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ABSTRACT 

Commvr.ual. 6ood 6.l6h popu1.a,t,i.on6 wvr.e. 1.d:u.cli..e.d a;t La.k.e. Re.d Roc.k., a 6lood 
c.on.bwl lt.el:,Vl.VO,Ut, dwun.g the. 6,,f__Ju.,;t th1t.e.e. ye.,aJt,6 06 ,impoun.dme.n.t. The. 6.l6h f.ipe.uv., 
06 main. in.tvr.v.,;t wvr.e. c.Mp, uvvr. c.a1t.pf.iuc.k.e.1t., bu66al.o and c.ha.n.n.e.l c.ctt6.l6h. 
Pma1t.y obje.c.tivv., 06 the. J.itudy we.1t.e. to de.6in.e. c.hangv., in. the. 6ood 6.l6h popu­
la;t,i..oM M the. 1t.v.,vr.vo,Ut 6,l,Ue.d a.n.d M popula;t,i..on6 we.1t.e. e.x.plode.d by a.n. 
e.x.prume.n.tal. n.e.t 6.l6he.1t.y. Total. c.a;tc.h WM 321,937 6ood 6.l6h we.,i..gh,i..n.g 151, 533 
lbf.i. Ca1t.p domln.ctte.d the. c.cttc.h in. the. 6,,f__Ju.,;t :two ye.a/tf.,, but we.1t.e. 1t.e.pla.c.e.d M 
the. mof.,;t plt.e.val.e.n.t J.ipe.c.,i..v., by /t.,{,Ve.ft. C.alt.pf.iuc.k.e.lt. dwun.g the. ;th,Utd ye.alt. Re.la;t,i..ve. 
a.bun.danc.e. in.d,i..c.v., bMe.d on. c.cttc.h .t,;Ca;t,u.,tic.f.i J.ihowe.d both uve.1t. c.a1t.pf.iuc.k.e.1t. a.n.d 
bu66al.o we.1t.e. be.c.omln.g in.c.1t.e.Min.gly mo1t.e. ,i..mpo/t.ta.n.t in. the. 6.l6he.1t.y a.n.d c.Mp we.1t.e. 
de.c.1t.e.M,fog. Comme.1t.ual. 6ood 6.l6h c.ompwe.d a.bout 80% 06 the. 6.l6he.1t.tJ by n.umbe.1t. 
and 88% by wught. Spolt.t 6.l6h J.ipe.uv.,, wili the. e.x.c.e.ption. 06 bui..lhe.a.d a.n.d 
c.Jta.ppie., we.1t.e. fioun.d in. low n.umbe.M. FoUlt. d,i..fi6e.1t.e.n.t typv., 06 6.l6h,i..n.g ge.a1t., 
in.c.lud,i..n.g 61t.ame. n.w, g,l,U n.w, bade.d hoop n.w a.n.d 1.>la;t tlt.a.p.6 wvr.e. Me.din. 
the. 6.l6he.1t.y. Ca;tc.h J.iuc.c.v.,1.> WM h,i..ghv.,;t in. the. 1.>e.c.on.d ye.alt 06 ,impoun.dme.n.t 601t. 
a.U ge.aJt e.x.c.e.p;t g,l,U n.w. Ne.alt.ly 103,000 c.ommvr.ual. 6ood 6.l6h wugh,i..n.g ave.It 
59,000 lb.6 we.1t.e. e.x.plode.d ,i..n. the. e.x.pe.1t.,W1e.n.;tal. 6.l6he.1t.y dwun.g the. J.ie.c.on.d and 
th,i../t.d ye.,aJt,6. Total. ma1t.k.e.t val.ue. 06 the. :two ye.alt fi.l6he.1t.y WM v.,;t,ima;te.d a;t 
$10,300. Numwc.al. popu1.a,t,i.on. v.,tima;tv., dwun.g the. fi,,[__Ju.,;t ye.aJt 06 1.>tu.dy 1t.e.ve.al.e.d 
the. 1.>tan.d,i..n.g c.lt.Op 06 c.ommvr.ual. 6ood 6.l6h a;t a.bout 150 lb.6 pe.1t. 1.>U1t.6a.c.e. a.c.1t.e. a;t 
c.on6e.1t.va.tion. pool e.le.va.tion.. 06 ;th,u., val.ue., 112 ± 8 lb.6 WM c.a1t.p, 22 ± 6 lbf.i 
WM uvvr. c.Mp.6uc.k.e.1t., 8 ± 2 lb.6 WM bu66al.o and 1 lb.6 WM c.ha.n.n.e.l c.a;tfi,i..,6h. 
Ea.!t.ly Ufie. h.l6to1t.y in.vv.,tiga.tion6 ofi gizza1t.d 1.>ha.d a.n.d c.a1t.p popu1.a,t,i.on6 we.1t.e. 
c.on.duc.te.d d(lft.,{,n.g the. 1.>e.c.on.d ye.aJt 06 the. J.itudy. We.e.k.ly 1.>a.mplv., ofi 0-age. popu­
la;t,i..on6 ofi thv.,e. 6.l6h J.ihowe.d gizza1t.d 1.>ha.d we.1t.e. n.e.aJtly e.qua.Uy fut,ubute.d 
th!t.oughout the. 1t.v.,e.1t.vo,Ut, but young c.Mp popu1.a,t,i.on6 we.1t.e. h,i..ghe.1t. in. the. uppe.lt. 
polt.tion. 06 the. 1t.V.,e.1t.vo,{,ft. a.n.d in. the. J.iha.Uow e.mba.yme.n.t6. An.n.ual. mo/t.ta.U;ty 1t.ctte. 
06 the. 1.>ha.d population. WM v.,;t,i..ma;te.d a;t • 381, but ;th,u., value. d,i..d n.ot in.dude. 
1.>a.mplv., pMt lctte. 1.>umme.1t.. Maruum popula;t,i..on. de.May 06 0-age. gizza1t.d J.iha.d in. 
La.k.e. Re.d Ro c.k. WM v., tima;te.d a;t 6 • 6 2 x. 1 0 8 w,i..;th a f.i ta.n.d,i..n.g c.1t.o p o O 2 0 lbf.i pe.!t. 
1.>U1t.6a.c.e. a.c.1t.e.. In.,,[;t,,[a.l ,i..mpoun.dme.n.t to an. e.le.va.tion. 06 n.e.a.!t.ly 39 6:t above. c.on.-
f.ie.1t.va.tion. pool 1t.v.,uUe.d in. 1t.a.pid g1t.owth 06 6.l6h in. the. 6,,f__Ju.,;t ye.a.1t.. Whe.n. the. 
1t.v., e.1t.vo,{,ft. WM 1t.e.duc.e.d to the. a.uthouze.d le.ve.l, g1t.owth 1.>lowe.d to n.e.a.lt.ly n.oth,i..n.g 
in. the. f.i e.c.o n.d ye.alt, but 1t.e.tult.n.e.d to mo1t.e. noJ.Unal Jtatv., in the. -tkutd fJeo.Jr,. The 
e.x.pe.Jume.n.tal. 6.l6he.1t.y 1.>howe.d n.o me.M Ult.able. a6 6e.c.tf.i on. g1t.owth oft body c.on.d,,[;t,i..on.. 
A fuc.Mf.iion. 06 the. biologic.al c.ha.1t.a.c.;Ce./t,{,f.,;t,,[c.f.i 06 c.omme.1t.ual. 6ood 6.l6h popu­
la;t,i..on6 a;t La.k.e. Re.d Roc.k. d(lft.,{,n.g the. 6,,[__Ju.,;t th!t.e.e. ye.aft.f., 06 ,i..mpoun.dme.n.t WM 
pit.el:, e.n.te.d al.on.g wLth 1t.e.c.omme.n.da.tion6 601t. u;t,,[Uza.tion. 06 ,6 Ult.plM c.ommvr.ual. 6ood 
6.l6 h .6 to c.k.f.i • 
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INTRODUCTION 

Impoundment of Red Rock Reservoir in 1969 had profound influence upon 
studies of commercially valuable food fish conducted near this locality of the 
Des Moines River since 1966 (Mayhew, 1972). As the region transformed from 
river habitat to lake environment distinctive changes took place in the fish 
population structure. Large year classes of fish with commercial and industrial 
food fish value predominated within a short period of time, and it was quickly 
evident characteristics of fish populations in the reservoir were going to be 
somewhat different from those at Coralville Reservoir where similar investiga­
tions pertaining to commercial fisheries were initiated during 1966. Since 
most future reservoirs constructed in Iowa will be similar to Red Rock Reservoir 
the project was designed primarily to monitor development of commercial food 
fish populations and determine their potential for orderly harvest. In a long 
term prospective the primary objectives were to determine the abundance and 
distribution of food fish populations, the biological effects and potential of 
a net fishery, factors influencing the abundance and development of year classes 
of food fish, and developmental testing of useful types of fishing gear and 
procedures for exploitation of commercial fishes. 

During the first year, with initial flooding of the reservoir, most data 
were collected on the biological characteristics and early development of fish 
populations. T'ne most important parameters were population size, age structure, 
species composition, growth in body length and weight, success of reproduction 
and catch success with entrapment types of gear, particularly pound nets. 

The following year commercial food fish populations, including carp, carp­
sucker, buffalofish and channel catfish were exploited by a simulated commercial 
fishery. No attempt was made to market catches of fish, but all captured fish 
were removed from the lake at a rate not to exceed 20% of the estimated numeri­
cal population density for each species. A large population of gizzard shad 
developed during this project segment and this species was added to the list of 
commercial food fish because of their industrial value. Concomitant data were 
collected to ascertain overall affects of the fishery and formed the baseline 
for further evaluation of commercial fisheries. The efficiency of fishing 
gear, such as gill nets and slat traps, were also evaluated for use as exploita­
tion gear. 

Associated studies of the distribution, abundance, mortality and growth of 
0-age fish were completed during this segment. Eleven species of larval and 
post-larval fishes were captured in a weekly sampling regime by small mesh tow 
nets. Only gizzard shad and carp were found at a density required for statisti­
cal analysis. Results of commercial food fish investigations at Coralville 
Reservoir by Mayhew and Mitzner (1967, 1968 and 1969) indicated both species 
composition and catch success was directly related to year class abundance. 
Bigmouth buffalo comprised< 6% of the numerical catch at Coralville Reservoir 
in pound nets prior to recruitment of a large 1966 year class, and 18-34% after 

1study was partially financed by Project 4-11-R; Commercial Fisheries 
Research and Development Act (PL 88:309) administered by National Marine 
Fisheries Service, NOAA. 
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the year class entered the fishery. Catch success of bigmouth buffalo was 2 
fish per net day (FND) before recruitment and increased to 11-17 FND after 
the year class became vulnerable to commercial gear, reaching a maxiIIU1m of 30 
FND at peak vulnerability. Many other studies of reservoir fish populations 
indicated year class strength was formed during early life stages (Walberg, 
1971; Elrod and Hassler, 1971; Beckman and Elrod, 1971; Hauser and Netsch, 
1971). Originally, this phase of the study was scheduled for at least two 
segments, but the effectiveness of sampling was so hampered by floating debris, 
shallow mud flats and uncleared woodland the program was terminated after the 
first year. The immediate goal of defining characteristics of 0-age fish 
populations was accomplished, only comparisons of abundance, distribution and 
growth between years remained unresolved. 

The final year of the investigation dealt mainly with the overall affects 
of further exploitation, particularly changes in the population structure, 
evaluation of different types of fishing gear and attractor baits for catfish 
and carp. 

RESERVOIR DESCRIPTION AND OPERATION 

Red Rock Reservoir was authorized by the US Congress in 1938 as a part 
of the Upper Mississippi River basin flood control project. Construction of 
the impervious filled, earthen dam began in September 1960 and was completed 
in March 1969. The damsite is located in the middle portion of the Des Moines 
River basin in Marion County at mile 143 above its confluence with the 
Mississippi River about 50 miles downstream from Des Moines. 

Maximum fluctuation of the reservoir water level is from elevation 725 ft 
MSL at conservation pool to 780 ft MSL at flood capacity. At the lower level 
the lake is about 11 miles in length and contains 8,950 surface acres and 
90,000 acre ft of water (Plate 1). The flood pool has a length of nearly 36 
miles and covers 65,500 surface acres with a storage capacity of 1,740,000 
acre ft. With the average recorded discharge of 4,757 CFS from the outlet 
structure the mean storage time for water at conservation pool elevation is 
slightly more than nine days. Maximum depth of the lake at the lower level 
is 35 ft and increases to 90 ft at flood capacity. Flood frequency to eleva­
tion 780 ft MSL is about once in every 100 yrs. Minimum discharge through the 
outlet structure is 300 CFS, but may range up to 130,000 CFS during maximum 
release. The Des Moines River reached the maximum value only twice since 1851. 

The watershed of Lake Red Rock contains 13,323 square miles of the total 
drainage basin area of 14,540 square miles. No major tributaries enter the 
Des Moines River downstream from the damsite. Besides the Des Moines River; 
Whitebreast Creek, South River, North River and Middle River discharge directly 
into the reservoir below flood pool elevation. Robert's Creek Lake is a small, 
250 surface acre sub-impoundment located near mid-reservoir along the north 
shoreline. Much of the watershed is intensively farmed for small grain crops, 
although the flood plain is covered in many localities with dense stands of 
mature woodland. 
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Plate 1. Aerial view of Lake Red Rock at conservation pool elevation 725 ft MSL. 
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Impoundment commenced on 18 April and conservation pool elevation was 
reached by 21 April. Accumulation of snow cover to an average depth of nearly 
10 inches throughout the drainage basin during the winter of 1968-69 reduced 
the time required to fill the reservoir to conservation pool level from the 
predicted two months to three days. Moisture from spring runoff and accompany­
ing abnormally high summer precipitation held the reservoir above conservation 
pool until 15 September. Surface area of the lake ranged from 8,950 acres at 
conservation pool to approximately 44,000 acres on 2 August. During the first 
year of impoundment the mean surface area of the reservoir was about 26,000 
acres. 

Water level fluctuation of Lake Red Rock in 1970 was unimportant. Maxi­
mum pool level during the year was 735.2 ft MSL or 10.2 ft above minimum 
elevation. The raise lasted 14 days from late May through early June. Other 
minor fluctuations ranging from 2-ft to 3.7-ft occurred during the season. 
Duration of increased water level> 1-ft was never more than seven days. 

During 1971 water level was also stable. Maximum pool elevation of 736.5 
ft MSL, or 11.5 ft above conservation pool occurred during a 13 day period in 
late February. From 5-28 March the lake level was increased by 5.3 ft to 
elevation 731.3 ft MSL. Several minor fluctuations were recorded but they were 
generally< 2 ft. 

Overall water quality, especially from sedimentary turbidity, is quite 
low in Lake Red Rock. At conservation pool elevation mean depth of the impound­
ment is slightly more than 8-ft, and numerous embayments and shoals are< 4-ft 
in depth. Prevailing wind action into the shallow regions and high unprotected 
clay bluffs results in high turbidity much of the open water season. During 
windy periods from either northwesterly or southeasterly directions turbidity 
becomes severe in shallow water areas and along the entire windward shoreline. 

Water samples were collected biweekly at eight locations from January 
1970 through November 1971 to measure changes in water quality resulting from 
storage. Stations 1 and 5 were located in the tailwaters and headwaters 
(Figure 1). Three stations were located in the reservoir, one each in the 
upper (4), middle (3) and lower segments (2). Each reservoir station was 
sampled at the surface and 20 ft deep. Mean values for the 15 parameters 
and sample ranges at the mid-reservoir surface station are listed in Table 1. 

The data revealed rather wide variations in turbidity, coliform bacteria 
and enrichment components, such as P04, NH3, N02 and N03. Turbidity was 
influenced both by inflow rate and wind action on shoals. Fluctuation of 
other parameters was influenced primarily by the efficiency of domestic and 
industrial waste treatment at the Des Moines Waste Water Treatment Plant. 
Although this installation underwent extensive remodeling and enlargement 
shortly before impoundment of the lake there were still periods when treatment 
was inadequate for acceptable water quality. 
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Table 1. Mean, standard deviation and range of 15 water quality parameters 
at the mid-reservoir surface station from January 1970 through 
November 1971 

Standard 
Parameter Mean deviation Range 

DO 11.1 ppm ± 4.2 3.3 - 20.7 
BOD (5 days) 4.5 ppm ± 2.7 1 - 12 
COD 22.3 ppm ± 5.9 12.3 - 33.2 
P04 .15 ppm ± .11 .1 - .52 
Total P04 .20 ppm ± .10 .1 - .62 
Organic N .98 ppm ± .26 .6 - 1. 7 
NH3 .19 ppm ± .24 < .01 - 1.1 
N02 2.63 ppm ± 1.69 .4 - 6.8 
N03 .095 ppm ± .097 .011 - . 32 
pH 7.8 ± . 3 7.3 - 8.2 
Turbidity 116 JTU ± 124 11 - 520 
Total alkalinity 196 ppm ± 63 72 - 360 
Total solids 414 ppm ± 93 156 - 638 
Hardness 16 gpg ± 4.8 6.1 - 27.4 
Coliform bacteria 209 N/100 ml ± 482 < 10 - 1,900 

METHODS AND PROCEDURES 

Experimental netting commenced on 12 May, 1969 soon after the reservoir 
reached conservation pool elevation. To eliminate repetitious use of individual 
sampling dates in subsequent project segments the open water season was equally 
divided into biweekly intervals. Periods were consecutively numbered from 
16 March through 30 November with the same number retained from year to year 
after minor shifting of dates so netting always started on Monday (Table 2). 
Unpredictable delay was anticipated occassionally from ice cover or flooding. 
Cold weather usually terminated netting in early November. 

Pound nets were used exclusively for the initial fishery. These gear were 
constructed of 2-inch stretch measure web on 2 1/2-ft hoops and 2 1/2 x 5-ft 
frames. A single 60 ft lead of 2-inch mesh was attached to the frame. A 
typical set was made perpendicular to the shoreline at sufficient depth to 
cover the frame and lead. Nets were raised at 24-hr intervals on weekdays and 
all captured fish counted, weighed in aggregate, fin clipped and released. 
Because of a large embayrnent in the Whitebreast Creek basin, fish were marked 
differently from the main lake to test discreteness of these populations and 
measure intra-reservoir movement during high water levels. Scale samples were 
also collected from randomly selected fish in each area for age and growth 
studies. 
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Table 2. Biweekly netting intervals at Red Rock Reservoir 

Biweekly interval 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 

Dates of interval 

16-29 March 
30 March-12 April 
13-26 April 
27 April-10 May 
11-24 May 
25 May-7 June 
8-21 June 
22 June-5 July 
6-26 July 
27 July-9 August 
10-23 August 
24 August-6 September 
7-20 September 
21 September-4 October 
5-18 October 
19 October-1 November 
2-15 November 
16-30 November 

Sampling was concentrated into the headwaters from Period 15-17 for 
channel catfish. Hoop nets with 2-ft circular frames and 1 1/2-inch stretch 
mesh were baited with cheese clippings or soybean cake and set in flowing 
water. Netting procedure was identical with the pound net fishery with sampling 
confined to week days and the tail-ropes opened on weekends. Captured fish were 
counted, weighed and a pectoral spine removed from a sub-sample of all sized 
channel catfish. 

Netting effort for the first segment was 847 net days (ND). The pound net 
fishery comprised 727 ND, which was about equally divided between the main pool 
and Whitebreast bay. Baited hoop nets contributed the remaining 120 ND. 

The fishery in the second study segment experimentally exploited commercial 
food fish populations during 17 biweekly periods and employed three different 
types of fishing gear. Netting began at Period 2 on 30 March and extended into 
Period 18 on 23 November. At least one type of gear was used in each period 
making a continuous fishery between these dates. 

Standardized pound nets were used in all periods except 5 and 14. Baited 
hoop nets were fished in Periods 5, 7, 9, 12 and 14. Gill nets, with a length 
of 200 yds, 6-ft in depth and 5-inch stretch measure, were fished exclusively 
during Period 5. Total effort of the fishery was 761 ND, of which five were 
with gill nets, 182 with baited hoop nets and 574 with pound nets. 
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Fish populations were exploited with pound nets, gill nets and slat traps 
from the main pool during Periods 3-12 of the third project segment. Pound 
nets were used during Periods 3-12 for 206 ND, gill nets were fished in Periods 
6-12 for 39 ND, and slat traps were fished in Periods 7-12 for 137 ND. 

SPECIES COMPOSITION AND CATCH STATISTICS 

The initial fishery lasted 11 biweekly periods and produced a catch of 
102,556 fish weighing 36,177 lbs (Table 3). Carp dominated the numerical 
catch with 69.9%. Bullhead ranked second in importance comprising 13.3%, and 
river carpsucker was third with 7.6%. Channel catfish and bigmouth buffalo, 
which have the highest commercial food fish value, made up slightly more than 
6% of the catch. Fish primarily with sporting value or small commercial value 
comprised about 17% of the catch. 

Table 3. Catch statistics of the experimental net fishery at Red Rock Reservoir 

1969 1970 1971 

Species N Lbs X wgt N Lbs X wgt N Lbs X wgt 

Carp 71,994 24,909 .35 85,627 31,933 .37 16,761 12,699 .76 
R carpsucker 4,781 4,617 .59 33,046 21,836 .66 17,825 18,041 1.01 
Buff alofish 4,280 1,624 . 38 17,622 9,140 .51 4,014 5,334 1.33 
C catfish 1,471 533 .36 6,106 2,000 . 32 1,407 1,410 1.00 
Othersa 17,530 4,493 .24 25,382 7,819 .44 11,552 5,143 .45 

aSpecies listed in the table as others included bluegill (Leoprru...6 
machnacruAu6), green sunfish (L. cyaneilU6), pumpkinseed sunfish (L. gibbo~U6), 
largemouth bass (M-i.cnoptenM ~al.moidu), gizzard shad (Vana~oma cepe~nwn), 
northern pike (E¢OX fuuU6), white sucker (C~O¢tOmU6 comm~OM), northern 
redhorse (MOXO¢tama auJteo£.um), golden redhorse (M. enyt.lvwJu.un), golden shiner 
(Notem,i,gonU6 cny¢oleucM), white bass (RoccU6 chny~op¢), yellow bass (R. 
Intennupta), black bullhead (IctalunM melM), flathead catfish (I. ouv~), 
freshwater drum (Aplo~no~ g.tu.mMe~), eel (Ang~ M¢tnata), yellow perch 
(Penca 6lavuce~), goldfish (CanM¢lU6 aWUUU,6), shortnosed gar (Lep~O¢teU6 
p~O¢tOmU6). 

Carp also dominated the catch by weight making up 68.9% of the fishery. 
River carpsucker ranked second with 12.2%, followed in importance by bullhead, 
10%; buffalo, 4.5%; and channel catfish, 1.5%. By weight, commercial fish 
species made up nearly 88% of the catch. 

Total catch during 1970 was 167,823 fish with a combined weight of 72,729 
lbs (Table 3). Carp predominated as the most prevalent species of commercial 
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food fish comprising 51% of the numerical catch. Species composition of the 
remainder of river carpsucker, 19.7%; buffalo, 10.5%; and channel catfish, 
3.6%. By weight, species compsoition was carp, 44%; river carpsucker, 30.1%; 
buffalo, 12.6% and 2.7% channel catfish. Overall, fish with commercial and 
industrial value comprised nearly 85% of the numerical catch and 89% of the 
weight. 

River carpsucker became the most abundant species of commercial food fish 
in the fishery during 1971. They comprised 34.6% of the numerical catch and 
42.3% of the catch by weight. Carp ranked second in importance making up 32.5% 
of the number and 29 . 8% of the weight. Buffalo were third in abundance making 
up 7.8% of the numerical catch and 12.5% of the weight. The channel catfish 
fishery was confined to the main pool with baited slat traps and comprised 
2.7% of the number and 3.3% of the weight in the fishery. Sport fishes made 
up 22.4% of the catch by number and 12.1% by weight. Total catch for the 
season was 51,559 fish weighing 42,627 lbs. Fish with commercial food fish 
value dominated the fishery with 78% of the numerical catch and 88% of the 
weight. 

Catch success of fish varied considerably depending upon season and type 
of gear. As shown in Table 4, mean catch success for combined species in all 
gear was 42 fish per net day (FND) in 1969, 54 FND in 1970 and 21 FND in 1971. 
Analysis of variance of catch success in a one-way classification showed no 
significant difference between yearly mean values (P < .10). 

Catch success by individual species varied greatly between project segments 
and netting intervals. Carp ranged from 8 FND for Period 6 in 1969 to 618 FND 
for Period 2 in 1970. Mean catch effort for carp was 128 FND during the first 
two project segments and declined to 34 FND in the last segment. River carp­
sucker catch success became progressively greater each year. During the 
initial fishery catch effort of this species ranged from 5-59 FND with a mean 
of 19 FND, and in the second year mean catch effort was 36 FND and ranged from 
< 1-70 FND. Catch success varied from 11-97 FND and averaged 37 FND in 1971. 
Yearly mean catch effort of buffalo was 8 FND in 1969, 29 FND in 1970 and 10 
FND in 1971. Mean catch rate of channel catfish was 3 FND for the first and 
third project segments and 13 FND for the second year. The latter value re­
flected extensive use of baited hoop nets in the headwaters. 

Pound nets and baited hoop nets were the most effective gear for taking 
carp (Table 5). Nearly 51% of the fish taken by pound nets in 1970 and 33% in 
1971 were carp. Hoop nets catches consisted of 54.7% carp in 1970 and 32.6% 
the following season. Gill nets were most effective for carp, river carpsucker 
and buffalo. The 1970 gill net fishery was made up of 29.6% carp and 16% 
buffalo. The following year 40.6% was river carpsucker and 35.9% buffalo. 
Seasonal fluctuation in gill net catches were quite wide, due mostly to increased 
movement to shallow depths for spawning. Channel catfish catches were greatest 
in baited hoop nets comprising 37.9% of the fishery during 1970 and 48.8% in 1971. 
Catfish occurrence in gill nets and pound nets was 1.4% or less. Baited hoop 
nets took few river carpsucker and buffalo. 
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Table 4. Catch-effort of commercial fish at biweekly netting intervals (all 
values expressed in FND) 

Carp R carpsucker Buff alofish C catfish 

Netting 
interval 1969 1970 1971 1969 1970 1971 1969 1970 1971 1969 1970 1971 

2 618 9 29 52 27 <l <l 
3 124 65 18 11 55 5 10 <l 
4 160 27 3 45 2 9 21 <l 
5 18 70 47 32 <l 32 3 16 <l <l <l 
6 8 191 31 7 52 19 <l 55 11 <l 7 1 
7 11 111 44 13 41 22 <l 15 5 <l 3 3 
8 17 165 36 59 61 29 1 70 10 2 20 5 
9 112 78 32 12 56 46 <l 20 6 <l 2 3 

10 427 51 20 14 109 97 8 33 4 <l <l 8 
11 434 143 23 9 44 37 18 28 5 1 19 6 
12 173 17 30 11 1 
13 54 70 51 83 
14 348 62 16 24 11 <l 
15 65 120 40 17 2 
16 12 93 16 12 5 
17 70 39 5 18 15 8 <l 
18 91 9 5 8 

x 138 138 34 19 36 37 8 29 10 3 13 3 

s_ ±53 ±32 ±5 ±6 ±7 ±7 ±3 ±6 ±7 ±1 ±6 ±1 
X 

Table 5. Species composition of the catch of commercial fish in three different 
types of gear during 1970 and 1971 

Species 

Carp 
1970 
1971 

Gill nets 
% N % Wgt 

29.6 
18.3 

16.7 
28.3 

Hoop nets 
% N % Wgt 

54.7 
32.6 

84.1 
73.7 

Pound nets 
% N % Wgt 

50.9 
33.0 

40.7 
28.8 
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Table 5. (Continued) 

Gill nets Hoop nets Pound nets 
Species % N % Wgt % N % Wgt % N % Wgt 

R carpsucker 
1970 2.6 3.4 .1 . 2 21.6 32.9 
1971 40.6 29.5 a a 35.4 44.7 

Buffalo 
1970 16.0 12.9 < .1 < .1 11. 3 13.6 
1971 35.9 34. 7 a a 7.0 10.7 

C catfish 
1970 .1 . 3 37.9b 14. lb .5 1. 7 
1971 < .1 1.5 48.8 21.6 1.4 3.0 

Others 
1970 6.6 23.6 7.7 1.5 15.3 10.7 
1971 4.2 6.0 18.6 4.7 23.2 12.8 

aAbsent from catch during the entire season. 

bGear included baited slat nets in the main pool. 

ESTIMATED SIZE OF FISH POPULATIONS 

Estimates of population size were completed for carp, river carpsucker, 
buffalo and channel catfish during the first year of impoundment. Portions 
of each population was marked by excision of one or more fins in a coded regime 
to determine intra-reservoir distribution and movement as well as the marked 
to unmarked ratios for extrapolation of numerical estimates. All marked fish 
were released near the location of original capture. 

The Schnabel method of computation for multiple sample censuses from the 
equation 

where 

; = E(CtMt) 
ERt 

A 

N = estimated number of fish in the population 
Mt= total number of marked fish at large at interval t 
Ct= total number of fish in the sample at interval t 
Rt= number of marked fish in Ct 
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was used for estimating population density. Confidence interval at the 95% 
A 

level were set around Nin the usual fashion for a Poisonnian distribution. 

Following marking of the initial group of fish and whole or partial homo­
genious distribution of marked and unmarked segments of the population this 
method yielded both independent and cumulative estimates of the population for 
each biweekly sampling interval. Marking was continuous for 11 periods termi­
nating on 1 November, although netting continued until 15 November. 

ESTIMATED SIZE OF TI-IE CARP POPULATION 

During 12 biweekly periods, 52,508 carp were marked and released from a 
catch of 72,159. The total number of carp recaptured was 703 or 1.3% of the 
number marked. Recaptured fish showed almost equal distribution in all locali­
ties of the lake. Independent population estimates among individual sampling 
periods ranged from 35,830 at Period 6 to 168,347,926 at Period 17 (Table 6). 
Variations in the independent estimates were directly related to the number of 
marked fish recaptured within the netting interval. Cumulative estimates 
ranged from 35,889 at Period 6 to 2,854,436 at Period 18. The final estimate 
was considered the most precise because it was based on the largest number of 
recaptured fish. At the 95% level this estimate varied no more than ±228,004. 

Table 6. Population estimates for carp at Lake Red Rock during 1969 

Cumulation 
N N N Independent Cumulative 

Period marked captured recaptured 
A A 

N N 

5 1,256 
6 1,597 1,655 58 35,839 35,839 
7 2,115 523 5 167,046 46,252 
8 2,624 512 3 360,960 60,557 
9 8,819 6,261 66 248,922 154,739 

10 21,564 12,795 50 2,256,782 732,223 
11 40,866 19,507 205 2,051,946 1,431,301 
14 47,400 13,910 118 4,817,339 2,222,494 
15 52,248 4,977 129 1,838,758 2,142,381 
16 52,385 1,582 61 1,355,021 2,073,274 
17 52,508 9,641 3 168,347,928 2,787,922 
18 52,508 1,156 5 12,139,849 2,854,436 

Total 52,508 72,159 703 
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Rapid acceleration in the cumulative estimates between Periods 8-14 was 
attributable to recruitment of 0-age carp into the segment of the population 
which was wholly vulnerable to pound nets. Most carp S 11 inches TL could 
escape by passing through the 2-inch stretch measure mesh. Length frequency 
distribution during individual biweekly periods showed the occurrence of carp 
S 11 inches TL increased greatly in catches after Period 6 and became pro­
gressively more important until they comprised about 95% of the catch after 
Period 10 (Figure 2). From Period 11 size structure of biweekly samples 
remained nearly constant. Population estimates showed nearly the identical 
trend except inflections were delayed by about two periods. These data would 
support the premise systematically increased population estimates were from 
recruitment of young carp into the fishery. 

Estimated standing crop of carp in Lake Red Rock was directly associated 
with water level elevations because increased water levels also increased 
surface area. From a constant estimated population size, as water level and 
surface area increased, poundage per unit became less. The carp population 
density was estimated at 2,854,436 ± 228,004 and had a combined weight of 
999,053 ± 79,814 lbs (X = .35 lbs from mean weight of carp from all samples). 
At the mean surface area of 26,000 acres in 1969, poundage per acre would be 
39 ± 2 lbs. When standing crop was computed for the conservation pool of 
8,950 acres this value increased to 112 ± 8 lbs per acre. 

ESTIMATED SIZE OF THE BUFFALO POPULATION 

Bigmouth buffalo were marked during nine biweekly netting periods. Total 
catch of buffalo was 4,278 and 2,086 were marked and released. Eleven buffalo 
or< 1% of the number marked were recovered. Four periods contai~ed no re­
captured fish and cumulative estimates were not computed because N could only 
become greater due to the increased ratio between components in the equation. 

Independent yields for individual biweekly intervals ranged from 32,538 
in the first sampling period to 2,053,442 in Period 17 (Table 7). Cumulative 
estimates ranged from 9,685 in Period 6 to 186,676 in the last period. Although 
the total number of recaptured fish was quite small and estimates varied widely 
among periods, the final cumulative estimate was considered the most reliable. 
Confidence intervals were computed for a Poisson distribution and showed the 
final estimate would vary no more than ±69,336 fish at the 95% level of sampling 
probability. The rapid increase in later sampling periods was mostly attribu­
table to recruitment of 0-age buffalo into the fishery, as with carp. 

Standing crop of buffalo was estimated at 2.7 ± 1 lbs per acre at the 
average elevation for the season. At conservation pool elevation standing crop 
was estimated at 7.9 ± 2.9 lbs per acre. 
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Table 7. Population estimates for bigmouth buffalo at Lake Red Rock during 
1969 

Cumulative 
N N N Independent Cumulative 

Period marked captured recaptured 
A A 

N N 

5 174 
6 185 187 2 35,538 16,269 
7 188 3 
8 219 33 2 38,742 9,685 
9 234 19 

10 481 248 1 96,774 19,354 
11 1,276 795 
14 2,010 940 
17 2,086 2,057 6 2,053,442 186,676 

Total 2,086 11 

ESTIMATED SIZE OF TI-IE RIVER CARPSUCKER POPULATION 

From a catch of 7,516 river carpsucker 6,780 were marked and released during 
the eight biweekly periods. Numerical catch within sampling periods ranged from 
381 in Period 11 to 2,571 in Period 6. As shown in Table 8, 86 carpsucker were 
recaptured but 63 were taken in Period 6. High return of marked fish shortly 
after initial marking indicated mixing within the population was incomplete, and 
sampling was actually taking place within sub-populations. By Period 8 several 
fish marked in the Whitebreast Creek embayment were recaptured in the main pool 
suggesting nearly uniform distribution of carpsucker throughout the reservoir. 
The number of recaptured carpsucker declined after the sixth period to 10 or 
fewer for each interval. 

Independent population estimates ranged from 89,780 in Period 6 to 3,272,532 
in Period 9. Cumulative estimates increased systematically due to recruitment of 
carpsucker into the fishery from 89,780 in Period 6 to 319,075 in the last period. 
At the 95% level this value would vary no more than ±88,651. 

Standing crop of river carpsucker in Lake Red Rock also varied directly with 
water level. Based on a mean weight of .59 lbs, poundage per acre was estimated 
at 7.2 ± 2 lbs at 763 ft MSL and 22.4 ± 6 lbs at conservation pool elevation. 
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Table 8. Population estimates for river carpsucker at Lake Red Rock during 
1969 

Cumulative 
N N N Independent Cumulative 

Period marked captured recaptured A A 

N N 

5 2,200 
6 2,508 2,571 63 89,780 89,780 
7 3,075 572 5 286,915 104,276 
8 4,899 1,834 10 563,955 163,209 
9 5,566 668 1 3,272,532 202,567 

10 5,993 429 2 1,193,907 227,045 
11 6,380 388 1 2,325,284 252,633 
14 6,780 1,054 4 1,681,130 319,075 

Total 6,780 7,516 86 

ESTIMATED SIZE OF TI-IE CHANNEL CATFISH POPULATION 

Channel catfish population estimates were, for the most part, considered 
invalid because the number of fish marked and recaptured was insufficient for 
this large body of water. Results of the estimates are reported only for 
information and interest. 

During eight biweekly intervals 1,422 catfish were marked. One hundred 
and ninety-nine were captured in the pool and 1,223 in the lower reaches of 
the headwaters. One fish was recaptured in the pool and four in the head­
waters. Recoveries were too few to test discreteness of these populations. 
Assuming distribution was uniform in both regions, the cumulative numerical 
population density was estimated at 183,015 fish. Confidence intervals computed 
from a total recapture of five fish were wholly unrealistic. At conservation 
pool level the standing crop of channel catfish was estimated at about 7 lbs 
per surface acre. 

CHANGES IN RELATIVE ABUNDANCE 

Species composition of the pound net fishery and catch success of commer­
cial food fish over the three seasons indicated some changes occurred in rela­
tive abundance of fishes. The numerical occurrence of carp in pound net catches 
systematically decreased from 69.9% in 1969 to 51% in 1970 and 32.5% in 1971. 
At the same time the importance of river carpsucker increased from 7.6% in the 
first year to 19.7% the next year and 32.5% the last year. Occurrence of 
buffalo showed no distinct trend comprising 3% of the catch in 1969, followed 
by 10.5% in 1970 and 7.5% in 1971. Low catches of other species precluded 
comparison of catch statistics between project years. 
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Catch success of commercial food fish showed nearly the same distribution. 
Carp catch rate in pound nets was highest in 1969 and 1970 with 138 FND 
followed by a sharp decline to 34 FND in 1971. Catch success of river carpsucker 
was 19 FND in 1969, increased to 36 FND in 1970 and 37 FND in 1971. Buffalo 
catch rate was highest in the second year with 29 FND compared to 8 FND the 
first season and 10 FND the final year. 

In lieu of estimates of actual population size for the second and third 
project years an index of relative abundance was computed from mean catches of 
fish in pound nets during Periods 3-12. Pound nets were fished in these periods 
in all years. Mean catch rate values within each netting period were trans­
formed to common logarithms and compared with a seasonal curve of average avail­
ability. The resulting index was a geometric mean showing the rate of change in 
one year to each successive year. Use of the geometric mean has two advantages. 
First, the difference in efficiency between pound nets was fully discounted and 
second, low catch success have equal influence in determining the geometric 
mean as higher catch success. For computation of the relative abundance index 
it was assumed there was linear relationship between catch effort values and 
population size. Negative index values were eliminated by adding 100 to each 
annual estimate. 

then 

and 

Using the following notations (from Rounsefell and Everhart, 1953) 

al,a2' . . . a = mean numerical catch for one netting period in n . various years 

b1, b2, . . • bn = mean numerical catch for successive netting periods 
in the same year 

V = mean availability of fish in one period 

n = number of years 
N = number of netting periods in one year 
IE= geometric mean value of ratios for the mean catch 

effort during one period in one year to the seasonal 
availability curve 

V =al+ a2 + 
n 

+¾ 

IE= [(log bl - log V1) + (log b2 - log V2) + ··· + (log bn - log Vn)]/N. 

For all three species relative index values were highest during 1971, ranging 
from 108 for carpsucker, 113 for carp and 114 for buffalo (Table 9). Indices for 
1969 showed all values were below the base value, but carp remained the most 
abundant species with 83 followed by 69 for carpsucker and 56 for buffalo. All 
values in 1971 were also below the index base but confirmed carpsucker and 
buffalo were becoming most important with 95 and 82 compared with 72 for carp. 
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Table 9. Relative abundance index for three species of commercial food fish 
at Lake Red Rock 

Project year 

1969 
1970 
1971 

Carp 

83 
113 

72 

R carpsucker 

69 
108 
95 

EXPERIMENTAL EXPLOITATION 

Buffalo 

56 
114 

72 

One of the primary objectives of this study was to experimentally harvest 
food fish populations at controlled rates by a simulated commercial fishery 
and test the affects of increased exploitation on several biological parameters. 
The maximum rate for initial exploitation was 20% of the estimated numerical 
population. If no perceptable changes occurred in biological characteristics 
of populations due to sustained harvest, exploitation rates would be increased 
to a higher level. Within a short time it became apparent the 20% level was 
unachievable with small fishery crews, particularly when they also collected 
biological statistics. The fishery would have required enlargement by more 
than five fold to attain the desired rate and this was impractical. Exploita­
tion continued in 1970 and 1971 at the highest rate achievable with two netting 
crews, with most emphasis placed on catch success and species selectivity of 
different types of commercial fishing gear. 

The fishery operated continuously in 1970 from Period 6 through Period 18 
with exploitation occurring in all intervals except Period 14. Total harvest 
of food fish was 115,457 having a combined weight of 53,703 lbs. On a per unit 
basis, this value represented a harvest of about 14 fish weighing slightly more 
than 6 lbs per surface acres, far below the expected potential. 

Carp was the most important food fish species in the fishery with a total 
catch of 62,186 fish weighing 22,108 lbs for an exploitation rate of 2.2%. 
Harvest of river carpsucker was 32,454 fish with an aggregate weight of 21,411 
lbs, or slightly more than 10% of the population estimate. Buffalo harvest was 
15,605 fish weighing 8,337 lbs, nearly 9% of the population. Total channel 
catfish exploitation was 5,212 fish with a combined weight of 1,846 lbs or 
< 3% of the estimated population density. 

Total market value of the fishery using average Mississippi River landing 
prices for fish in the round was slightly more than $6,800. Many of the carp 
and buffalo were unmarketable because of their small size and young age. 

Harvest of commercial food fish the following year was 40,007 fish weighing 
37,484 lbs. River carpsucker was the most important species with a harvest of 
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17,825 fish and an aggregate weight of 18,041 lbs. Carp ranked second in 
importance with exploitation of 16,761 fish weighing 12,699 lbs. Total harvest 
of buffalo was 4,014 fish with a combined weight of 5,334 lbs. Channel catfish 
harvest was 1,407 fish and 1,410 lbs. Exploitation rates based on the 1969 
population estimates were river carpsucker, 6%; carp, 1%; buffalo, 2%; and 
channel catfish, 1%. Market value of the fishery was slightly less than 
$3,500. Total market value of the two year fishery was about $10,300. 

EARLY LIFE HISTORY OF GIZZARD SHAD AND CARP 

Sampling to determine the distribution, abundance, mortality rates and 
growth of 0-age fishes began in 1970. Year class strength in fish populations 
is usually formed i n the first year of life and is dependent upon production 
and mortality. When there is a paucity of young fish there is little chance 
the year class will become important to the population structure in subsequent 
years. Mortality rate is greatest in early life stages and usually diminishes 
at an exponential rate with increased age. There is no production or increase 
in the number of fish in a year class after the first year. Early evaluation 
of year class abundance and determination of mortality rate for 0-age fishes 
is desirable for proper management, particularly with food fish populations 
where early failure to recognize low population density could manifest over 
harvest or at least cause economic marketing chaos among commercial fishermen. 

Numerical estimation of 0-age fish populations by conventional methods 
are impossible and before precise estimates are mathematically extrapolated 
from catch means, some measure of the vertical and horizontal distribution of 
fishes must be completed. 

The main objective of this project segment was to determine the distribu­
tion and abundance of larval and postlarval food fishes at Lake Red Rock and 
develop sampling procedures for early estimation of population density. Asso­
ciated objectives were to determine the rate of natural mortality within popu­
lations of 0-age fish and define major causes for success and failure of year 
classes. The sampling procedure was designed with flexibility so comparisons 
of abundance could be evaluated yearly, although this phase of the study at 
Lake Red Rock was terminated after the first year because of constant sampling 
problems from floating debris, flooded woodland and submergent vegetation in 
the shallows. 

At least 11 species of 0-age fish were captured, but only gizzard shad and 
carp were captured in sufficient numbers for statistical treatment of the data. 
Crappie, green sunfish, freshwater drum, river carpsucker, walleye, bigmouth 
buffalo, channel catfish, bullhead and several species of cyprinids and 
catastomids were also collected. Failure to capture these species was not from 
sampling error, but from low population density due to poor reproductive success. 
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METHODS AND PROCEDURES OF 0-AGE FISH COLLECTION AND ANALYSIS 

Sampling for 0-age fish was accomplished with standardized meter net tows. 
The conical shaped net was constructed with a 5/8-inch steel head ring and 
1/32-inch nylon mesh. Inside diameter of the head ring was exactly 1-meter 
and the entire net was about 10 ft in length. A 16 x 28 inch stabilizing 
depressor was attached to the center of a three point towing bridle hung below 
the head ring so turbulence from the depressor would not interfere with small 
fish entering the net. 

Weekly samples were collected for 16 consecutive weeks from 10 May through 
4 September (Periods 5-13 from Table 1). Four main sampling stations were 
established in the main pool of the reservoir (Figure 1). Station 2 was located 
in mid-water approximately 1/4 mile westward from the dam. Maximum depth in 
this locality was about 27 ft. Tows were made at the surface and at 6 m deep 
which were designated Stations 2A and 2B, respectively. Station 3 was located 
at mid-reservoir near the small island along the Wallingslock shoreline. Maxi­
mum depth was 33 ft. Tows were made at both depth levels and designated 
Station 3A and 3B. Station 4 was located in the upper pool segment near Elk 
Rock point. Maximum depth was 23 ft. Samples were collected at both depth 
levels and designated Stations 4A and 4B. Station 7 was located near the south 
shoreline along the Whitebreast Park recreation area. Tows at this station 
were made at the surface, close to the shoreline to determine if young fishes 
concentrated in large numbers in shallows. 

Sampling commenced shortly after darkness between 10 PM-2 AM to diminish 
the affects of sight schooling by several species of fish. Each tow was five 
minutes in duration at a constant speed of 4 MPH (1350 RPM standard engine 
setting). The sampling sequence was completely randomized. No compensation 
was made for wind speed or direction because wind velocity after darkness in 
summer is usually of quite low magnitude. Depth of towing was controlled by 
the angle and length of the towing warp. The net was retrieved while the boat 
was in forward motion at idle speed with a powered winch system. Most hauls 
were made on selected compass headings after starting from a fixed location at 
each station. Bottom depth was monitored constantly with an echosounder while 
the net was towed. 

Fish from each haul were preserved immediately with 2.5% buffered formalin. 
Sorting, counting and measurements of total body length was done in the labora­
tory (Plate 2). Larval fish keys written by Mansuetti and Hardy (1967), May 
and Gasaway (1967) and Meyer (1970) were used for identification. When vertebral 
and meristic counts were required the muscular tissue was cleared with a 1:250 
solution of trypsin (commercial hog pancreas) and the bony structure stained 
with Alizarin Red S. 

Numerical counts of larval fish catches were combined into biweekly periods 
and averaged. In this array the original 16 weeks were replaced by eight 
replicates numbered in sequence from 5-12. Since the experiment was designed 
to test differences between mean catches of 0-age fish, computation could follow 
an analysis of variance procedure in both two-way and factorial classifications. 
Counts of larval and postlarval fish were transformed into logarithms according 
to Snedecor and Cochran (1967) by 
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Plate 2. Larval fish sample taken at Station 3A in Period 8. Most of the fish 
are gizzard shad. 
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yijk = loglO(Xijk + l) 

where Y 
ijk 

catch value 
depth. 

was the transformed value of X. "k + 1, and X .. k was the numerical 
lJ lJ 

for the kth biweekly interval at the i th sampling station and j th 

Transformation eliminated zero catches from tows early in the season 
and normalized the distribution of residual sums of squares. Probability 
plotting of the emperical cumulative distribution of residuals showed this 
transformation was satisfactory. The logarithmic transformed values were also 
used in estimating mortality rate directly from catch values. 

Differences between the abundance of 0-age fish for surface sampling 
Stations 2A, 3A, 4A and 7 were tested in a two-way classification. Residuals 
mean squares were the unbiased estimated error for the transformed catch values 
after deviations due to stations and period were removed from total variability. 
The random effects model used for analysis of variance was 

X. . = µ + a. + 8 + E. • , i = 4 and j = 8 
lJ l j lJ 

whereµ represented the overall mean catch, a. was station effect and S. was 
period effect. 1 

J 

Analysis of variance in mean catches of 0-age fish for surface and sub­
surface sampling Stations 2A, 2B, 3A, 3B, 4A and 4B was measured by factorial 
contrast. Error mean squares estimated the same parameter as before except 
deviations mean squares due to depth level was included in the model. The model 
with k replications was 

X. ·k =µ+a . + S. + (aS) .. + E .. k; i = 3, j = 2 and k = 8 
lJ l J lJ lJ 

whereµ and ai are the same as before with a two-way classification and Sj 
represented the unique effects of depth level. Comparison of all paired means 
were made for factors having significant values by using a studentized Newman­
Kuel multiple range test with the value oft set at the .OS level. 

DISTRIBUTION AND ABUNDANCE OF GIZZARD SHAD 

Total catch of 0-age gizzard shad for the 56 samples was 11,567 with a 
mean of 207 per tow (Table 10). The number of shad per haul ranged from Oat 
Stations 4B and 7 in the fifth period to 1,566 at Station 3B in the seventh 
period. There was no evidence larval shad concentrated into one region of the 
reservoir more than another. Mean catches for combined stations was 184, 334, 
214 and 181 for Stations 2-7, respectively. Analysis of variance (Table 11) 
in the two-way table showed no significant difference between mean catches in 
surface hauls. The factorial classification showed equal vertical and hori­
zontal distribution of shad. Both analyses indicated nearly homogeneous distri­
bution of 0-age shad regardless of sampling location or depth level. 
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Table 10. Mean number of 0-age gizzard shad in meter net tows 

Sampling interval 

Station Depth s 6 7 8 9 10 11 12 

2 Surface 9 56 35 97 81 144 14 19 
6 m 7 35 272 274 79 105 113 7 

3 Surface 8 131 910 726 214 39 34 6 
6 m 26 492 1566 1023 87 64 34 4 

4 Surface 4 88 83 37 167 341 628 393 
6 m 0 82 222 28 161 414 256 499 

7 Surface 9 611 574 116 87 12 46 3 

Sampling 
interval X 8 214 523 329 125 160 161 133 

Table 11. Analysis of variance in catches of 0-age gizzard shad in meter net 
tows 

Source of variation 

Periods 

Station 

Residual 

Periods 

Station 

Depth 

S x D 

Residual 

* 

df MS Parameter estimated 

TWO-WAY CLASSIFICATION 

7 

3 

21 

1.422* 

. 370 

.356 

cr2 + pcr 2 
s 

cr 2 + scr 2 

cr2 
p 

FACTORIAL CLASSIFICATION 

7 1 soo** cr 2 + cr 2 + pcr 2 + scr 2 + spcr2 
. PSD PS PD P 

2 .459 2 2 2 2 2 
cr + crPSD + pcrP§ + pcrsg + pcrs 

1 .074 2 2 2 
cr + crPSD + crPD + pcrSD + pscro 

2 .075 cr2 + pcr 2 
SD 

35 .334 cr2 

Significant at the .OS level. 
** 

Significant at the .01 level. 
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Biweekly distribution of combined mean catches showed a progressive 
increase of larval shad from Period 5 through Period 7 followed by a systematic 
decline until sampling ceased (Figure 3). Mean catch increased from 8 in 
Period 5 to 523 in Period 7 and decreased to 133 in Period 12. 

There was significant difference (P < .OS) in periods when surface hauls 
were compared in the two-way table and highly significant difference (P < .01) 
in periods by factorial contrasts. The Newman-Kue! test of all paired obser­
vations for surface samples showed Periods 5 and 6; 10 and 11; and 8 and 12 
had common mean values at the .OS level. In the factorial classification 
Periods 5 and 12; 8 through 12; and 7 through 11 had common means. 

Mean numerical shad catches indicated the population size increased 
steadily from initial spawning until the third sampling interval. Mortality 
of young shad was constantly reducing population size, but production was much 
greater than loss by death. When spawning activity diminished and finally 
ceased, mortality continued at the usual exponential rate resulting in a 
steadily declining population density, which was reflected in numerical 
catches of shad. 

From the catch data it was evident initial spawning commenced in early 
May prior to the first sampling interval. Size distribution of samples in the 
fifth period had a range in total body length of 7012 mm (Figure 4). By the 
next period larval shad size ranged from 7-16 mm with a mode appearing at the 
11-12 mm class interval. Meter net hauls on 15 June had two distinct size 
groups indicating second spawning. The first group, which was attributed to 
initial spawning ranged from 25 - 30 mm in length, while the second group was 
7-18 mm in length with the 9-10 mm class interval most numerous. On 29 June 
the first group of shad had a size range of 47-51 mm and the second group 
7-14 mm. An intermediate size interval ranging from 37-40 mm was also present, 
but they comprised< 4% of the sample. 

Samples collected on 13 July indicated spawning activity increased for 
the third time. Size distribution of shad captured on this data was 26%, 68+ 
mm; 62%, 35-56 mm; and 12%, 15-20 mm. At the next sampling date both the first 
and second hatches of shad were 73+ mm and the later group ranged from 55-70 
mm. By the tenth interval on 10 August, it was impossible to separate 0-age 
shad by length distribution because all were 75+ mm. The maximum length of 
young shad captured was 154 mm. 

Spawning activity and production of 0-age gizzard shad evidently started 
near 10 May and continued through 15 July. Within this time interval there 
were three distinct periods of intensified spawning activity. Estimated dates 
peak activity were 20 May, 5 June and 2 July. 

GROWTH OF 0-AGE GIZZARD SHAD 

Plots of mean body length of fish by biweekly intervals (Figure 5) showed 
typical exponential growth characteristics except in the later periods. Length 
measurements in Period 5 ranged from 7-12 mm with a mean of 10 mm. Mean TL of 
shad captured in Period 6 increased to 12 mm and ranged from 7-17 mm. By the 
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Figure 3. Catch curve of 0-age gizzard shad in meter net tows. Brackets 
denote sample standard error. 

('1 

0 
N 
('1 

II 

,x 
V) 

12 



MAY 18 

JUNE 1 

JUNE 15 

JUNE 29 

w 
u 
z 
w 
er 
:::) 

u 
u 
0 

0 --0 

40 

30 

20 

10 

40 

30 

20 

10 

40 

30 

20 

I 

I 

10 I-

40 

30 

20 

10 I-

26 

A---A-A 1st SPAWN 

7-e 9-10 11-12 

~ 
7--8 9-10 11-12 13-14 1 5-'X; 

2nd SPAWN 1st SPAWN 

~ ~ ~A-A 

~/ •-•/ A 

7 ... 9 9·10 11-12 13-14 15-16 17-18 25-26 27-28 29-30 31--32 3 3.:.34 35-3; 

2 nd SPAWN 15t SPAWN 
A 

\~. 
&--A ✓~. A 

7-8 9-10 11-12 '13-14 37·~~ 4 7~ 4 9-50 51-62 5 3-54 55-56 

TOTAL LENGTH IN MM 

Figure 4. Length frequency distribution of 0-age gizzard shad in meter net 
tows . 



27 

40 

30 [ 3 rd sPAWN 2ndsPAWN 1st SPAWN 
JULY 13 • 20 

"'I'\.~ 10 f- • .~ ._....,.....--- "'-• 
I l I I I I + I I 

15-16 17-18 19-20 35-36 37-38 45-46 47-48 49- 51- 53- 55- 68+ 
40 r 50 52 54 56 

• 
30 t JULY 27 3rd SPAWN \ 1

st 
:PAWN 20 

2nd SPAWN 

10 f- ._Al> • ~._. • • 
55-56 63-64 65-66 67-68 EB-70 73-74 75..ffi 95-99 1 00- 1 05- 110-

-4 0 
104 109 114 

30 [ / \ 
ALL SPAWN COMB! NED 

AUG. 10 

20 • 
.~~ . 

10 I 

75-'o4 85-94 95--104 105-114 115-124 

Figure 4. (continued) 



z 
z 
~ 

~ 
1.9 
z 
UJ 
_J 

_, 
~ 
2 

28 

80+ 
T • ■ 

~ 
70 

60 r- I I 

T I 
I 

J.. 

' 50 ! • I 
[ 
I 

40 

30 ,_ 

20 

! I I I 
T I 

i I 

! 
.... 

10 I- f i I l 
l 

! 
l_ - _ ____ ___ J. _ __ 

·---·.l 

5 6 7 8 9 10 11 12 

SAMPLING PERIOD 

Figure 5. Growth of 0-age gizzard shad in meter net tows. Brackets are size 
range of sample in mm. 



29 

seventh period mean TL of the sample was 27 mm and ranged from 7-30 mm. In 
Period 8 the body length of shad varied from 10-56 mm with a mean of 49 mm. 
The smaller group resulted from second spawning. Mean length of young shad 
captured in the last three periods was 68 mm, 75 mm and 80+ mm, respectively. 

Growth data for 0-age gizzard shad showed body length seldom exceeded 
80 mm, although information from mid-water trawling and small mesh seine hauls 
revealed large numbers of shad ranging from 100-135 mm were present in the 
population after Period 11. Apparently the true growth characteristics of the 
shad population were being masked by gear avoidance for fish 80+ mm in length. 
Since initial inflection in the growth curve occurred at about 63-64 mm, it 
was postulated this interval was the critical size where escapement commenced 
in significant numbers. As body size increased, the physical ability of shad 
to avoid capture by meter nets also became greater. Growth rate appeared 
constant at this point, when in reality shad exceeding this length merely 
avoided capture. 

MORTALITY OF 0-AGE GIZZARD SHAD 

Mortality in a fish population usuably occurs at the maximum rate during 
the first year of life, and is highest closest to the time of embryonic develop­
ment. Estimated rate of mortality cannot be computed until the abundance of 
fish diminishes with each subsequent sample. For the 0-age gizzard shad popu­
lation in Lake Red Rock the number in biweekly sample began to decrease after 
Period 7. Although production of young shad continued after this interval, 
it was at this point natural mortality surpassed the number recruiting into 
the minimum size vulnerable to the meter net. 

Estimated instantaneous mortality of 0-age gizzard shad was computed from 
a modification of the method suggested by Rounsefell and Everhart (1953:86). 
Instead of using age frequency distribution a straight line was fitted to the 
right limb of the transformed catch distribution curve by the least squares 
procedure where slope of the line estimated mortality rate. Since catch values 
were already transformed into common logarithm values these values were con­
verted into Naperian logarithm by 

1/log e = 2.303 
10 

after one was subtracted from the original value for the elimination of zero 
counts in the transformation. 

The instantaneous mortality rate (i) of 0-age shad was determined from 
the sample regression equation 

A 

log Y .. = log Y + bs 
e lJ e 

A 

where Y .. was the transformed value of the number of 0-age gizzard shad for 
lJ 

the j th sample at the i th sampling interval ands was written as S - S. The 
b value was the estimated instantaneous mortality rate. For shad in 1970 b was 
.48 ± .09 and had a correlation coefficient (r) of .989. Annual rate of 

mortality (a) was computed from a table of exponential function as a= 1 - e-i. 
The annual mortality rate was .381 for 0-age shad. 
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ESTIMATED POPULATION SIZE OF 0-AGE GIZZA.~D SHAD 

Conventional methods of estimating the numerical population size of 0-age 
shad cannot be used because their abundance and small size preclude any type of 
reliable marking experiments. The analysis of variance in both two-way and 
factorial classifications showed no significant difference in the vertical and 
horizontal distribution of young shad so it was assumed they were equally 
distributed throughout the reservoir and could be estimated by mathematical 
extrapolation from the mean catch among samples. Confidence intervals were set 
around these estimates in the usual fashion using the standard error of estimate 
for each sampling interval. 

Mean catch values ranged from 331 in Period 3 to 27 in the last period. 
At conservation pool elevation the 0-age population estimates for each period 
ranged from 6.62 x 108 ± 7.39 x 107 at Period 7 to 5.39 x 107 ± 8.19 x 107 in 
Period 12 (Table 12). Confidence intervals for the last estimate were not 
reliable because of the small sample size and large variation among samples. 

Table 12. Numerical population estimates of 0-age gizzard shad based on extra­
polation from catch means 

x Estimated 95% 
Period 

A 

Confidence intervals per tow N 

3 331 6.62 X 108 7.39 X 107 

4 159 3.18 X 108 6.60 X 107 

5 117 2.34 X 108 4. 80 X 107 

6 69 1. 38 X 108 6.60 X 107 

7 55 1.09 X 108 6.60 X 107 

8 27 5. 39 X 107 8.19 X 107* 

* Confidence intervals were large because of small sample size and large 
variation among samples. 

Several sub-samples of young shad were counted and weighed in each period 
and had an overall mean of about 800 shad per kg. Using this value for the mean 
weight in each period and converting to the English system the maximum popula­
tion biomass of 0-age shad was estimated at about 20 lbs per surface acre. At 
the 95% level of probability this value would vary no more than ±2.7 lbs. 
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DISTRIBUTION AND ABUNDANCE OF 0-AGE CARP 

Total catch of 0-age carp in the first six sampling periods was 715 with 
a mean of about 13 per tow. No young carp were captured after Period 10. The 
number of carp for individual tows ranged from Oat most stations early in the 
season to 130 at Station 7 in Period 8 (Table 13). 

Table 13. Mean number of 0-age carp in meter net tows 

Sampling interval 

Station Depth 5 6 7 8 9 10 

2 Surface 0 5 1 7 0 0 
6 m 0 3 3 6 0 1 

3 Surface 0 0 42 33 0 1 
6 m 4 3 41 77 4 2 

4 Surface 0 0 32 86 8 0 
6 m 0 0 98 79 6 0 

7 Surface 0 5 17 130 19 1 

Sampling 
interval X <1 2 33 60 5 <1 

Both surface and sub-surface tows showed a systematic increase in the 
numerical catch of 0-age carp as sample location moved from near the dam toward 
the headwaters and shallow depths. Analysis of variance (Table 14) in the two­
way classification showed significant difference at the four surface stations 
at the .OS level of sampling probability. Mean catch values were Station 2A, 
2; Station 3A, 13; Station 4A, 23 and Station 7, 29. The Newman-Kue! test of 
all paired means showed Station 3A, 4A and 7 had common mean catch values and 
Station 2A was significantly lower than all others. By factorial classifica-
tion there was highly significant (P < .01) difference between mid-water stations . 
Mean catches for each tow was 2 at Station 2, 17 at Station 3 and 26 at Station 4. 

The multiple range test of paired means revealed Station 3 and 4 had common 
values, but Station 2 was significantly lower than all other stations. There 
was no significant difference in the vertical distribution of 0-age carp at the 
.OS level. 
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Table 14. Analysis of variance in catches of 0-age carp in meter net tows 

Source of variation df MS Parameter estimated 

TWO-WAY CLASSIFICATION 

** cr 2 
+ pcr~ Periods 5 1.577 

* Stations 3 .420 cr 2 + scr 2 
p 

Residual 15 .84 (j2 

FACTORIAL CLASSIFICATION 

** 2 2 2 2 2 Periods 5 2.106 cr + 0 PSD + pcrPS + scrPD + spcr 
* cr2 + a 2 + pcr 2 + pcr 2 + pcr ~ Stations 2 .730 PSD PS SD S 

Depths 1 .346 2 2 2 2 2 
(j + 0 PSD + 0 PD + P0 so + pscrD 

S X D 2 .116 0 2 + pcr 2 

Residual 25 .149 2 SD 
(j 

* Significant at the .OS level. 

** Significant at the .01 level. 

Biweekly distribution of combined mean catches of young carp (Figure 6) 
indicated population size was increasing from Period 5 through Period 8 and was 
followed by precipitous decline in the last two intervals. Mean catch of 0-age 
carp ranged from< 1 in Period 5, increasing to 60 at Period 8 and declining to 
< 1 in Period 10. Differences in the catch of 0-age carp between sampling 
intervals was highly significant (P < .01) in both classifications. The multiple 
range test for the two-way classification showed common mean catch values for 
Periods 5-8; Periods 5, 8 and 9; and 5, 8, 9 and 12. Periods 5, 6, 11 and 12; 
and Periods 7-9 had common means at the 95% level. 

Carp spawning began prior to the first interval in early May. Fish 
captured in Period 1 ranged from 7-10 mm in TL (Figure 7). At Period 2 a mode 
occurred at the 9-10 mm class interval and comprised 42% of the sample size. 
Body length ranged from 7-16 mm. By Period 3 the preponderance of postlarval 
carp remained in the 7-8 mm class interval representing about 52% of the catch, 
but the 9-10 mm class interval increased to 40% occurrence. The latter class 
remained most numerous until the ninth period. Length frequency distribution 
of the last period showed the 19-20 mm and 23-24 mm class intervals were most 
numerous. 
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Spawning commenced in early May and continued until late July. The 
intensity of activity appeared almost constant because recruitment of young 
carp into the samples at 7-8 mm TL was nearly constant and of rather low fre­
quency. From the size distribution of young carp in meter net hauls it was 
estimated peak spawning activity occurred around the 5-10 June period. 

0-age carp were not captured by meter nets after 27 July and probably 
resulted from gear avoidance as body size increased. Gear avoidance would 
also account for a large portion of the steep downward slope in catch success 
after Period 8 and preclude reliable estimates of mortality rates and popula­
tion size. 

GROWTH OF 0-AGE CARP 

Growth rate of 0-age carp was computed by plotting mean body length by 
biweekly period (Figure 8). This plot showed rather slow increasing TL for 
Periods 5-8 followed by large increases in Periods 9 and 10. Mean TL of carp 
captured in Period 5 was 9 mm and ranged from 7-10 mm. At the next sampling 
interval mean body length increased to nearly 10 mm with a sample range of 
5-18 mm. By Period 8, TL averaged 12 mm and ranged from 9-26 mm. Mean body 
length was 18 mm in Period 9 and 26 mm in Period 10. 

Maximum body length of 0-age carp captured in meter net tows was 42 mm. 
This value undoubtedly represented the size where all young carp were capable 
of avoiding capture. Gear avoidance began at a slightly smaller size interval 
and increased systematically until all fish avoided capture. 

AGE AND GROWTH OF COMMERCIAL FOOD FISH 

The main objective of the age and growth studies was to discern changes 
occurring within commercial food fish populations with the changes from stream 
environment due to impoundment and with the advent of experimental exploita­
tion. Parameters investigated included length-frequency distribution, length­
weight relationship, condition factor and growth. 

METHODS AND PROCEDURES 

Measurements of TL and weight along with a scale or pectoral spine sample 
were collected from randomly selected subsamples of fish throughout the season. 
Computation of age and growth statistics was done by computer using conventional 
programming methods (Mayhew, 1972). 

Length-weight relationships were computed by the logrithmic transformed 
linear equation 

log W = log a+ blog L 
10 10 10 
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where Wis weight in .01 lbs and Lis total body length in .1 inches. Standard 
deviations of the regression coefficients were tested statistically at the 95% 
confidence level using the Student's t test in a two-tailed distribution. 
Coefficients of the length-weight equations were combined for each species to 
form pooled equations. Observed mean weights for age II, IV and VI fish for 
each calendar year were plotted against predicted values from the pooled 
equation to graphically illustrate deviations in mean weight for selected age 
groups. 

Condition factors were calculated by use of reciprocals in the equation 

C = (l/W) 3 (L) x 104 

where Wand L were the same as before. 

Body-scale regressions were computed by the linear function 

L =a+ bS, 

the linear function centered through the origin 

L = bS 

and the quadratic form 

L =a+ bS + cS 2 

where Lis TL and Sis the scale/spine radius measurement. An analysis of 
variance from regression was used to find the equation with the best fit for 
each species. 

TL at the end of each year of life (NAGE) was estimated by mathematical 
extrapolation through the body-scale equations and combined for each species 
in this report. TL was reported using both grand mean estimates of TL at NAGE 
and successive summation of grand mean increments. A growth index for each 
project year was compiled by using the per cent deviation of mean increments 
from the grand average increment for combined age groups adjusted to the base 
100. Values below 100 indicated subnonnal growth and those above 100 indicated 
above average growth. 

AGE AND GROWTH OF CARP 

Body measurements were collected from 569 carp including 271 in 1969, 168 
in 1970 and 130 in 1971. Range in TL was 5.4 to 27.1 inches in 1969, 6.0 to 
24.3 inches in 1970 and 6.5 to 21.0 inches in 1971. Body weight ranges were 
.10 to 11.7 lbs, .10 to 8.2 lbs and .21 to 3.9 lbs, respectively. The length­
weight relationships for individual years were described by the equations 

1969: log10w = -3.096 + 2.835 log10L 

1970: log
10

w = -3.193 + 2.861 log10L 

1971: log10w = -3.007 + 2.715 log
10

L 
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Standard deviations of the slope values were ±.029, ±.029 and ±.036, respectively. 
Common b values were notes at the 95% confidence level for 1969-1970 and 1969-
1971. The 1970 and 1971 b values differed significantly at this level. Ranges 
in C-factors were 36-76 in 1969, 40-57 in 1970 and 41-62 in 1971. Means were 
52, 45 and 51, respectively (Table 15). 

Table 15. Range and mean for C-factors of four species of commercial food fish 

Year 

1969 

1970 

1971 

Carp R carpsucker Buffalo 

range 36-76 42-56 42-68 
mean 52 47 55 

range 40-57 40-54 28-60 
mean 45 45 so 
range 41-62 42-61 37-128 
mean 51 52 57 

The body-scale relationships were described by the equations 

1969: L = .4 + 2.7S 

1970: L = 3.2 + l.34S + .12S2 

1971: L = .5 + 1.54S 

C catfish 

27-48 
34 

25-41 
33 

28-41 
34 

The quadratic equation was used in 1970 because analysis of variance from 
regression showed this function was significantly more accurate at the .OS 
level than the linear form. 

Estimations of total body length at NAGE were combined for the collection 
years and averaged 4.0, 7.4, 10.2, 12.8, 14.7, 16.4, 17.9, 20.2, 20.7, 22.2 
and 21.5 inches at each annulus for the first 11 years of life. The decline 
in TL at age 11 was based on only 3 fish from collection year 1969. Successive 
sunnnation of grand average increments were 4.0, 7.4, 10.2, 12.8, 14.7, 16.5, 
18.1, 20.3, 20.5, 21.8 and 23.0 inches for ages 1 through 11 (Table 16). 

A growth index was compiled from the combined TL data and ranged from 23 
in 1970 to 174 in 1968. The index revealed a trend toward above average growth 
for the 1966 through 1969 year classes. The index for year class 1968 was 
abnormally high for carp as it was for the other species and was due to changes 
in environmental conditions brought about by impoundment. 



Table 16. Calculated length and mean growth increments for carp at Lake Red Rock 

Year N in years Total N Growth 
class sampled sampled Estimated TL at NAGE index 

1971 1970 1969 1 2 3 4 5 6 7 8 9 10 11 

** *** 
1970 5 *** 5 3.5 23 
1969 41 47 88 6.3 7.6 119 
1968 16 70 39 125 4.8 10.7 10.3 174 
1967 21 21 21 63 3.9 7.4 12.7 13.4 141 
1966 10 12 14 36 3.6 7.0 10.0 14.6 15.3 136 
1965 12 8 9 29 3.8 7.0 10.2 12.9 14.6 16.4 81 
1964 9 5 11 25 3.8 7.4 10.2 12.9 15.3 17.8 17.6 104 
1963 13 7 9 29 4.2 7.8 11.0 13.l 15.1 16.8 18.6 18.6 91 

9.5 12.1 14.0 15.9 19.8 a 85 
.j:::. 

1962 3* 10 7 20 4.0 6.8 17.8 19.lb 0 

1961 1 6 7 2.9 6.4 9.0 12.1 13.6 15.0 16.9 23.7 21.5 b 88 
* 1960 * l** 4 5 3.8 7.4 9.5 11.8 14.6 15.9 18.2 19.6 21.1 23. lb 86 

1959 * ** 4 4 3.9 7.0 10.4 13.5 16.2 18.3 19.7 21. 2 22.4 23.2 
21.5b 

83 
1958 3 3 3.9 6.8 9.6 11.9 13.3 14.9 16.7 18.1 19.2 20.3 89 

Gr. X est. TL 4.0 7.4 10. 2 12.8 14.7 16.4 17.9 20.2 20.7 22.2 21.5 
Gr. X increments 4.0 3.4 2.8 2.6 1.9 1.8 1.6 2.2 .2 1. 3 l.2 
Sum of increments 4.0 7.4 10.2 12.8 14.7 16.5 18.1 20.3 20.5 21. 8 23.0 

aBased on 3 observations in 1971. 

b Age group absent from sample. 

* Year class absent from 1971 samples. 

** Year class absent from 1970 samples. 

*** 
Year class absent from 1969 samples. 
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AGE AND GROWTH OF RIVER CARPSUCKER 

Body measurements and scale samples were taken from 265 fish, of which 106 
were from 1969, 101 from 1970 and 58 from 1971. Range in total body length 
was 5.8 to 16.8 inches in 1969, 6.1 to 17.7 inches in 1970 and 5.4 to 17.8 
inches in 1971 (Table 17). Median lengths for river carpsucker by collection 
year were 9.9, 11.2 and 11.8 inches, respectively. Modes occurred in the length 
frequency distribution at 8.8 and 9.8 inches in 1969, 7.3 inches in 1970 and 
16.8 inches in 1971. 

Table 17. Length frequency distribution of river carpsucker 

1969 1970 1971 
Class 
range N % frequency N % frequency N % frequency 

5.0- 5.5 0 0 2 3 
5.5- 6.0 3 1 0 0 
6.0- 6.5 8 3 1 <l 3 5 
6.5- 7.0 14 5 1 <l 2 3 
7.0- 7.5 13 5 7 7 2 3 
7.5- 8.0 15 6 5 5 1 2 
8.0- 8.5 17 6 5 5 2 3 
8.5- 9.0 23 9 5 5 3 5 
9.0- 9.5 20 8 5 5 1 2 
9.5-10.0 25 9 5 5 3 5 

10.0-10.5 15 6 5 5 3 5 
10.5-11.0 11 4 5 5 3 5 
11.0-11.5 14 5 5 5 2 3 
11.5-12.0 9 3 5 5 3 5 
12.0-12.5 12 5 5 5 2 3 
12.5-13.0 9 3 5 5 3 5 
13.0-13.5 13 5 5 5 2 3 
13.5-14.0 9 3 5 5 3 5 
14.0-14.5 11 4 4 4 2 3 
14.5-15.0 8 3 5 5 2 3 
15.0-15.5 5 2 4 4 3 5 
15.5-16.0 6 2 5 5 3 5 
16.0-16.5 0 0 3 3 1 2 
16.5-17.0 4 2 5 5 4 7 
1 7. 0-17. 5 0 2 3 
17.5-18.0 1 <l 1 2 
18.0-18.5 
18.5-19.0 

Sum 264 101 58 
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The length-weight regressions were best described by the following 
equations 

1969: log
10

w = -3.392 + 3.046 log10L 

1970: log10w = -3.314 + 2.970 log
10

L 

1971: log
10

w = -3.193 + 2.911 log10L 

Standard deviations of the slope values were ±.047 for 1969, ±.058 for 1970 and 
±.054 for 1971. Testing of the b values by the Student's t distribution showed 
no significant difference at the .05 level for the three years. The regression 
coefficients were pooled to form the equation 

log10w = -3.299 + 2.976 log10L 

Plotting of observed weight values at mean TL for ages II, IV and VI against 
predicted values in the pooled equation did not show great change in length­
weight relationships between collection years (Figure 9). Observed weight of 
age II river carpsucker was .31 lbs in 1969, .40 lbs in 1970 and .25 lbs in 
1971. Age IV weights were .95, .88 and .90 lbs and age VI were 1.52, 1.65 and 
1.65 for 1969, 1970 and 1971, respectively. 

Condition factors for river carpsucker ranged from 42 to 56 in 1969, 40 
to 43 in 1970 and 42 to 61 in 1971. Mean C-factors were 47, 45 and 52, 
respectively. Essentially no change was evident between means of 1969 and 
1970, with a slight increase in the mean for 1971 (Table 15). 

TL at the end of each year of life was estimated from body-scale equations 

1969: L = -.3 + 4.05S 

1970: L = .1 + 3.70S 
1971: L = -.2 + 2.20S 

where L represented total body length and S represented scale radius. 

Estimations of TL at NAGE were combined for this report because little 
variation was evident in growth between collection years and the general trend 
was for decreasing increments in TL after the first year of life. Grand average 
estimated total body length at each annulus was 2.9, 5.4, 7.8, 9.8, 11.6, 
13.2, 14.4, 14.7, and 16.5 inches, respectively. Successive summation of mean 
increments yielded estimated TL values of 2.9, 5.5, 8.0, 10.2, 12.2, 13.9, 15.6, 
17.4 and 18.7 inches for the first 9 years of life (Table 18). 

The growth index computed from the total body length data combined for the 
three collection years ranged from 80 in 1970 to 117 in 1969, but the overall 
trend showed little variation (Table 18). 

AGE AND GROWTH OF BIGMOUTH BUFFALO 

Body measurements and scale samples were taken from 255 fish, including 
47 in 1969, 133 in 1970 and 75 in 1971. TL range was 5.8 to 25.0 inches in 
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Figure 9. Pooled length-weight regression of river carpsucker for 1969, 1970 
and 1971 with mean length-weight values of age groups II, IV and 
VI. 



Table 18. Calculated length and mean growth increments for river carpsucker at Lake Red Rock 

Year Nin years Total N Growth 
class sampled sampled Estimated TL at NAGE index 

1971 1970 1969 1 2 3 4 5 6 7 8 9 

* ** 1970 4 
** 

4 2.6 80 
1969 9 9 18 3.9 5.2 117 
1968 13 28 21 62 3.1 6.5 8.9 113 
1967 10 17 25 52 2.6 5.6 8.3 10.0 99 
1966 3 10 15 28 2.8 5.3 8.0 10.6 12.5 100 
1965 4 15 12 31 2.9 5.3 7.8 10.2 12.3 14.3 94 
1964 9 16 14 39 2.9 5.1 7.5 9.6 11.6 13.5 14.0 98 
1963 4 6 15 25 3.1 5.1 7.2 9.1 10.9 12.7 14.2 14.2 105 .i::,. 

.i::,. 

1962 2 0 5 7 2.4 4.7 7.1 8.8 10.6 12.0 13.7 15.2 16.5 90 

Gr. X est. TL 2.9 5.4 7.8 9.8 11. 6 13.2 14.4 14.7 16 . 5 

Gr . X increment 2.9 2.6 2.5 2.2 2.0 1. 7 1. 7 1.8 1. 3 

Sum of increments 2.9 5.5 8.0 10.2 12.2 13.9 15.6 17.4 18.7 

* Year class absent from 1970 sample. 

** Year class absent from 1969 sample. 
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1969, 6.8 to 25.7 inches in 1970 and 7.3 to 26.1 inches in 1971 with median 
lengths at 17.2, 17.1 and 16.8 inches, respectively. The length frequency 
data yielded a mode at 17.0-17.9 inches (18%) in 1969, and two secondary modes 
of 11% each at 16.0-16.9 and 21.0-21.9 inches. Frequency distribution for 1970 
and 1971 were more evenly distributed over the class ranges and no apparent 
modes were established. Eight per cent frequency was most common and represented 
the 1965 and 1968 year classes. These strong year classes were the result of 
increased spawning success after the winter kill in the Des Moines River in 
1965 and the impoundment of Lake Red Rock in the spring of 1969 (Table 19). 

Table 19. Length frequency distribution of buffalo 

1969 1970 1971 
Class 
range N % frequency N % frequency N % frequency 

5.0- 5.9 1 2 
6.0- 6.9 3 5 2 2 
7.0- 7.9 4 7 9 7 1 1 
8.0- 8.9 2 4 10 8 1 1 
9.0- 9.9 2 4 10 8 6 8 

10.0-10.9 0 0 11 8 4 5 
11.0-11.9 1 2 9 7 6 8 
12.0-12.9 1 2 3 2 5 7 
13.0-13.9 0 0 I 0 0 4 5 
14.0-14.9 3 5 2 2 6 8 
15.0-15.9 4 4 5 4 3 4 
16.0-16.9 6 11 5 4 2 3 
17.0-17.9 10 18 5 4 5 7 
19.0-19.9 2 4 10 8 5 7 
20.0-20.9 1 2 10 8 4 5 
21. 0-21. 9 6 11 10 8 6 8 
22.0-22.9 1 2 11 8 4 5 
23.0-23.9 2 4 6 5 3 4 
24.0-24.9 1 2 3 2 3 4 
25.0-25.9 2 4 3 2 2 3 
26.0-26.9 0 0 1 1 
27.0-27.9 1 <l 

Sum 57 133 75 

The length-weight regressions were best described by the equations 

1969: log10w = -3.524 + 3.222 log L 
10 

1970: log10w = -3.378 + 3.070 log10L 

1971: log10w = -3.088 + 2.853 log
10

L 
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Standard deviations of the b values were ±.066, ±.031 and ±.058 for 1969, 1970 
and 1971, respectively. Testing at the 95% confidence level gave common b 
values for 1969 and 1970. The values for 1969-1971 and 1970-1971 were signifi­
cantly different. 

Comparison of 1969 and 1971 regression lines gave a point of intersection 
at 15.2 inches. Above this length the 1969 fish were heavier than 1971 fish 
and below this point the reverse occurred. The intersection point for the 1970 
and 1971 regressions was 21.7 inches and fish above this point weighed more in 
1970 than in 1971. Fish below this point weighed less. The coefficients of the 
length-weight regressions were combined to form the pooled equation 

log
10

w = -3.330 + 3.049 log
10

L, 

Condition factors for buffalo ranged from 42 to 68 in 1969, 28 to 60 in 
1970 and 37 to 128 in 1971 with means of 55, 50 and 57, respectively. Dis­
regarding condition factors in 1971 of 37 and 128, for which there was only 
one observation each, the mean was adjusted to 54, which was similar to the 
25¢ 1969 value. Condition factors were lower for fish of 1970 (Table 15). 

Plotting of observed weight values at mean total length for ages II, IV 
and VI showed little difference in length-weight relationships between collec­
tion years for ages II and IV fish. Significant changes were revealed for 
age VI fish between collection years and may be due primarily to the small 
number of fish in the samples. Observed weights of age II buffalo at mean TL 
were 1.6 lbs in 1969, .8 lbs in 1970 and 1.1 lbs in 1971. Age IV observed 
weights were 3.3 lbs in 1969, 3.2 lbs in 1970 and 3.8 lbs in 1971. Age VI 
observed weights were 4.4 lbs in 1969, 5.5 lbs in 1970 and 7.8 lbs in 1971 
(Figure 10). 

Total body length at NAGE was estimated by the following equations 

1969: L = 

1970: L = 

. 7 + 2. 71S 

.5 + 3.21S 

1971: L = -1.34 + 2.79S - .06S2 

Analysis of variance from regression of linear and quadratic equations for body­
scale relationship showed a significant difference for 1971 at the 95% confidence 
level and the latter form was used for estimating TL at NAGE. 

Combined estimated total body length at NAGE gave grand averages at each 
annulus of 5.1, 9.8, 13.7, 16.4, 18.5, 20.5, 22.1, 22.2, 23.1 and 23.9 inches 
for the first 10 years of life. Successive summation of mean increments for 
buffalo were 5.1, 10.1, 14.0, 16.6, 18.9, 21.0, 23.1, 24.4, 25.6 and 27.9 
inches, respectively (Table 20). 

Growth index computations from the combined total body length data ranged 
from 82 in 1962 and 1963 to 121 in 1969. The general trend was an increase in 
growth rate from 1963 to 1970 year classes, with minor fluctuations in various 
year classes between the two (Table 20). 
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Figure 10. Pooled length-weight regression of bigmouth buffalo 1969-1971 with 
mean length-weight values of age groups II, IV and VI. 



Table 20. Calculated length and mean growth increments for bigmouth buffalo at Lake Red Rock 

Year Nin years Total N Growth 
class sampled sampled Estimated TL at NAGE index 

1971 1970 1969 1 2 3 4 5 6 7 8 9 10 

** *** 1970 1 
*** 

1 7.4 120 
1969 29 38 67 6.4 10.3 121 
1968 12 18 1 31 4.5 9.2 14.1 102 
1967 5 7 4 16 4.9 10.2 15.1 17.8 96 
1966 23 18 12 53 4.7 9.4 13.7 17.6 20.5 95 
1965 4 22 12 38 4.9 9.8 13.6 17.0 20.1 22.9 99 
1964 l* 15 8 24 4.1 9.9 13.6 16.5 19.0 22.1 24.6 87 
1963 3 5 8 4.2 9.6 12.6 15.4 17.6 19.8 23.3a 82 +:> 

* 22.6a 00 
1962 7 5 12 4.2 9.6 13.7 16.3 18.4 20.0 21. 6 82 

* *** 23.6a 1961 * 4 4 5.1 9.5 12.8 15.2 17.3 19.4 20.8 22.2 107 
*** 23.9a 1960 1 1 5.6 11.1 14.0 15.3 16.5 18.5 20.1 21.7 22.6 111 

Gr. X est. TL 5.1 9.8 13. 7 16.4 18.5 20.5 22.1 22.2 23.1 23.9 

Gr. X increments 5.1 5.0 3.9 2.6 2.3 2.1 2.1 1. 3 1. 2 1. 3 

Sum of increments 5.1 10.1 14.0 16.6 18.9 21.0 23.l 24.4 25.6 27.9 

a 
Age group absent from sample. 

* Year class absent from 1971 sample. 

** Year class absent from 1970 sample. 

*** Year class absent from 1969 sample. 
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AGE AND GROWTH OF CHANNEL CATFISH 

Subsamples from 327 fish, including 96 in 1969, 139 in 1970 and 92 in 1971 
were used for computation of age and growth for channel catfish. Ranges in TL 
over individual collection years were 4.9 to 26.7 inches in 1969, 5.2 to 25.1 
inches in 1970 and 6.8 to 26.1 inches in 1971. Medians were 11.2, 13.7 and 
15.7 inches, respectively (Table 21). The increase for each successive collec­
tion year was the result of increased netting effort in the reservoir where 
catfish are larger in comparison with fish in the headwaters. A mode in the 
length frequency distribution was present at 9.0-9.9 inches in 1969 and comprised 
15% of the sample. In 1970 and 1971 TL frequency was evenly distributed over 
most class intervals with no apparent modes. 

Table 21. Length frequency distribution of channel catfish 

1969 1970 1971 
Class 
range N % frequency N % frequency N % frequency 

4.0- 4.9 2 <l 
5.0- 5.9 4 1 2 1 
6.0- 6.9 21 7 5 4 2 2 
7.0- 7.9 31 11 8 6 6 7 
8.0- 8.9 28 10 10 7 5 5 
9.0- 9.9 42 15 10 7 5 5 

10.0-10.9 28 10 10 7 5 5 
11.0-11.9 19 7 9 6 4 4 
12.0-12.9 15 5 10 7 6 7 
13.0-13.9 22 8 10 7 5 5 
14.0-14.9 30 11 9 6 4 4 
15.0-15.9 7 2 11 8 6 7 
16.0-16.9 10 4 9 6 4 4 
17.0-17.9 9 3 9 6 6 7 
18.0-18.9 5 2 9 6 5 5 
19.0-19.9 4 1 7 5 5 5 
20.0-20.9 1 <l 7 5 4 4 
21.0-21.9 0 1 <l 6 7 
22.0-22.9 1 <l 3 2 5 5 
23.0-23.9 0 1 <l 4 4 
24.0-24.9 1 <l 0 4 4 
25.0-25.9 0 1 <l 0 
26.0-26.9 1 <l 1 1 

Sum 281 141 92 

Length-weight relationships for the three project years were described by 
the following equations 
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1969: log W = -3.616 + 3.137 log L 
10 10 

1970: log10w = -3.640 + 3.123 log
10

L 

1971: log10w = -3.781 + 3.256 log
10

L 

Standard deviations of the b values were ±.045 for 1969, ±.069 for 1970, and 
±.039 for 1971. The b values did not differ significantly between the individual 
project years when tested at the 95% level. Pooling of the coefficients yielded 
the equation 

log W = -3.6791 + 3.1722 log
1 

L 
10 0 

Observed weights of age II fish were .17 lbs in 1969, .36 lbs in 1970, 
and .19 lbs in 1971. Age IV catfish were 1.21 lbs in 1969, 1.37 lbs in 1970 
and 1.37 lbs in 1971. Age VI fish were variable between collection years 
yielding observed weights of 2.0 lbs in 1969, 3.0 lbs in 1970 and 3.74 lbs in 
1971 (Figure 11). 

Channel catfish condition factors ranged from 27-48 in 1969 with the mean 
at 34. C-factors for 1970 ranged from 25-41 with the mean at 33 and the 1971 
factors ranged from 28-41 with a mean of 34. There was essentially no change 
in condition over the three collection years (Table 15). A systemic trend toward 
increasing C-factors was apparent in larger sizes in all project years. Observed 
weight values at mean total length for ages II, IV and VI showed little variation 
in length-weight relationships between collection years for age II and IV fish 
when plotted against the pooled equation. 

The following equations were used to estimate total length at NAGE 

1969: L = 3.55S 

1970: L = 2.90S 
1971: L = 3.lOS 

Estimations of total body length at NAGE were combined for the project years 
to give grand averages of 1.8, 4.9, 7.6, 10.6, 13.2, 15.6, 17.1, 17.9, 17.6 and 
20.8 inches at each annulus for the first 10 years of life. Successive summa­
tion of mean increments gave 1.8, 5.0, 8.2, 11.8, 15.2, 18.6, 21.1, 22.9, 24.5 
and 26.7 inches for the first through the tenth years of life (Table 22). 

The growth index from the combined data gave a range in growth from 70 
for the 1963 year class to 187 for year class 1969. A general upward fluctua­
ting trend was apparent in the growth rate in year classes after 1963 (Table 22). 

CONCLUSIONS AND RECOMMENDATIONS 

Intensive netting with several different types of gear for three seasons 
from March 1969 through October 1971 at Lake Red Rock showed fish with commer­
cial and industrial food fish value dominated the population structure. Total 
catch was 321,937 fish weighing 151,533 lbs. Commercial food fish comprised 
up to 85% of the numerical catch and 88% of the weight. Carp was the most 
important species in the first two years, but was replaced by river carpsucker 
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Figure 11. Pooled length-weight regression of channel catfish 1969-1971 with 
mean length-weight values of age groups II, IV and VI. 



Table 22. Calculated length and mean growth increments for channel catfish at Lake Red Rock 

Year Nin years Total N Growth 
class sampled sampled Estimated TL at NAGE index 

1971 1970 1969 1 2 3 4 5 6 7 8 9 10 

* ** 1970 1 ** 1 2.8 123 
1969 17 9 26 3.4 8.7 187 
1968 21 59 38 118 1. 9 9.4 12.5 92 
1967 17 9 12 38 1.5 4.8 12.1 15.3 97 
1966 10 22 14 46 1.4 4.0 7.4 14.4 18.2 72 
1965 9 36 24 69 1. 2 3.5 7.1 10.0 16.4 19.5 77 
1964 8 4* 4 16 1.1 3.1 4.9 8.0 11.1 18.1 20.2 77 
1963 5 4** 9 1. 2 3.6 6.0 9.6 12.4 14.3 18.2 21.4 70 u, 

* N 
1962 2 * ** 2 1.9 2.9 4.2 6.2 7.7 11.5 13.8 15.5 16.7 94 
1961 2 2 1.9 4.0 6.8 10.4 13.3 14.4 16.1 16.7 18.6 20.8 114 

Gr. X est. TL 1.8 4.9 7.6 10.6 13.2 15.6 17.1 17.9 17.6 20.8 
Gr. X increments 1.8 3.2 3.2 3.6 3.4 3.4 2.5 1.8 1.6 2.2 
Sum of increments 1. 8 5.0 8.2 11. 8 15.2 18.6 21.1 22.9 24.5 26.7 

* Year class absent from 1970 sample. 

** Year class absent from 1969 sample. 
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in the last year. The relative abundance index indicated both carpsucker and 
buffalo were becoming increasingly abundant while carp importance was decreasing. 

Catch success of food fish in the experimental fishery varied widely 
according to type of gear and species. There was also wide seasonal fluctua­
tions in catch success, particularly with pound nets and baited hoop nets. 
Pound nets were most effective for carp, carpsucker and buffalo near shallow 
shoals and small embayments. Most channel catfish were taken in baited hoop 
nets near the headwaters in slight current. Quite large catches of carp were 
taken using soybean cake for bait in hoop nets, but few buffalo and carpsucker 
were captured with this gear. Gill nets were quite effective in the main pool 
for all species, except catches of large northern pike was also high in these 
nets. Baited slat traps were used with fair success in the main pool for large 
channel catfish. 

Lake Red Rock was impounded in 1969 and the fish population density 
expanded rapidly for the first two years. Toward the end of the third year 
many biological characteristics of the fish populations appeared to stabilize. 
With initial flooding to an elevation greatly above normal conservation pool 
large populations of young commercial food fish developed. Growth was extra­
ordinarily rapid and many entered the fishery by late summer. Estimated biomass 
of commercial food fish populations by late autumn was approximately 150 lbs 
per surface acre at conservation pool elevation. Biomass of each species was 
112 lbs for carp, 22 lbs for river carpsucker, 8 lbs buffalo and 7 lbs channel 
catfish. The small average size from young age made about 80% of these fish 
unmarketable. 

Although growth of fish in the second and third year was much slower than 
the first year, overall average weight of captured fish continued to increase 
each year. Carp increased from .35 lbs in 1969 to .76 lbs in 1971. River carp­
sucker weight increased from a mean of .59 lbs in the first year to 1.01 lbs 
in the last year. Mean weight of buffalo in the fishery increased from .36 lbs 
to 1.33 lbs in the three years. Channel catfish weight increased from .36 lbs 
in 1969 to 1.0 lbs in 1971, but part of this increase resulted from increased 
fishing with slat traps in the main pool. At present growth rates carp, carp­
sucker and buffalo would attain marketable size in four years, but channel 
catfish would require an additional year of growth. 

Experimental exploitation by a net fishery during the second and third 
project segments yielded a harvest of 115,457 marketable food fish weighing 
53,703 lbs. Market value of this fishery was estimated at $10,300. About 14 
fish weighing 6 lbs per surface acre were exploited by the fishery, far below 
the expected potential. 

Exploitation of commercial food fish populations had no perceptable affect 
on size distribution, length-weight relationship, body condition and growth, 
although true evaluations was partially masked by large variations in growth 
between years. Abnormally high water storage during initial impoundment for 
nearly 120 days resulted in production of fish populations far exceeding the 
carrying capacity at conservation pool elevation. Growth rates were exception­
ally fast for all fish species in the first year, but when storage volume was 
lowered to authorized levels the fish were obviously stressed and growth rates 



54 

slowed to nearly nothing. After water levels stabilized in the second and third 
years of impoundment growth returned to more normal rates. 

Production of young gizzard shad was high during the second year of 
impoundment with an estimated biomass of 20 lbs per surface acre. Although shad 
have no value as a human food resource, they have considerable value for a 
protein base in pet foods. The main problem for utilization of shad from Lake 
Red Rock is developing suitable fishing techniques and apparatus to yield 
large catches of fish without catching small game-fish. 0-age gizzard shad 
also form the forage base for predatory game-fish species and surplus pro­
duction would have to be estimated carefully before exploitation, otherwise 
overharvest could potentially limit game-fish production. In general, there 
appears limited potential for encouraging shad exploitation, particularly 
0-age fish. 

Abundance of other species of young food fish was quite low except for 
carp. By this criteria food fish populations closely resemble those at 
Coralville Reservoir where a single year class of fish, which was buffalo, 
dominated the age structure with low production in subsequent years (Mitzner, 
1972). Exploitation by a net fishery would undoubtedly shorten the longevity 
of dominant year classes because cropping would lower the population density 
much faster than an unexploited population where mortality occurred from natural 
causes. These data are insufficient to speculate on the characteristics of the 
age structure following sustained harvest of surplus stocks at Lake Red Rock. 

Within the next two years large quantities of commercial food fish should 
be of marketable size in Lake Red Rock. Currently about 88 lbs of every 100 
lbs of fish captured in a net fishery has commercial food fish value and little 
sport value. This figure is expected to increase as the reservoir ages. Sus­
tained harvest of carp, river carpsucker and buffalo could easily reach 200 lbs 
per surface acre each season or up to 1.5 million lbs of food fish. Total 
effort for this level of exploitation would require about 8,900 net days at 
the average catch effort in this study. ·Potential market value of the fishery 
could approach $150,000. 

Competition between the sport fishery and commercial exploitation would 
be unimportant with proper management. Game-fish populations, with the excep­
tion of channel catfish and bullhead, are small. Environmental characteristics, 
especially sedimentary turbidity, in the lake offers slight potential for 
increasing game-fish populations. There is little chance walleye and northern 
pike can be sustained at present population densities because these populations 
resulted from initial fry plantings when competition from other fishes was low 
and survival high. Subsequent fry plantings have not been very successful. • 
Most of the sport fishery is for crappie, channel catfish and bullhead. Sport 
fishery surveys in 1971 showed fishing pressure for the main pool was <1 fisher­
man per surface acre. 

Based on results of this study it is recommended commercial fishing be 
allowed at Lake Red Rock by departmental rule commencing after 1 October, 1973. 
Presently, all types of net fishing should be prohibited in the tailwaters 
because of large concentrations of game-fish, especially walleye and northern 
pike. The main pool, including the headwaters should be opened to commercial 
fishing. Regulation of the fishery, including types of gear, seasons, species 
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and catch reports should follow those previously established for flood control 
reservoirs and interior lakes. 
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