prey fish). Graphid presentation of predator 

mouth widths and predator body depths is shown in Figure 12. Equations that describe the 

total length to mouth width or body depth are shown in Table 9. Charts that display total 

length verse game fish mouth widths and prey body depths is shown in Table 10. 



Bluegill sunfish, 4 inches 
1-2 years old 

Largemouth Bass, 12.3 inches 
3-4 years old, 1 pound 

Northern Pike, 16.5 inches 
6 7  years old, 1.5 pounds 

Walleye, 21 inches 
8 years old, 3 pounds 

Figure 12. Relationship (to scale) of predator fish and prey fish in Solbe% Lake For gamefish 
to control stunted sunfish (4 inches), a bass has to k 12.3 inches, a pike, 16.5 inches and a 
walleye, 21 inches. This is based on the predator mouth width to prey M y  depth reIationship. 
A 5.3 inch perch is equivalent to a 4 inch bluegill in regard to what can be swaIIowed by a 
gamefish. 
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Table 9.  Gape, mouth widths, and M y  depths as a function of total Ienpth for elected prey and gamefish 
(predator fish). 

LARVAL GAMEFlSH MOUTH WIDTHS (OR CAPE) 

Total length=mrn except for yellow perch 

Freshwater drum gape(mm)=D.1751-0.228 r'=0.92 n=132 Schaelztal 1991 
Yellow perch gape(mm)=O. 1591 - 0.597 3=0.94 n=287 0-24 mm 
Black crappie gape(mm)-0.1611 - 0.656 ?=0.75 n =  162 0-30 mm 
Yellow perch gape(mm)=1.531-0.52 r2=0.98 n=238 Arts&Evens1987 

L = crn 
Largemouth Bass mou& width=0.0775L + 1.88 Lawrence 1957 

0-100 mm 

ADULTS GAMEFISH MOUTH WIDTHS 

Walleye moulh width(-)= 15.43h(TL)d 1 -43 3=0.99 derivsd from Knight et a1 1984 
Northern plke moutb width(mm) =O.O87TL - 1.38 3=0.98  n=34 Hambright et al 1991 
Largemouth Bass mouth width(mm) =O. 1 1 1TL - 1.88 Lawrence 1957 100-199 

mouth width(mm)-0.129TL - 5.16 " * 200-299 
mouth width(mm)=O. 137TL - 7.96 300-399 
mouth width(mm) = 0.196TL - 29.41 400499 
mouth width(mm) =0.248TL - 56.36 500-599 

PREY BODY DEPTHS 

Total Length(TL) = mm 

Bluegill 
Redear 
Green 
Crappie 
Gizzard shad 
Goldfish 
Golden shjner 
Largemouth Bass 
Yellow Perch 

M y  dtpth(mm)=0.418TL - 7.98 
M y  depth(mm) =0.346TL - 2.08 
M y  depth(mm) =0.372TL - 4.36 
M y  depth(rnm)=O.3151TL - 5.38 rZ= 1.00 n=31 Hambright et a1 
body depth(mm)=0.294TL - 4.59 
M y  depth(mm)=O.SBSTL - 8.50 
M y  depth(mm)=0.257TL - 4.71 
b d y  depth(mm)=0.237TL- 3.16 (0-299 mm) 
b d y  depth(mm)=0.271TL - 1.15 i = 0 . 9 9  Knight et a1 1984 



I 
Table 10. Gamefish conversion chart. 

Prey fish wrrversion chart. 
I 

Largemouth Bass 

mm (inches) 
0 (0) 
34 (1 .4) 
56 (2.2) 
77 (3.0) 
98 (3.8) 
119 (4.7) 
140 (5.5) 
161 (6.3) 
182 (7.2) 
203 (8.0) 
224 (8.8) 
245 (9.7) 
266 (10.5) 

1 288 (11.3) 
309 (12.2) 
330 (13.0) 
351 (13.8) 
372 (1 4.6) 
393 (1 5.5) 

Ginard shad 

mm (inches) 

0 (0) 
33 (1 -3) 
50 (2.0) 
67 (2.6) 
84 (3.3) 
101 (4.0) 
118 (4.6) 
135 (5.3) 
152 (6.0) 
I69 (6.6) 
186 17.3) 
203 (8.0) 
ZX (8.6) 
237 (9.3) 
25-4 (1 0.0) 
271 (10 7) 
289 (1 1.3) 
305 (12.0) 
322 (12.7) 

Golden shiner 

mm (inches) 

0 0  
38 (1.5) - 

57 (2.3) 
n (3.0) 
SS (3.8) 
I 1 6  (4.6) 
I35 (5.3) 
155 (6.1) 
174 (6.8) 
193 (7.6) 
213 (8.4) 
232 (9.1) 
252 (9.9) 
271 (10.7) 
291 (11.4) 
31 0 (12.2) 
330 (13.0) 
349 (1 3.7) 
369 (14.5) 

Yellpw Perch 

mrn (inches) 

0 (0) 
27 (1) 

41 (1.6) 
60 12.3) 
78 (3.1) 
S (3.8) 
115 (4.5) 
133 (5.3) 
152 (6.0) 
I70 (6.7) 
189 (7.4) 
207 (8.2) 
226 (8.9) 
244 (9.6) 
263 (1 0.3) 
281 (11.1) 
299 (1 1 .8) 
318 (1 2.5) 
336 (1 3.2) 

Crappie 

mm (inches) 
0 (0) 

33 (1.3) 
49 (1.9) 
65 (2.5) 
81 (3.2) 
96 (3.8) 
112 (4.4) 
1 28 (5.0) 
144 (5.7) 
160 (6.3) 
176 (6.9) 
192 (7.5) 
207 (8.2) 
223 (9.4) 

255 (I 0.0) 
271 (1 0.7) 
287 (1 1.3) 
287 (1 1.3) 
303 (11.9) 

Bw Bluegill 1 Depth 
(mm) mm (inches} 

0 0 (0) 
31 (1.2) 
43 (1.7) 

15 55 (2.2) 
20 67 (2.6) 
25 79 (3.1) 

1 3 0  91 (3.6) 
35 103 (4.0) 
40 115 (4.5) 
45 127 (5.0) 
50 139 (5.5) 
55 151 (5.9) 
60 1 63 (6.4) 

, 6 5  175 (6.9) 
1 70 la7 (7.3) 

75 19s (7.8) 
80 210 (8.3) 

' 85 m (8.8) 
190 234 (9.2) 

Pumpkinseed 

mm (inches) 
0 (a) 

31 (1 2) 
43 (1.7) 
55 (2.2) 
67 (2.6) 
79 (3.1) 
91 (3.6) 
I03 (4.0) 
115 (4.5) 
127 (5.0) 
139 (5.5) 
151 (5.9) 
163 (6.4) 
175 (6.9) 
i a7 17.3) 
1 99 (7.8) 
210 (8.3) 
Z? (8.8) 
234 (9.2) 



Results of game fish mouth width conversions and prey fi sh body depth conversions for 

Solberg Lake 1991 elechofishing survey are shown in Tables 11 and 12. 

We looked at total lengths for all preyfish (bluegill, pumpkinseed, crappie, rock bass, 

yellow perch) and converted totat lengths to body depths. We took all gamefish (northern 

pike, largemouth bass, and walleye) total lengths and convefled them to mouth widths. 

Results are shown in Figures I3  and 14. 

To help evaluate lhese graphs, we have set-up an a r b i m  scale called "gamefish 

coverage". We have assumed a gamefish can ingest a prey that has a body depth less than 

its mouth width. 

In Solberg Lake most of the preyfish community is largely safe from gamefish 

predation. Predarors are tuo small to eat most of forage in the lake. The area under the 

prey curve is referred ro as gamefish average. 

The gamefish covemge percentage is only a dative indicator. All it indicates is the 

relative overlap of gamefish mouth widths with prey b d y  depths. However it dctes seem to 

have some vaIue. It will indicate if there is a stunted fish population (low overlap percentage 

or coverage) and should indicate a well balanced fish community (god ganiefish coverage). 

As more lake surveys are evaIuated for gamefish coverage classification schemes wiIf become 

better defined. 

In summary, the idea behind gamefish mouth widths and prey body depths is to 

develop a technique where a Iake manager can take fish survey results, make some graphs 

and quantify with one number the relative condition of the fish community. As example, a 

stunted sunfish community is dominated by four inch fish. It takes a 12 inch bass, 16 inch 

pike, or a 21 inch walleye to eat a stunted sunfish. If h e  gamefish community dms not have 

enough fish that big, then the stunted sunfish will continue to be numerous. 

In Solberg Lake there appears to k too many gamefish and not enough forage. 

Maybe management efforts should look at developing a better forage base. 



Table 11. Number of gamefish at each mouth width 



f a Table 12. Number of preyfish at each body depth 



Body Depth of Preyfish vs 
Mouth Width of Predator Fish 

0 10 20 30 40 50 60 70 80 90 100 

Body depth (mm) or mouth width (mm) 

Figure 13. Actual numbers from the 1991 electrofishing survey. There does not appear to be adequate 

forage for gamefish with mouth widths 30mm or smaller. 



0 10 20 30 40 50 60 70 80 90 100 

Body depth (mm) or mouth width (mm) 

Figure 14. Percent occurrence of gamefish and preyfish at 5mm intervals similar trends are found 

compared to Figure 13. It appears the forage base is low in numbers. 



6.  SOLBERG LAKE PHOSPHORUS MODEL 

Lake modeling is a tool that aids in  predicting what phosphorus concentrations should 

be in a Iake based on the amount of nutrients that comes into a lake on an annual bases. A 

lake model is used to see how close current conditions are to what we predicted. Also 

predictions can be made as to what future conditions could be if changes occurred in the 

watershed. 

Two phosphorus models were used to evaluate Solberg Lake. One of the phosphorus 

models used was the Reckhow and Simpson Model, the other was the Can field and 

Bachmann Model. The models are shown in Table 13. Before the models could be run the 

nutrient budgets, and water budgets had to be determined. By assigning nutrient 

concentrations with land use delineations and then assuming a certain amount of runoff per 

year we estimated phosphorus inputs from various land uses. These are referred to as exprt  

ccefficients and a summary of export coefficients with each land use and the total estimated 

phosphorus input to Sdberg Lake is shown in Table 14. Our nument budget calculations 

indicate that the forest runoff is the major nutrient contributor to Solberg Lake followed by 

rainfall, wetlands areas, residential land use, and lastly the residential on-site wastewater 

treatment systems. An unknown variable here is groundwater inputs and we assumed that 

groundwater inputs were low. The total amount of phosphorus that comes into Solberg Lake 

in a year is estimated at 850 kglyear. 

Thc values that were calculated for the Canfield-Bachmann phosphorus model are 

shown in TabIe 15. For Solberg Lake the CanfieId and Bachmann model prediction was 39 

parts per billion @pb) for artificial lakes while the average found for Solberg Lake in the 

summer of 1991 was 39 ppb. 



Table 13. Phosphorus models used for Solberg lake . 

Predicted phosphorus = 

concentration (mgll) 

Reckhow and Simpson Phosphorus Model ( 1979) 

where: 
L (glmz) 

and: 
s. (m) 

L [nutrient budget) 
1 1.6 + 1.2 q, (water budget) 

Mass of phos~horus loading (g) 
Lake surface area (In2) 

Volume of water loaded on the Iake surface (m3) 
Lake surface area (m2) 

Canfield and Bachmann Phosphorus Model (1981) 

where: 
TP (mglmq = concentration of total phosphorus in the lake water 

L (mglm21yr) = annual phosphoms loading per unit of lake surface area 

z (m) = mean depth of the lake 

p (yr ')  = hydraulic flushing rate 



Table 14. Nutrient input parameters for the Solberg lake phosphorus model. 

Land use or Area (ha) 
nutrient source volume (m3) 

Forest 3,969 ha 

Wetland 2,906 ha 

Urban 182 ha 

Septic tank systems 
seasonal 92 
perm anent 30 

Rainfall 370 ha 

Groundwater 0 

Export 
coefficient 
Ikplhalyrl 

Estimated 
phosphorus 
i n ~ u t  {kg/yd 

* kgion-site sy stemlyr was derived from the following assumptions and calculations: 
seasonal: 60 gallonslday * 2.5 peoplelcabii = 150 gallons/day/cabin * 3.785 = 567.75 liters * 120 

days = 68,130 liters "0.8 mgll' = 54,504 mgtyear 
permanent: 60 gallonslday * 2.5 peoplelcabin = 150 gallons/day/cabin * 3.785 = 567.75 liters * 365 

days = 207,229 liters * 0.8 mgll' = 165,783 rnglyar 

** mgll 


















