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STUVY OBJECTIVE 

To e.val.ua.:te. a J.i pLU J.i.toc.fu.ng me..thod in Iovxi 6aJz.m po ndJ.i wi_.th blue.gill. and 
falz.ge.mou.th bMJ.i by me.MUIU.ng mo~y, g~ow.th, 6e.c.und-<-.ty and ma.t~y 06 
i~y 1.i.toc.k.e.d 6-<-J.i h in .te.n J.i e.fe.c..te.d 6aJz.m po ndJ.i dUIU.ng .the. 6-<-M.t .two ye.aM 
6oUowing J.i.toc.fu.ng. 

JOB 1 OBJECTIVE 

To de..tMm-<-ne. ac..tuaf and ~e.fa.t-<-ve. mo~y 06 J.i.toc.k.e.d blue.gill. and falz.ge.­
mo u.th baM in J.i e.fe.c..te.d 6Mm po ndJ.i . 

INTRO DU CTI ON 

Private owned lands in Iowa contain more than 40,000 small man-made ponds 
that were constructed for a myriad of reasons. Individually, these impoundments 
are small bodies of water, but collectively they represent more than 17,000 
surface acres of water that are an integral part of recreational angling in this 
state. Most of these ponds contain fish that were stocked by a governmental 
agency, private purchase or transferred from other waters. A recent survey of 
resident anglers indicated 11% of the fishing in Iowa occurred in farm ponds 
(see Fishing in Iowa, A Survey of Iowa Anglers, May, 1976; Iowa Conservation 
Commission Publication). The importance of farm ponds in the Southwest Region 
was even more evident where 16% of the respondents indicated a preference for 
this type of angling. Nearly one-half (47%) of the resident fishermen contacted 
in one district of the Southwest Region stated farm pond fishing was their first 
choice . 

Farm pond stocking strategies have been extremely variable with respect to 
fish species, stocking rate, fish size and the order of planting. These factors 
are vital to development of an economical and practical plan for statewide 
stocking which will provide maximum benefits to pond fisheries. 

A split season stocking regime was initiated in Iowa in 1974 that used an 
autumn stocking of 2,500 fingerling bluegill per hectare (1,000 per acre) 
followed by a spring planting of 250 largemouth bass advanced fry per hectare 
(100/acre). Fingerling channel catfish were also stocked with the bluegill at 
the same rate as bass. The rationale for this procedure was to allow development 
of a bluegill forage base prior to the first spawning of bass in the next year 
following the initial planting thereby strengthening the predator-prey 
relationship. 

The intent of this study segment was to determine the annual mortality of 
bluegill and largemouth bass in the second year following split stocking. 
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STUDY BACKGROUND 

The Iowa farm pond stocking program began in 1945 using a fall planting of 
100 largemouth bass and 1,500 fingerling bluegill. All ponds were stocked upon 
owner request regardless of size, depth or watershed characteristics. From 
1946-54, 300 bluegill and 100 largemouth bass fingerlings were planted in the 
autumn in ponds that met minimum requirements of 1/4 acre in surface area and 
8 ft or over in maximum depth. Starting in 1954, 100 largemouth bass fingerlings 
and 10 pair of mature bluegill were planted in the fall. Collection and trans­
portation of the bluegill was time consuming and costly so the program was 
adjusted in 1960 to stock 200 advanced fry bass per acre in newly constructed or 
renovated ponds. No bluegill were planted because of their low acceptance by 
pond owners. Minimum pond criteria were adjusted with the split season stocking 
procedure so that all ponds must be at least 1/2 acre in size, 8 ft minimum 
depth, fenced from livetock and contain an adequate grass covered buffer strip 
around the shoreline perimeter. 

METHODS AND PROCEDURES 

Ten experimental ponds that met all minimum stocking requirements were 
selected for intensive study. They were stocked with fish at the recommended 
rates in the autumn of 1974. Despite the fact all exceeded minimum requirements, 
two ponds in the Elk Grove area winterkilled. Two private ponds stocked at the 
same time were selected to replace these ponds. 

Annual mortality of immature bluegill and largemouth bass was estimated by 
two methods. Two ponds, at a former warmwater fish hatchery, were completely 
drained in the spring following the autumnal stocking, survivors counted, ponds 
refilled and the fish restocked. Mortality in the other ponds was estimated in 
the usual fashion using the mean geometric decrease in catch effort values from 
standardized small mesh drag seine hauls, 0.5 m (19.7 in) diameter net tows and 
electrofishing the pond perimeter. 

Fish population sampling was conducted once each month from April-October, 
1975 in seven ponds in Lucas and Davis Counties, while ponds in Adair and 
Guthrie Counties were sampled biweekly from mid-May through mid-November. 

Seine samples were made at four stations in each pond with replicate samples 
taken at each station. The hauls were made in equal quadrants with one seine end 
remaining at the water edge and the other stretched perpendicular to the shore­
line and rotated toward shore. 

The tow net was conical shaped, approximately 3 m (9.8 ft) long constructed 
with .8 mm (1/32 in) nylon mesh and a .5 m (1.6 ft) diameter metal ring to 
support the net opening. Each tow was made slightly below the surface about 
6.1 m (20 ft) behind an outboard motor powered boat at a velocity of 1.2 m/sec 
(4 ft/sec). Three tows parallel to the shoreline and one open water tow were 
replicated twice in each pond during all sampling periods. Fish samples were 
immediately preserved in 5% buffered formalin and identified later by the larval 
fish taxonomic key by May and Gasaway (1967). 
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Electrofishing samples were obtained with a boat equipped with a 240 volt 
AC unit. The boat was slowly driven parallel with the shoreline with one 
technician attempting to retrieve all stunned fish with a body size sufficient 
to stay in a 6.5 mm (1/4 in) mesh dip net. 

Comparisons of bluegill reproduction in the ponds was made by rating each 
pond from 1-10 based on the time of initial reproduction and the magnitude of 
fry production. Similar ratings were assigned for age 1 bluegill survival and 
age O largemouth bass survival. The rating for each criteria were then pooled 
for each pond for overall comparison. 

DESCRIPTION OF STUDY PONDS 

Five of the ponds studied were located on state-owned lands and six on 
privately owned lands. Two, which could be drained and refilled, were located 
at a fish hatchery and were previously used for several decades in fish production. 
Ten were constructed for the usual agricultural purposes such as livestock 
watering, erosion control, recreation, and so forth. All met the minimum 
requirements for fish stocking by the Iowa Conservation Commission. As previously 
stated, a winterkill in two of the Elk Grove Ponds precluded development of fish 
populations, which necessitated selection of two additional ponds, the Adair Pond 
and Anita Pond. 

Surface area of the ponds ranged from .24 ha (.60 ac) in Wapello Pond 2 to 
. 75 ha (1.86 ac) in the Coffey Pond. Storage volume varied from 2.95 m3 x 10 3 
(2.4 ac/ft) and 19.00 m3 x 103 (15.41 ac/ft) in these ponds, respectively. 
Maximum depth ranged from 2.44 m (8 ft) in Wapello Ponds 1 and 2 to 6.4 m 
(21 ft) in the Coffey Pond. Mean depth varied from 1.22 m (4 ft) to 2.52 m 
(8.3 ft) in these ponds, respectively. Agricultural practices in the watershed 
ranged widely from quite intensive small grain row crops to grasslands. All of 
the ponds except the Wapello Ponds and Elk Grove Ponds were newly constructed • 
impoundments. The latter were renovated with a chemical fish toxicant prior to 
stocking. Physical characteristics of individual ponds are listed in T;1blc 1. 

FINDINGS 

ABUNDANCE OF AGE 1 ANV 0 BLUEGILL ANV AGE 0 BASS 

Abundance of bluegill in the electrofishing sample decreased from August to 
September in Wapello Pond 1 (Table 2). Catch per unit effort decreased from 
23 fish/shocking hour (F/SH) in April to 20 F/SH in May and June. Catches 
increased to 60 F/SH in August but declined to 20 F/SH in September when collection 
ceased. Largemouth bass were first collected in July at a rate of 75 F/SH, but 
in August mean catch effort decreased to 28 F/SH (Table 3). During the last 
collection period bass catch effort increased to 60 F/SH. 



-------------------
Table 1. Physical characteristics of the farm ponds used for study in the split method stocking 

evaluation. 

Area Volume Maximum Mean Agricultural 
County depth depth watershed Water 

Name location ha ac m3 
X 10 3 ac/ft m ft m ft use source Ownership 

Wapello 1 Davis .28 . 70 3.45 2. 80 2.44 8.0 1.22 4.0 Grassland Lake State 
piped 

Wapello 2 Davis . 24 .60 2.95 2.40 2.44 8.0 1.22 4.0 Grassland Lake State 
piped 

Pierce Lucas .58 1.45 10.16 8.24 4.67 15.3 1. 73 5.7 Pasture- Runoff Private 
Rowcrop 

Coffey Lucas .75 1.86 19. 00 15.41 6.40 21.0 2.52 8.3 Buffer- Runoff Private 
Rowcrop 

Morr Lucas . 72 1. 79 15.10 12.25 4.26 14.0 2.06 6.8 Buffer- Runoff Private 
Rowcrop 

Shelton Lucas . 39 . 97 8.69 7.05 5.50 18.0 2.21 7.3 Pasture Runoff Private 

Anita Adair .40 .98 4.36 3.54 3.66 12.0 1.10 3.6 Pasture Runoff Private 

Adair Guthrie . 30 .74 3.15 2.56 3.25 10. 7 1.05 3.4 Pasture Runoff Private 

Elk 
Grove 1 a Guthrie . 72 1. 80 7. 74 6.12 3.35 11.0 1.05 3.4 Grassland Runoff State 

Elk 
Grove 2 Guthrie . 72 1. 80 9.50 7. 71 3.36 12.0 1.32 4.3 Grassland Runoff State 

Elk 
Grove 3 a Guthrie .89 2.20 9. 79 7. 48 3.65 12.0 1.06 3.4 Grassland Runoff State 

aPonds were excluded from fish population studies due to winterkill. 

u, 
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Table 2. Electrofishing catch rates (F/SH) of age 1 bluegill in study ponds from 
April through November. 

April May .June July August September October November 

Wapello 1 23 20 20 45 60 20 

Wapello 2 20 20 0 43 33 80 

Pierce 28 128 38 24 60 6 

Coffey 0 175 0 0 0 0 

Shelton 17 172 4 13 42 31 

Morr 10 46 104 64 36 16 

Anita 17 84 15 9 18 24 

Adair 40 89 75 40 9 20 3 

Elk Grove 2 22 32 84 102 82 87 58 42 

Table 3. Electrofishing catch rates (F/SH) of age 0 largemouth bass in study 
ponds from June through November. 

June July August September October November 

Wapello 1 75 28 60 

Wapello 2 21 27 21 

P j c rcc 2 0 0 

Coffey 81 40 19 

Shelton 2 17 31 

Morr 20 28 24 

Anita 6 21 45 9 18 22 

Adair 2 12 42 15 28 14 

Elk Grove 2 4 8 18 58 13 20 
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Bluegill fry were found in tow net hauls during August and September in 
Wapello Pond 1 (Table 4). Catch rates of bluegill fry/tow net meter (F/TM) 
for these dates were 2.78 F/TM and .08 F/TM, respectively. Bluegill advanced 
fry were first collected with a seine in this pond, during August (Table 5). 
Relative abundance of bluegill advanced fry/seine haul (F/HL) was 1.5 F/HL in 
August and increased to 13.4 F/HL in September when collections ceased. 

Table 4. Tow net catch rates (F/TM) of age 0 bluegill in study ponds from July 
through November. 

July August September October November 

Wapello 1 0 2.78 .08 

Wapello 2 .23 40.25 .54 

Pierce 0 . 24 0 

Coffey a 

Shelton < .01 .57 0 

Morr .04 .69 0 

Anita 0 .20 .01 0 0 

Adair .16 .69 .92 2.28 .20 

Elk Grove 2 . 49 .22 .67 . 32 . 38 

aSamples taken but no fish captured. 
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Table 5. Seine haul catch rates (F/HL) of bluegill advanced fry in study ponds 
from July through November. 

July August September October November 

Wapello 1 0 1.5 13.4 

Wapello 2 0 0 2.1 

Pierce 0 .1 6.5 

Coffey 0 0 0 

Shelton 0 2.1 114. 2 

Morr 0 3.5 4.0 

Anita 0 1. 7 2.7 0 0 

Adair 1.5 66.3 216.6 195.1 47.3 

Elk Grove 2 1.5 6.3 69.0 347.0 106.5 

Bluegill catches were more variable in the Wapello Pond 2 than in Wapello 
Pond 1. Bluegill catch rates remained at 20 F/SH through May, decreased to 0 
in June, and peaked at 80 F/SH on the last sampling period. Bass catch rates 
fluctuated no more than 7 F/SH throughout the three month collection period. 
Bass were collected at a rate of 21 F/SH in July, 27 F/SH in August, and 24 F/SH 
during September. 

Age O bluegill were captured with a tow net in Wapello Pond 2 for three 
months. Catch effort was .23 F/TM in July, 40.25 F/TM in August and decreased 
to .54 F/TM by September. Bluegill advanced fry were collected with a seine in 
September only, when relative abundance was 2.1 F/HL. 

Age 1 bluegill were easily captured in the Pierce Pond during May, became 
least abundant in catches during September. Bluegill catch rates declined from 
128 F/SH in May to 24 F/SH in July, increasing to 60 F/SH in August, but 
decreasing to 6 F/SH by September. Largemouth bass were collected only during 
the July sampling period when catch effort was 2 F/SH. Their absence in subsequent 
sampling periods is explained by either extreme mortality or gear avoidance, but 
the former is suspected because in 7 of the 9 study ponds largemouth catch effort 
increased in August and September and bass were collected in all other study ponds 
during the same period. 

Bluegill fry were collected with the tow net in the Pierce Pond only during 
the August sampling period when they were captured at a rate of .24 F/TM. 
Bluegill advanced fry were found in seine hauls during August and September in 
this pond. Catch rates were .13 F/HL during the second sampling period, and 
increased to 6.5 F/HL in September. 
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Bluegill were collected by electrofishing only once in Coffey Pond, at a 
rate of 175 F/SH in May. Extreme mortality is suspected as no bluegill fry 
were collected in this pond, but reproduction occurred in all other study ponds. 
Toxic agricultural chemicals were the suspected causative agent because of heavy 
runoff in late May from the row crop watershed. Largemouth bass were most 
abundant in July (81 F/SH), but declined during remaining sampling periods; 
40 F/SH in August and 19 F/Sl-1 in September. 

No bluegill reproduction was observed in the Coffey Pond and catch data for 
both gear gave credence to this postulation. Bluegill adults were not collected 
by electrofishing after May because of suspected extreme mortality. 

Age 1 bluegill were most easily captured during the second sampling period 
in Shelton Pond. Capture success of bluegill ranged from 171.6 F/SH in May to 
4.2 F/SH in June. Capture success increased following two sampling periods to 
41. 7 F/SH in August, but declined to 31.3 F/SH in September. Largemouth bass 
catch success increased during three sampling periods from 2 F/SH in July to 
17 F/SH in August and peaked in September at 31 F/SH. 

Bluegill fry were captured in net tows only during August in the Shelton 
Pond when they were collected at a rate of .57 F/TM. Contrasting to tow net 
sampling, seines collected bluegill advanced fry during two months, August and 
September. Catch rates increased from nothing in July to 2.1 F/HL in August 
to 114.2 F/HL by September. The catch rate peaks for tow net data in August 
and seine haul peaks in September are explained by gear selectivity. 

Age 1 bluegill were collected with an electroshocker during the entire 
sampling season in the Morr Pond. Ten fish per shocking hour were taken in 
April and 46 F/SH were captured in May. Bluegill were most abundant in June 
when they were caught at a rate of 104 F/SH. Catch effort decreased from 64 F/SH 
during July to 16 F/SH in September. Largemouth bass were collected from July 
through September at rates ranging from 20 to 28 F/SH. In July, largemouth bass 
were sampled at a rate of 20 F/SH, while the following month, they were more 
easily captured (28 F/SH). Sampling rates declined in September to 24 F/SH. 

Bluegill fry were found in net tows during July and August in the Morr 
Pond. Catch rates were .04 F/TM and .69 F/TM for July and August, respectively. 
Seines were effective for capturing bluegill advanced fry during August and 
September. Catch/effort increased from 3.5 F/HL in August to 4 F/HL by September 
when collections ceased. 

Electrofishing started in June and continued to mid-November in the Anita 
Pond. Age 1 bluegill were collected at rates ranging from 84 F/SH in July to 
9 F/SH in September. Bluegill collection success increased during the last two 
sampling months to 24 F/SH in November. Largemouth bass were sampled for six 
consecutive sampling periods. Collection success rates increased from 6 F/SH in 
June to 45 F/SH two months later. From August to September catch rate decreased 
from 45 F/SH to 9 F/SH. Largemouth bass were more easily captured in late fall 
as catch rates increased from 9 F/SH in September to 22 F/SH during November. 

Low bluegill fry numbers were observed in Anita Pond as capture rates with 
both gear type reveal. Fry were found in net tows only during August and 
September when catch rates were .20 F/TM and .01 F/TM. Advanced fry were seined 
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at rates of 1. 7 F/HL and 2.7 F/HL during August and September, respectively; the 
only sampling periods when fry were found. 

Bluegill adults were collected from May to mid-November in the Adair Pond. 
Bluegill catch rates increased from 40 F/SH in the first sampling period to 
89 F/SH in June. Collection rates declined to 75 F/SH on the third period to 
9 F/SH by September. Bluegill were more abundant in catches on the sixth period, 
but catch rates reached a low of 3 F/SH on the last sampling period. Largemouth 
bass catch rates were variable during the sampling season, increasing from 2 F/SH 
in June to 42 F/SH by August. In the remaining periods bass were caught at rates 
of 15 F/SH in September, 28 F/SH in October and 14 F/SH during November. 

Tow net sampling was initiated during July in the Adair Pond. Catch rates 
increased from .16 F/TM in July to 2.28 F/TM by October. Catch effort was 
.69 F/TM and .92 F/TM in August and September, respectively. Capturing efficiency 
decreased to .20 F/TM in November when collections ceased. Advanced fry were 
collected from July to November, and greatest catch efficiency was in September. 
Capture rates ranged from 1.5 F/HL in July to 216.6 F/HL in September. Catch 
effort decreased during the last two sampling periods when 195.1 F/HL were caught 
in October and 47.3 F/HL were caught during the last period. 

Age 1 bluegill were captured during all sampling periods in Elk Grove Pond 2. 
Bluegill catch rates increased from 32 F/SH in May to 102 F/SH in July, but 
decreased to 42 F/SH on the last sampling period. Largemouth bass were most 
easily captured in September being caught at rates of 58 F/SH compared to 4, 8, 
and 18 F/SH for June, July and August, respectively. Capturing efficiency 
declined to 13 F/SH in October and increased to 20 F/SH in the last sampling 
period. 

Bluegill fry were captured during all months in the Elk Grove Pond. Catch 
rates increased from .49 F/TM in July to .67 F/TM by September, but declined to 
.38 F/TM during November. Advanced fry data in the Elk Grove Pond differed from 
other pond data by revealing greatest fry numbers in October and November. Catch 
rates were 1.5 F/HL, 6.3 F/HL, 69.0 F/HL, 357.0 F/HL and 106.5 F/HL for each month, 
July through November, respectively. 

Ratings of 1 through 10 were assigned to each pond for grc.1tcst n11mhers or 
age O bluegi 11, since largemouth bass growth appca rs to be pa rt i al 1 y depcndL'nt 011 

a large forage supply. If two ponds had equal catch efforts, the pond with the 
earliest catch effort peak received the higher ranking since timelinesss of forage 
is important to small bass fingerling. 

Rating for each pond ranged from 1 for the Coffey Pond where no fry were 
collected to an average rating of 9 for the Adair Pond (Table 6). Highest rankings 
for seine haul data were given to the Adair Pond, Elk Grove Pond and Shelton Pond 
in decreasing order and these ponds contained the largest bass on the last sampling 
date. Rankings for tow net data revealed Wapello Ponds 1 and 2 receiving highest 
rankings with Adair and Shelton Ponds achieving third and fourth. The Adair Pond 
received the highest average ranking with Wapello Pond 1 and Elk Grove Pond 
receiving second and third place. Shelton and Wapello Pond 2 were fourth and 
fifth while Coffey Pond received the lowest ranking. 
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Table 6. Numerical rankings of study ponds relative to bluegill fry abundance. 

Pond Seine haul Tow net Average 

Wapello 1 7 9 8 

Wapello 2 3 10 6.5 

Pierce 6 4 5 

Coffey 1 1 1 

Morr 5 7 6 

Shel ton 8 5 6.5 

Anita 4 3 3.5 

Adair 10 8 9 

Elk Grove 9 6 7.5 

MORTALITY 

Actual annual mortality rates were determined on Wapello Ponds 1 and 2 by 
counting the remaining fish at pond drainage. Four hundred seventy-two bluegill 
were stocked in Wapello Pond 1 on 29 April, 1974, and 363 were recovered on 
5 May, 1975, giving an annual mortality rate of 23.1% (Table 7). Largemouth 
bass mortality was 40% since 63 bass of the 105 planted were recovered. 
Mortality for both species were higher in Wapello Pond 2. Bluegill mortality 
was 80.3%, while 44.3% of the bass perished. 

Table 7. Actual mortality rates of age 1 bluegill and age 0 largemouth bass in 
Wapello Ponds 1 and 2 from 29 April, 1974 to 5 May, 1975. 

Number Number Mortality 
Pond Species stocked recovered % 

Wapello 1 Bluegill 472 363 23 
Bass 105 63 40 

Wapello 2 Bluegill 540 106 80 
Bass 70 39 44 
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Estimated annual mortality rates from electroshocking results ranged from 
24.6% in the Adair Pond to> 95% in the Coffey Pond (Table 8). Elk Grove Pond 
experienced low bluegill mortality, 25%, but age 1 bluegill mortality in the 
remaining 6 ponds ranged from 45.6% to 86.3%. 

Table 8. 

Pond 

Wapello 1 

Wapello 2 

Pierce 

Coffey 

Shelton 

Morr 

Anita 

Adair 

Elk Grove 

Mean 

Estimated mortality rates of age 1 bluegill and age 0 largemouth bass 
in nine selected farm ponds during 1975. 

Electroshocker 

Bluegill Bass 

45.6 19. 7 

81.1 63.2 

72.2 66.3 

> 95.0 51. 3 

86. 3 

46.3 14.0 

67 .1 80.0 

24.6 57.6 

25.0 77 .6 

60.3 53.7 

Seine 

Bluegill 

72. 7 

53.4 

69.2 

65.1 

Tow net 

Bluegill 

> 95.0 

> 95.0 

16.4 

36.2 

40.5 

59.3 

91. 2 

52. 7 

60.7 

Largemouth bass annual mortality estimates ranged from 14.6% in Morr Pond 
to 80% in Anita Pond, but all other estimates except Wapello Pond 1 (19. 7%) 
ranged from 51.3% to 77.6%. Largemouth bass annual mortality estimates were 
19.7% and 63.2% for Wapello Ponds 1 and 2, while actual bass mortality was 40% 
and 44.3%. 

Bluegill fry annual mortality estimates were made from seine data on three 
ponds because sampling stopped in September on other ponds when catch/effort 
peaked. Annua 1 estimated mortality of advanced bluegill fry ranged from 53. 4% 
in /\dr1ir Pond to 72 .7% in J\nit:i Pond. Mortality estimates from tow net data 
r:111i•.t>d frnm IC,.4 ':, for the Pierce Pond to > 95°0 for both Wapello Ponds. 

Average estimated annual mortality of different gear differed little. 
Bluegill adult average mortality for all ponds was 60.3%, while bass mortality 
was estimated at 53.7%. Bluegill advanced fry average mortality rate was 
65.1%, and the average rate determined from tow net data was 60.7%. 
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DISCUSSION OF FINDINGS 

Establishment of minimum pond requirements does not guarantee fish survival. 
Despite all ponds exceeding minimum requirements, fish perished in two Elk Grove 
Ponds from low dissolved oxygen concentration caused by winterkill conditions, 
while bluegill were eliminated in the Coffey Pond and largemouth bass experienced 
extreme mortality in Pierce Pond. Suspected cause of Coffey Pond bluegill 
mortality was agricultural chemical runoff, while cause of Pierce Pond largemouth 
bass mortality was unknown. 

Annual estimated mortality differed from actual mortality in Wapello Ponds 
1 and 2. Estimated age 1 bluegill mortality for these ponds was 45 . 6% and 81.1%, 
respectively, while actual mortality of 23.1% and 80.3% was recorded. Estimated 
and actual age 1 bluegill mortality rates were similar in Wapello Pond 2, but 
estimated mortality was twice the actual mortality in Wapello Pond 1. Largemouth 
bass mortality was slightly underestimated in Wapello Pond 1, but was over­
estimated nearly 50% in Wapello Pond 2. Seasonal catch efficiency influenced the 
estimated mortality error during one season, but if data from two seasons were 
available, error could be reduced by compensating for seasonal variance. Age 1 
bluegill catch rates were highest in early summer because bluegill distributions 
were concentrated at spawning sites. Electrofishing relative abundance indices 
may have high variability because of seasonal fish distributions . 

Mean estimated mortality rates of age O bluegill were similar for both gear 
types. Mean mortality rates of 60. 7% for eight ponds determined from tow net 
data compared closely with the mean mortality rate of 65.1% determined with seine 
data from three ponds. The slight increase in mortality of bluegill fry > 14 mm 
(.52 in) TL would be expected if bass predation was the principal cause of 

. bluegill fry mortality, because as bass grew, greater quantities of bluegill fry 
would be consumed. 

Most tow net catch rate peaks were followed by seine haul catch rate peaks. 
Bluegill fry outgrowing and outswimming the tow net increased their vulnerability 
to the seine. Larger fry were retained by the seine while smaller fry passed 
through the mesh. 

RECOMMENDATIONS 

This investigation will continue in 1976 except actual mortality determina­
tions will be eliminated. 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

14 

LITERATURE CITED 

May, E. and C. Gasaway. 1967. A preliminary key to the identification of 
larval fishes of Oklahoma, with particular reference to Canton Reservoir, 
including a selected bibliography. Okla. Dept. Wildl. Conserv., Okla. 
Fish. Res. Lab., Bull. 5. 33 pp. 

Ricker, W. 1975. 
populations. 

Handbook of computations for biological statistics of fish 
Fish. Res. Bd. Canada, Bull. No. 191, 382 pp. 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

STATE: Iowa 

PROJECT NO.: F-88-R-3 

STUDY NO.: 403-2 

JOB NO.: 2 

Period Covered: 

15 

ANNUAL PERFORMANCE REPORT 

RESEARCH PROJECT SEGMENT 

NAME: Evaluation of the Split Stocking Method in 

Iowa Farm Ponds 

TITLE: Fecundity and maturity of bluegill and 

largemouth bass 

1 July, 1975 through 30 June, 1976 

ABSTRACT: Fec.unclLty and age a:t ma:t.U!vUy oo age 1 blueg..ill -t..toc.k.ed by .the -t.pLi,;t 
-t..toc.k.ing method in expvumen.tal pond-0 Wa..6 de.teJLmined 6twm Apll.il-AugM.t. AveJr..age 
6ec.unclLty, exptteMed M ma.:twte ova peJL gJtam Ot) body weight, /tanged oil.am 18 ova/ g 
nail. ma:t.une blueg..ill in June .ta 198 ava/g in July. TheJLeao.teJL, 6ec.unclLty dec.Jteaoed 
.ta 165 ova/gin AugM.t, 21 ova/gin Sep.tembeJL and< 1 ova/gin Oc..tobeJL. Spawning 
6,{JL6.t oc.c.uMed dUll.ing eall.ly July a:t 75% 06 .the pond-0, while -t.pawning oc.c.uMed by 
mid-Jul..y OIL eall.ly AugM.t in .the Jtemaining pond-0. Bluegil.1. ma..tulu.ty, 6ec.unclLty 
and :the inoluenc.e on la1tgemou.th ba-t.-t. g1tow:th UXl-6 fuc.M-t.ed. 

Prepared by: Larry Mitzner and 
Kay Hill 

Fishery Research Biologists 

Approved by: James Mayhew 
Fishery Research Supervisor 

Date Prepared: 30 June, 1976 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

16 

JOB 2 OBJECTIVE 

To dete.Jtrnlne. 6 e.c.u..ndd.y and age. o 6 ma:twu:t.y o 6 blue.g,ill and laJtg e.mo ux:h bM-0 
,<,n te.n f.i e.le.c.te.d po nd6 . 

INTRODUCTION 

The maintenance of acceptable predator-prey relationships becomes 
increasingly difficult if adequate bass growth and recruitment declines from 
levels attai ned when the population was expanding following initial stocking. 
Adequate forage is required to provide adequate bass growth thereby eliminating 
a missing year class of bass. Sufficient bass growth is also needed in their 
first year to enable the bass to successfully spawn at age 1. With the current 
bass-bluegill farm pond stocking scheme, bluegill fry and fingerlings provide 
the only forage; therefore bluegill production is paramount. Estimation of 
bluegill fry production was necessary to determine the relationship between 
young bluegill produced and bass growth, but prior to achieving this goal, 
fecundity of adult bluegill and the age at maturity was needed to determine 
potential bluegill reproduction. 

STUDY BACKGROUND 

Bluegill fecundity and age at maturity under the split stocking guidelines 
were investigated by selecting study ponds and defining the reproductive biology 
of bluegill in these ponds. Ponds were selected to meet the pond program 
criteria and were similar to those stocked throughout the state. Bluegill finger­
lings with a mean length of 25 mm (1 in) were stocked at 2,500/ha (1,000/ac) in 
September, 1974. In June, 1975 bass were stocked at 250/ha (100/ac) with a mean 
length of 36 mm (1.4 i n). 

METHODS AND PROCEDURES 

Each month from May-October three age 1 male and female bluegill were 
randomly sampled by electrofishing from each pond. The fish were weighed, 
measured, and the gonads preserved for microscopic examination and ova enumeration. 
Observed condition, maturity of the gonads and nesting or spawning activity were 
recorded. 

Volume and weight of each ovary was recorded and 10 mg was subsampled from 
the midsection. Individual ova in the subsample were separated from connective 
tissue, measured and enumerated and total ova were estimated by multiplying the 
weight ratio of ovary to subsample by ova/10 mg of ovary. Ova greater than .5 mm 
were considered mature using the criteria developed by James (1946). 
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FINDINGS 

Mature ova produced by age 1 bluegill varied from 0-410 ova per gram of 
body weight (ova/g) with most of the mature ova collected in July and August 
(Table 9). Bluegill from Pierce and Morr Ponds sampled in June contained mature 
ova, while fish in the other ponds contained only immature ova. Fish collected 
from the Pierce Pond contained .5 ova/g while fish in Morr Pond produced 88 ova/g. 
Ova counts increased in four ponds during July. Wapello Ponds 1 and 2 yielded 
fish with 260 ova/g and 357 ova/g, respectively in July. Ova counts at 186 ova/g 
w·ere identical for bluegill collected from Morr and Shelton Ponds during July. 
Ova numbers decreased in fish collected from the Wapello Ponds and by September 
fecundity was 1 and 82 ova/g at Ponds 1 and 2, respectively. Fish collected 
from the Pierce Pond contained few mature ova with .5, 0, 3, and 1 ova/g 
recorded for fish sampled in June, July, August, and September. Bluegill ova 
counts increased in Morr Pond from June to July and decreased to 22 ova/g by 
September. Shelton Pond showed slightly different results as ova counts 
increased to 410 ova/gin August, but in September mature ova were non-existent 
in the samples. 

Table 9. Fecundity of bluegill in six study ponds from June to October expressed 
as mature ova per gram of body weight. 

June July August September October 

Wapello 1 0 260 147 1 0 

Wapello 2 0 357 101 82 3 

Pierce .5 0 3 1 0 

Coffey a 

Morr 88 186 a 22 0 

Shelton 0 186 410 0 0 

aNo adult bluegill collected. 

Initial spawning dates varied by nearly one month among study ponds. Fish 
were first observed spawning on 8 July in Morr Pond, and on 9 July in Shelton, 
Adair and Elk Grove Ponds with bluegill spawning in the Anita Pond two weeks later, 
on 22 July (Table 10). First observed bluegill spawning occurred on 6 August in 
Pierce Pond. No spawning occurred in Coffey Pond because adult bluegill were 
eliminated in late May. Suspected cause of the mortality was farm chemical runoff 
from the watershed. Spawning dates were uncertain in the Wapello Ponds, but the 
mature ova count and larval fish sampled indicated July spawning. 
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Table 10. Observed spawning dates of adult bluegill in study pond during 1975. 

Initial 
Pond spawning date 

Wapello 1 a 

Wapello 2 a 

Pierce August 6 

Coffey None 

Morr July 8 

Shelton July 9 

Anita July 22 

Adair July 9 

Elk Grove July 9 

a Not observed. 

DISCUSSION OF FINDINGS 

Timeliness of bluegill spawning greatly affected largemouth bass growth. 
In Anita Pond, where spawning did not occur until 22 July, largemouth bass grew 
to a mean length of 136 mm (5.4 in), while in ponds with spawning in early July 
average bass length in October was 156 mm (6.1 in). Bluegill at Pierce Pond 
spawned later of any pond and ova counts and larval fish sampling showed young 
bluegill production was minimal. Spawning dates in Wapello Ponds undoubtedly 
occurred in early July, because large numbers of mature ova were recorded in 
July; largemouth bass growth was well above average. 

RECOMMENDATIONS 

The investigation will continue in 1976. 
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JOB 3 OBJECTIVE 

To de:te.Jt.m.i._ne g1towth 06 blu.eg,lil and la!tgemou.th bM.6 1.>.:toc.k.ed in .:ten pond6 
loc.a.:ted in Vav..u.,, Lu.c.M, and Gu.th!t,i_e Cou.n.tiu. 

INTRODUCTION 

The split stocking procedure provided for an autumn planting of 2,500 
bluegill fingerling/ha (1,000 fingerling/ac) and 250 largemouth bass fingerling/ha 
(100 fingerling/ac) the following June. 

Documentation of stocked bass and bluegill growth in Iowa by this schedule 
was initiated to determine if the autumn stocked bluegill reached maturity 
shortly after bass were stocked the following June, thereby producing forage for 
bass and stimulating rapid growth and maturity of bass within a year. The intent 
of this segment was to follow the growth of stocked bluegill and largemouth bass 
in the experimental ponds following initial planting. 

STUDY BACKGROUND 

Growth of bass and bluegill in ponds with reference to experimental stocking 
schemes has been extensively investigated, particularly in the southern states. 
Swingle (1950) investigated the dynamics of Alabama pond fish populations in the 
1940's, while less intensive studies by investigators in the Midwest were con­
ducted in the 40's and early 50's. Bass and bluegill growth statistics in Iowa 
farm ponds are rare. Carlander (1952), Fessler (1950) and Ruhr (1952) investigated 
standing crops of pond fishes in Iowa, but little information was available on 
growth. No information is available on growth rate as related to stocking 
strategy. 

METHODS J\ND PROCEDURES 

Electrofishing and seine samples were collected biweekly at the Anita, Adair, 
and Elk Grove Ponds from May through mid-November, and monthly at other ponds from 
April through September. All captured fish were measured to the nearest milli­
meter and weighed in aggregate for fish less than 100 mm (3.9 in) total length 
(TL), while fish larger than 100 mm ((TL) (3.9 in) were weighed individually to 
the nearest gram. Mean total length for each fish species was calculated each 
month during the season at each pond. Fish growth in the ponds was subjectively 
ranked from 1 to 10 using bass and bluegill lengths in October as the criteria, 
where a value of 10 represented fastest growth, while 1 was slowest growth. 
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FINDINGS 

Fish growth in Wapello Ponds 1 and 2 were similar. Bluegill at Pond 1 had 
a mean length of 40 mm (1.6 in) at the first sampling period, attained 96 mm 
(3.8 in) in July and grew nearly 7 mm (.3 in) per month during the remaining 
season, reaching a mean length of 118 mm (4.6 in) (Table 11). Largemouth bass 
length increased about 42 mm/month (1.7 in/month) until mid-September when mean 
bass length reached 165 mm (6.5 in) (Table 12). 

Table 11. Mean body length of bluegill in mm at nine ponds from June-October, 
1975. Subtended values are in inches. 

June July August September October 

Wapello 1 65 96 99 111 118 
(2.6) (3.8) (3.9) ( 4. 4) (4.6) 

Wapello 2 a 102 105 127 134 
(4.0) ( 4 .1) (5. 0) (5. 3) 

Pierce 64 79 97 103 110 
(2.5) (3.1) (3.8) ( 4 .1) ( 4. 3) 

Coffey a a a a a 

Morr 64 79 97 106 129 
(2.5) (3.1) (3.8) ( 4. 2) (5.1) 

Shelton 87 100 121 134 139 
(3.4) (3.9) (4. 8) (5. 3) (5.5) 

Anita 62 90 95 136 138 
(2. 4) (3.5) (3. 7) (5.4) (5. 4) 

Adair 82 98 110 141 152 
(3. 2) (3.9) ( 4. 3) (5.6) (6. O) 

Elk Grove 71 91 117 120 134 
(2.8) (3.6) (4.6) ( 4. 7) (5. 3) 

Mean 71 92 105 122 132 
(2.2) (3.6) ( 4 .1) (4.8) (5. 2) 

~o fish sampling during the period. 
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Table 12. Mean boJy length of largemouth bass in nun at nine pond!:> fr0m ,lw1t, ­
October, 1975. Subtended values are in inches. 

June July August September October 

Wapello 1 37 84 120 166 161 
(1.5) (3. 3) ( 4. 7) (6. 5) (6. 3) 

Wapello 2 37 94 122 146 165 
(1.5) (3. 7) ( 4. 8) (5. 7) (6.5) 

Pierce 41 a a a a 

(1. 6) 
Coffey 39 58 107 118 127 

(1.5) (2. 3) (4.2) (4.6) (5. 0) 
Morr 32 78 120 145 15 7 

(1. 3) (3.1) ( 4. 7) (5. 7) (6. 2) 
Shelton 38 97 144 205 216 

(1.5) (3. 8) (5. 7) (8.1) (8.5) 
Anita a 71 109 129 137 

a (2. 8) ( 4. 3) (5 .1) (5.4) 
Adair 90 119 184 225 

(3.5) (4. 7) (7. 2) (8.9) 
Elk Grove 29 68 127 172 170 

(1. 1) (2. 7) (5.0) (6. 8) (6. 7) 

Mean 36 80 121 158 170 
(1.4) (3.1) ( 4. 8) (6. 2) (6. 7) 

aNo fish sampled during the period. 

Bluegill length at the first measured in mid-April averaged 40 mm (1.6 in) 
in Wapello Pond 2, but exhibited little growth by mid-May. July sampling 
revealed bluegill averaged 102 mm (4.0 in) in length. At the last sampling 
period, mean bluegill length in Wapello Pond 2 was 134 mm (5.3 in). Largemouth 
bass growth rate accelerated during June from 37 mm (1.5 in) to 94 mm (3.7 in), 
but after July, growth rate declined to 20-24 mm (.9 in) a month. Mean length 
of bass in mid-October was 165 mm (6.5 in). 

Bluegill collected in mid-April at Pierce Pond averaged 30 mm (1. 2 in). 
By mid-May they had increased to 35 mm (1.4 in) and when bass were introduced in 
June, bluegill mean length was 64 mm (2.5 in). From July through October, 
bluegill grew steadily to a mean length of 110 mm (4.3 in). Largemouth bass 
collected in late June were 41 mm (1.6 in). No bass were collected during later 
sampling periods, because of extreme mortality of unknown cause. 
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Bluegill were collected at Coffey Pond only during the second sample period 
when they averaged 35 mm (1.4 in) in total length. Largemouth bass grew from 
39 mm (1.5 in) in June to a mean length of 107 mm (4.2 in) during the August 
sample period. From August through October, bass grew 20 mm (.8 in), averaging 
127 mm (5.0 in) at the last sample period. Poor sampling success of bluegill was 
probably due to total mortality since no bluegill fry were collected later in the 
season. Agricultural chemicals washed from the watershed was suspected as the 
probable cause of bluegill mortality from a pesticide application to row crops in 
the watershed in late May followed by heavy rains. Lack of bluegill young greatly 
attenuated largemouth bass growth. 

Bluegill in Morr Pond attained a mean length of 25 mm (1 in) in mid-April 
and body length increased steadily through October when mean length was 129 mm 
(5.1 in). Largemouth bass fingerlings had a mean length of 32 mm (1.3 in) when 
introduced in late June and increased in length to 120 mm (4.7 in) by August. 
Bass growth rate declined in August and September and by mid-October, mean length 
was 157 mm (6.2 in). 

Bluegill in the Shelton Pond attained a mean length of 30 mm (1.2 in) in 
April to 87 mm (3.4 in) in June. Bluegill exhibited steady growth through 
September reaching a mean. length of 139 mm (5. 5 in) in mid-October. Largemouth 
bass fingerlings with a mean length of 38 mm (1.5 in), at the June planting grew 
rapidly until 1 September when they were 205 mm (8.1 in) in length. Largemouth 
bass growth rate declined through October attaining a mean length of 216 mm 
(8.5 in) by late October. 

Sampling started in June at the Anita Pond since this was an alternate pond 
replacing the winterkilled Elk Grove Ponds. Bluegill averaged 62 mm (2.4 in), --......_ 
increasing to 90 mm (3.5 in) in July and 95 mm (3.7 in) in August. Mean body 
length was 138 mm (5.4 in) by mid-November. Largemouth bass exhibited rapid 
growth throughout the first season reaching a mean of 141 mm (5.6 in) by mid­
November. 

The Adair Pond, also an alternate pond, produced the largest bluegills of 
any study pond. Bluegill collected in the third sample period had a mean length 
of 82 mm (3.2 in) and by August had growth to 110 mm (4.3 in). Bluegill growth 
averaged nearly 15 mm (.6 in)/month during the season resulting in~ mean body 
length of 152 mm (6.0 jn) jn Novemher. Largemouth bass sampleJ in July avor:1gcd 
90 mm (3.5 in) in length and 225 mm (8.9 in) by Octoher. No b;1ss growth w:1s 
recorded during the last month. Bass growth in this ponJ was cxcceJed only by 
Shelton Pond. 

Elk Grove Pond bluegill attained a mean length of 134 mm (5.3 in) and 
largemouth bass averaged 172 mm (6.8 in) TL in the first season following stocking. 
Mean bluegill length was 32 mm (1.3 in) during the second sampling period and 
growth increased by an average of 17 mm (.7 in) each month of bluegill in mid­
November was 134 mm (5.3 in). Largemouth bass length increased from 29 mm 
(1.1 in) in mid-June to 172 mm (6. 8 in) i,n mid-September. No bass growth was 
recorded after mid-September. 

Fish growth in the study ponds were compared where each ponds was subjectively 
ranked between 1 and 10. After each pond was ranked the indices were averaged 
for bass and bluegill. 
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Rankings of nine study ponds ranged from 2.5 to 9.5 (Table 13). Fish growth 
was greater in the Shelton and Adair Ponds each attaining a 9.5 rank. Bass 
growth was greater in Shelton Pond, but Adair Pond bluegill growth was better. 
Elk Grove Pond ranked second with 7.5 while Anita Pond received a score of 6.5. 
The other ponds in descending order were Wapello 1, Morr, Pierce and Coffey Ponds. 

Table 13. Ranking of nine study ponds for fish growth. 

Pond Bass growth Bluegill growth Average 

Pierce 2 3 2.5 

Coffey 4 2 3.0 

Wapello 1 7 4 5.5 

Morr 6 5 5.5 

Anita 5 8 6.5 

Wapello 2 7 6 6.5 

Elk Grove 8 7 7.5 

Shelton 10 9 9.5 

Adair 9 10 9.5 

DISCUSSION OF FINDINGS 

Watershed use had a profound influence on the growth of bluegill and large­
mouth bass in the experimental ponds. Therefore, it indirectly influenced 
maturi ty and the production of forage. Those ponds with climax vegetative cover, 
grassland, pasture and timber (Shelton, Elk Grove and Adair Ponds) in the water­
shed exhibited the most rapid growth, highest production and fastest maturity of 
bluegill. Conversely, those with intensive row crops in adjacent watersheds 
(Pierce, Coffey and Morr Ponds) had slow bluegill growth, poor reproduction and 
slow maturity. The application and runoff of agriculture chemicals into the 
Coffey Pond was probably responsible for entire loss of the stocked bluegill. 
Catastrophic loss of bass also occurred in Pierce Pond but the cause remains 
unknown. 

Production of forage in the form of young bluegill was the main factor 
effecting bass growth. All ponds where bluegill matured early and reproduced 
also exhibited faster bass growth. 
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RECOMMENDATIONS 

Documentation of bluegill and bass growth in the experimental pond will 
continue in the next study segment. 
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MoM Pond6 c.on:tJta.-6:te.d with loweJt le.vw in the. Jc.e.rm.,lning pond6. Fi.6h .6Ull.viva.l 
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JOB 4 OBJECTIVE 

To doc.u.men:t cU.6 oeJtenc.v., -<..n un.te1t qu.a.1.ity in .ten 6aJz.m po nd6 -<..n Vav,U,, 
Gu;thlue and Luc.a.-6 Countiv., • 

INTRODUCTION 

Physical and chemical composition greatly influence the aquatic biota 
causing diverse population structure and production within each system. Such 
variations in growth rate, fecundity and mortality were anticipated for bluegill 
and largemouth bass populations in experimental farm ponds. Fish growth is 
readily influenced by abundance of benthos, zooplankton and phytoplankton, which 
are directly associated with watershed fertility. The single factor of 
turbidity greatly disrupts light penetration, limiting plankton growth. 

Before the investigation commenced a sampling regime was established whereby 
water quality parameters would be measured concomitantly with fish population 
s tatistics to ident i fy confounding factors due to differences in physical and 
chemical characteristics of the ponds . 

.., 

STUDY BACKGROUND 

Published water quality statistics for farm ponds in .Iowa are rare. Limited 
water quality data was available from man-made lakes investigations, but the 
information was purely limnological in nature and not usually related to fish 
population statistics, particularly for young bass-bluegill populations which were 
rapidly expanding. Measurement of water quality parameters at the experimental 
ponds commenced withi n a month of stocking and continued for 12 months. 

METHODS AND PROCEDURES 

Water samples were coll.ected each month from November, 1974 through October, 
1975 at two sampling stations in each pond. Dissolved oxygen, surface water 
temperature and Secchi disc readings were recorded at the time the samples were 
collected, but were not used in comparisons of water quality. Samples were 
refrigerated until laboratory analysis of alkalinity, inorganic and organic 
phosphate, nitrate, nitrite, and turbidity (FTU) were completed by standard 
procedures. 

The magnitude of differences in water quality between ponds was determined 
by comparing the mean values. 
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FINDINGS 

Alkalinity concentrations were higher in the Wapello Ponds than in any 
other study pond. Mean concentrations were 146 mg/£ and 135 mg/£ for Wapello 
Ponds 1 and 2, respectively (Table 14). All other study ponds had mean alkalinity 
concentrations ranging from 90 mg/£ to 118 mg/£. Elk Grove Pond 3 water was 
lowest in alkalinity at 90 mg/£. 

Inorganic phosphate concentrations were similar in all study ponds except 
the Coffey Pond which had a mean of .46 mg/£, higher than any pond. Pierce Pond 
samples had consistently lower phosphate levels with a mean of .26 mg/£. Other 
study pond waters contained mean inorganic phosphate concentrations ranging from 
.29 to .44 mg/£. 

Organic phosphate levels for all ponds were similar with the exception of 
Coffey Pond and Elk Grove Pond 2, which was higher. Coffey Pond water contained 
organic phosphate levels at .46 mg/£, while a mean concentration of .48 mg/£ 
was determined for Elk Grove Pond 2. Shelton Pond and Elk Grove Pond 1 contained 
lower organic phosphates with mean concentrations of .21 mg/£. Values for other 
ponds ranged between .26 mg/£ for the Pierce Pond to .46 mg/£ for Coffey Pond. 

Nitrate levels at all ponds, except Morr and Coffey Ponds, were similar. Morr 
and Coffey Ponds had high nitrate concentration, with means of 3.15 mg/£ and 
3.33 mg/£, respectively. Elk Grove Pond 3 water was lowest in nitrates, con­
taining a mean concentration of .10 mg/£. Mean nitrate concentrations of other 
ponds ranged from .14 mg/£ at Elk Grove Pond 1 to .77 mg/£ at Pierce Pond. 

Nitrite concentrations were likewise higher in the Morr and Coffey Ponds than 
other study ponds. Mean nitrite levels in the two ponds were .086 mg/£ and 

· .103 mg/£, respectively. All other ponds contained mean nitrite levels ranging 
from .002 mg/£ to .021 mg/£. 

Turbidity levels were quite low for eight study ponds with levels of 30 FTU 
or lower. The Morr Pond had low water clarity with a mean of 66 FTU. Pierce and 
Coffey Ponds were second and third most turbid with FTU values of 30 and 26, 
respectively. The six remaining ponds had turbidity values< 14 FTU. 

Dissolved oxygen levels declined to O ppm in Elk Grove Ponds 1 and 3 resulting 
in extreme fish mortality. 

DISCUSSION OF FINDINGS 

Water chemistry parameters are influenced mainly by watershed soil types and 
land use. Pierce, Coffey and Morr Pond watersheds were mainly row crops, 
although all contained grass buffer strip around the perimeter. These ponds 
contained the highest nutrient parameters; nitrates, nitrites, inorganic 
phosphates and turbidity were higher than other ponds. Nitrate and nitrite levels 
were undoubtedly elevated from fertilizer applied on the surrounding farm land. 
Inorganic phosphates also increased because of agricultural land use practices. 
Higher turbidity resulted directly from erosion. 



-------------------
Table 14. Mean and 95% confidence intervals of six chemical and physical water quality parameters in 

study ponds from November, 1974 through October, 1975. 

Alkalinity Inorganic Organic Nitrate Nitrite Turbidity 
phosphate phosphate 

mg/i mg/i mg/i mg/i mg/i FTU 

Wapello 1 146 ± 29 . 34 ± .13 .28: .14 . 36 ± . 55 .002 ± .003 14.40 ± 15. 71 

Wapello 2 135 ± 21 . 31 ± .11 .27 + .16 .25 ± .32 . 009 ± . 010 8.83 ± 7.48 

Pierce 106 ± 10 .26 ± .OS . 34 ± .11 .77 ± .49 .014 ± .010 29. 90 ± 21. 21 

Coffey 108 ± 17 .46 ± .47 .46 ± .24 3.15 ± 1. 61 .103 ± .062 26.10 ± 12.22 

Morr 101 ± 12 . 44 ± . 13 .43 + .15 3.33 ± .87 .086 ± .050 66.25 ± 26.20 

Shelton 122 ± 10 .29 ± .02 . 21 + • 06 - .41 ± .33 .012 ± .014 8.25 ± 3.93 

Elk Grove 1 118 ± 24 .41 ± .12 .21 ± .08 .14 ± • 20 .012 ± .015 9.65 ± 5.43 

Elk Grove 2 117 ± 15 . 37 ± .12 .48: .36 .26 ± .29 . 021 ± . 016 8.20 ± 3.46 

Elk Grove 3 90 ± 7 .41 ± .08 . 40 + .11 .10 ± .15 .006 ± .007 10.11 ± 3.56 

N 
\0 
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Wapello Ponds 1 and 2 contained higher alkalinity concentrations than other 
study ponds. These ponds were used as fish culture ponds prior to this study. 
The entire water source was piped directly from Lake Wapello and the higher 
alkalinity are partially, if not wholly, the result of introducing lake water. 

Adult fish survival was highest in Adair and Elk Grove Ponds which had 
grassland and timber watershed. Best bluegill fry production was also recorded 
in ponds with grass or timber watersheds. Furthermore, largemouth bass growth 
was greater in these ponds. In one of the row crop watershed ponds (Coffey), 
there was no adult bluegill survival and consequently, no fry production; while 
in Pierce Pond, with row crop watershed, high largemouth bass mortality is 
suspected because bass were collected only once immediately after stocking. 

RECOMMENDATIONS 

The investigation will be terminated because the objectives were achieved. 
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RESEARCH PROJECT SEGMENT 

STATE: Iowa NAME: Life History and Dynamics of Largemouth Bass 
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ABSTRACT: GJc.ow,th c.omputa.tio n6 a 6 lcvz_g emou;th ba..6.ti a;t Red Ha.w La.ke, .ti hawed 
u.tuna:ted length.ti a.t a.gu 1-8 wheJc.e 79, 749, 276, 284, 340, 388, 425 a.nd 475 mm 
(3.1, 5.9, 8.5, 11.2, 13.4, 15.3, 16.7, a.nd 18.7 in). Length-weight Jc.ela.tion.tihlp 
WU duc.Jc.ibe,d wheJc.e gJc.ow.:t.h in weight wu a.Uometuc.. Condition 6a.c.toJc. ( K) 
Mnged 6Jc.om 1.41 6oJc. .tima.UeJc. ba..6.ti to 1.94 6oJc. ba..6.ti in the la.Jc.gut gJc.oup. BM.ti 
a.t Bobwhite Lake, gJc.ew 6a..titeJc. duJc.ing the f,iMt thJc.e,e, ye,a.Jc..t, of, li6e c.ompa.Jc.e,d to the 
population a;t Red Ha.w. GJc.ow-th 0Jc.om a.gu 3-5 WM nea.Jc.ly idenuc.a.l, bu;t dec.Jc.ea..tied 
Mpidly a.t Bobwhite La.ke, dwung a.gu 6-8. E..6-tuna.ted length.ti f,oJc. a.gu 1-8 weJc.e 
9 4 , 1 8 4, 2 6 7 , 3 7 9 , 3 7 5 , 4 1 2 , 4 3 2 a.nd 4 5 5 mm ( 3 • 7 , 7 • 3 , 1 0 • 3 , 1 2 • 5 , 7 4 • 8, 1 6 • 2 , 
17. 0 a.nd 17. 9 in). Length-weight Jc.ela.tion6hlp of, ba..6.ti a.t Bobwhite WM likewi.tie 
a.Uometuc., bu;t c.ondition f,a.c.toJc. wu .tilighfty gJc.ea.teJc. ,tha.n value.ti a.t Red Ha.w 
La.ke, pa.Jc.tic.ula.Jc.ly f,oJc. la.Jc.geJc. ba..6.ti. 
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STUVY OBJECTIVE 

To c.ompa1te. gtww.th tuLte., body c.oncLL:tlon, R..e.ng.th-wugh.t .tte.R..ation6Mp, age. 
J.i :tltu.c.:tulte., na.tu..ttaR.. mo~y tuLte., e.xpR..o.-Lta.tio n .tta.te. and J.i .tancUng c..tto p o 6 
adu.R...t R..alt~e.mou..th bMJ.i popu.R..ation6 and c.ompaJte. .the. c.on;t,u_bu.tion 06 J.i.toc.k.e.d 
6ing e..ttling bMJ.i .to .the. 6,i,,6 he..tty a.t Re.d Haw Lak.e., G.tte.e.n Valie.y Lak.e. and Bo bwhlie. 
Lak. e. wh,i,c.h aJt e. c.haJtac..te.Jt,<,,6 tic. o 6 .th.tte.e. fu tinc..t R..ak. e. .type.J.i , e.ac. h having u.niq u.e. 
phyJ.iic.aR.., c.he.mlc.at and biologic.at c.ha.ttac..te.Jt,<,,6.ti,c.J.i. 

JOB 1 OBJECTIVE 

To de..te..ttm,i,ne. .the. di66e..tte.nc.e. in li6e. w.to.tty J.i-t.afutic.J.i 06 R..a1tge.mou..th bMJ.i 
inc.lu.cUng g.ttow.th .tta.te., body c.ond,i,tion and R..e.ng.th-wugh.t .tte.lat,<,onJ.ihip in .th.tte.e. 
man-made. R..ak.e.J.i w,i,.th di66e..tte.n.t phyJ.iic.aR.., c.he.mlc.aR.. and biologic.al c.ha1tac..te.Jt,<,,6tic.J.i. 

INTRODUCTION 

Largemouth bass is an important sport fish in Iowa, particularly in the 
south-central region man-made impoundments. A recent poll of Iowa fishermen 
showed largemouth bass ranked fifth in the statewide catch and third in the 
south-central region. Species preference by the polled respondents revealed 
the popularity of largemouth bass ranked very high and in some districts 24% 
of the anglers ranked largemouth bass as most preferred. Bass are even more 
popular in the south-central district where they ranked second in popularity, 
surpassed only by channel catfish. 

Equally important, largemouth bass is the sole predator in many impound­
ments where they were introduced for panfish predation. Thus, largemouth bass 
provide a dual role in the fishery requiring optimized harvests and yet maintain 
adequate predator stock. Resource managers use a wide array of methods to 
execute strategies at lakes where bass populations are inadequate as predators 
and their contribution to the fishery is wholly unsatisfactory. But, before 
management strategies are developed criteria for problem recognition must be 
established. 

The intent of this investigation was to provide vital statistics of 
largemouth bass populations which are representative of three discrete types of 
man-made impoundments in southern Iowa. The statistics are readily adapted to 
problem recognition in bass populations and form a basis for reliable, deductive 
management strategies. 
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STUDY BACKGROUND 

Growth, computed from largemouth bass samples collected from 1971-1974, 
was greatest at Green Valley Lake, where mean length was 346 mm (13.6 in) at 
age 4 compared to 314 (12.3 in) at Bobwhite Lake and 275 (10.8 in) at Red Haw 
Lake at the same age. Length-weight regressions for these populations showed 
weight growth was always isometric at Red Haw Lake. At Bobwhite Lake growth 
was isometric from 1971-1972, but allometric from 1973-1974. Allometric growth 
occurred at Green Valley Lake in all years. Body condition (K) ranged from 
1.39 for Red Haw bass in 1971 to 1.76 at Green Valley in 1973. The trend was 
for the best K-factors at Green Valley Lake, intermediate at Bobwhite Lake, and 
lowest at Red Haw Lake. 

METHODS AND PROCEDURES 

Collection methods in 1975 were identical with previous years, except 
Green Valley Lake was excluded due to drainage and fish renovation. Age, 
growth , length-weight regressions, body-scale regressions and condition factors 
were computed by the standard techniques. 

FINDINGS 

REV HAW LAKE 

Length-weight relationship of largemouth bass in 1975 was best described 
by the regression equation 

Log W = -5.487 + 3. 256 Log TL 

wh er e W was we igh t in gra ms (g ) a nJ Tl. w:1s tot:il hotly l ength in mi 11 imctcrs 
( nun J . 

The pon<l e r ,1l i11Jcx mca s urcJ by th e K- factor w,1s l. tl l :111d rang('J from l.(H 
fo r bass i n th e l l l-136 mm (4.4 - 5.4 i n) size cla ss to 1.94 for the l arges t 
s i ze class of 536-561 mm (21.1-22.1 in). There was a trend of larger K-factor 
wi th increasing body length. 

Growth in length of bass at Red Haw Lake was back-calculated from the 
l i near function 

TL= 3.9 + 2.5 ScR 

where, TL represented total body length and ScR was the magnified (27 X) 
anterior scale radius in mm. 

The estimated TL at each year of life was computed from 113 fish representing 
the 1967-1974 year classes. Calculated mean lengths for ages 1-8 was 79, 149, 
216, 284, 340, 388, 425 and 475 mm (3.1, 5.9, 8.5, 11.2, 13.4, 15.3, 16.7 and 
18.7 in) (Table 1). 
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Table 1. Estimated total length in mm of largemouth bass at the end of each 
year of life in Red Haw Lake. English equivalent values are 
subtended. 

Year of life 
Year 
class Number 1 2 3 4 5 6 7 8 

1974 2 80 
1973 29 102 184 
1972 50 68 148 218 
1971 13 81 152 229 293 
1970 6 66 114 194 263 311 
1969 7 82 154 226 300 345 384 
1968 5 79 146 226 289 343 378 403 
1967 1 73 142 206 275 362 401 448 475 

Mean length 
in mm 79 149 216 284 340 388 425 475 

(3.1) (5.9) (8.5) (11. 2) (13.4) (15. 3) (16. 7) (18. 7) 

Mean weight 
in g 5 39 130 317 570 876 1,178 1,693 

(.011) (.086) (. 29) (.70) (1. 26) (1. 93) (2.60) (3. 73) 

Estimated weight at each year of life was computed from lengths using the 
length-weight relationship. At age 1 mean weight was 5 g (.01 lbs) increasing 
to 39 g (.09 lbs) at age 2. Thereafter, weight increased rapidly and by ag~ 3 
mean weight of bass was 130 g (.29 lbs). At ages 4-8 mean weight was 317, 570, 
876, 1,178 and 1,693 g (.70, 1.25, 1.93, 2.60, and 3.73 lbs), respectively. 

BOBWHITE LAKE 

The length-weight relationship of largemouth bass at Bobwhite Lake was 

Log W = -5.4382 + 3.2245 Log TL 

where the variable identification was the same as before. The regression 
coefficient differed significantly (P < .05) from 3.0 indicating continued 
allometric growth. 

Body 
(9. 3-10. 3 
20.1 in). 
increased. 

condition of bass at Bobwhite Lake ranged from 1.22 in the 236-261 mm 
in) size group to 1.58 for bass between 461 mm and 511 mm (18.2-
A significant increase (P < .OS) in K-factor occurred as body length 
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The body-scale regression for bass in Bobwhite Lake was 

TL= 11.6 + 2.2 ScR 

where the variable designations were previously described. 

Total lengths at the end of each year of life for ages 1-8 representing 
the 1967-74 year classes were 94, 184, 261, 319, 375, 412, 432 and 455 mm 
(3.7, 7.3, 10.3, 12.S, 14.8, 16.2, 17.0 and 17.9 in) (Table 2). 

Table 2. Estimated total length in mm of largemouth bass at the end of each 
year of life in Bobwhite Lake. English equivalent values are 
subtended. 

Year of life 
Year 
class Number 1 2 3 4 s 6 7 

1974 s 84 
1973 8 90 189 
1972 34 94 199 271 
1971 23 95 197 260 307 
1970 12 91 181 273 353 398 
1969 9 107 192 278 344 397 435 
1968 7 101 182 261 326 391 434 455 

8 

1967 1 93 149 221 263 315 366 409 455 

Mean length 
in mm 94 184 261 319 375 412 432 455 

(3. 7) (7. 3) (10. 3) (12.S) (14.8) (16.2) (17.0) (17. 9) 

Mean weight 
in g 9 73 226 432 727 985 1,148 l, 35 7 

(. 02) (. 16) ( .SO ) (.95) (1. 60) (2.17) (2.53) (2.98) 

Mean estimated weight at age 1 was 9 g (.02 lbs) increasing to 73 g 
(.16 lbs) at age 2 and 226 g (.SO lbs) at age 3. After age 3 weight increased 
rapidly and by age 4 mean weight was 432 g (.95 lbs). From age 5-8 mean weight 
increased to 727, 985, 1,148 and 1,357 g (1.60, 2 .17, 2.53 and 2.98 lbs), 
respectively. 
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DISCUSSION OF FINDINGS 

Comparison of largemouth bass statistics at Red Haw and Bowhite Lakes in 
1975 showed growth and body condition were greater at Bobwhite, while the length­
weight regressions were nearly identical. Growth in weight for both populations 
was allometric. This was the first year since the investigation started where 
allometric growth occurred for Red Haw bass compared to bass at Bobwhite Lake 
where allometric growth occurred since 1973. 

Growth of Red Haw bass was slower during the first three years of life 
compared to those in Bobwhite Lake. Lengths at age 3 differed by nearly 20%, 
while the weight difference was approximately twofold. From age 3-5 growth 
rate was nearly identical, but during the sixth year of life growth at Bobwhite 
Lake decreased rapidly and by age 8 Red Haw bass were slightly greater in 
length and weight compared to bass at Bobwhite Lake. 

The findings clearly show bass growth ranged widely between lakes with 
different physical and chemical features. More important these differences 
must be considered in management strategy because catch, mean weight of the 
catch, recruitment and yield are growth dependent. The growth rate of bass at 
Bobwhite Lake resulted in recruitment at a younger age, greater mean weight in 
the catch and greater catch and potential yield per recruit to the fishery. 

Planned management becomes complex when growth rate of bass is considered 
as an independent variable. Yet, management results become more predictable 
when the growth statistics are accurate. Obviously, management outcome is 
drastically different if growth was considered identical between lakes. When 
different growth rates are used for different lakes the management techniques 
remain the same; only the degree of execution changes. To achieve optimum 
yield, catch regulations could become either more restrictive or permissive 
depending on the relationship of growth rate and related parameters. Regardless 
of the management scheme, growth is a vital component and the most accurate 
data must be included in valid management strategy. 

RECOMMENDATIONS 

Population statistics accrued during the investigation are mainly in 
unrelated form. That is, growth, population abundance, recruitment, natural 
mortality and fishing mortality were reported as individual entities, but the 
relationship of parameters and how they apply to problems have not been 
described. 

Vital statistics of bass populations at the three study lakes should be 
compended and integrated into a completion report. 
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JOB 2 OBJE CTI VE 

Ve:te.Junlne. .the. cU6 6 eJte.nc.e. in po pula.tio n dtjnami..C-6 o 6 laJr.g emou..th ba1.i;., 
inci.u.cUng population J.Jize., ;.,,tancUng c.Jtop, age. J.ibl.uc;twz,e, and e.xpto..Lta.tion 06 
la1tg emouth baJ.iJ.J in .th!te.e. man-made. take,}., wilh cU6 6 eJte.n:t phtj1.:,ic.at, c.hemic.at and 
biologic.at c.ha1tac.teJr_,(_l.:,UC6. 

INTRODUCTION 

Measurement of largemouth bass population dynamics continued in 1975 at 
Red Haw and Bobwhite Lakes. Sampling was discontinued at Green Valley Lake 
where the fish population was renovated in 1974. Population estimates, age 
distribution, annual survival and fishing mortality were measured as before. 

STUDY BACKGROUND 

Abundance of largemouth bass in 1974 was greatest at Red Haw Lake with an 
estimate of 57 per ha (23 per ac) compared to a density at Bobwhite Lake of 
9 per ha (4 per ac). Fishing effort and harvest at Red Haw was also higher 
with a yield of 1,521 fish weighing 567 kg (1,251 lbs). At Bobwhite Lake 
harvest accounted for 20 bass weighing 8 kg (17 lbs). Bass anglers were most 
successful at Red Haw where the catch rate was .32 bass per hr compared to .20 
bass per hr at Bobwhite Lake. Annual survival of the populations ranged from 
55% at Red Haw to 60% at Bobwhite Lake. The bass population at Red Haw Lake 
was characterized by high exploitation, high density and low natural mortality 
with slower growth with lower body condition contrasted to bass at Bobwhite Lake 
with low abundance, exploitation and natural mortality, but faster growth and 
higher condition factors. 

METHODS AND PROCEDURES 

Sampling methods and schedules were identical with previous years except 
sampling for largemouth bass at Red Haw Lake commenced earlier. Marking and 
recapture of bass started on 6 April and was temporarily discontinued on 22 May 
until late August. 
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FINDINGS 

REV HAW LAKE 

Population abundance was estimated from 6 April-26 September for bass 
~ 228 mm (9 in). During the period 185 bass were marked; 286 were examined 
for marks of which 8 were recaptures. The cummulative population estimate 
stabilized in early September at approximately 2,000. When sampling was 
terminated on 26 September the estimate was 2,858. Confidence intervals for 
this estimate at the 95% level were! 1,694. 

Angler harvest was estimated as before from 15 April-30 September. During 
the period 7,803 anglers fished 14,347 hrs and caught 27,175 fish. Largemouth 
bass catch was 2,245 with an overall success rate of .16 bass per hr. Mean 
length of bass in the catch was 284 mm (11.2 in) and ranged from 165 mm (6.5 in) 
to 445 mm (17.5 in). Anglers were asked how many bass they caught, but later 
released. The results showed 42% of the bass caught were released. In all, 
3,860 bass were caught; but, 1,615 were released yielding 2,245 to the harvest. 

Overall catch rates were .16 bass per hr with greatest success in late 
September when catch effort was .43 bass per hr and a total harvest of 481 fish. 
The next most successful period was in late July when catch effort was .32 bass 
per hr. Lowest success was about .06 fish per hr in June and early July. 

Age structure of largemouth bass at Red Haw Lake was dominated by the 1972 
year class, comprising 57.5% of the sample. The 1973 year class comprised 23.3% 
of the population followed by the 1971 year class at 7.3%. Older age groups 
contributed< 4% to the sample. 

Total annual mortality was estimated by two methods. First, mortality was 
computed from the age frequency distribution and second from the geometric 
decrease in tags returned by anglers. 

Age distributions in 1971-1975 were combined by year class using the virtual 
population method, thus yielding a catch curve where error due to unequal 
recruitment was minimized. Instantaneous mortality was the slope of the 
descending limb of the catch curve. 

The regression equation 

log Y = 4.60 - .63X e 

best described the relationship of% frequency (Y) and age (X). Total 
instantaneous mortality was .63 with an annual rate of 47%. 

The second method was computed from the model in Ricker (1975) where three 
consecutive years of tagging and four years of angler returns were used to 
estimate annual mortality. Computations showed 48% of the population was lost 
annually which closely agreed with 47% estimated by the first method. 

Exploitation was likewise estimated from tags returned by anglers from the 
equation (Ricker, 1975) 
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where u- is annual rate of exploitation, m. is the number of all recpatures 
reportea in the ith year after marking, Ri 1 is the number of recaptures marked 
only in the i th year, Ti is the cummulative number of recaptures reported 
after and including the ith year of marking, and Mi is the number of fish 
marked in the ith year. The estimates required complete reporting of tagged 
fish by anglers so the values were minimum estimates. Exploitation ranged from 
3.4% in 1972 to 18.8% in 1975. Values in 1973 and 1974 were 7.7% and 9.6%. 

Natural annual mortality was estimated as the difference between instantan­
eous total mortality and instantaneous fishing mortality, however, the value was 
slightly overestimated due to the underestimated exploitation rate. Natural 
mortality ranged from 34-45%. 

Standing stock estimates for largemouth bass at Red Haw Lake were computed 
as the summation of products between numerical abundance and mean weight for each 
age group. Population abundance for age 1 bass was 46 with a mean weight of 5 g 
(.01 lbs) for a contribution of .23 kg (.5 lbs) to the biomass (Figure 1). 
Computations for other ages resulted in a total population weight of 559 kg 
(1,230 lbs). Age 3 bass contributed about 38% to the standing stock, while 
other year classes contributed no more than 14% to the total weight. 

BOSJJHITE LAKE 

Sampling at Bobwhite Lake to estimate largemouth bass abundance started on 
29 April and continued monthly through October. During this period 74 bass were 
marked; 208 were examined, of which 11 were recaptures. On 18 August the 
cumulative population estimate was 581 which decreased slightly to 494 by 
31 October. Confidence at the 95% level of the last estimate was: 151. 

Instantaneous total mortality was determined by the catch curve method as 
before. The regression was computed for bass age 2 or older. After that age 
the bass were completely vulnerable to sampling gear. The regression equation 
was 

log Y = 4.20 - .40X 
e 

yielding a total instantaneous mortality rate of .40. The corresponding total 
annual mortality rate was 33%. 

Population weight of largemouth bass at Bobwhite Lake was 219 kg (485 lbs) 
resulting in a density of 5.4 kg/ha (4.8 lbs/ac). Ages 4-7 comprised 76% of 
the biomass with age 6 most important contributing 48 kg (106 lbs) to the 
population (Figure 2). Age groups 4 and 5 each contributed 43 kg (95 lbs) to 
the biomass followed by age 3 at 40 kg (88 lbs). Other ages were less important 
contributing no more than 7 kg (15 lbs). 
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DIStUSSION OF FINDINGS 

Population characteristics of bass at Red Haw Lake were vastly different 
compared to Bobwhite Lake. Numerical density showed the widest divergence in 
population traits. Bass at Red Haw were nearly 7 times more abundant than 
Bobwhite Lake. Standing stock of bass in Red Haw Lake was nearly 4 times 
greater. 

Age structure of the bass population at Bobwhite Lake was dominated by 
older fish, whereas age 3 bass at Red Haw Lake comprised> 50% of the sample. 
Likwise, mortality estimates were a function of age distribution where annual 
survival rate of bass at Bobwhite was 67% compared to 53% at Red Haw Lake. 

Bass harvest at Red Haw Lake appeared quite high, particularly when nearly 
as many fish were harvested as existed in the population. Yet exploitation rate 
computed from tag returns showed about 20% harvest. The anomaly was mainly due 
to sampling. Population size was estimated for fish> 230 mm (9 in), while the 
harvest estimate included all sizes. Minimum length reported in the harvest was 
165 mm (6.5 in) with a mean length of 284 mm (11.2 in) compared to 318 mm 
(12.5 in) from the electrofishing sample. 

Size in the catch was influenced by fairly slow growth and high natural 
mortality. Mean length of harvested bass would have been smaller, but 40% of 
the fish were returned and most of those were< 284 mm (11.2 in). 

RECOMMENDATIONS 

Population traits of largemouth bass in 1975, as in previous study segments, 
showed a definite trend at each study lake. Numerical density and population 
weight was greatest at Red Haw Lake with decreasing density at Bobwhite and 
Green Valley Lakes. The same trend was true for total, fishing and natural 
mortality whereby Red Haw Lake had the greatest biomass turnover with lower 
production potential at the other lakes. 

Bass populations are well described for each study lake, but a comprehensive 
completion report should be prepared to define the relationship between population 
density, biomass, natural mortality, fishing mortality, recruitment and growth for 
each lake type. 

LITERATURE CITED 

Ricker, W. 1975. Computation and interpretation of biological statistics of 
fish populations. Fish. Res. Board. Can. Bull. 191. 382 pp. 
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JOB 3 OBJECTIVE 

Ve.teJunine the QOritfubU-tion on ningefl.ling .taJc.gemou:th ba..o.6 .6toQked a.ta ~a.te 
on 250 p~ ha to the n~h~y a.t two man-made fuk~ with dinn~ent phy.6iQa1., 
QhemlQal. and biofogiQal. Qha.JUld~tiQ.6. 

INTRODUCTION 

Successful reproduction and high survival of the young is prerequisite to 
adequate production in bass populations. Discounting epizootics and compensatory 
mortality such as deaths from low dissolved oxygen the number of adult bass in a 
population are capable of pr oducing large numbers of viable eggs. Even with 
high depensatory mortality from fishing and natural causes there are usually 
enough remaining brood bass to adequately replace the population. The main 
problem in many fisheries is not the lack of spawners, but repression of spawning, 
poor egg viability and hatching, poor fry survival and excessive predation of the 
progeny. Regardless of the causes, the effect is the same: few bass attain 
catchable size or recruit into the predator population. Low reproductive success 
and survival of young ultimately determine the overall production of the adult 
population and even compensation by increased growth will not offset the loss 
in recruitment. 

Management of bass population by supplemental stocking of fingerlings is one 
method of attempting to numerically increase the adult population. Experimental 
stocking and evaluation of 0-age abundance commenced at three lakes in 1971 to 
determine if the technique was effective. Reproductive success and progeny 
survival was monitored at Red Haw, Bobwhite and Green Valley Lakes in 1971-1975 
with experimental stockings at Red Haw in 1973 and Bobwhite Lake in 1973-1975. 
Sampling continued in this segment as before except at Green Valley Lake where 
the population was renovated in 1974. 

STUDY BACKGROUND 

Catch effort of young largemouth bass ranged from O per seine haul (F/H) 
at Green Valley Lake in 1971 to 5.4 F/H at Red Haw in 1972. Catch effort values 
at Bobwhite Lake ranged from .8 F/H in 1973 to 2.0 F/H in 1974. Results of the 
experimental stockings showed abundance of young bass significantly (P < .05) 
i ncreased in the seine hauls at Bobwhite Lake, but catch effort remained the 
same at Red Haw Lake. Reproductive success and survival of naturally produced 
young measured from seine samples was twice as great at Red Haw Lake compared 
to Bobwhite Lake. 

METHODS AND PROCEDURES 

The sampling schedule and methods were identical as in previous years. On 
7 October, 1975, 3,618 fin clipped largemouth bass with a mean length and weight 
of 129 mm and 32 g were stocked at Bobwhite Lake. Catch effort values before 
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and after stocking were determined in seine hauls from July-October, while 
electrofishing continued in April-June, 1976. 

FINDINGS 

Overall catch per effort of age O bass in seine hauls at Red Haw Lake was 
25.1 per haul (F/H) with a range of 1 F/H at site 2 in September to 60 F/H at 
site 1 in August. Greatest catches were in August with a mean of 37.3 F/H 
followed by 21.0 F/H in September and 17.0 F/H in July (Table 3). 

Table 3. Catch per effort of age O largemouth bass in number per seine haul 
at two man-made impoundments. 

Red Haw Bobwhite 

July August September July August September 

1971 . 3 . 3 . 3 2.5 1. 3 .5 

1972 8.5 2.3 5.0 2.3 1.0 .3 

1973 0 .3 1.5 0 .5 1. 8 

1974 4.8 3.5 5.8 0 5.8 .3 

1975 17.0 37.3 21. 0 0 .25 .25 

Catch effort data was test ed by analysis of variance procedure to determine 
if differences occurred in catch per effort of age O bass between years. At 
Red Haw Lake the differences were highly significant (P < .01) and further 
ana lysis by multiple range testing showed the mean catch effort in 1975 was 
greater than means in 1971-1974. Catch i ndices of young bass during the first 
four years of investigation were not significantly different at the 95% level. 

Mean catch e ffort of a ge O bass at Bobwhite Lake was .2 F/H. The low 
index was due to hauls where no bass were caught; a single bass was caught in 
August and another in September. 

Experimental s tocking of fingerling bass in 1975 was confined to Bobwhite 
Lake because hatchery production was lower than anticipated precluding the 
stocking quotas for both lakes. Bobwhite Lake was chosen for stocking because 
of the lower abundance index of age O bass. At Red Haw fingerling stocking in 
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a previous segment resulted in no change in the density of bass populations even 
with a fairly low density of naturally produced bass. Conversely, the survival 
of age O bass at Bobwhite Lake was at the lowest level since 1971, which 
presented a situation where fingerling stocking would have the greatest impact. 

Seine hauls before and after stocking of 3,618 fin clipped fingerling bass 
showed there was a highly significant (P < .01) increase in abundance between 
stocked bass and naturally produced age O bass. In seine hauls 172 bass were 
examined of which 171 were hatchery produced fish. 

Sampling with electrofsihing gear showed similar results. On 16 and 31 
October, 153 0-age bass were examined of which 151 were fin clipped fish. 
Sampling continued in June, 1976, where 62 bass of the 1975 year class were 
collected with 57 i dentified as hatchery reared bass. 

Sampling at Bobwhite Lake for age 1 bass which were stocked the previous 
year showed hatchery reared fish dominated the population. Eighteen bass were 
examined of which 16 were fin clipped, accounting for 89% of the sample. 

DISCUSSION OF FINDINGS 

Catch effort statistics of age O bass showed natural production and survival 
was far greater in Red Haw Lake. Supplemental stocking in 1973 showed no 
significant change in the apparent abundance of age O bass even when survival of 
naturally produced fish was at the lowest level during the investigation. 

The opposite occurred at Bobwhite Lake where relative abundance of young 
bass averaged 85% less than that in Red Haw Lake. Sampling of bass after 
fingerling stocking at Bobwhite Lake in 1975 showed apparent abundance increased 
by over 100-fold. Similar results were shown in 1973 and 1974 where the 
abundance of 0-age bass increased significantly after stocking a minimum of 135 
bass/ha (53/ac). 

RECOMMENDATIONS 

Relative abundance indices of naturally produced age O largemouth bass were 
determined at Red Haw, Bobwhite and Green Valley Lakes since 1971 thereby 
quantifying the magni tude of year class fluctuation. Experimental stocking of 
hatchery reared fingerling largemouth bass was evaluated at Red Haw and Bobwhite 
Lakes from four plantings. The findings should be compiled in a completion 
report with inferences made on the practicability of stocking fingerling bass 
with recommended stocking guidelines. Relative year class abundance of young 
bass should be related to population dynamics of adult populations where the 
effect of up to three consecutive year classes with poor survival can be 
assessed in the adult population. 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
.I 
I 
I 
I 
I 
I 
I 
I 
I 

48 

ANNUAL PERFORMANCE REPORT 

RESEARCH PROJECT SEGMENT 

STATE: Iowa NAME: Evaluation of Biological Control of 

PROJECT NO.: F-88-R-3 Nuisance Aquatic Vegetation by White Amur 

STUDY NO.: 

JOB NO.: 

Period Covered: 

504-3 

1 

TITLE: Standing crop of vascular plants, primary 

productivity and water quality at Red Haw 

Lake 

1 July, 1975 through 30 June, 1976 

ABSTRACT: Me.an. aqu.a..uc. plant biomM.ti WM 447 g/m2 will a maumwn 06 658 g/m
2 

in. Ju.n.e. an.d a m,i,n.,i,mwn 06 7.63 g/m7. in. Se.p.te.mbvz.. Elode.a dom,i,n.a.te.d .the. .tipe.ue..ti 
c.omple.x a:t 414 g/m2 in. Ju.n.e., wWe. me.an. an.nu.al Cvz.a.tophyllwn biomM.ti Wa.6 .tie.c.ond 
in. ,i,mpolt.ta.nc.e., bu..t dom,i,n.a.te.d .the. plant c.ommu.n.dy in. Se.p.te.mbvz. a:t 7.37 q/m2• 
Po.tamoge..ton. WM :t.ruJtd in. biomM.ti wugh.t and WM mo.tit de.Me. a.t 119 g/m'Z in June.. 
Sample. wugh.tf.i 06 Naja.ti .tihowe.d li WM alma.tit e.R..,i,min.a.te.d 6.1tom .the. plant c.ommu.n.dy; 
an.nu.al me.an. b,i,oma.ti.ti WM 7 g /m7.. A.1te.a ofi plant g.1tow.th Jtan.ge.d 6.1tom 7.. 4 ha ( 5. 9 ac.) 
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plant c.ommu.n.dy oc.c.u.Me.d in. Ju.n.e. a:t 49 me..tJt,i,c. :ton. ( 54 T). Ove.Jtail :the. biomM.ti 06 
plan.:tf.i WM Jte.du.c.e.d n.ea.Jtly 6 o Wl. 6 old .ti in.c. e. while. amu.Jt we.Jte. in.:tJto du.c.e.d :thJte.e. y e.aM 
ago. Wa:te.Jt q u.al,i,;ty paJz.ame..te.M Jte.ma,i,n.e.d u.n.c.han.g e.d fi.1tom p.1te.vio Llf.i .ti :tu.dy .ti e.gme.n.:tf.i 
e.xc.e.p:t fio.1t n.UJtoge.n. (NO7., NO 3) wh,i,c.h de.c.lin.e.d .tiign.,i,fiic.an:tly (P < .01) an.d 
:tWl.b,i,d,i,.ty an.d alk.aun.liy wh,i,c.h in.c.Jte.a.tie.d .tiign.,i,fiic.an:tly (P > .05). PJt,i,maJz.y 
pJtodu.c.tion. Jtan.ge.d fi.1tom -.34 g 06 c.a.1tbon/m2/day (G/V) .to 4.7. G/V wlih an. ovvz.ill 
me.an. 06 1. 97. G/V. G.1te.a:te..ti.t p.1todu.c.tion. oc.c.u.Me.d in. Ma.1tc.h and Apft,{,R., fioUow..i..n.g 
ic.e.-066, wWe. lowe..ti.t p.1todu.c.tion. WM in. Se.p.te.mbe.Jt-Nove.mbvz. whe.n. :the. me.an. WM 
1. 43 G/V. P.1todu.c.tion WM h,i,ghe..ti:t a:t 1 m (. 83 G/V) wlih de.c.Jte.a.tiing valu.e..ti a:t 
7.-5 m. The. e..titima:te.d c.on.f.iwnption 06 197. me..tJt,i,c. :ton. (7.11 T) 06 ve.ge..ta:t,i,on. by 
while. amu.Jt in. :thJte.e. ye.aM ha.ti had lli:tle. a6 6 e.c.:t on. :the. lake. e.c.o.ti y.ti:te.m. 

Prepared by: Larry Mitzner 
Fishery Research Biologist 

Approved by: James Mayhew 
Fishery Research Supervisor 
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STUVY OBJECTIVE 

To e.val.u..a;te. :the. e.n n e.c.tiv e.ne.6-6 on wru:te. a.mUJt :to bioiogic.a.lf.y c.o nvwl de.n-6 e. 
be.d-6 on YIU,{,,6a.nc.e. a.qu.a.;ti_c. ve.ge..ta..:t.£on in a. 29 ha. 1te.c.1te.a.tiona..t la.ke. in 01tde.1t :to 
impttove. a.ngle.Jt -6u.c.c.e.6-6 a.long :the. -6ho1te.line.6, :to de.6c./t,<,be. :the. v,<,;ta..l -6:ta.Wtic.-6 
on while. a.mUJt wilh e.mpha.-6,v., on 6ood c.on-6u.mption, g1tow:th, c.ond.i..tion a.nd mo/t:ta.fily, 
a.nd me.MUJte. :the. ind,<,/l,e.c.:t impac.:t on biologic.a..t ve.ge.:ta.tion c.on:t!tol on (a.) p1t,<,ma.1ty 
p1toch.lc.tivily on phy:topla.nk:ton, (b) wa.:te.Jt qua.lily on :the. la.ke., a.nd (c.) -6polt:t n,v.,h 
ha.It V e.6 :t. 

JOB 1 OBJECTIVE 

To me.MUJte. -6:ta.nd.i..ng c.Jtop 06 c.ommon -6e,m,<,-Jtoo:te.d a.qu.a.;ti_c. p.ta.nu, p!t,<,mM!f 
p!todu.c.tion, a.nd wa.:te.Jt qu.a.u:ty in Re.d Ha.w La.ke. noUowing in:tJtodu.c.tion on wru:te. 
a.mUJt. 

INTRODUCTION 

The effectiveness of white amur to control aquatic vegetation is well 
documented, but research on some of the suspected effects of these fish on 
other ecosystem components are lacking. Most investigations were conducted in 
small pools and aquaria and the results are not readily applied to natural 
ecosystems. This investigation was continued in 1975 to document the life history 
of white amur with related investigations of macrophyte biomass, primary 
production and water quality at Red Haw Lake. 

STUDY BACKGROUND 

The maximpn biomass of aquatic vegeta2ion declined significantly (P < .05) 
from 2,438 g/m in July, 1973 to 1,322 g/m the following July.

2 
In 1974, 

vegetat~on biomass continued to decline steadily from 1,687 g/m in June to 
930 g/m in September. Species composition was predominately Po:ta.moge.:ton in May 
and June and Elodea. from2July-September. Since white amur were introduced Na.ja.-6 
was reduced from 778 g/m2 in July, 1973 to 3 g/m2 ~n 1974. Po:ta.moge.:ton decreased 
in weight from 1,400 ~/m in July, 1973 to 433 ~/m in 1974, while Elodea. 
increased from 85 g/m in July, 1973 to 871 g/m in 1974. Ce.Jta.:tophyil.u.m 
decreased slightly. 

Water quality was monitored by measuring the concentration of phosphorus 
(P), nitrogen (NO and N03), alkalinity, pH, dissolved oxygen (DO), biochemical 
oxygen demand (BOO), water temperature and turbidity. Mean nitrate concentration 
was 1.0 mg/i in 1974, which was significantly higher (P < .05) than .2 mg/i in 
1968 during an unrelated study. Other water quality parameters remained stable 
after white amur were introduced. 
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Primary production ranged from .41 gC/m2/day in June, 
in December, 1974 with an overall mean of 1.87 gC/m2/day. 
occurred near the surface (X = .74 gC/m3/day). Production 
and at Sm averaged .33 gC/m3/day. 

METHODS AND PROCEDURES 

2 1974 to 3.03 gC/m /day 
Highest production 
declined with depth 

Biomass and species composition of the plant community was estimated by 
identical procedures as in previous segments. Water quality and primary production 
procedures remained identical from the preceeding study segments. 

FINDINGS 

DISTRIBUTION ANV BIOMASS OF MACROPHYTES 

Biomass of aquatic macrophytes increased greatly in April, and by May the 
plant weight was 415 g/m2 . Maximum biomass was recorded in June at 658 g/m2 
(Table 1). During July-September biomass decreased steadily from 601 g/m2 to 
263 g/m2. Mean annual plant biomass was 447 g/m2. 

The greatest macrophyte weight of 703 g/m2 was recorded at Stations 3 and 
7, while the lowest density occurred at Station 9 with a mean of 230 g/m2 . 
Macroph~te weights at other stations were more uniform, ranging between 320-
498 g/m. 

Elodea. dominated the species complex of the plant community from May-July 
with 318 g/m2, 414 g/m2 and 361 g/m2 (Table 2). In August and September, 
CeJta.:tophyllwn biomass was highest at 214 g/m2 and 237 g/m2, respectively. 
Potamoge.ton was most dense in June when biomass averaged 119 g/m2, but by 
September it decreased to 2 g/m2 . NajM was never important in the plant 
community; greatest biomass was found during July with 18 g/m2. Overall, Elodea 
dominated the species structure with 239 g/m2 followed in order by CeJW.;tophyLlum 
with 153 g/m2 and Potamoge.ton with 47 g/m2. Overall mean biomass for NajM was 
7 g/m2 . 

The area inhabited by the plant community during 1975 increased outward 
f r om the shore and in areal size mainly because of greater water transparency 
when plant growth commenced. In May, growth was observed at a maximum depth of 
2. 4 m (8 ft) and a mean depth of 2 m (6. S ft) (Table 3). The following month, 
mean depth was 2 .4 m (8 ft) decreasing to 1.7 m (5.5 ft) in July, 1 m (3.4 ft) 
in August and .9 m (2.8 ft) in September. 

The areal size at the euphotic zone was positively associated with water 
clarity and ultimately the plant growth outward from the shore. In May, the 
plant community covered 5.6 ha (13.8 ac) which increased to 7.4 ha (18.3 ac) in 
June. From June through September the area of coverage decreased from 5.2 ha 
(12.8 ac) to 2.4 ha (5.9 ac). 
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Table 1. Estimated weight of the aquatic vegetation in Red Haw Lake as g/m2 
during 1975. 

Station May June July August September Mean 

1 480 680 776 432 120 498 

2 24 524 976 32 60 323 

3 324 1,280 1,464 120 328 703 

4 728 392 560 684 84 490 

5 264 700 480 392 88 385 

6 80 616 648 576 440 472 

7 1,144 148 328 572 1,320 703 

8 312 924 196 92 148 334 

9 224 276 552 68 32 230 

10 568 1,040 32 4 8 330 

Mean 415 658 601 297 263 447 

2 Table 2. Estimated weight of the four major plant taxa in Red Haw Lake as g/m 
during 1975. 

Pata.mag e;ta n Elodea Cvw.,taphyil.wn NajM 

May 26 318 60 0 

June 119 414 112 12 

July 81 361 141 18 

August 5 76 214 2 

September 2 24 237 2 

Mean 47 239 153 7 
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Table 3. Maximum depth of plant growth, extent of area covered by the flant 
community, biomass and total weight of the plant community in metric 
tons (Tons) at Red Haw Lake, 1975. 

Depth Area Biomass Total weight 

(ft) ha (ac) 2 
MT en m g/m 

May 2.0 6.5 5.6 13.8 415 23 25 

June 2.4 8.0 7.4 18.3 658 49 54 

July 1.7 5.5 5.2 12.8 601 31 34 

August 1.0 3.4 3.7 9.1 297 11 12 

September .9 2.8 2.4 5.9 263 6 7 

Total weight of macrophytes was computed monthly as the product of areal 
coverage and plant biomass. Total wet weight of the plant community in May was 
23 metric ton (MT) (25 T), increasing to 49 MT (54 T) in June decreasing to 
31 MT (34 T) in July followed by a further decrease to 11 MT (12 T) and 6 MT 
(7 T) in August and September. 

WATER QUALITY 

Phosphates (P), nitrogen (NOz and N0
3
), alkalinity, pH, biochemical oxygen 

demand (BOD), dissolved oxygen (DO), turbidity, and temperature were monitored 
in 1975 and compared with values in previous segments to identify changes caused 
by feeding and excretion of vast quantities of partially digested vegetation by 
the fish. 

Organic phosphat e concentrations at Red Haw Lake from March, 1975-February, 
1976 ranged from .02 mg/£ at 4 m to 1.8 mg/£ at 8 m (Table 4). Overall mean 
during the period was 29 mg/£. Organic phosphate concentration was rather uniform 
from .32 mg/£ at the surf~ce, .27 mg/£ at 4 m and .31 mg/£ at 8 m. Organic 
phosphate concentrations varied from .30 mg/£ in January to 1.19 mg/£ in September. 

Inorganic phosphates averaged .47 mg/£ and ranged from .08 mg/£ in se,tember 
to 3 mg/£ in October. Differences in concentrations of inorganic phosphates 
between strata was greater than for organic phosphates. Concentrations were 
hi gher below the thermocline, averaging .70 mg/£. 

Nitrate nitrogen mean was .33 mg/£. Lowest concentration at the surface was 
< .01 mg/ during March-June, while the highest values were found in November at 
alJ depths. Vertical disbursement of nitrates was fairly uniform; mean concentra­
tion at the surface was .29 mg/£, while at 4 m and 8 m the values were .38 mg/ £ 
and .31 mg/£. 
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Table 4. Water quality at Red Haw Lake from March, 1975-February, 1976. 

Depth Period 
Mean range range 

Organic P .29 .27 - .32 .03- 1.19 

Inorganic p .47 . 35 - .70 .21- 1. 20 

Nitrate N . 33 .29 - . 38 0 2.00 

Nitrite N .01 .008- .011 0 .03 

Alkalinity 125 117 -141 92 -137 

pH 7.54 7.18 - 7.91 6.65- 8.40 

Turbidity (FTU) 10.6 7.7 - 14.0 3.03- 20.17 

DO 7.14 3.95 - 10.25 2.68- 12.95 

BOD 4.49 2.1 - 11.6 0 - 11.07 

Temperature (Co) 11.46 7.46 - 13.16 3.17- 18.81 

Nitrite nitrogen averaged .01 mg/£ and ranged from undetectable levels at 
all strata during much of the summer to .035 mg/£ at 8 min January. From June­
October nitrites were immeasurable, while highest overall concentrations occurred 
during winter and early spring. For example, nitrite concentration in December 
was .072 mg/£ and in April it decreased to .017 mg/£ and by June nitrites were 
nearly absent. Concentrations were slightly greater at 8 m with .13 mg/£, while 
values at the surface and 4 m were .11 mg/£ and .10 mg/£. 

Alkalinity ranged from 103-171 mg/£with a mean of 125 mg/£. Seasonal 
concentrations were highest in October and January with 137 and 131 mg/£, while 
September had the lowest monthly concentration with 92 mg/£. Alkalinity was 
highest at 8 m with 141 mg/£ compared with 117 mg/£ at the surface and 4 m. 
The difference was particularly noticeable during stratification. 

pH values during the study segment averaged 7.5 and ranged from 6.6 in 
February to 9.2 in June. Lowest pH values occurred from December-February when 
average pH was always < 7.0 compared to a maximum value of 8.4 in April. As 
depth increased, pH was consistently lower; at the surface, 4 m and 8 m 
corresponding means were 7.9, 7.5 and 7.2. 

Turbidity (FTU) during the segment averaged 10.6 FTU and ranged from 2 FTU 
at the surface in May to 28 FTU at 8 min August. The lowest average turbidity 
reading was 3 FTU in May while the highest was 20 FTU in December. Values from 
May-September at 4 m or greater in depth were < 4 mg/£, while the maximum value, 
14.4 gm/£ occurred in April at the surface. Overall turbidity was greatest at 
8 m with a mean of 14 FTU, contrasted to clearer water at 5 m with a mean FTU 
of 8. Surface water clarity was intermediate at 10 FTU. 
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BOD was always higher at deeper sampling stations. Regardless of season, 
BOD was highest at 8 m where the annual mean was 12 mg/£ with means at the 
surface and 4 m of 4 and 2 mg/£, respectively. Autumn and early winter BOD 
values were highest with the maximum in September of 11 mg/£. Thereafter BOD 
decreased to 10 mg/£ in October, 9 mg/£ in November and< 1 mg/£ in December. 

Each parameter was tested in a two-way classification analysis of variance 
to determine significant differences in means between sample years. The 
numerical values were normalized by a square root transformation. Parameter 
means were compared between March, 1974-February, 1975 and March, 1975-
February, 1976. The periods, hereafter, are referred to as 1974 and 1975. Test 
results showed significant differences occurred between years for nitrates, 
nitrites, turbidity and alkalinity at the 95% level or greater. Other water 
quality parameters were not significantly different between 1974 and 1975. 

PRIMARY PROVUCTION 

Net phytoplankton photosynthesis from March, 1975 through February, 1976 
averaged 1.92 g of carbon per m2/day (G/D) (Table 5). Maximum production of 
4.2 G/D occurred on 9 May, while minimum production was slightly negative at 
-.34 G/D on 24 October. 

Fluctuations in primary production were quite large during the study segment. 
Maximum divergence occurred between 9 May and 23 May when production decreased 
from 4.2 G/D to .8 G/D. Other abrupt changes occurred in October-November where 
production on 10 October was 2.06 G/D decreasing to -.34 G/D on 24 October, but 
increasing to 1.91 G/D by 7 November. Similar fluctuations occurred in January­
February. 

Primary production accelerated following ice-off on 23 March and continued 
to increase steadily through late March and April, but declined precipitously 
during May attaining mean levels of 1.86 G/D in June-August and 1.43 G/D in 
September-November. After that the trend reversed. Primary production in 
December-February increased to 2.16 G/D, which was nearly equal to production in 
March-May. 

Production was almost always highest at shallow depths with a mean of 
.83 G/D at 1 m. Photosynthetic activity decreased rapidly with depth and at 2 m 
mean production was .36 G/D followed by .29 G/D and .15 G/D at 3 amd 4 m. At 
5 m production increased slightly to .29 G/D. 

Analysis of variance was used to compare mean primary production between 
years and depths. No significant changes occurred during the 12 month interval, 
but the difference in primary production was significantly different (P < .01) 
at the different depth levels. Multiple range testing showed production at 1 m 
was greater than lower strata. 
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I Table 5. Primary production in 3 g carbon/m /day at Red Haw Lake. 

I 
Depth in meters 

I 1 2 3 4 s Total 

I 1975 
3/27 . 21 .65 .75 .78 .59 2.98 
4/11 1. 25 .81 .25 .18 .46 2.95 

I 4/25 1.09 .28 .41 .28 .53 2.59 
5/09 1.56 1. 34 . 71 .28 .31 4.20 
5/23 .66 .13 0 -.22 -.22 . 35 

I 6/06 1.00 . 34 0 -.12 .12 1. 34 
6/20 1.96 .06 0 -.06 .15 2.11 
7/03 .90 . 75 .28 -.39 . 31 1.85 

I 
7/18 1.12 .31 .43 .03 .06 1.95 
8/01 .90 .so .10 0 0 1.50 
8/15 . 71 1.00 .84 .18 .09 2.82 
8/29 .41 .19 0 .81 .03 1.44 

I 9/12 . 88 .53 .09 .06 .06 l : 62 
9/26 1.09 . 34 .13 .28 .09 1.93 

10/10 1.47 -.28 .59 -.38 .66 2.06 

I 
10/24 0 -.25 0 -.06 -.03 -.34 
11/07 .97 .22 .25 .13 .34 1.91 
11/21 1. 81 - . 38 .06 -.06 0 1.43 
12/05 1.09 .06 . 38 .44 .28 2.25 

I 12/22 0 .06 .13 1.19 .81 2.19 

1976 

I 
1/02 .06 . 72 .66 .81 .03 2.28 
1/16 1.06 .59 .25 .53 .44 2.87 
1/31 . 19 .16 .4 7 .so -.09 1. 23 
2/13 a a .44 0 .32 b 

I 2/27 .59 .16 .69 -1.S 2.19 2.13 
3/12 - . 31 .78 -.25 .16 .13 .51 

Mean .83 . 36 .29 .15 .29 1.92 

I 
~o measurements recorded. 

I b Total not computed due to incomplete sample. 

I 
I 
I 
I 
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DISCUSSION OF FINDINGS 

White amur introduction at Red Haw Lake was responsible for an extreme 
change in abundance and weight of vascular macrophytes. Before white amur were 
introduced the plant biomass averaged 2,438 g/m2. A year later the biomass was 
reduced to 1,322 g/m2 followed by a further reduction in 1975. During a three 
year period the overall plant mass was reduced by about 75%. 

All plant groups decreased in biomass, but some were reduced more than 
others due to selective feeding by the fish. NajM was nearly eliminated from 
the plant community and the next most affected group was Po:tamoge;ton. 
Cvw..:t.ophyUu.m and Elodea were reduced in abundance, but not nearly to the extent 
as the former groups. Food preference studies showed nearly the same order of 
selection by the fish. 

The changes described for the macrophyte community required extensive grazing 
by white amur and resulted in vast quantities of partially undigested, nutrient­
rich excreta, particularly at the mud-water interface. The estimated plant biomass 
consumed by white amur was 41 metric ton (MT) (45 T) in 1973, 63 MT (69 T) in 1974 
and 88 MT (97 T) in 1975. Approximately 2-3% of this consumption was used for 
fish growth and body maintenance, while the remainder was organic waste. Some of 
the nutrients were immediately available for assimilation by phytoplankton, while 
the remainder underwent reduction and anerobic bacterial decomposition before they 
were available. In 1975, approximately 3 MT/ha (1.4 T/ac) of waste was produced 
by white amur, well within the range used by fish culturists in pond applications 
of animal manure at 2.3-11 MT/ha/yr (1-5 T/ac/yr). 

Before white amur were introduced into Red Haw Lake dense beds of aquatic 
vegetation grew unimpeded during the summer followed by decomposition in autumn 
and winter releasing bound nutrients. Grazing by the amur was intensive from 
May-September with nutrients shunted into the ecosystem in the summer rather 
than autumn and winter. Ultimately the whole lake biota is influenced by the 
inflection of the nutrient cycle, and phytoplankton is the first component to 
respond to enrichment, particularly during summer. 

Primary production increased slightly compared to 1974, but not during the 
summer as expected. Greatest production occurred during the winter and spring 
(December-May). It is entirely possible nutrients became chemically and 
biologically bound in the hypolimnion, particularly at the mud-water interface 
and were released during the autumnal turnover. Regardless of the seasonal 
change, photosynthesis values in 1975 were significantly lower than those reported 
by Corkum (1972) several years previous to the investigation. 

Some chemical parameters showed an indication of accelerated eutrophication, 
while other parameters were contradictory. Alkalinity, pH, and turbidity 
increased, but nitrate and nitrite concentrations significantly decreased. Other 
parameters remained stable. 

Inferences regarding the direct affect of white amur on aquatic macrophytes 
were conclusive. The reduction in biomass of the plant community was nearly 
fourfold during a 3-year period. The affect of biocontrol on eutrophication was 
less certain. Primary production of phytoplankton increased slightly, but lower 
than values reported in 1970 during an unrelated study. Water quality data was 
conflicting, some parameters showed increased enrichment while others were 
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contrary. The aquatic vegetation at Red Haw was controlled by white amur, and 
the resultant affect on chemical and biological characteristics showed slight 
changes, yet the relationship of white amur and accelerated natural eutrophication 
is wholly unresolved. 

RECOMMENDATIONS 

Measurement of water quality, primary production and growth of vascular 
plants at Red Haw Lake should continue to define the affects of white amur on 
the whole ecosystem, particularly at the lowest trophic level. 
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av~ged 658 mm (25.9 in) at 3,500 g (7.7 lb-0) by OetobeJt. Condition 6aetoh (K) 
at mi..d--0wnmeJt WCL6 1. 2 3. Food -0.tudi~ in June -0howed Po.:ta..mogeton eompw ed 53% 
06 the -0tomaeh eonten:t:/2 by ohequeney 6oilowed in ohdeJt 06 impon.:ta..nee by NajM, 
21%; Elodea, 16%; and CeJtatophyllwn, 3%. Unidentioied oood aeeounted ooh 7% 06 
the eonten:t:/2, while in-6eet lMvae eonbtibu.ted . 1% to the -0ample. By AugU-Ot 
CeJtatophyllwn WCL6 mMt ohequent M a oood item oollowed in ohdeJt by Elodea, 
Po.:ta..mogeton and NajM. Eleetivity indie~ -0howed NajM WCL6 mMt -0eleeted ooh 
oollowed do-0ely by Po.:ta..mogeton. CeJtatophyllu.m WCL6 -0eleeted ooh in June, but 
the index WCL6 negative in AugU-Ot. Indie~ ooh Elodea Welte alwa.y-0 negative. 
E-0timated abundanee oo whu:e amWt at Red Haw Lake WM 359 with a biomM-0 06 
60.3 kg/ha (54 lb-0/ae). 
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JOB Z OBJECTIVE 

To de.te.Jc.mi.ne .the v,aa.l ,6.ta,u,6:ti..c.f.J 06 wWe amuJt inc.lucung g1tow.th, 
c.oncu:ti..on, 6ood c.oMwnp:ti..on and moJt.taLi..ty. 

INTRODUCTION 

Life history statistics of white amur have been described in numerous 
investigations where fish were confined in aquaria and small pools. Until 
recently few investigations were conducted in natural ecosystems. The early 
investigations were, of necessity, short term studies where growth, body 
condition, food preference, food consumption, energy balance, population 
biomass and water quality were measured. Regardless of the refinement and 
precision of the investigations they had little value to the actual fisheries 
management technique of biological control of white amur in lake systems. 

This segment of the investigation was implemented to describe growth, 
body condition, food consumption, food preference and mortality of white amur 
that were stocked in Red Haw Lake to control nuisance aquatic vegetation. 

STUDY BACKGROUND 

White amur were initially introduced in July, 1973 at a mean length of 
310 mm (12.2 in) and a body weight of 380 g (.83 lbs). Growth was extremely 
rapid thereafter and by 15 October, 1974 the fish attained a mean length of 
702 mm (27.6 in) and weighed 4,263 g (9.4 lbs). Body condition (K) ranged 
from 1.16 in January-February to 1.22 in July-September, 1974. Po.tamoge.ton, 
CeJta.tophyltwn, Elodea and NajM, which are the major plant groups in Red Haw 
Lake, served as the food source. NajM and Ce!ta.tophyllum had electivity indices 
of +.93 and +.24 while Elodea and Po.tamoge.ton were always near zero or negative. 
White amur biomass increased from 1,023 kg (2,260 lbs) in June, to 2,346 kg 
(5,180 lbs) by December, 1974. Known mortality was 55 fish, but greater 
mortality occurred from the 1974 planting where 41 dead fish were found within 
15 days of introduction at Red Haw, undoubtedly many other dead fish were not 
observed. 

METHODS AND PROCEDURES 

The sampling schedule and methods in this segment were identical with 
previous segments except larger mesh gill nets (4-5 in) of monofilament style 
were used to capture white amur. 
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FINDINGS 

GROWTH ANV CONVITION OF WHITE AMUR 

Growth was computed independently for each group stocked in 1973 and 1974. 
Most rapid growth occurred for younger fish stocked in 1974. Mean length when 
growth commenced in May, 1975 was 423 mm (16.6 in) and by October mean length 
increased to 658 mm (25.9 in). The range in length at the end of growth in 1975 
was 620-696 mm (24.6-27.4 in). Mean growth increment in weight during the same 
period was 2,460 g (5.4 lbs) with an average weight in October of 3,500 g 
(7.7 lbs) and a range of 2,900-4,100 g (6.4-9.0 lbs) (Figure 1). 

Growth increment of white amur stocked in 1973 was nearly equal. Mean 
length in May, 1975 was 702 mm (27.6 in) which increased to 801 mm (31.5 in) 
when growth ceased. White amur weight increased from 4,263 g (9.4 lbs) to 
5,810 g (12.8 lbs) during the same period. Maximum weight was 8,000 g (17. 7 lbs). 

Condition factor (K) of white amur during the sample period was 1.23. The 
length-weight regression was best described by the equation 

log W = - 4 .6768 + 2. 9067 log TL 

where W was weight and TL was total length. 

FOOV CONSUMPTION BY WHITE AMUR 

Food consumed by white amur was determined from ten alimentary tracts. 
Stomachs from three fish collected in January were empty. Mean volume of 
those taken from 5 June-26 August was 463 ml and ranged from 42-897 ml. 
Examination of contents showed aquatic vegetation was consumed almost exclusively 
along with occasional pieces of filamentous algae. Insect larvae continued to 
account for < .1% of the food items. 

In June, Po.:tamoge.:ton was consumed most frequently accounting for 53% of 
the contents, while NajM was second most important at 21%. Elodea and 
CeJta;tophyUwn contributed 16% and 3%, while 7% of the vegetation particles were 
unidentified. 

Vegetation consumed in August was dominated by Cvr.a.tophyUwn, 43%; Elodea, 
19%; Po.:tamoge.:ton, 15%; and NajM, 9%. Thirteen percent of the sample was 
unidentified. 

NajM continued to be the most selected plant with an index value of +.83 
or greater. The electivity index for Po.:tamoge.:ton was +.49 in June followed by 
an increase to +.80 i n August. El odea ranked third by occurrence in utilization, 
but electivity was always negative, ranging from -.59 in June to -.14 in August. 
Cvr.a.tophyUwn was selected quite highly for food in June (+. 70), but decreased 
to -.25 in August. 
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Figure 1. Growth in weight of white amur at Red Haw Lake in 1973- 75. 
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POPULATION BIOMASS OF WHITE AMUR 

Standing stock was estimated as the product of population abundance and 
the mean weight of each group released. Numerical abundance was impossible to 
assess because survival was unknown, so natural mortality had to be estimated. 
The fish were large at stocking which precluded mortality by predation. Likewise, 
fishing mortality was nil. These criteria existed for an unexploited population 
of bigmouth buffalo at Coralville Reservoir, Iowa, which had an annual natural 
mortality of 33% (Mitzner, 1972). Thus, this value was used to determine 
population abundance. 

Estimated numerical abundance of the 1973 stocked white amur in October, 
1975 based on an annual mortality of 33% was 221 with a mean weight of 5.81 kg 
(12.8 lbs). The standing crop at Red Haw was estimated at 44.3 kg/ha (39.5 lbs/ac). 
Similar estimates for white amur released in 1974 indicated 138 fish survived 
and had a mean weight of 3.50 kg (7.7 lbs). Estimated biomass was 16 kg/ha 
(15 lbs/ac). Combined, the populations had a standing stock of 60.3 kg/ha 
(54 lbs/ac). Without accounting for natural mortality, the biomass would be 
nearly twice this value. 

DISCUSSION OF FINDINGS 

White amur growth continued at a rapid rate, but decelerated slightly since 
the first introduction, particularly the 1973 group. Lower growth rate was 
undoubtedly a function of density where white amur biomass increased from 7 kg/ha 
(6 lbs/ac) at introduction in 1973 to 60 kg/ha (54 lbs/ac) three years later. 
Aquatic macrophyte density was reduced by about fourfold, which was reflected 
in the decline of food consumption. Food volume in the alimentary tract was 
reduced by 20% from the previous year. 

Food habits were nearly identical compared with the previous segment; 
aquatic vegetation was by far the major food source. Early in the summer 
Po.ta.moge.ton and NajM were more important, while in late summer Elodea and 
Ce.Jr..a;tophyUum were prevalent. Electivity indices indicated the latter were 
less desirable as food items. 

RECOMMENDATIONS 

Computation of growth, body condition and biomass of white amur should 
continue, but food habits will be discontinued because the investigation has 
conclusively shown food preferences of white amur. 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

63 

LITERATURE CITED 

Mitzner, L. 1972. Population studies of bigmouth buffalo in Coralville 
Reservoir with special reference to commercial harvest. State Cons. 
Comm., Ia. Fish. Res., Tech. Series No. 72-3. 37 pp. 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 

64 

ANNUAL PERFORMANCE REPORT 

RESEARCH PROJECT SEGMENT 

STATE: Iowa NAME: Evaluation of the 14-Inch Size Limit on 
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ABSTRACT: AduLt 0,u.,h popui.a.;t,i_on,6 weJte. -0ample.d mon-t.hly wUh pound n.w, e.xpvume.n.:ta.l 
gill n.w a.n.d a. 230 voU A.C. e.le.c.:tJr..o-0hoc.k.e1t wh-i.1.e. a.n. e.xpa.n.da.ble. -0poll.:t 6-iJ.,heJty 
,6U/We.y WM c.on.du.e:te.d oil.Om ApJul .thlwugh AugU6.t .to de.te/lJn{.n.e, the. e.66e.d6 06 a. 14-
in.c.h -0-lze. .ti..mU:. .to c.ontlr..ol the. h.Mve.-0.t 06 bM-0; vda.l -0.ta.t,u.,tic.-0 06 bM-0 a.n.d 
Jte.la.te.d -0pe.c.-le1.>; -0pe.c.-le1.> c.ompo-0-ltion.; Jte.la.t-lve. a.bu..n.da.n.c.e.; a.n.d h.Mve.-0.t a.t &g CJte.e.k. 
La.k.e.. Net c.a.tc.hu a.c.c.ou..n.te.d fp!t 6,450 6-iJ.,h we.-lgh-ln.g 1,510 k.g. Bla.c.k. c.Mpple. 
dom-ln.a.te.d the. .total c.a.tc.h c.ompw-ln.g 62%, whde. -0u..c.k.e1t uxu -0e.c.on.d, 19%; 60..Uowe.d 
by blue.gill, 7%; ioo.Ue.ye., 4%, c.ha.n.n.e.l c.a.:t6,u.,h, 2%; a.n.d bu..Uhe.a.d, 2%. AUhough 
-0.toc.k.e.d -0 poJtt6-iJ.,h domln.a.te.d the. n.u..meJt-lc.a.l c.a.:tc.h oveJt 52 % o 6 the. b-lomM-0 WM whde. 
-0u..c.k.eJt a.n.d c.a.Jtp. FNV c.a.tc.hu be.twe.e.n. pound a.n.d e.xpeJt-lme.n.:ta.l gill n.w dlfoeJte.d 
601t mo-6.t -0pe.c.-le1.>, wdh n.e.-ltheJt ge.a/t e.66e.c.tive. -ln. ta.k.-ln.g ba,M. Body me.MWl.eme.nt.6 
a.n.d -0c.a.le.-0 Welte. c.o..Ue.e:te.d oil.Om 150 la1tge.mou..t.h bM-0, 06 :thlte.e. a.ge. gtwu..p-0, duJr.A..n.g 
the. .6ptu.n.g wh-i.1.e. 218 bM-0 weJte. -0ample.d f,oJt -0e.Mon.a.l gJtow.t.h -ln. .the. a.u..tu..mn.. AveJta.ge. 
ba.c.k.-c.a.lc.u..la.te.d le.n.gfu weJte. 146, 246, a.n.d 331 mm f,oJt a.gu I t.hll..Ou..gh III. GMwth 
06 a...U. a.ge. gMu..p-0 WM be.tteJt -ln. 1975 t.ha.n. 6oJt 1974 howe.veJt -0e.Mona.i.. gJtowth c.a.lc.u..la.­
tion6 of, a.ge. I bM-0 WM obv-la.te.d be.c.a.U6e. the.y weJte. -00 poo!tly Jte.pJte.-0e.n.te.d. Le.gal 
-0-lze.d bM-0 a.c.c.ou..n.te.d 6oJt 9% of, the. -0p!tA..n.g e.le.e:tJtOf,,l}.,h-ln.g c.a.tc.h a.n.d le1.>-0 t.ha.n. 6% 
of, the. a.u..tu..mn. -0ample.. A Sc.hn.a.be.l popu..la.tion. utima.te. y-le.lde.d 19,425 bM-0, a.ge. I 
t.hll..Ough III, f,oJt a. de.n6Uy 06 56 bM.6/ha. oft 12 k.g/ha., a.li :thlte.e. c.a.:te.goJtA..eJ.> WeJte. 
.the. lowe.-0.t Jte.c.oJtde.d -ln. t.h!te.e. ye.aM of, -0.tu..dy. The. -0poll.:t f,,l}.,heJty c.a.tc.h of, 65,590 
f,,l}.,h WM dom-ln.a.te.d by -0toc.k.e.d -0pe.c.-le1.> f,oJt the. r,,(}[,6.t time.. Bla.c.k. c.Mpp-le. p!te.­
domln.a.te.d, 49,207 f,,l}.,h; blue.gill WM -0 e.c.o n.d, 9,841; f,oilowe.d by la!tge.mou,th bM-0, 
1,903; wa..te.e.ye., 1,706; a.n.d bu..Uhe.a.d, 1,575. Angle.fl.}., c.Jte.e.le.d a.n. u.tuna.te.d 122 
ma.Jtk.e.d a.ge. III bM-6 of, 644 a.t la!tge. f,oJt a.n. e.-0tima.te.d e.xploUa.t-lon. tuLte. of, 19%. 
The. 19 72 la!tge.mou,th bM-0 ye.alt c.la.-6-0 c.o n.tin.u..e.d .to J.iu..ppoll.:t the. le.gal f,-iJ.,heJty. Fo!t 
the. th-l!td c.on,6e,c.u..tive. J.ie.Mon. .the. -0-lze. l-lml.t ptte.ve.n..te.d a.n. oveJtha1tve.-0.t of, bM-0 whe.n. 
a.n.gleJt-6 c.a.ugh.t a.n.d Jte.le.Me.d oveJt 64,000 -0u.ble.gal bM.t:. f,oJt a. c.a.:tc.h tuLte. of, .45 
bM-6/h!t . GMwth 06 blue.gill a.n.d c.Mpp-le. WM good whe.n. c.ompa.Jte.d .to t.ha.t of, oldeJt 
uta.bw he.d Iowa. wa.te/t-6. 
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STUVY OBJECTIVE 

To e. valu..a.te. the. e. o o e.e,ti v e.ne..6 .6 o o a. 14 -in.c.h le.ng th Lun-Lt .t,o Jte.g ula.,te. the. 
ha.Jtve..6.t, 06 la.Jtge.mouth ba.M a..t, Big C1te.e.k La.ke. a.nd me.MWl.e. :the. impa.u o0 inc.Jte.Ming 
the. .6ize. 06 the. la.Jtge.mouth ba..6.6 popula.,tion on the. a.bu.ndanc.e. o0 blue.gill a.nd 
c.lta.ppie.. 

JOB 1 OBJECTIVE 

To e. va.lu.a..t,e. the. e. o o e.c.tiv e.ne..6 .6 o o a. 1 4 -inc.h muu.mu.m length Lun-Lt in 
1te.gu.la..t,,i,ng .6pou 6i.6he.Jttj e.xploda..t,,i,on a.nd .t,o de..6c.Jtibe. :the. vdal .6.t,a..t,,i,,6tic..6 o0 
la.Jtge.mouth ba..6.6, blue.gill a.nd c.1ta.ppie. a..t, &g Cfte.e.k La.k.e.. 

INTRO DUCT I ON 

Development of a sport fisheries, with a sustained popular angler interest, 
in new or renovated lakes is difficult if the appropriate predator-prey relation­
ship is disrupted. The problem lies in the fact largemouth bass populations in 
recently stocked lakes are very susceptable to overharvest which creates several 
interrelated problems. 

Initially, largemouth bass grow rapidly in newly stocked waters and control 
the numbers of bluegill and crappie progeny. Soon the bass grow to a size 
desired by many anglers and intensive fishing often results in an overharvest. 
This not only leaves poor bass fishing but the reduced predator stock is incapable 
of controlling bluegill and crappie populations within limits of available food 
for acceptable growth. Increased intraspecific competition for food yields the 
final outcome, retarded growth of bluegill and crappie. 

Regulatory methods that could prevent the primary problem might include closed 
seasons; reduced creel limits; or a size limit on the predator stock. Information 
from other states indicates a size limit would provide the best method of 
protecting a largemouth bass population because it does not prevent fishermen 
from fishing. 

Big Creek Lake, a recent man-made impoundment, was selected for investigation 
of an experimental 14-inch size limit on largemouth bass. This lake was recently 
stocked with bass, bluegill, black crappie and several other sport species and it 
is expected to have high fishing pressure. These facts should provide optimum 
conditions for this study. 
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STUDY BACKGROUND 

Impoundment of Big Creek Lake was completed in 1972 and was stocked that 
year with largemouth bass, bluegill, channel catfish, blue catfish and 
muskellunge. The first three former species were stocked again in 1973 while 
black crappie and walleye were also added. Important species native to Big Creek 
included, white sucker, carp, bullhead, smallmouth bass, green sunfish and 
several species of No.tJwp,Lt,. 

Fish populations in Big Creek Lake have been sampled since 1973 with pound 
nets, experimental gill nets, and seine nets to determine relative abundance, 
species composition, size structure, and define the vital statistics of important 
species. 

Native fish dominated the total net catch of 9,531 fish in 1973 and 6,453 
fish in 1974. Green sunfish was the most prominent fish caught in 1973 making 
up 38% of the total catch, while black crappie was most abundant in 1974 comprising 
29% of the total. 

Largemouth bass were captured by electrofishing for tagging and numerical 
population estimates. Schnabel population estimates were 28,204 bass> 170 mm 
(7 in) in 1973 and 42,791 bass of all sizes in the spring of 1974. Standing 
stocks were estimated at 19.8 kg (18 lbs) and 20.7 kg/ha (19 lbs/ac) for 1973 
and 1974, respectively. 

The Fish Management Branch conducted an expandable sport fishery survey 
from which exploitation, harvest, and angler success was estimated. Big Creek 
Lake sport fishery survey indicated the catch by anglers was dominated by green 
sunfish in 1973-74 with 10,362 and 13,570 fish, respectively. Bullhead con­
tributed the greatest yield in 1973, 5.8 kg/ha (5.2 lbs/ac) while green sunfish 
was most important in 1974, 4 kg/ha (3.6 lbs/ac). 

After members of the initial largemouth bass year class recruited to a legal 
size exploitation increased from< .001% in 1973 to 11% in 1974 while catch rates 
remained high at .77 and .85 bass/hr for the same years. 

MEIBODS AND PROCEDURES 

Collections of fish population statistics were conducted in the same fashion 
as outlined in prior annual reports . Only new methods or procedures are 
described in this section. 

Population estimates were computed for each largemouth bass age group in 
the following manner. Schnabel population estimates were calculated for three 
distinct length groups, a random sample of bass scales were taken for age analysis 
to determine numerical representation of ages within length groups. 
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FINDINGS 

NET SAMPLE CATCH STATISTICS 

Introduced sport fish dominated the total net catch of 6,450 fish in 1975 
(Table 1). Black crappie comprised the greatest portion, 62%; followed by 
white sucker, 19%; bluegill, 7%; walleye, 4%; and channel catfish, 2%. The 
catch of largemouth bass continued to decline from previous years. 

Table 1. Combined catch composition of pound and experimental gill nets, Big 
Creek Lake, April through October, 1975. 

Percent Weight Percent Mean 
weight 

Number number (kg) weight (kg) 

Crappie 4,019 62.3 438.4 29.0 .11 
W sucker 1,219 18.9 640.4 42.4 .53 
Bluegill 475 7.4 65.4 4.3 .14 
Walleye 252 3.9 96.9 6.4 . 39 
Ch catfish 140 2.2 59.0 3.9 .42 
Bullhead 130 2.0 37.4 2.5 .29 
Carp . a,b 

81 1.3 150.1 9.9 1.85 
Otl)er species 105 1.6 16.1 1.1 

Total 6,450 1,509.8 

alncludes golden shiner, common shiner, creek chub, hog sucker, carpsucker, 
green sunfish and yellow perch. 

bMean weight not computed. 

Despite the numerical preponderance of stocked speices the total weight of 
the catch, 1,510 kg (3,330 lbs), was dominated by white sucker and carp (Table 1). 
White sucker continued to dominate the catch in weight with 42%, followed by 
black crappie, 29%; carp, 10%; walleye, 6%; and channel catfish, 4%. Blue 
catfish and muskellunge were not seen. 

Differences in catch success, measured as fish per net day (FND), between 
pound nets and experimental gill nets for many species was evident in catches of 
1975 (Tables 2 and 3). Black crappie and bluegill were caught more frequently by 
pound net, white sucker, walleye and channel catfish were caught more often by 
experimental gill net, while both gear captured bullhead at a similar rate, and 
neither gear was effective for the capture of largemouth bass. 



,_ - - - - - - - - - - - - - - - - - -
Table 2. Fish per net day and wei ght of gill net catches at Big Creek Lake , 19 75. 

Sampling period 

April May June July August 

Species FND kg/ ND FND kg/ND FND kg/ND FND kg/ND FND kg/ND 

Crappie . 7 . 1 6.3 .5 9.0 .4 14.3 1.5 16.0 1.9 
W sucker 25.0 10.5 18.7 8.1 21. 7 10 .5 12.0 5.9 23.3 9.9 
Bluegill 1.0 .1 .3 < . 1 .3 < .1 
Walleye 16.0 7. 2 6.3 2.3 2.7 . 7 2.7 .9 5.7 1. 7 
Ch catfish 3.0 . 8 1. 7 .4 6.3 2.1 6.0 2.4 
Bullhead . 3 . 1 3.0 .6 1. 7 .5 2.0 .4 1.0 .3 
Carp < .1 1.0 2.0 .3 .4 . 3 .4 
G shiner 1.0 < .1 1. 7 .1 .7 < . 1 .3 < .1 4.0 . 2 

°' Lm bass .3 .1 1. 7 . 3 2.0 .3 00 

G sunfish 1. 7 .1 1.0 .1 .3 < .1 . 7 .1 
C shiner 3.7 .5 .3 < .1 . 7 < .1 
H sucker . 7 .1 .3 .1 .3 .1 
Y perch . 7 .1 
R carpsucker . 7 . 7 
C chub . 7 .1 



-------------------
Table 2 . lContinued). 

Sampling period 

September October Mean 

Species FND kg/ND FND kg/ND FND kg/ND 

Crappi e 15.7 1.9 6.7 .9 9.8 1.4 
W sucker 17.0 7.4 26. 7 14.6 20 .6 9.5 
Bluegill .3 < .1 .3 < .1 
Walleye 5.3 1.9 11. 7 5.1 7.2 2.8 
Ch catfish 3.3 1.9 1. 7 . 7 3.2 1.2 
Bullhead .3 .1 1.3 .6 1.4 .4 
Carp . 3 1.2 . 7 1. 7 .4 . 8 
G shiner 1.3 .5 1.3 .1 Q\ 

Lm bass .3 < .1 . 7 .1 . 7 .1 \0 

G sunfish .3 < .1 .6 < .1 
C shiner .3 < .1 . 7 .1 
H sucker .7 .4 .3 .1 
Y perch .1 < .1 
R carpsucl-. e:· .1 .1 
C chub .1 < .1 



-------------------
Table 3. Fish per net day and weight of pound net catches at Big Creek Lake, 1975. 

Sampling period 

April May June July August 

Species FND kg/ND FND kg/ND FND kg/ND FND kg/ND FND kg/ND 

Crappie 9.3 1.5 76.8 8.5 31.5 3.4 54. 5 4.2 49.1 4.7 
W sucker 28.3 16.4 5.7 3.1 8.4 4.8 4.8 2.7 7.9 4.1 
Bluegill 3.6 .6 5.0 . 7 8.9 1.1 6.6 .9 3.8 . 7 
Walleye 4.7 1.6 .5 . 2 1.0 .4 1.0 .4 .4 .1 
Ch catfish . 7 .3 .5 .2 1.0 .4 1.6 • 8 .2 .1 
Bullhead .6 . 2 1. 7 .6 1.4 . 5 2.2 . 6 .5 .1 
Carp 1.6 2.8 .9 1. 7 . 8 1.6 .8 1. 2 .6 1.0 
G shiner . 3 < .1 .6 < .1 .5 < .1 -...J 

Lm bass .5 .2 .1 < .1 .4 .1 
0 

G sunfish . 2 < .1 .3 < .1 .2 < .1 . 2 < .1 .1 < .1 
C shiner . 3 < .1 
H sucker .1 < .1 .1 .1 .2 .1 
Y perch . 2 < .1 
R carpsucker .1 .1 



-------------------
Table 3. (Continued). 

Sampling period 

September October Mean 

Species FND kg/ND FND kg/ND FND kg/ND 

Crappie 55.4 7.1 61. 3 6.8 48.3 5.2 
W sucker 6.7 3.5 6.5 3.9 9.9 5.6 
Bluegill 5.6 . 7 8.3 1.2 5.9 .8 
Walleye .2 .1 1.0 .5 1.3 .5 
Ch catfish 1.3 .8 1.1 .5 .9 .4 
Bullhead 1.1 .3 1.5 .4 1.3 .4 
Carp 1. 3 2.4 . 3 1.0 .9 1. 7 
G shiner .2 < .1 .2 < .1 
Lm bass .2 < .1 .2 < .1 .2 .1 

-...J .... 
G sunfish .1 < .1 .2 < .1 • 2 < .1 
C shiner < .1 < .1 
H sucker .1 < .1 
Y perch < .1 < .1 
R carpsucker < .1 < .1 
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SIZE STRUCTURE OF LARGEMOUTH BASS 

Body lengths, weights and scales were collected from about SO bass of each 
year class for age and growth analyses. An additional 218 largemouth bass were 
captured in the autwnn to calculate the growth increments for 1975. Age I bass 
captured in the spring for analysis ranged from 88 mm (3.5 in) to 150 mm (5.9 in) 
TL (X = 111 mm, SD 12) and weighed 7 g (.02 lbs) to 22 g (.OS lbs) (X = 15 g, 
SD 41_ while age II bass ranged from 150 mm (5.9 in) to 240 mm (9.5 in) 
TL (X = 187 mm, SD 20) and weighed from 40 g (.09 lbs) to 168 g (.37 lbs) 
(X = 86 g, SD 31). Age III bass captured in the same period ranged from 253 mm 
(10.0 in) to 480 m (18.9 in) TL (X = 321 mm, SD 9) and weighed 200 g (.44 lbs) 
to 2,015 g (4.44 lbs) (X = 507 g, SD 382). Legal sized bass accounted for 9% 
of the total catch and 14% of the age III bass, 1972 year class (Table 4). Age I 
bass were so poorly represented that only two bass of the entire autumn sample 
were identified as members of the 1974 year class, X TL of 248 mm (9.8 in) and a 
X of 208 g (.46 lbs). Age II bass varied from 214 mm (8.4 in) to 285 mm (11.2 in) 
TL (X = 253 mm, SD 17) and weighed from 155 g (.34 lbs) to 314 g (.69 lbs) 
(X = 223 g, SD 42) while age III bass ranged from 297 mm (11.7 in) to 392 mm 
(15.4 in) TL (X = 326 mm, SD 28) and weighed from 340 g (.75 lbs) to 830 g 
(1.83 lbs) (X = 490 g, SD 148). Legal sized bass made up less than 6% of the 
bass over 175 mm and 20% of the age III fish. Young-of-the-year bass sampled in 
the autumn ranged from 102 mm (4.0 in) to 175 mm (6.9 in) TL (X = 144 mm, SD 17) 
and weighed from 14 g (.031 lbs) to 74 g (.163 lbs) (X = 144 g, SD 17). 

LENGTH-WEIGHT RELATIONSHIP ANV CONVITION FACTORS· OF LARGEMOUTH BASS 

Length-weight relationships for each age of bass sampled in the spring of 
1975 was 

Age I log10w = -4.56 + 2.80 log10TL 

Age II log10w = -5.14 + 3.11 log10TL 

Age III log10w = -5.31 + 3.18 log10TL 

while the autumn sample was 

0-age log
10

w = -5.73 + 3.40 log
10

TL 

Age II log
10

w = -4.17 + 2.71 log
10

TL 

Age III loglO w = -5.49 + 3.25 log
10

TL 

Mean K-factors for bass captured early in the season were 1.06 (SD .04), 1.27 
(SD .07), and 1.36 (SD .18) for ages I through III, respectively, while K-factors 
for the fall sample were 1.35 (SD .12), 1.36 (SD .09), and 1.37 (SD .13) for ages 
0, II and III, respectively. 

Differences in the slope values between age II and III bass were not signifi­
cant for spring or autumn groups, while there were no seasonal differences within 
age groups (Table 5). A statistical comparison of the b-values in at-distribution 
indicated the two regression lines did not differ. A second statistical comparison 
demonstrated coefficients of condition were the same in autumn as they were in 
spring for each age group. 
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Table 4. Length-frequency distribution of 300 largemouth bass (age III) 
captured in the spring at Big Creek Lake, 1975. 

Length 
(mm) 

240-49 
50-59 
60-69 
70-79 
80-89 
90-99 

300-09 
10-19 
20-29 
30-39 
40-49 
50-59 
60-69 
70-79 
80-89 
90-99 

400-09 
10-19 
20-29 
30-39 
40-49 
50-59 
60-69 
70-79 
80-89 

Number 

3 
5 
6 

25 
27 
43 
32 
42 
35 
19 
13 
10 
13 
10 

3 
8 
2 
1 
1 

1 

1 

Percent 

1.0 
1.6 
2.0 
8.3 
9.0 

14.3 
10.6 
14.0 
11.6 
6.3 
4.3 
3.3 
4.3 
3.3 
1.0 
2.6 
0.6 
0.3 
0.3 

0.3 

0.3 

Table 5. Statistical comparison in a Students t-distribution of the slope in 
length-weight relationships of largemouth bass captured in spring and 
autumn, 1975. 

Age b t 

Spring II 3.11 2.03 
III 3.18 2.02 

Autumn II 2.71 2.00 
III 3.25 2.08 
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GROWTH OF LARGEMOUTH BASS 

Body-scale relationship for largemouth bass was described by the equation 

TL= -1.83 + 2.47 ScR 

where TL was the total length and ScR was scale radius. This relationship was 
used to back-calculate total length at each annulus for each age class (Table 6). 
Estimated average total lengths for ages I through III were 146 (5.7 in), 246 
(9.7 in), and 331 mm (13.0 in). 

Table 6. Average estimated total length in mm at each annulus for largemouth 
bass, Big Creek Lake, 1975. 

Age 

Year class Number I II III 

1974 34 105 

1973 38 146 192 
1972 40 188 300 331 

Unweighted mean 146 246 331 

ESTIMATEV POPULATION SIZE OF LARGEMOUTH BASS 

A spring population estimate of 19,425 bass, age I through III, was the 
result of capturing 2,887 bass and recapturing 175 (Table 7). Population 
estimates were calculated by marking or tagging three size ranges of bass; 
< 120 mm, > 120 mm and< 200 mm, and> 200 mm. All bass under 120 mm were age I 
while 31% of the bass over 200 mm were age II and none of the age III bass were 
under 200 mm. From these data numerical sizes of each age group were computed 
to be 563 age I, 13,969 age II, and 4,893 age III. 

Largemouth bass standing stock was estimated at 12 kg/ha (10.7 lbs/ac) from 
numerical population sizes and mean weights of each age group. The estimated 
density was 56 bass/ha (22 bass/ac). 



-------------------
Table 7. Schnabel population estimates and standing stock of largemouth bass in Big Creek Lake, April­

May, 1975. 

Standing 
Size range Catch Marked Recaptured Population Confidence Density stock 

and age number interval (bass/ha) (kg/ha) 

< 120 mm 67 49 3 563 264 2 .03 
Age I 00 

> 120 mm and 
< 200 mm 1,836 1,514 116 11,822 10,002 34 2.32 

Age II 14,452 

> 200 mm 984 805 56 7 ,040a 5,579 20 9. 70 
-Age II & III 9,539 

Total 2,887 2,368 175 19,425 56 12.05 

a . 
30.5% are age II. 

---.J 
u, 
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CATCH ANV EXPLOITATION BY ANGLING 

Sport fishery survey data from 1 April to 31 August, were expanded to 
compute total harvest, catch rates, angler pressure and exploitation of large­
mouth bass (Table 8). During the survey 8,521 fishermen were interviewed which 
was expanded to a total of 55,272 anglers that fished 143,155 hours (408 hr/ha) 
to catch 65,590 fish. 

Table 8. Estimated angler harvest of fish species from Big Creek Lake, 1975. 

Weight Catch rate Percent 
Species Number (kg) fish/hr weight 

G sunfish 630 62.9 .005 .6 
Bluegill 9,841 1,340.4 .07 12 
Lm bass 1,903 1,563.5 .01 14 
Sm bass 26 18.6 < .001 .2 
B crappie 49,207 6,925.5 .34 61 
Walleye 1,706 689.3 .01 6 
B bullhead 1,575 407 .5 .01 4 
C catfish 282 144.7 .002 1 
Carp 20 48.5 < .001 .4 
W sucker 361 232.6 .003 2 
C shiner 39 5.7 < .001 < .1 

Total 65,590 55,499.1 

Stocked sport fish dominated the catch by number and weight for the first 
time since reservoir impoundment while native species declined. Black crappie 
was the most abundant fish by weight and number, 49,207 fish weighing 6,926 kg 
(15,272 lbs), while bluegill was second in numerical importance, 9,841 fish or 
1,340 kg (2,955 lbs), followed by largemouth bass, 1,903 fish weighing 1,564 kg 
(3,449 lbs), walleye, 1,706 fish weighing 689 kg (1,519 lbs) and channel catfish, 
282 fish weighing 145 kg (320 lbs). Bullhead was the most prevalent native fish 
caught, 1,575 fish weighing 408 kg (900 lbs), followed numerically by green 
sunfish, 630, and white sucker, 361. 

Exploitation of largemouth bass nearly doubled over the previous year 
(Table 9). Anglers creeled 191 bass (legal and sublegal) of which 12 were 
marked in 1975, prior to the fishing season. From this figure an estimated 122 
marked bass were captured of the 644 tagged bass from the 1972 year class. 
Exploitation was estimated at nearly 19%. 
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Table 9. Largemouth bass population estimates, exploitation and catch success 
for 1973 through 1975. 

Year 

1973 
1974 
1975 

Population 
estimate 

28,204 
42,791 
19,425 

Sub legals 
released 

23,566 
100,722 

64,420 

Catch rate Exploitation 
(fish/hr) 

. 77 < .001 

. 85 .11 

.45 .19 

Catch success declined by about 40% of what is was the previous year but 
catch and releases still greatly exceeded the population size (Table 9). Fisher­
men caught and released 64,420 sublegal bass or about three times the population 
size for a catch rate of .45 bass/hr. Undersized bass accounted for 27% of the 
catch of 191 fish. About 10% of the catch was less than 343 mm (13.5 in) the 
smallest of which was 197 mm (7.7 in). 

ANNUAL SURVIVAL ANV MORTALITY OF LARGEMOUTH BASS 

Survival was computed for the 1972 largemouth bass year class in 1974 by 
comparing the proportion of tag returns of bass marked in two consecutive years, 
1974 and 1975 (Ricker, 1975). Thirty tags were returned voluntarily by anglers 
and the clerk. Of these 21 were from 622 bass tagged in 1975 while 9 were of 
579 marked in 1974. Survival (S) was calculated as 

S = (9)(622) = .4604 X 100 = 46.04% 
(579) (21) 

Total annual mortality (A), the compliment of S, was 54%. 

AGE ANV GROWTH OF RELATEV FISH SPECIES 

Bluegill.. Length, weight and scales were taken from 49 bluegill during 
1975. The sample ranged in length from 33 mm (1.3 in) to 220 mm (8.7 in) and 
weights of 1 g (< .01 lbs) to 232 g (.51 lbs). Length-weight relationship was 
described by the equation 

K-factors ranged from 1.61 to 2.45 and averaged 2.06. 

Body-scaie relationship was represented by the equation 

TL= 21 + .87 ScR 
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This relationship was used to calculate total lengths at annulus for each age 
group (Table 10). Mean total lengths at each annulus were 50 (2.0 in), 121 
(4,8 in), 176 (6.9 in) and 220 mm (8. 7 in) for ages I through IV. 

Table 10. Estimated total length in mm at each annulus for bluegill, Big Creek 
Lake, 1975. 

Age 
Year 
class Number I II III IV 

1974 12 55 
1973 12 48 103 
1972 14 52 134 172 
1971 1 43 125 181 220 

Grand average 50 121 176 220 

B.la.ck Clza.pp,i,e. 
crappie during 1975. 
and weight from 20 g 
was described by the 

Length, weight, and scales were collected from 56 black 
The range in length was 111 mm (4.4 in) to 200 mm (7.9 in) 

(.04 lbs) to 172 g (.38 lbs). Length-weight relationship 
equation 

log10w = -5.56 + 3.3 log10TL 

K-factors ranged from 1.24 to 1.76 with a mean of 1.50. 

Body-scale relationship was represented by the function 

TL= 50 + .84 ScR 

This relationship was used to estimate total length at annulus for each age 
group (Table 11). Mean total length at each annulus was 109 (4.3 in), 158 
(6.3 in), and 191 mm (7.5 in) for ages I through III. 
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Table 11. Estimated total length in mm at each annulus for black crappie, Big 
Creek Lake, 1975. 

Year 
class 

1974 
1973 
1972 

Grand average 

Number I 

13 87 
42 128 

1 118 

109 

DISCUSSION OF FINDINGS 

Age 

II 

156 
159 

158 

III 

191 

191 

A systematic increase in relative abundance of most sport fish from previous 
years was recorded in net catches. Black crappie exhibited the most dramatic 
numerical change rising from 2 to 22 to 48 FND, by pound net, from 1973 through 
1975. Catch success of crappie was influenced primarily by a strong 1973 year 
class that initially recruited into net gear during 1974 and was wholly vulnerable 
in 1975. Catch success of bluegill increased from .8 to 4.6 to 6 FND, 1973 
through 1975. Channel catfish catch success in gill nets, rose slightly from .6 
to 1.6 to 3 FND, for the same years. Gill net catches of walleye varied somewhat; 
6.5 to 9.6 to 7 FND for the same years. 

Catch success of largemouth bass and green sunfish, by net gear continued to 
decrease. Net gear has proved to be an inefficient method of determining relative 
abundance of bass. However, population estimates, derived through electrofishing 
effort, confirmed a decline in bass density. Green sunfish will probably never be 
as abundant as they were in 1973. 

Black bullhead, a fish sought after by many anglers, has also precipitously 
declined in relative abundance. Bullhead were caught at 19 FND by gill net in 
1973, declined to 6 FND in 1974 and 1 FND in 1975. 

In spite of the numerical preponderance of sport fish the total catch by 
weight is still dominated by nonsport fish. White sucker comprised the greatest 
portion in biomass contributing 16%, 44% and 42% of the catch by weight from 1973 
through 1975. In addition, white sucker ranked second in numerical abundance 
during 1975. Carp, decreasing in importance numerically, ranked third in 
importance by weight during the same year. The few individuals that were caught 
were large sized when compared to other species. Thus, their importance by weight 
was strongly influenced by their larger body dimension. 
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The largemouth bass population in Big Creek Lake remained characterized by 
many sublegal bass and few legal fish. During the three years of this study no 
more than 12% of any electrofishing sample exceeded the legal length limit. This 
prodigy is not atypical, but probably true of bass populations controlled by a 
size limit and with similar intensive angling pressure. 

Similarities in bass standing stock was noted for the first two years, but 
in the third year a 50% decline occurred. Standing stocks of 1973 and 1974 were 
19 and 20 kg/ha while that of 1975 was 12 kg/ha. Estimated standing stock during 
the first two years of the fishery were probably measurements of the largemouth 
bass population at or near carrying capacity, since exploitation was nearly non­
existent during 1973 and the estimate of 1974 was calculated before angling had 
an impact. A harvest of 5 kg/ha during the 1974 fishing season can account for 
a large portion of the difference while poor reproductive success and growth that 
same year can account for the remainder. 

Bass population density followed the same trend as standing stocks. The 
lowest density recorded was that of 1975, 56 bass/ha, as compared to 80 and 110 
bass/ha in 1973 and 1974. The primary reason for the drop in bass numerical 
density was the poor representation of the 1974 year class in the spring estimate 
of 1975. This year class was also poorly represented in the fall of the same 
year. Young-of-the-year and age II bass were very vulnerable to capture by 
electrofishing; whereas, age I fish were seldom seen, thus eliminating gear 
selectivity as an important bias. 

Accelerated growth over the previous year was documented in 1975 for two 
year classes (Figure 1). By the autumn of 1975, 0-age bass attained a mean length 
of 144 mm as compared to 105 mm for the 1974 year class during their first year of 
life. Annual growth increments for age II bass increased from 46 mm in 1974 to 
61 mm for 1975. An increase in forage (documented in Job 2) and availability was 
thought responsible for the improved growth. An insufficient sample of age I bass 
during autumn obviated growth comparisons. Annual growth increments for age III 
bass, since the 1973 season, has been somewhat ambiguous. The selective nature of 
the bass fishery for faster growing fish leaves slower growing individuals. For 
example, comparing back-calculated total length, for the 1972 year class, at age II 
and III of 300 mm, and 331 mm to the autumn 1975 (fourth growing season) mean 
length of 326 mm, it appears that for two seasons this year class grew only about 
30 mm. 

The initial largemouth bass year class stocked at Big Creek Lake has 
supported the legal fishery for two seasons. Nearly all of the bass reported in 
the survey in 1974 and 1975 originated in the 1972 year class. During each year 
a few sublegal bass from 1973 were kept by anglers. It is likely the 1972 year 
class will remain the principle contributor to the legal catch in 1976. Growth 
of the 1973 year class was insufficient to provide legal sized recruits until 
late 1976. This fact coupled with a much reduced density of the 1972 stock 
indicated a lower numerical harvest can be expected in 1976. 

Exploitation rate for the 1972 year class nearly doubled over the previous 
year while the number and weight harvested was similar. Anglers caught 11% or 
2,093 fish (1,300 kg) of the 1972 year class during the 1974 season. The following 
year exploitation increased to 19% but the numerical harvest of 1,903 fish 
(1,564 kg) did not exceed that of the previous season. 
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Figure L. Estimated total lengths of the 1972, 1973, and 1974 year classes of 
largemouth bass. The last increment of each age group, except the 
1974 cohort, is the observed mean length in the autumn of 1975. 
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Exploitation rate, calculated by expanding tag returns from survey data, 
may underestimate actual exploitation. Tag return data indicated exploitation 
to be about 19% of the 1972 . year class. Exploitation calculated by comparing 
total bass harvest figures to population size yielded an estimate of 39~o. The 
exact reason for the gross discontinuity is not understood at this time. Similar 
comparisons between data of 1974 provided nearly equal estimates. Further 
population data for the spring of 1976 should provide evidence as to which was 
the more accurate measurement. 

The minimum length limit averted an overharvest of bass for the third 
successive year. During each study year the angler catch and release of sublegal 
bass nearly equalled or exceeded the numerical population size up to threefold. 

Natural mortality of the 1972 year class remained the same from 1973 to 1974 
at 43% while total mortality increased. An 11% increase in total mortality, 43% 
to 54%, was the same as that of exploitation rate, Oto 11%. The phenomenon of 
competitive mortality apparently did not hold true for the largemouth bass 
population at Big Creek Lake since the introduction of fishing mortality in 1974 
did not reduce natural mortality. Reasons for this observation will be considered 
at a later date. 

Growth of bluegill at Big Creek Lake was equal to that in established Iowa 
water. Mayhew (1965) presented observed mean lengths of bluegill, age 0+ through 
VI+, from 71 artificial lakes in southern Iowa. Back-calculated lengths for 
bluegill from Big Creek Lake, age II and III, fell midway within minimum and 
maximum values and on or above mean values while age I fish, 50 mm (2 in), TL 
were below minimum values. However, growth of bluegill in their first year of 
life at Big Creek Lake is greater than lengths attained by fish at Bobwhite Lake, 
Red Haw Lake, and Williamson Pond, 45 (1.8 in), 46 (1.8 in), and 43 mm (1.7 in), 
respectively (Mitzner, unpublished). Two important points to keep in mind are 
that Big Creek Lake is a much newer impoundment than the former bodies of water 
and the bluegill population at Big Creek is still expanding. Thus, growth of 
bluegill will soon stabilize at Big Creek Lake with higher population densities, 
despite the presence of a large predator stock. 

A dominant 1973 black crappie year class represents the bulk of the crappie 
population at Big Creek Lake. Adult crappie were stocked in 1973, the second year 
of impoundment, and this strong year class is the initial progeny of that stocking. 
Growth was acceptable, when compared to mean observed lengths for black crappie 
of other established Iowa lakes (Mayhew, 1965). One exception was during the first 
year of life at Big Creek Lake, when growth was below the minimum value. However, 
these comparisons are biased since fish used in Mayhew's study had additional time 
for growth because they were observed lengths after annulus formation. It is also 
reasonable to assume that growth rate will change at Big Creek Lake since the 
crappie population is also in a state of flux. 
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RECOMMENDATIONS 

The study should continue to further define the impact of a 14-inch size 
limit on population dynamics of bass and vital statistics of related species. 
Of particular interest in the next study segment will be the contribution of 
the 1973 largemouth bass cohort to the legal fishery. 

LITERATURE CITED 

Mayhew, J. 1965. Comparative growth of four species of fish in three different 
types of Iowa artificial lakes. Ia. Acad. Science 72:224-229. 

Ricker, W. 1975. Computation and interpretation of biological statistics of 
fish populations. Fish. Res. Board Can. Bull. 191. 382 pp. 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 

84 

ANNUAL PERFORMANCE REPORT 

RESEARCH PROJECT SEGMENT 

STATE: Iowa NAME: Evaluation of the 14-Inch Size Limit on 

PROJECT NO.: F-88-R-3 Largemouth Bass at Big Creek Lake 

STUDY NO.: 

JOB NO.: 

Period Covered: 

601-3 

2 

TITLE: Predator-prey relationship of largemouth 

bass and other Centrarchid species 

1 July, 1975 through 30 June, 1976 

ABSTRACT: The ptumall.y goal 06 th.w job ,u., :t,o de6c.Jube :t.he p1t.edax.01t.-p1t.ey 
1t.e.latlon6Mp be,tween bMJ.:. a.nd 601t.age 1.:ipecle6 wlt.h paJtt.,i.c..ui..aJr. inteJt.e6:t. :t,o 601t.a.ge 
a.bu.nda.nc.e a.nd 1.:iize6 uti.lized by va.Jt.ioU6 1.:iized ba.1.:.1.:,. FoJt.a.ge 6b.ih popui.a,t.,[on6 
we1t.e 1.:iy1.:i;tema.:tfoa.U.y 1.:iampled wilh a. 15 .2 m 1.:iune ne,:t,. Food ha.b-U.6 06 laJc,gemou.:t.h 
bMJ.:. weJt.e 1.:i:t.u.died by cli.Jted ex.a.mlna.tion 06 1.:i:t.oma.c.h c.ontenu 06 bMJ.:. c.a.p:tuJted 
peJifodic.a.lly by e.£edM6b.ihing. Seine ha.ui.6 c.a.p:tuJted 20,620 6b.ih, inc.lu.ding 
young a.nd a.du.U minnoWJ.:. a.nd young-06-:t.he-yea.Jt. 06 1.:ieven 1.:ipecle6. Young bluegill 
domina.:t.ed :t.he :t,o:t,a.l c.a.:t.c.h ( 91 % ) wh.u.e minnoWJ.:. weJt.e 1.:, ec.o nd ( 9 % ) • 0:t.heJt. young 6b.ih 
( < 1%) 1.:ia.mpled inc.lu.ded bfuc.k. c.Jt.a.ppie, laJc,gemou.:t.h bMJ.:. a.nd g1t.een 1.:iu.n6b.ih. S:t,oma.c.h 
c.o n:t,en:tl., a 6 4 2 ba.1.:.1.:, Jt.a.nging 61t.om 2 0 0- 2 9 9 rrrn TL weJt.e ex.a.mined, o 6 wh,i,c.h eig h:t, WeJt.e 
emp:t.y. Fb.ih WM :t,he mo1.:i:t, impoJt.:t.a.n:t. 6ood Uem c.on6u.med in nwnbeJt. ( 70%) a.nd weigh:t. 
( 5 3%) wh.u.e c.1t.a.y 6b.i h weJt.e o 6 1.:, ec.o nda.Jt.y impoJt.:t.a.nc.e. S:t.oma.c.h c.o n:t,e,n:t,J.:, a 6 2 0 bMJ.:. 
300+ mm TL weJt.e ex.a.mined, 06 :t.he6e 6ou.Jt. WeJt.e emp:t.y. Fb.ih c.onW.,buted :t.he g1t.e,a.:t,e,t,:t, 
nwnefl.ic.a.l (62%) a.nd wugh:t. ( 73%) poJt.tion in :t.he did. Cen:tJuvtc.rwi6 weJt.e :t,he, 
domina.n:t. 6b.ih 1.:ipecle6 !..ltilized by laJc,gemou.:t.h bMJ.:. 06 bo:t.h 1.:iize g1t.ou.p1.:i wh.u.e 
laJc,geJt. bMJ.:. :t.ended :t.o c.on6u.me laJc,geJt. 6ood lie.ml.:.. 

Author: Vaughn L. Paragamian 
Fishery Research Biologist 

Approved by: James Mayhew 
Fishery Research Supervisor 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

85 

JOB 2 OBJECTIVE 

To meM UJLe the ,i,.mpa.ct o 6 ,i,n.CAeM,i,n.g the J,i,z e o 6 the .la!tg emo~h bM-6 
population. on. the a.bu.n.da.n.c.e 06 othe.Jt 6,i,6h poputation.-6 wLth empha..6,i,,6 on. bfuegill 
a.n.d CAa.pp.le • 

INTRODUCTION 

The goal of this segment was to establish the status of the predator-prey 
relationship between largemouth bass and forage species, of which bluegill and 
black crappie were the most important in this study. Of paramount interest was 
the size at which forage fish species were utilized by various sized bass, their 
importance as food items, and the abundance of forage species. 

Largemouth bass were established during the first two years of impoundment, 
simultaneously adult and young bluegill and crappie were stocked. Since then 
prey species density has been systematically sampled and food habits of various 
size groups of bass studied. 

STUDY BACKGROUND 

Relative abundance of forage species were sampled during 1973 and 1974 and 
food habits of largemouth bass monitored during the latter year only. 

0-age green sunfish comprised 49% of the total seine catch of 11,766 
1973, No.tJtop,i,6 -6p. made up 46%, while young bluegill and crappie made up 
Although bass food habits were not studied that year, it is likely green 
were an important food item since seasonal mortality of this species was 
80%. 

fish in 
1%. 
sunfish 
over 

Within the following season young-of-the-year bluegill became more important, 
contributing 24% of the total seine catch of 1,997 fish, but No.tJtop,i..-6 -6p. 
dominated by providing 73%. Green sunfish declined to 2% and crappie represented 
< .1%. 

Largemouth bass fed primarily on aquatic insects and entomostraca early in 
life and began eating fish at about 125 mm (5 in). Crayfish were an important 
food item to bass over 200 mm (7.8 in) early in the season, before most species 
spawned, but were soon replaced by fish as the dominant food. Analysis of all 
stomach samples from bass 200+ mm revealed fish represented 70% of the total by 
weight and crayfish was next at 21%. Few Centrarchids were identified among the 
fish food items, however, over 50% of the fish remains were unidentifiable. 
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METI-IODS AND PROCEDURES 

Forage fish sampling followed the same procedure outlined in the previou.-; 
annual report with one exception, only stomachs of largemouth bass 200+ mm TL 
were taken for content analysis. 

FINDINGS 

POPULATION ABUNVANCE OF PREY SPECIES 

Seine hauls captured 20,620 fish, including adult and young No;tJz.op.,i,6 .6p. 
and 0-age members of seven other species (Table 12). Young-of-the-year bluegill 
made up 91% of the total catch. NoVtop.,i,6 .6p. was second with 9%, and black 
crappie< 1%. Green sunfish and largemouth bass contributed< 1%. 

Table 12. Catch composition of seine hauls at each sampling site in Big Creek 
Lake, June through October, 1975. 

Sampling site 

I II III Total 

N % N % N % N % 

Bluegill 4,770 84.6 8,123 95.0 5,778 89.9 18,671 90.6 
Lm bass 1 < .1 13 .2 9 .1 23 .1 
Crappie 2 < .1 19 .2 10 .2 31 .2 
G sunfish 3 < .1 12 .1 14 . 2 29 .1 
No;tJz.op.-Ll .6p. 862 15.3 371 4.3 617 9.6 1,850 9.0 
Bullhead 10 .1 10 .1 
Y perch 3 < .1 3 < .1 
Sm bass 1 < .1 1 < .1 2 < .1 
J darter 1 < .1 1 < .1 

Total 5,638 8,553 6,429 20,620 
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STOMACH CONTENT ANALYSIS OF LARGEMOUTH BASS 

Stomachs of 42 bass ranging from 200-288 mm TL (7.9-11.4 in) (X = 299 mm, 
SD 24) were examined and eight were found empty (Table 13). Fish .were the most 
important food item by number and weight, 70% and 53%, respectively. Crayfish 
were second by weight, 43%, and insects second by numerical importance, 29%. 

Table 13. Stomach contents in percent for 34 largemouth bass ranging in total 
body length from 200-299 mm at Big Creek Lake, May through September, 
1975. 

Percent Percent Percent stomachs 
by number by weight containing item 

Centrarchidaea 34. 8 18.3 26.5 
N o.tM pl6 -6 p. 1.5 9.0 8.8 
Cyp!Un<.UI.> c.aJLp,i,o .9 < .1 2.9 
Unidentifiable fish 32.6 25.6 61.8 

Total fish 69.8 52.8 73.5 

Decapoda 1.5 43.1 11.8 

Aquatic insectsb 26.2 3.1 26 .5 
Terrestrial insectsc .9 .1 5.9 
Unidentifiable insects 1.5 .9 8.8 

Total insects 28.7 4.1 32. 4 

aPrimarily black crappie and bluegill. 

brncludes Corixidae, Anisoptera, and unidentifiable Diptera. 

cUnidentifiable Colioptera. 

0-age Centrarchids, primarily black crappie and bluegill, were ingested more 
frequently than any other group, 114 individuals weighing 11 g (.02 lbs) 
(Table 14). Shiners were found five times and weighed 5 g (.01 lbs), but were of 
lesser importance than 107 other fish, weighing 15 g (.03 lbs) that were digested 
beyond identification. Five crayfish, found in four stomachs, contributed 25 g 
(.05 lbs) which was a substantial portion, while 94 insects provided only 2 g 
(< .01 lbs). 
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Table 14. Stomach contents of 34 largemouth bass ranging in total body length 
from 200-299 mm at Big Creek Lake, May through September, 1975. 

Nwnber of stomachs Number of Weight Mean weight 
containing items items (g) of item 

(g) 

Centrarchidaea 9 114 10 .82 .10 
No ;tJw p.l6 .6 p. 3 5 5.29 1.06 
C!Jpli<..nu.6 c.oJr.p-lo 1 3 .01 .01 
Unidentifiable fish 21 107 15.12 .14 

Total fish 25 229 31.25 .14 

Decapoda 4 5 25.48 5 .10 

Aquatic insectsb 9 86 1. 84 .02 
Terrestrial insectsc 2 3 .04 .02 
Unidentifiable insects 3 5 .54 .01 

Total insects 11 94 2.42 .03 

Vegetation 1 1 .07 .07 

aPrimarily black crappie and bluegill. 

blncludes Corixidae, Anisoptera, and unidentifiable Diptera. 

cUnidentifiable Colioptera. 

Stomach contents of 21 bass ranging from 302-409 mm TL (11.9-16.1 in) 
(X = 340 mm, SD 36) were examined. Four of the stomachs were empty (Table 15). 
Fish were the primary food item by number and weight, contributing 62% and 76%, 
respectively. Insects made up 32% by number and 10% by weight, while crayfish 
comprised 4% and 13% in the same categories. 

Larger bass utilized adult and 0-age members of several species of fish 
including bluegill and black crappie (Table 16). Fifty crappie and bluegill, 
weighing 109 g (.24 lbs), were removed from five stomachs while 22 unidentifiable 
fish, weighing 25 g (.06 lbs), were found in seven stomachs. Other species 
utilized less frequently, but contributing a substantial portion to the total 
weight, included white sucker, walleye, and largemouth bass. Five crayfish 
weighing 59 g (.13 lbs) were taken from four stomachs while aquatic insects were 
of a lesser importance, 14 items weighing 2 g (< .01 lbs) from four stomachs. 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

89 

Table 15. Stomach contents in percent of 17 largemouth bass 300+ mm TL at 
Big Creek Lake, May through September, 1975. 

Percent Percent Percent stomachs 
by number by weight containing item 

MlcJW p;teJul6 .6ai.moide6 .8 10.6 5.8 
Centrarchidaea 41.0 24.4 29.4 
No.tlwp.ui .6p. .8 . 7 5.9 
Ca.to.6.t.omw, c..ommeMo ril . 8 25.2 5.9 
S:U.zo.6.tecli.,o n vUltewn . 8 9.4 5.9 
Unidentifiable fish 18.0 5.7 41.2 

Total fish 62.3 76.1 64.7 

Decapoda 4.1 13.4 23.5 

Aquatic insectsb 11.5 .5 23.5 
Terrestrial invertebratesc 19. 7 9.9 11. 8 
Unidentifiable insects . 8 < .1 5.9 

Total invertebratesd 32.0 10.4 35.3 

Vegetation . 8 < .1 5.9 
Organic material .8 < .1 5.9 

aPrimarily black crappie and bluegill. 

brncludes Ephermeroptera, Corixidae, and unidentified Diptera. 

clncludes Annelida and Formicidae. 

dDoes not include Decapoda. 
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Table 16. Food items of 17 largemouth bass 300+ mm TL at Big Creek Lake, May 
through September, 1975. 

Number of stomachs 
containing items 

Centrarchidae a 5 
MlCM pteltll6 . .6aimoidu 1 
No .tJw p,<,6 .6 p. 1 
Ca.to.6:tomu..6 comme.Jt6oni 1 
st.lzo.6:tedion v,UJz.eum 1 
Unidentifiable fish 7 

Total fish 11 

Decapoda 4 

Aquatic insects 
b 

4 
Terrestrial invertebratesc 2 
Unidentifiable insects 1 

Total invertebrates 6 

Vegetation 1 
Organic material 1 

aPrimarily black crappie and bluegill. 

Number of 
items 

50 
1 
1 
1 
1 

22 

76 

5 

14 
24 
1 

39 

1 
1 

Weight 
(g) 

108. 53 
4 7.00 

3.14 
112.00 
41.92 
25.30 

337.89 

59.48 

2.18 
44.05 

.04 

46 .27 

.04 

.30 

bincluded Ephmeroptera, Corixidae, and unidentifiable Diptera. 

cincluded Annelida and Formicidae. 

DISCUSSION OF FINDINGS 

Mean weight 
of item 

(g) 

2.17 
47.00 

3.14 
112.00 

41.92 
1.15 

4.45 

11.90 

.16 
1.84 

.04 

1.19 

.04 

. 30 

Extreme yearly variations in forage density were recorded in seine catches 
from 1973 through 1975. The total seine catch of 1975 was the highest, 1973 was 
intermediate and 1974 was lowest. 

Annual variations in forage density were due primarily to year class 
abundance of bluegill, green sunfish and No.tll.op,<,6 .6p. Seine net catches of 0-age 
bluegill progressively increased from 1973 through 1975. On the other hand, 
catches of young green sunfish decreased for the same years while the catch of 
No.tJwp,[,6 .6p. was at a peak in 1973 and declined slightly from 1974 to 1975. 
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Annual growth increments of largemouth bass appeared not only related to 
intra-species density but also to forage density. Mean total length of 0-age 
bass captured in the autumn of 1973 and 1975, years when total seine catches 
were highest were greater than the length of young bass caught during the same 
period in 1974. Growth increment of the 1973 largemouth bass cohort was greater 
for their third year of life (1975) than it was for their second (1974). 

Fish continued to be the most important food item of largemouth bass 200+ 
mm TL (7.9 in) while crayfish are of secondary importance. Invertebrates (other 
than crayfish) contributed a large numerical portion, but were of little value 
since they comprised a small segment of the biomass consumed. In comparison to 
insects, fish provided 2% by number and 74% by weight in 1974 while insects 
contributed 94% and 2% in the same categories. · During the same year crayfish 
comprised 4% by number and 21% by weight. Fish dominated the numerical and 
weight composit ion of stomach contents in 1975, while crayfish comprised 2% and 
38% and insects 29% and 6%. 

Centrarchids were the dominant fish consumed by largemouth bass at Big Creek 
Lake. Stomach analysis of bass in 1974 indicated bluegill, crappie, and green 
sunfish comprised over 50% of the identifiable fish food items. Stomach samples 
taken in 1975 revealed these species comprised over 98% of the identified fish, 
although green sunfish was not as important as the others. Shiners (No:tltop,u., -0p.) 
ranked second in importance for both years. Cannabalism was recorded each year 
but it was not considered serious. 

Larger bass utilized large fish food items while smaller bass consumed 
smaller fish. Mean weight of partially digested fish found in bass 300+ mm TL 
was 4.4 g (< . 01 lbs) as compared to .14 g (.001 lbs) for smaller bass. For 
example, stomach samples from individual specimens taken in 1975 contained such 
items as a 112 g (.25 lbs) white sucker, 41 g (.09 lbs) walleye and a 47 g (.1 lbs) 
largemouth bass; while in 1974 bass of about the same size fed on crappie and 
green sunfish that averaged over 30 g (.07 lbs) and 58 g (.13 lbs). Lewis, et al., 
(1975) also found that the size of food items increased with bass size, but the 
biomass consumed compared to bass weight decreased. Snow (1971) noted that an 
increase in size of bluegi ll and crayfish eaten was positively correlated to an 
increase in bass size except with bullhead. 

RECOMMENDATIONS 

This segment of study will continue to determine the reproductive success of 
forage species and their importance to the diet of bass. Sampling will continue 
as outlined including the collection of stomachs only from bass 200+ mm TL. 
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ANNUAL PERFORMANCE REPORT 

RESEARCH PROJECT SEGMENT 

STATE: Iowa NAME: 0-Age Fish Production at Lake Rathbun 

PROJECT NO.: F-88-R-3 TITLE: Abundance, distribution, mortality and 

STUDY NO.: 701-5 production of 0-age fish 

JOB NO.: 1 

Period Covered: 1 July, 1975 through. 30 June, 1976 

ABSTRACT: 0-a.ge gizza.11.d .shad, CJtctpp.,i,e. and blue.gill popui.a.tiaYl.6 wvr.e. .6ample.d wlth 
1.>.ta.nda.11.dize.d metvr. ne..t .toW.6 /)oh.. 14 we.e.k.6 a.t Lake. Rathbun. The. ovvr.all. c.atch on 
gizzaJr..d chad wa-0 294.6 peJL tow, the. .6e.c..ond highe..s.t Jr..e.c.OJul.e.d. CM.ppie. abunda.nc..e. 
c..o n,ti,nue.d .to de wne. .to a me.an o 6 2. 3 frw h pe.Jr.. .tow. Blue.gill. c..a.tc..h lnc..Jr..e.a6 e.d 
;.,Ugh:tey .to an avVt.a.ge. o 6 1. 4 ~h pelL .tow. Spawning ac;tlvi.ty o 6 gizza.11.d .6had 
Wa.6 ob.6Vtve.d in e.a.11.ly May, f..imli.a.Jr.. .to 1972 and 1914. The. 6)..Jr,6:t la.II.val ,t,ha.d wvr.e. 
c..ap.tUJr..ed in .e.a.te May. Buck CJr..e.e.k. e.mba.yme.n..t Wa.6 .the. ma;.,.t ,lmpotit.a.n.t a.11.e.a 601t 
0-age. .6had pJr..oductlan. Tn.U:ial c.Jr.a.pple. ;.,pawning WM ob.6 e.Jr..ve.d ,i,n late. Ap!tll and 
la1r.va.e. we.Jr..e. c..ap.tUJr..e.d in. :the. 6.,i,M.t .6 amp.Ung in.te.Jr..val. Sea& anal clU.tJr..,[bu,ti,on o 6 
.the. c.a..tc..h wa& ;.,.,i,mU.aJL :ta a.thvr. ye.aM with a .oing£.e mo de. oc..c.u.Jr..JU.ng -ln. e.all.£.y June.. 
Buc.k. C1r.e.e.k. e.mbaymen.t Wa..6 al..bo the. mM.t .,i,mpotit.a.n..t a/Le.a 06 .the. lak.e. ooh.. c.Jta.pp,i.e. 
Jte.pJr..oduc.-ti.on.. Bimodal di/2.tfT..lbutlan 06 .the. blue.gill c.a.tc..h c.an..tinue.d ;th»., .6e.a6on. 
The. 6fu.t m::, de. appea.Jr..e.d in late. May and .the. ;., e.c.o nd in £.a..te. J ui.y. FoJr.. :the. ~.t 
time. mo.6.t blue.g,i,,t£. 1te.y.,Jr..oduc.tion WM 6ound along :the ;.,hoJLe.Une. 06 the. ma.in y.,00£.. 
H,i,gh£.y .6-lgn.-l6,lc.a.n.t (P < • 01) di.ooe.Jr..eYLc.e.6 .,i,n the. hoJU.zon..tal and Ve.Jr.Uc.al clw.tJU.­
buu.on wa& 6ound 001t a.U. th1te.e. 6-i.l.:i h ;., pe.ue..6. Annual moJt:tal,i_:ty a 6 :the. 0-age. 6-i.l.:i h 
population Wa.6 e..stima:te.d at 64% 601t gizzaJLd .6ha.d, 65% 601t c..Jr..app..le. and 88% 601t 
b£.ue.gil£.. Annual motit.aldy .t~ .6e.Mon wa& not .6igM6,i,c.a.n:tltj dlfJvr.e.n.t 61tom 
p!te.viou.ti ye.a.JU:,. Total pJr..oductfon. WM e..6.tlmate.d M 6ollow.6: gizza.Jtd ;.,had, 
9,68 k.g/ha.; c.Jr..appie., . 11 cg/ha; and blue.gill., .04 c.g/ha.. 

Author: James Mayhew Date Prepared: 1 March, 1976 
Fishery Research Supervisor 
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STUVY OBJECT1 VE 

To de.ve.lop a pJz.e.dlc;ti_ve. mode.! 06 0-age. 6.l6h p1t.oductlon. .ln. Lak.e. Ra;thbwi 
by .lde.ntl6y.ln.g the. phy.&.lc.a.£ an.d b.lolog.lc.ai_ 0act.oM :tha.t c.on.tl!.ol the. abun.clan.c.e. 
06 young 6-<,6h i.n.c.1.udln.g (a) Ji.v.i<Vtvo.llt. Wa:te.Jt le.ve.l c.onvwl ma.n.a.ge.me.n.:t fioJt 
ofoodln.g, ( b) -6 e.dlme.ntatc.y twrh.ldl:ty, (c.) wa:te.Jt te.mpvr.a.twr.e. a.n.d ( d) plan.k..to n..lc. 
6-<,6h- 600 d 01tga.n..l-6 m a.bun.da.n.c.e. a.n.d availabili.;!Jj. 

JOB 1 OBJECT! VE 

To me.a.&UJt.e. ;the, n.ume.Jt.lc.al abun.da.n.c.e., -6pa.t.lal dl-6:tJt.lbu.tlon., a.n.n.u.at mold.a.li:ty 
a.n.d p1t.oducti.011 ofi 0-age. g.lzzaJt.d -&had, CAapp.le. a.n.d blue.gill a,t Lake. Rathbun.. 

INTRODUCTION 

Populations of 0-age fish were systematically sampled with standardized 
meter net tows at Lake Rathbun for the fifth consecutive year. The 14 week 
schedule started 5 May and terminated 4 August. Eight fish species from six 
families were captured this season, but analyses were limited to gizzard shad, 
crappie and bluegill because the numbers of other species captured were too 
low for meaningful results. 

STUDY BACKGROUND 

The standardized sampling regimen for 0-age fish started in 1971 following 
initial water impoundment in Lake Rathbun. Estimated numerical abundance, 
spatial distribution, annual mortality and production was compiled each season 
for gizzard shad, crappie and bluegill. Twelve fish species representing six 
families have been captured. 

Overall mean catch of postlarval gizzard shad from 1971-74 was 14.6, 
281.4, 315.8 and 281.7, respectively. Crappie catch means per net tow was 
18.3 in 1971, 8.6 in 1972, 34.9 in 1973, and 3.2 in 1974. Mean catch of blue­
gill young was 116,6, 6.3, 13.7 and .5 per tow for the four seasons, 
respectively. 

Spatial distribution of postlarval fishes was not uniform at all reservoir 
sampling locations. Abundance of young gizzard shad and bluegill was highest 
in the embayment and shoreline stations. 0-age crappie were most numerous in 
the embayment stations. In mid-summer postlarval fish became demersal in midwater 
habitat with the population •density highest at these stations. Gizzard shad 
exhibit a further tendency for pelegic movement in late summer. Crappie young 
remained at deep levels in midwater throughout the summer. Bluegill larvae 
inhabited shallow water throughout the first year of life. 
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Catch means of 0-age fish, adjusted to uniform horizontal and vertical 
distribution, were used to extrapolate the numerical population size for each 
of the seven biweekly sampling periods. Maximum population density of post­
larval gizzard shad ranged from 2,796 ± 2,726 per ha in 1971 to 80,311 ± 
25,146 per ha in 1973. Crappie density varied from 226 ± 173 per ha in 1974 
to 10,456 in 1973, Density of young bluegill attained the highest level in 
1971 with 25,109 ± 14,689 per ha compared with the lowest maximum density of 
73 per ha in 1974. 

Annual mortality of 0-age gizzard shad ranged from 57% in 1974 to 84% in 
1973. Crappie annual mortality varied from 32% in 1974 to 62% in 1973. Total 
mortality for postlarval bluegill ranged from 34% in 1972 to 58% in 1971, but 
was not estimated for 1974 because of a low catch. Higher annual mortality was 
always associated with higher population density. 

Total annual production of postlarval shad through mid-August for 1971-74 
was estimated at .40, 8,85, 9.81 and 12,01 kg/ha, respectively. Crappie 
production for this period was 1,56 cg/ha in 1971, 1.79 cg/ha in 1972, 8.31 cg/ha 
in 1973 and .11 cg/ha in 1974. Production of bluegill young ranged from 
< .01 cg/ha in 1974 to 4.51 cg/ha in 1971. 

METHODS AND PROCEDURES 

Collection methods for 0-age fish and procedures for analysis of the 
numerical data were identical with previous study segments. 

FINDINGS 

ABUNVANCE OF 0-AGE GIZZARV SHAV 

The overall mean catch of postlarval gizzard shad this season was 294.6 
per net tow, the second highest recorded catch success since inception of the 
study. Mean catch for previous study segments were 14.6 in 1971, 281.4 in 
1972, 315.7 in 1973 and 281,7 in 1974. Comparison of all paired catch means 
showed the 1971 catch was significantly lower (P < .01) than all other seasons 
and the 1973 catch was significantly higher at the 95% level. 

Temporal distribution of the numerical catch in 1975 by biweekly intervals 
was quite similar to the pas~ four seasons (Figure 1). Inflection in the catch 
curve occurred during identical sampling intervals as 1972 and 1974 and one 
period earlier than in 1973. Shad spawning activity was observed in shallow 
water in the Buck Creek embayment near Station 9 on 8 May, Initial spawning 
presumably occurred somewhat prior to that time, probably 10 days or more. 
First postlarval shad appeared in the meter net tows during late May. Mean 
catch in this interval was 250.7 with a range at individual stations from 86 
at Station 3B to 523 at Station 2B (Table 1). Modal catch occurred in early 
June averaging 1,432.9 larvae per net tow. The shoreline and embayment 
stations produced highest catches, Spawning activity ceased sometime during 
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Table 1. Mean numerical meter net tow catch of 0-age gizzard shad in biweekly 
periods at Lake Rathbun, 1975. 

Sampling interval 

Sampling Early Late Early Late Early Late Early 
station Depth May May June June July July August 

2 A 0 283 1,005 47 16 15 1 
B 0 523 3,466 155 213 13 2 

3 A 0 117 570 191 8 5 2 
B 0 86 590 240 91 5 10 

4 A 0 223 90 49 7 5 16 
B 0 174 344 253 127 8 35 

7 A 0 209 3,420 255 7 12 1 

8 A 0 206 664 310 798 23 177 

9 A 0 435 2,747 217 65 37 23 

Mean 250.7 1,432.9 190.8 148.0 13.7 29. 7 

sx 4 7. 8 456.9 30 .6 84 . 5 3.5 18.8 

Mean weight (g) .002 .008 .024 .421 . 850 2. 372 

thi s period and the catch of young shad followed the customary systematic decline 
until late July. Mean catch values from mid-June through conclusion of sampling 
in early August were 190.8, 148.0, 13.7 and 29.7 per net tow, respectively. 
Highest catch success of postlarval shad during the year occurred in the Buck 
Creek embayment and along the shoreline of the main pool. Mean catch in the 
Honey Creek embayment, which is usually high, was the lowest since the first year 
of study. 

HORIZONTAL ANV VERTICAL VISTRIBUTION OF 0-AGE GIZZARV SHAV 

Analysis of variance in the numerical catch of postlarval shad was completed 
over the five seasons, and revealed continued unequal spatial distribution of 
juvenile fish in the reservoir. Highly significant variations (P < .01) occurred 
horizontally between midwater and shallow water habitats and vertically among the 
midwater sampling stations (Table 2). 
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Table 2. Partitioned sums of squares due to sampling station effect in the 
numerical catch of postlarval gizzard shad in meter net tows at 
Lake Rathbtm, 1971-75. Catch values were transformed by logeX + 1. 

Source of variation df ss MS 

[77.69] ** Station 8 [9.71] 

Midwater vs shallow water 1 29.12 29.12** 

Among midwater stations (5) ( 45. 86) (9 .17) ** 
Shallow tows vs deep tows 1 39.74 39. 74** 
Station 2 vs 3, 4 1 2.42 2.42 
Interaction with depth 1 .17 .17 
Station 3 vs 4 1 . 69 .69 
Interaction with depth 1 2.84 2,84 

Among shallow stations (2) (2. 71) (1. 36) 
Shoreline vs embayments 1 2.47 2.47 
Honey Creek vs Buck Creek l .24 .24 

Residual 240 270 .15 1.13 

**significant at the 99% level. 

Mean catch of postlarval shad in the shallow water stations was 359.8 per 
net tow compared with 176,6 per net tow at midwater stations. Among the mid­
water station the mean catch was 82.5 in surface net tows and 270.7 in deep 
strata net tows. Horizontal distributi on among the midwater stations remained 
uniform despite large increased catches at Station 2B this year. Midswnmer 
movement from shallow water stations to the deeper strata in midwater followed 
nearly the same pattern as previous years, 

fvkJl<TALITY OF 0-AGE GIZZAR'D SHAV 

Annual mortality for the 0-age shad population was 64% this season compared 
with 67% in 1971, 69% in 1972, 84% in 1973 and 57% in 1974. Difference in 
annual mortality between all years was not s i gnificant (P > .05). The daily 
rate of change in the population density due to mortality was estimated at 
.074 ± .062 in 1975, For other sampling years the daily rate of change ranged 
from .061 ± .026 in 19 74 to .130 ± .011 in 1973 . 

P(WDUCTION or 0-AGE GIZZARD SHAD 

'l'otul production of 0-age gi.zzar<l shaJ through mid-August 1975 was 9.68 
kg/ha (Table 3). Production in prior years ranged from .40 kg/ha in 1971 to 
12.01 kg/ha in 1974. By individual sampling interval production ranged from 
.40 kg/ha in late May to 5,31 kg/ha in late June. 



-------------------
Table 3. Production of 0-age gizzard shad in Lake Rathbun, 1975. 

Mean Instantaneous 95% Stock Mean 
Sampling weight growth Stock Confidence biomass biomass Production 
interval (g) coefficient (N/ha) interval (kg/ha) (kg/ha) (kg/ha) 

5/ 5-5/18 a a a a 
a a a 

5/19-6/ 1 . 0020 12,517 ± 4,678 .03 
1. 39 . 30 .40 

6/ 2-6/15 . 008 71,544 ± 44,712 .57 
1.10 .41 .45 

6/16-6/29 • 024 10,027 ± 3,153 .24 
2.87 1.85 5.31 

\0 
00 

6/30-7/13 .421 8,210 b 3.47 
.70 2.02 l. 41 

7/14-7/27 ,850 684 ± 345 .58 
1.03 2.05 2.11 

7/28-8/10 2 .372 1,483 b 3.52 

Total production= 9.68 kg/ha 

3No gizzard shad captured in net tows. 

bconfidence interval not computed. 
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The high numerical popti.lation density of 71,544 ± 44,712 per ha occurred 
in early June. By late July, the estimated population size declined to 684 
per ha which varied no more than ± 345 at the 95% level of sampling probability. 
Estimated total population weight for sampling periods varied from . 03 kg/ha 
in late May to 3,47 kg/ha during early July. 

ABUNVANCE OF 0-AGE CRAPPIE 

Fewer 0-age crappie were captured in 1975 than in any preceeding season. 
Overall mean catch was 2. 3 fish per net tow compared to mean values of 18. 3, 
8. 7, 34.9 and 3,2 from 1971 -74 . The highest mean catch within a sampling 
interval was 25 at Station 9 in early June (Table 4). Most of the early and 
late season meter net tows contained no young crappie, and only single specimens 
were taken at four stations. 

Table 4. Mean numerical meter net tow catch of 0-age crappie in biweekly 
periods at Lake Rathbun, 1975. 

Sampling interval 

Sampling Early Late Early Late Early Late Early 
station Depth May May June June July July August 

2 A 0 0 1 1 l 0 0 
B 0 0 1 1 0 0 0 

3 A 0 0 1 l 0 0 0 
B 0 0 1 3 1 0 0 

4 A 0 0 0 1 0 0 0 
B 0 0 l 3 11 1 1 

7 A 0 0 0 12 0 0 0 

8 A 1 0 1 1 0 0 0 

9 A 0 1 25 7 2 0 0 

Mean .1 .1 3.4 3.3 1.7 .1 .1 

S- a a 2,7 1. 3 1. 2 a a 
X 

Mean weight . 004 • 009 . 0044 .0379 .074 .525 

aSarnple standard error not computed. 
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One postlarval crappie was captured at Station 8 ln the fl1·st sampl Lng 
interval, indicating initial spawning activity occurred in late April. During 
the next period two yotmg crappie were captured at Station 9. Seasonal 
distribution of the catch was quite similar to other years, containing a single 
mode of 3.4 per net tow in early Jtme (Figure 2). Peak crappie spawning 
activity in 1975 occurred during late May, somewhat later than 1971 and 1972, 
but earlier than last year. Catch success declined very slightly to 3.3 per 
net tow in late June. By early July mean catch declined to 1.7 per net tow, 
followed by two specimens taken in each of the following periods. 

HORIZONTAL ANV VERTICAL VISTRIBLrrION OF 0-AGE CRAPPIE 

Analysis of variance in the catch of postlarval crappie over all years 
showed highly significant (P < .01) differences in spatial distribution 
(Table 5). Catch mean for the shallow water stations was 28. 9 per net tow 
compared to 5.8 per net tow for the midwater stations. Deep water tows in 
midwater averaged 7.9 crappie larvae per net haul; whereas, the mean catch was 
3.6 for surface net tows. There was no significant difference in horizontal 
distribution among midwater and shallow water habitats. 

Table 5. Partitioned sums of squares due to sampling station effect in the 
numerical catch of postlarval crappie in meter net tows at Lake 
Rathbun, 1971-75. Catch values were transformed by log X + 1. 

e 

Source of variation 

Station 

Midwater vs shallow water 

Among midwater stations 
Surface vs deep tows 
Station 2 vs 3, 4 
Interaction with depth 
Station 3 vs 4 
Interaction with depth 

Among shallow stations 
Embayment vs shoreline 
Honey Creek vs Buck Creek 

Residual 

** Significant at the 99% level. 

df 

[8] 

1 

(5) 
1 
1 
1 
1 
1 

(2) 
1 
1 

240 

ss 

(30.10] 

12.54 

(15. 83) 
12.76 

.11 

.40 

.63 
1.93 

(1. 73) 
1.46 

.27 

146.88 

MS 

[3.76]** 

12.54** 

(3.17)** 
12.76** 

.11 

.40 

.63 
1.93 
(. 87) 
1.46 

.27 

.61 
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Figure 2. Mean numerical catch of 0-age crappie in meter net tows, 1971-75. 
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MOTrrALITY OF 0-AGE CRAPPIE 

Estimated annual mortality of 0-age crappie in 1975 was .65 ± .57. 
Comparable values for the previous study segments were .54 ± .37 in 1971, 
.39 ± .27 in 1972, .62 ± .30 in 1973 and .39 ± .06 in 1974. Annual mortality 
between years was not significantly different at the 95% level. Daily change 
in the numerical population density due to mortality was estimated at 
.075 ± ,061 in 1975. The daily· change ranged from .028 ± .004 in 1974 to 
.069 ± ,025 in 1973 in preceeding years. 

PROVLJCTION OF 0-AGE CRAPPIE 

Postlarval crappie production for the season was estimated at .11 cg/ha, 
the lowest production recorded in all years of the study (Table 6). Production 
for the other years was 1.56, 1.79, 8.31 and .27 cg/ha, respectively. The 
highest 0-age crappie population density was recorded in late June at 173 ± 131 
cg/ha. After that period population density decreased to 5 per ha in the last 
two biweekly intervals. Population weight for individual sampling periods never 
exceeded .03 cg/ha. 

ABLJNVANCE OF 0-AGE BLUEGILL 

Overall mean catch of 0-age bluegill in 1975 was 1.4 per net tow. 
Comparable mean catch values for other years was 116.6 per tow in 1971, 6.3 
i n 1972, 13.7 in 1973 and .5 in 1974 (Table 7). Bimodal seasonal distribution 
from two discrete spawning periods continued this season (Figure 3). The first 
mode occurred in early June and the second in late July, nearly in the same 
periods as 1971 and 1972. First postlarval bluegill appeared in the catch 
during late May when two fish were captured at Station 2A. In the following 
per iod the mean catch per net tow was 1. 8 with highest catches at Stations 8 
and 9. By late June, catch declined to . 2 larvae per net tow followed by an 
increase to 2.3 and 4.7 per net tow in the next sampling intervals. Catch 
success declined to .6 per net tow in the last sampling period. The highest 
bluegi ll catch r ecorded was 26 per net tow at Station 7 during the late July 
period. 

VISTRIBUTION OF 0-AGE BLUEGILL 

Analysis of variance in the numerical catch of 0-age bluegill over the five 
seasons showed heterogeneous spatial distribution (Table 8). Catch success in 
1975 was .5 bluegill per tow at midwater stations and 3.1 for the shallow water 
stations (P < ,01). For the first time young bluegill were more numerous along 
the shoreline of the main pool, averaging 4.7 per net tow. Previous highest 
catch success was attained at the embayment sampling stations. There was a 
signifi cant difference (P = .OS) in the horizontal distribution of 0-age bluegill 
i n midwater, with the catch at Station 2 significantly higher than other midwater 
stations. Catch means for Station 2 over the five year period was 27. 7 per net 
tow compared to 11.5 at Stations 3 and 4. There was no significant difference in 
the horizontal distribution between eni>ayment and shoreline stations, nor in 
vertical distri bution between surface and deep tows among midwater stations. 



-------------------
Table 6. Production of 0-age cr appi e at Lake Rathbun during 19 75. 

Mean Instantaneous 
Sampling weight growth 
interval (g) coeffi cient 

5/ 5-5/18 a 
a 

5/19-6/ 1 . 004 
. 81 

6/ 2-6/ 15 .009 
- • 72 

6/16-6/29 .0044 
2.15 

6/30-7/13 .0379 
.6 7 

7/14- 7/ 27 . 074 
1.96 

7/28-8/10 .525 

aNo crappie captured in net tows. 

bConfidence intervals not computed. 

cProduction not computed. 

95% 
Stock Confidence 

A 

(N/ha) int erval 

a a 

5 b 

170 b 

173 + 131 -

94 b 

s b 

s b 

Stock Mean 
biomass biomass Production 
(cg/ha) (cg/ha) (cg/ha) 

a 
a a 

< .01 
< .01 < .01 

< .01 
< .01 C 

.01 
~ 

.03 . 06 0 
v,l 

. 4 
.02 • 01 

< • 01 
.02 . 04 

.03 

Total production= .11 cg/ha 
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Table 7. Mean numerical meter net tow catch of 0-age bluegill in biweekly 
periods at Lake Rathbun, 1975. 

Sampling interval 
Sampling Early Late Early Late Early Late Early 
station Depth May May June June July July August 

2 A 0 1 2 1 6 0 0 
B · O 0 0 0 5 0 0 

3 A 0 0 0 0 0 1 0 
B 0 0 0 0 1 1 1 

4 A 0 0 1 0 0 0 0 
B 0 0 1 0 0 0 0 

7 A 0 0 1 1 2 26 3 

8 A 0 0 6 0 0 7 0 

9 A 0 0 5 0 7 7 1 

Mean 0 . 1 1.8 .2 2.3 4.7 

s a . 1 . 79 .16 1.02 3.01 
X 

Mean weight (g) .001 .002 .004 .012 .028 

a 
not computed. Sample standard error 

Table 8. Partitioned sums of squares due to sampling station effects in the 
numerical catch of postlarval bluegill in meter net tows at Lake 
Rathbun, 1971-75. Catch values were transformed by log X + 1. e 

Source of variation 

Station 

Midwater vs shallow water 

Among midwater stations 
Shallow tow vs deep tows 
Station 2 vs 3, 4 
Interaction with depth 
Station 3 vs 4 
Interaction with depth 

Among shallow stations 
Shoreline vs embayments 
Honey Creek vs Buck Creek 

Residual 

* Significant at the 95% level. 
** 

Significant at the 99% level. 

df 

(8] 
1 

(5) 
1 
1 
1 
1 
1 

(2) 
1 
1 

240 

ss 

[ 48. 97] 
40.74 

(6. 50) 
1. 76 

. 82 
2.42 

.95 

. 55 

(1.73) 
.26 

1. 47 

139. 72 

MS 

(6.12]** 
40.74** 

(1. 30) 
1. 76 

. 82 
2.42* 

.95 

.55 
(. 87) 

.26 
1. 47 

.58 

* 

.6 

. 35 

. 021 
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Figure 3. Mean numerical catch of 0-age bluegill in meter net tows, 1971-75. 
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MORTALITY OF 0-AGE BLUEGILL 

Annual mortality of 0-age bluegill in 1975 was estimated at 88%, which 
would vary ±34% at the .OS level of sampling probability. In prior study 
segments annual mortality was 86% in 1971, 34% in 1972 and 35% in 1973. Low 
catch success last year precluded computation of mortality. The daily rate of 
change in the postlarval bluegill population this season was estimated at 
.149 ± ,030. 

PROVUCTTON OF 0-AGE BLUEGILL. 

Total production of 0-age bluegill during the season was estimated at 
.04 cg/ha with the largest production between individual sampling period 
.OS cg/ha (Table 9). Comparable values for the 1971-73 seasons was 4.51, .54 
and .33 cg/ha, respectively. No production estimate was made in 1974 due to the 
low catch of postlarval bluegill. The population density for sampling period 
ranged from 5 per in late May to 235 ± 150 in late July. Population weight 
was estimated at< .01 cg/ha in each period except for early July through early 
August when estimated standing crop ranged from ,01 to .07 cg/ha. 

DISCUSSION OF FINDINGS 

The numerical abundance and production of 0-age gizzard shad and bluegill 
increased slightly from last year, while crappie continued to decrease, reaching 
the lowest numbers this year since inception of the study. Abundance and 
production of gizzard shad was the second highest recorded, while bluegill 
remained far below the elevated levels recorded during the 1971 and 1973 seasons, 
but significantly greater than the nearly total void found during 1974. Seasonal 
catch distribution of all three species was similar to that established in 
e arly study segments. Giz zard shad commenced reproduction activity on about 
5 May and continued for approximately 56 days. Crappie started spawning around 
26 Apri 1 and concluded activity on about 2 June. The catch curve of both fish 
species showed a unimodal spawning chronology, the same as in other seasons. 
Bluegi l l continued to exhibit two separate periods of intense reproduction. 
The initial activity occurred around 11 May and continued through early June, 
and the second lasted from early July through mid-July. 

Over the first four years of sampling at the midwater stations non-uniform 
horizontal distribution along with highly significant unequal vertical distri­
bution of gizzard shad caused concern regarding the precision of population 
density estimates and the need for further partitioning this habitat into 
smaller sampling sectors. After addition of the 1975 catch data to the previous 
catch statistics, the analysis of variance indicated smaller sampling fractions 
were not necessary at this time. But, added catch disparity of 0-age gizzard 
shad in this habitat during future seasons might cause compulsory division into 
smaller fraction to achieve uniform distribution. Crappie and bluegill did not 
show this tendency needing only adjus•tment of catch means between the different 
habitat types. 



-------------------
Table 9. Production of 0-age bluegill at Lake Rathbun in 1975. 

Sampling 
interval 

5/ 5-5/18 

5/19-6/ 1 

6/ 2-6/15 

6/16-6/29 

6/ 30-7 I 13 

7/14-7/27 

7/28-8/10 

Mean 
weight 

(g) 

a 

.001 

.002 

.004 

.012 

.028 

. 021 

Instantaneous 
growth 

coefficient 

a 

.693 

.694 

1.098 

. 847 

-.287 

~o bluegill captured in net tows. 

bConfidence interval not computed. 

cProduction not computed. 

95% 
Stock Confidence 
(N/ha) interval 

a a 

5 
b 

90 :t 40 

11 
b 

128 ± 55 

235 :t 150 

30 :t 20 

Stock Mean 
biomass biomass Production 
(cg/ha) (cg/ha) (cg/ha) 

a 
a a 

< • 01 
C 

< .01 

< • 01 
< .01 C 

< .01 ..... 
.01 .01 0 

--.J 

.02 
.OS .04 

.07 
.04 -.01 

.01 

Total production= .04 cg/ha 
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Crappie abundance and production continued the downward trend apparent over 
the past three seasons. Catches of young crappie were infrequent during most of 
this season, particularly in later periods. The decline was attributed mainly 
to very low spawning success in the Honey Creek embayment. Heretofore, large 
portions of the young crappie population was produced in this embayment. However, 
in 1974 and 1975 the number of young captured in the net tows at this station 
ranked near the lowest, Most crappie reproduction occurred in Buck Creek and 
along the dam face (Station 2) during 1975. Without high reproduction in Honey 
Creek it appears doubtful if strong year classes of crappie can develop in 
Lake Rathbun and the future of this fishery has become wholly dependent upon 
this embayment for perpetuation. 

RECOMMENDATIONS 

Systematic sampling of postlarval fish populations should continue for one 
additional season using identical methods and procedures for collection of fish 
samples and numerical data analysis. 
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JOB 2 OBJECTIVE 

To me.a6Wte. :the. abwida.n.c.e. and clu.,Whut.f..on oo zoop.lank.,ton oll.ga.YU./21116 U6e.d 6on 
6ood by 0-a.ge. g,Lzza11.d .6ha.d, ctapp,Le. and blue.gill. 

INTRODUCTION 

Zooplankton populations that are used for food by 0-age fish were sampled 
for the fifth consecutive season by standardized net plankton tows. The sampling 
period started on 3 May and continued through 3 October. Taxa enumerated were 
cta.doc.e.na. and Cope.poda, including nauplii stages of the latter past Stage IV. 

STUDY BACKGROUND 

Systematic sampling of zooplankton populations were conducted at Lake 
Rathbun from 1971-74. The purpose of the study segment was to determine the 
relationship between the abundance and distribution of taxa utilized for food 
by 0-age fishes and the abundance, distribution and production of the fishes. 
Food habit studies previously conducted on postlarval gizzard shad, crappie and 
bluegill revealed cta.doc.e.na. and Cope.poda. were the major food items. Selectivity 
of these taxa for food varied during the season with each fish species. 

The numerical abundance of cta.doc.e.M declined during the first three years, 
followed by an increase in 1974. Overall mean catch of cta.doc.e.M from 1971-74 
was 21.4, 10.5, 6,3 and 13.2 N/i, respectively. Cope.poda. showed a similar 
decline from 24.2 N/i, 4.1 N/i, 2.8 N/i, and 6.7 N/i for the same years. 
Highest zooplankton density always occurred early in the season, followed by a 
systematic decline for the remainder of the samples. All years had the identical 
unimodal temporal catch curve. After young fish became abundant in shallow water 
habitat, cta.doc.e.na and Cope.poda density decreased markedly. There was direct 
proportionality between the abundance of 0-age gizzard shad and Cladoc.vr.a., with 
the high abundance of shad resulting in low density of zooplankton. 

METHODS AND PROCEDURES 

Collection methods and procedures for enumeration of zooplankton were 
identical with last year. Analysis of variance in catch means was the same as 
before except the expected mean square reflected additional sampling. 
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FINDINGS 

ABUWVANCE ANV V1STRIBUT10N OF CLAVOCERA 

The overall mean nwnerical catch of Cla.docvr.a. in net tows during 1975 was 
16.88 N/i, the second highest density recorded, and maintained the systematic 
population increase since the low density in 1973. Individual mean net plankton 
counts ranged from 0, in many early and late season periods, to 201.84 N/i, at 
Station 8 in late May (Table 10). Seasonal catch distribution was similar to 
other years, except the modal catch means in late May (84.11 N/i) and early June 
(74.97 N/i) were the highest ever recorded (Figure 4). By late July, Cf.adocvia. 
population density reverted to more seasonal levels, usually containing less than 
a single organism per liter. In the last two s·ampling intervals mean catch 
increased to 2.36 and 2.32 N/i, respectively. 

For the first time since the initial year of zooplankton sampling, 1971, 
the shallow water stations, particularly Station 8 (Honey Creek embayment) 
contained the highest densi~y of ctadoceJu:t. Population density was previously 
el evated in midwater, presumably from intense gizzard shad predation in shallow 
water. 

The analysis of variance in nwnerical catch means between sampling stations 
showed three highly significant (P < .01) sources of disparity in the horizontal 
and vertical distribution of Cf.adoce.Jc.a. (Table 11). Differences in mean catch in 
the horizontal attitude occurred between the shallow and midwater stations. 
Mean nwnerical catch for the shallow water stations was 14.3 N/i and 12.5 N/£ 
for the midwater net tows. Highly significant (P < .01) horizontal differences 
was also found between the shoreline catch mean, 17.51 N/i, and the embayment 
stations, 12.71 N/£. Within the midwater habitat the mean catch was 14.18 N/£ 
in deep tows was significantly higher than the 12.47 N/£ in the surface tows. 

ABUNVANCE ANV VISTRIBUTION OF COPEPOVA 

Copepoda population density in net plankton tows was about equal to last 
season, averaging 6.28 N/£ compared to 6.65 N/i in 1974. The maximum catch of 
Cope.poda in a single sampling period was 49.13 N/i at Station 2B in late May, 
while most of the tows contain two or fewer organism after the late July interval 
(Table 12). Temporal catch distribution showed nearly the identical seasonal 
pattern of previosu years (Figure 5). Mean catch of Copepoda in the net plankton 
tows was 3.67 N/£ in early May, increasing to 25.66 and 25.36 N/£ in the following 
two periods, culminating in a systematic decline to low population densities of 
1.00 N/t or less from late July through early September. In the last two sampling 
inter vals slight increases to 1.11 and 1.18 N/£ were recorded. 

Significantly higher (P < .01) population densities of Copepoda were again 
found at midwater sampling stations compared with shallow water stations (Table 13) . 
Mean catch in surface tows in midwater was 9.80 N/t compared to 6.96 N/£ at the 
shallow stations. Highly significant (P < .01) differences occurred in the catch 
means between the embayment stations, 5.72 N/i, and along the shoreline in the 
main pool, 9.44 N/£. No significant difference in the vertical distribution of 
Cope.poda aioong midwater stations was observed. 
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Table 10. Numerical catch of cta.do~e.Jta in number per liter captured in net plankton tows at 

Lake Rathbun, 1975. 

Sampling interval 

Early Late Early Late Early Late Early Late Early Late 
Station Depth May May June June July July August August September September 

2 A 2.63 42.49 66.41 26.54 6.62 o.o 0.0 0.0 0.0 1. 32 
B 1. 32 26.54 39.83 15.94 5.30 0.0 o.o 1. 32 o.o 1. 32 

3 A 0.0 83.70 83.67 7 .97 3.96 o.o 0.0 0.0 1.32 3.98 
B 0.0 41.17 94.29 13. 27 15.93 2.63 o.o 2.63 0.0 1. 32 

4 A 1. 32 95.60 51. 77 15.94 l. 32 0.0 0.0 1. 32 2,63 3.98 
B o.o 70.40 61.05 13.23 6.64 1. 32 0.0 o.o 0.0 2.66 

7 A 0.0 168. 71 118. 20 21.24 5.30 0.0 0.0 0.0 1. 32 3.98 

8 A 2.63 201. 84 78.35 5.26 o.o o.o 1.32 0.0 0.0 1. 32 

9 A 2.63 26.57 81.02 5.30 o.o o.o 0.0 0.0 0.0 1. 32 

Mean 1.17 84 .11 74.97 13. 85 5.01 .44 .15 .59 .59 2. 36 

S- .43 22.20 8.30 2.52 1. 72 • 33 .15 . 34 . 34 .46 
X 

Early 
October 

0.0 
5.32 

1. 32 
3,98 

1. 32 
5.32 I-' 

I-' 
N 

1. 32 

2.32 

0.0 

2.32 

.73 
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Figure 4. Seasonal catch distribution of Cladoc.eJta in net plankton tows a t Lake 
Rathbun, 1971-75. 
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Table 11. Partitioned sums of squares due to sampling station effect i n the 
numerical catch of CT.adoce~a in net plankton tows, Lake Rathbun, 
1971-75. Catch values were transfonned by log10x + 1. 

Source of variation df ss MS 

[4.51] ** Station 8 [.56] 
Midwater vs shallow water 1 1.67 1.67** 

Among midwater stations (5) (2. 25) (. 45) ** 
Surface vs deep tows 1 1. 77 1. 77** 
Station 2 vs 3, 4 1 . 09 .09 
Interaction with depth 1 .18 .18 
Station 3 vs 4 1 < .01 < .01 
Interaction with depth 1 .21 . 21 

Among shallow stations (2) (. 58) (. 29) ** 
Shoreline vs embayments 1 .53 .53** 
Honey Creek vs Buck Creek 1 .OS .OS 

Residual 400 26.78 .07 



---~---------------
Table 12. ~umerical catch of Copepoda in number per liter captured in net plankton tows at 

Lake Rathbun, 1975. 

Sampling interval 

Early Late Early Late Early Late Early Late Early Late 
Station Depth May May June June July July August August September September 

2 A 7.27 41.16 40.51 9.27 3.98 1. 32 0.0 0.0 .66 0.0 
B 4.62 49.13 30.54 35. 77 5.31 o.o o.o o.o 1.99 .66 

3 A 4.62 28.51 29.22 3.28 3 .98 o.o .66 o.o .66 0.0 
B 3.29 37 .16 30.51 4.64 3,32 0.0 o.o 0.0 1.99 2.66 

4 A .66 15.28 39.83 5.28 2,66 o.o .66 .66 o.o 2.66 
B 2.65 16.59 19.23 4.62 1. 98 .66 0.0 1.33 1. 33 1. 99 

7 A 3.99 27.87 19.89 3.97 2.64 .66 0.0 o.o o.o 1. 33 

8 A 5.28 8.60 13. 25 o.o .66 0.0 0.0 1. 33 .66 .66 

9 A .66 6,63 5.28 .66 1. 98 o.o 0.0 0.0 o.o 0.0 

Mean 3.67 25.66 25.36 7.50 2.95 .29 .15 .37 . 81 1.11 

S- .76 5.27 4.19 3.87 .49 .17 .10 .21 .28 . 39 
X 

Early 
October 

o.o 
.66 

1.99 
1. 33 

1. 33 
2,66 

~ 
~ 
(./l 

o.o 

1.33 

1. 33 

1. 18 

.37 
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Table 13. Partitioned sums of squares due to sampling station effect in the 
numerical catch of Copepoda. in net plankton tows, Lake Rathbt.m, 
1971-75. Catch values were transformed by log10x + 1. 

Source of variation df ss MS 

Station 8 [3.06] · [.38]** 
Midwater vs shallow water l 2.16 2.16** 

Among midwater stations (5) (. 33) (. 07) 
Surface vs deep tows l .23 .23 
Station 2 vs 3, 4 l .03 .03 
Interaction with depth 1 . 01 . 01 
Station 3 vs 4 1 .01 .01 
Inte'raction with depth l .05 .05 

Among shallow stations (2) (. 5 7) (. 29) ** 
Shoreline vs embayments l . 57 • 57** 
Honey Creek vs Buck Creek l < • 01 < .01 

Residual 400 22.25 .06 

** at the 99% level. Significant 

DISCUSSION OF FINDINGS 

The Cla.doceAa population density continued to increase from the lowest 
recorded abundance in 1973, reaching the second highest population level since 
inception of the study. On the other hand, Copepoda. population density decreased 
slightly from last season, but abundance of this taxa in net plankton tows was 
relatively high compared with other seasons except 1971. Highest population 
levels of both zooplankton taxa were fot.md at midwater stations and, in general, 
associated with the density of predatory fish species. Population levels of 
gizzard shad had a profound effect upon Cladoc..eJta. abundance. This year the 
occurrence of la'rval shad was highest along the shoreline of the main pool 
(Station 7) and the Buck Creek embayment. Cladoc..eM density was lowest at these 
sampling stations. Copepoda were most abundant at the midwater sampling stations, 
but production of crappie, their major predator, was so low no meaningful 
relationship could be established, except both the numerical population abundance 
of postlarval crappie and Cope.pod.a. were similar to 1974. 

Seasonal distribution of the zooplankton density followed the same pattern 
as in 1972 and 1974 with a single mode that occurred in early June. The modal 
catch was higher in 1975 than any of the previous seasons. Most of the increase 
resulted from elevated populations that occurred in the shallow water stations, 
particularly Honey Creek embayment (Station 8) where 0-age gizza'rd shad density 
was the lowest ever recorded. Temporal distribution of the catch of Copepoda 
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also followed the distribution last year and was about one sampling period later 
than in 1972. Greatest population density of Copepoda. was recorded in late May 
and early June. After early July, Copepoda were unimportant in the catch of 
zooplankton in the net tows. 

RECOMMENDATIONS 

Sampling of Cla.doc.VUl and Copepoda. population density to detennine abtllldance 
an d distribution should continue on the identical schedule using the same 
analytical procedures. 
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JOB 3 OBJECTIVE 

To ide.n;ti,6 IJ a.nd e.vai..u.a.te. .the. oa.c..toM .that cli.Ae.c.fty a.nd inclute.c.fty inolu.e.nc.e. 
.the. 1.>u.c.c.e1.>1.> 01t oa.ilu.lte. on 0-a.ge. 6,i,,6h p1todu.c;t,i,on a.nd Ll.l.)e. .the1.>e. oa.c..toM .to de.ve.lop 
a. p1te.dic.tive. model 06 6,i,,6h p1todu.c.tion. 

INTRODUCTION 

Physical characteristics of the reservoir related to flood water management 
have been measured each season since 1971. The parameters kindred to flood 
control have two common components, the temporary storage of excess water runoff 
within the basin, followed later by downstream release in a controlled flow. 
Temporary impoundment of flood water effects certain physical properties of 
reservoir water quality, such as temperature and turbidity, which in turn alters 
the biota. These parameters were measured in consort with storage volume and 
discharge rate to determine their influence upon 0-age fish and zooplankton 
populations. 

In the first three years, the seasonal physical characteristics of the 
reservoir, including storage volume, discharge rate, water temperature and 
turbidity were compiled without endeavors toward identification of the factors 
that influenced fish production or develop predictive models. Simple linear 
regression models were tested in 1974 to define significant relationships 
between the numerical abundance of 0-age gizzard shad, crappie and bluegill; 
the population density of cladocerans, calanoid copepods and cyclopoid copepods; 
and the discrete characeteristics of the reservoir due to flood control 
regimens. Reservoir flushing rate, which measured the hydraulic retention time, 
was computed as the unique descriptor for the magnitude of flood control 
operations. Use of this value, expressed as the number of days required to 
empty the impoundment at the prevailing discharge rate, was advantageous over 
individual measurements because it combined both components of flood water 
control into a single parameter. 

The main emphasis during this study segment was to test more complex linear 
regression models. With inclusion of datum from an additional year, two and 
three variable models were tested, although precision remains speculative due to 
the large error mean square from the small number of observations. 

STUDY BACKGROUND 

The extent of flood control operation at Lake Rathbun varied quite widely 
since initial impoundment to multi-purpose pool elevation in 1971. In that year, 
water retention for flood control was small, the maximum elevation attained was 
less than one-half meter above conservation pool. Maximum flood water storage 
occurred in 1973, when the reservoir remained above conservation pool level for 
nearly seven consecutive months and the water level reached more than five meters 
above the lower pool elevation during two separate periods. 
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Mean annual storage volume of the reservoir during the first four years 
between 1 April and 31 October was as follows: 1971, 307.4 million m3; 1972, 
319.2 million m3; 1973, 468.7 million m3; and 1974, 333.0 million m3. Con­
currently, mean outflow discharge from the reservoir for these years was 5.01 
m3/sec, 8.26 m3/sec, 19.29 m3/sec and 10.63 m3/sec, respectively. Flushing rate 
was 708, 447, 281 and 362 da.ys for these years. Mean surface water temperature 
for each of the seasons was 22.9°C in 1971, 22.1°C in 1972, 22.6°C in 1973 and 
22.1°C in 1974. Turbidity for the same periods was 1.4 FTU, 5.5 FTU, 16.3 FTU 
and 13.5 FTU, respectively. 

Preliminary simple Pearson product moment correlation analyses for all 
variable combinations showed significant relationships between four of the 
20 pairs tested. These were: 0-age gizzard shad abundance vs flushing rate, 
0-age gizzard shad abundance vs water temperature, Cla.doce/1.a density vs flushing 
rate and Cla.doce/1.a density vs water temperature. Correlation analyses of all 
independent variables revealed highly significant intraclass correlation between 
flushing rate and water temperature. However, flushing rate was considered the 
paramount variable s i nce increasing the hydraulic retention time of water in 
the reservoir would raise the water temperature, but the compliment effect was 
physically imposs i ble. None of the flood water control parameters influenced the 
numerical abundance of crappie and bluegill in meter net tows, nor the density of 
calanoid or cyclopoid copepods i n the net plankton tows. Other factors unrelated 
to flood water management were presumably more important to the abundance of thes e 
species, and these parameters were not measured. 

Simple linear regression analyses of 0-age gizzard shad abundance and 
cladocern density on flushing rate and water temperature showed significant 
linearity at the .05 level of sampling probability or greater. The effects of 
flushing rate and water temperature were depensatory to the abundance of 0-age 
gizzard shad. As flushing rate increased, hydraulic retention time decreased, 
water temperature was proportionately higher and the catch of 0-age gizzard shad 
in the meter net tows decreased linearly. The interaction of the parameters 
with cladoceran density was contrary. With increased reservoir flushing rate 
and higher water temperature the density of cladocerans in the net plankton tows 
increased linearly at a significant rate. Two causative interrelationships 
were postulated; either shad predation was more important to cladoceran abundance 
than reservoir operat i on for flood control, or large numbers of cladocerans were 
flushed from the reservo i r during more intensive flood control regimens. 

METHODS AND ANALYTICAL PROCEDURES 

Water storage volume in the reservoir and outfall discharge data were 
obtained from the Reservoir Project Office for each day between 1 April and 
31 October. Flushing rate was computed for each biweekly sampling period as the 
quotient of the mean storage volume within the period in millions of m3 and mean 
outflow discharge in m3/sec, and was expressed in days of hydraulic retention 
time. Minimum discharge in :past years was .35 m3/sec, but in late summer the 
Rathbun Fish Hatchery, which receives its water supply from the reservoir, began 
operation requiring an additional .70 m3/sec outflow. Minimum discharge after 
early August was 1.25 m3/sec. Flushing rate for the entire season was derived 
by averaging the flushing rates for the biweekly sampling periods. 
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Surface water temperature and turbidity samples were collected at the net 
plankton tow stations each week. Biweekly mean and seasonal averages were 
computed for each parameter in the same manner as the foregoing procedure. 

A linear regression plane was fitted to the empirical data by an iterative 
least squares procedure starting with a single variable function for each 
parameter, then pairing all independent variables in successive two component 
models, finally combining all parameters into a three variable model. The 
linear regression model followed the usual function: 

where 

and 

" Y = the numerical catch of 0-age gizzard shad, CfudoQeM and Copepoda 
in standardized net tows . 

~=effects of reservoir flushing rate, water temperature, and turbidity, 

E = r andom residuals resulting from fitting the regression plane drawn 
from a normally distributed population. 

The regression coefficients were tested for significant linearity (SP= 0) 
at the 95% level or greater from the least square analysis of variance, where 
the F-ratio was obtained from the mean squares due to regression and the 
deviation mean square . Coefficients of determination (R2) were computed for 
each regression trial to delineate the proportion of variation in the abundance 
of 0-age gizzard shad, CfudoQeM and Copepoda that was explained by variations 
in reservoir operation parameters. 

FINDINGS 

Storage volume of flood water in Lake Rathbun averaged 327.8 million m3 from 
1 April through 31 October, 1975, which was the third lowest storage during this 
period since impoundment (Table 14). Range in storage volume for other seasons 
was 307.4 million m3 in 1971 to 468.7 million m3 in 1973. Outflow discharge was 
the second lowest, averaging 7.37 m3/sec for this period. The lowest mean 
discharge of 5.37 m3/sec in 1971, whereas the highest discharge of 19.29 m3/sec 
was recorded in 1973. Flushing rate this season varied from 146 days in late 
June and early J uly to slightly over 2,000 days during September and October. 
Mean retention time for the season was 514 days. Previously, average seasonal 
flushing rate ranged from 225 days in 1973 to 708 days during the period in 
1971. 

The maximum sur face water temperature was 28.7°C at Station 8 in early 
July, while the minimum of 13.6°C was recorded at the midwater sampling stations 
in early May. Overall mean surface water temperature was 22.4°C for the season, 
compared to 21.6 °C in 1973 and 22.9°C during 1971. Seasonal turbidity coursed 
from 4 FTU in early August to 58 FTU in early September. Mean turbidity was 
13.8 FTU in contrast to ranges of 1.4 FTU during 1971 and 16.3 FTU in 1973. 
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Table 14. Mean annual storage volume, outflow discharge, flushing rate, water 
temperature and turbidity in Lake Rathbun from 1 April through 
31 October, 1971-75. 

Storage volume Outflow Flushing rate Water Turbidity 
in millions m3 discharge in days temperature in FTU 

in m3/sec in °C 

1971 307 .4 5.01 708 22.9 1.4 
1972 319.2 8.26 44 7 22.1 5.5 
1973 468.7 19.29 281 21.6 16.3 
1974 333.0 10.63 362 22.1 13.5 
1975 327 .8 7 .37 514 22.4 13.8 

Tests for intraclass correlation between all independent variables showed 
three significant relationships of the 10 paired components (Table 15). Outflow 
discharge from the reservoir was positively related to storage volume. As 
storage volume of flood waters increased, as expected, the amount of water 
discharge through the control structure also increased. However, the retention 
time of water in the reservoir was not significantly correlated with the volume 
stored nor the volume discharged. Both parameters were negatively associated · 
with flushing rate. Water temperature was negatively correlated with outflow 
discharge at the 95% level and positively correlated at the 99% level with 
flushing rate. The relationships mainly evolved from the fact that as retention 
time of water increased in the reservoir either from reduced outflow or lowered 
flushing rate, water temperature became higher. 

Table 15. Simple Pearson product moment intraclass correlation between 
independent variables of the water regimen at Lake Rathbun. 

Storage Outflow Flushing Water 
volume discharge rate temperature Turbidity 

Storage volume 1.00 
Outflow discharge .97** 1.00 
Flushing rate - . 72 -.86 1.00 
Temperature -.80 - .9o* .98** 1.00 
Turbidity .66 . 73 -.81 -.74 1.00 

* 
Significant at the 95% level. 

** Significant at the 99% level. 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 

124 

The mean catch of 0-age gizzard shad in 1975 was 295.1 per tow (Table 16). 
Previously, the seasonal catch means ranged from 131.6 in 1971 to 315.0 per tow 
in 1973. Crappie abundance this season was the lowest ever recorded, averaging 
2.3 per tow. Crappie catches have ranged from 3.2 per tow during 1974 to 33.9 
per tow in 1973. Bluegill abundance increased slightly to 1.4 per net tow over 
the record low catch of .4 per net tow last season. The maximum catch of larval 
bluegill occurred in 1971 when a mean of 116.6 were caught per net tow. The 
mean Cla..doc..eJUl density this season was 16.8 N/£. Mean seasonal ranges in other 
years were 6.3 N/£ during 1973 to 21.4 N/£ in 1971. Copepoda density this year 
was 6.3 N/£, compared to previous seasonal ranges of 2.8 N/£ in 1973 and 24.2 N/ £ 
in 1971. 

Table 16. Numerical catch of 0-age fish and population density of zooplankton 
in standardized net tows in Lake Rathbun, 1971-75. 

0-age fish Zooplankton (NI£) 

G shad Crappi e Bluegill Cla.do c.. eJl£l Copepoda 

1971 131.6 17.3 116.6 21.4 24.2 
1972 281.3 7.7 6.3 10.5 4.1 
1973 315.0 33.9 13.7 6.3 2.8 
1974 281. 7 3.2 .4 13.2 6.7 
1975 295 . 1 2.3 1.4 16.8 6.3 

Regression analyses for the one, two and three variable models of 0-age fish 
abundance on reservoi r operation parameters revealed flushing rate was the only 
covariate factor that was linearly related to gizzard shad density at a 
significant level (Table 17) . With increased flushing rate during intensified 
flood control regimens and the attending decreased hydraulic retention time of 
water storage, the occurrence of larval shad in net tows decreased in a linear 
fashion. About 77% of the variability in 0-age gizzard shad abundance in net 
tows was attributable to variations in reservoir flushing rate with the simple 
regression model. Slight improvement in model predictability was achieved by 
including the other reservoir operation parameters, all three variables increased 
the R2 value to 83%, but the two and three variable models were not significantly 
linear at the 95 % level of probability. Reservoir operations for flood control 
and related factors had no significant influence on production of 0-age crappie 
and bluegill. Presumably other factors that were not measured were more 
i mportant, although there was some positive association between the accelerated 
flood control and higher dens i ty of larval crappie and bluegill. But, the 
r elationship was not a linear function. 
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Table 17. Simple and multiple regression coefficients, standard error and 
coefficients of determination for linear regression models using 
the numerical catch of 0-age gizzard shad as the dependent variable 
and factors related to reservoir operation as the independent 
variable. 

Number of b Standard 
independent variables Variables values error 

1 Flushing rate -.40* .12 

1 Water temperature -132.44 45.89 

1 Turbidity 9.74 3.65 

2 Flushing rate -.40 .68 
Water temperature .61 231.83 

2 Flushing rate -.26 .23 
Turbidity 4.26 5.92 

2 Water temperature -80.86 67. 77 
Turbidity 5.23 5.10 

3 Flushing rate -.07 1.03 
Water temperature -60.67 307. 27 
Turbidity 4.88 8.80 

* Significant at the 95% level. 

Neither water temperature nor turbidity in single or multiple variable 
models influenced the numerical abundance of 0-age fish. 

R2 

. 77 

.74 

. 70 

. 77 

.82 

. 82 

.83 

Flushing rate and water temperature exerted a profound positive influence 
on the density of Cfudoee/UL in net plankton tows (Table 18). The cause and 
effect relationship between cladoceran density and reservoir operations was as 
follows: as flushing rate of the reservoir increased during flood control 
regimens, water retention time decreased, water temperatures cooled, and the 
CfudoeeJUL population density became significantly greater. Simple linear 
regression models of reservoir flushing rate on Cfudoee/Ut density were significant 
at the 95% level and water temperature on CfudoeeJUL density was significant at 
the 99% level. Variability in flushing rate explained about 86% of the variation 
in cladoceran density while water temperature variability explained 96% of the 
variation. The simple regression model using turbidity as the independent 
variable was not significant. 

Multiple linear regression models containing flushing rate and water 
temperature were significant at the 95% level or greater, except in the model 
of flushing rate on turbidity, which was not significant (P >.OS). The 
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Table 18. Simple and multiple linear regression coefficients, standard error 
and coefficients of determination for regression models using the 
numerical density of CR.a.doeeJta. in standardized net plankton tows as 
the dependent variable and factors related to reservoir operation 
as independe variables. 

Number of b Standard 
independent variables Variables values error R2 

1 Flushing rate .033* .008 .82 

1 Water temperature 11. 92 ** 1. 36 .96 

1 Turbidity -.55 .42 .36 

2 Flushing rate -.022 ** .015 .98 
Water temperature 19.17 5.28 

2 Flushing rate -.049 . 018 .87 
Turbidity .36 .46 

2 Water temperature 14.42 ** • 71 .99 
Turbidity .25 .OS 

3 Flushing rate -.007* .008 .99 
Water temperature 16.42 2.43 
Turbidity .22 .07 

*significant at the 95% level. 

**significant at the 99% level. 

significant multiple linear regression models all yielded R2 values of 98% or 
greater, but little improvement in predictability was gained by including 
turbidity in the three variable model over the two component model using flushing 
rate and water temperature. In fact, precision of the simple linear regression 
model using water temperature as the independent variable was nearly equal to the 
multiple variable models. 

Copepoda. density in the net plankton tows was positively related to 
flushing rate (Table 19). As flood control intensified, flushing rate increased, 
hydraulic retention time decreased and the catch of copepods increased at a 
significant linear rate. The simple regression model using Copepoda. density 
and flushing rate as covariates was significant at the 95% level and variations 
in the latter parameter explained about 78% of the variability. Neither water 
temperature nor turbidity influenced Copepoda. abundance in the simple models, 
and none of the two variable models were significant. 
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Table 19. Simple and multiple linear regression coefficients, standard error 
and coefficients of determination for regression models using the 
numerical density of Copepoda. in standardized net plankton tows as 
the dependent variable and factors related to reservoir operation 
as independent variables. 

Number of b Standard 
R2 independent variables Variables values error 

1 Flushing rate .047* .015 . 78 

1 Water temperature 16.03 5.16 . 76 

1 Turbidity -1. 03 .53 .56 

2 Flushing rate .021 .055 .90 
Water temperature 10.67 18.80 

2 Flushing rate .043 .030 .78 
Turbidity -.14 .78 

2 Water temperature 12.97 8.95 .78 
Turbidity -.31 .67 

3 Flushing rate . 092 .012 .99 
Water temperature .78 3.59 
Turbidity 1. 25 .12 

* Significant at the 95% level. 

Linearity of the three variable model was significant at the 95% level. 
About 99% of the variation in the density of copepods in the net plankton tows was 
attributable to variability of all three flood operation parameters. Improvement 
in the predictability of three variable model was not significant over the simple 
regression model using flushing rate as the independent variable, because of the 
low association of water temperature and turbidity to Copepoda. density. 

DISCUSSION OF FINDINGS 

Reservoir flushing rate was the most significant factor to influence the 
abundance of 0-age gizzard shad and Copepoda, while water temperature and flushing 
rate were paramount to C.ta.doceJra. density. However, these variables were so 
closely intraclass correlated by measuring one, the effect of the other was also 
apparent. Flushing rate, which measured the retention time of water in the 
reservoir, seemed the most important parameter since water temperature was 
dependent on flushing rate, but flushing rate was independent of water 
temperature. 
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Storage volume of flood water in the reservoir was not directly inter­
related to fish production in any of the linear regression models, but indirectly 
it appeared closely associated to 0-age fish abundance. The strongest year 
classes of gizzard shad, crappie and bluegill occurred in 1973 concommitantly 
with the most intense flood control regimen, except for the numerous bluegill 
young captured in the first year following impoundment of the reservoir to 
conservation pool elevation. When the reservoir is filled to 3 m or above the 
multiple purpose pool, vast lowlands in the upper basin and embayments are flooded 
creating profuse habitat that promotes spawning success and prolarvae survival. 
In part, this process is undoubtedly measured through flushing rate, because 
storage volume is an integral component of hydraulic retention time. But, the 
storage of water by itself seems to have little effect on fish production. 

The exact nature of the relationship between 0-age fish and zooplankton 
density remains unclear at this time. Spatial distribution of both was quite 
similar with highest populations occurring initially near shore and embayment 
stations followed by latent demersal abundance in midwater. Temporal distribution 
was also similar with the highest population density of both taxa appeari ng in 
early summer. Later in the season zooplankton population density at embayment 
station became very sparse, presumably from predation. In 1974, Cla.doQe/ta. 
populations were nearly non-existent after midsummer at embayment stations. 

There was a significant inverse relationship between cladocerans, copepods 
and hydraulic retention time, which might indicate vast quantities of zooplankton 
were also being flushed from the reservoir during peak outflow discharge. This 
factor combined with predation by 0-age fish in the embayment and near shore 
could significantly reduce zooplankton populations. Flushing of large amounts 
of plankton is quite common in the large mainstream reservoirs on the Missouri 
River during periods of high storage volume and accelerated outflow discharge. 

RECOMMENDATIONS 

Sampling of 0-age fish and zooplankton population should continue one 
additional season to enlarge the sample size to refine the multiple variable 
regression models. 
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STUVY OBJECTIVE 

To dete!Unlne. the. e.66e.c.h 06 h..UeJtvoJA ope.JUtt,i,on.6 6oh.. 6lood c.orwwl and 
.6.:toc.fu.ng laltge. nwnbe.M 06 ph..e.datoh..tJ 6,v.,h .6pe.uu on abu.ndanc.e., .6pe.uu c.ompo.6--i.,uon, 
age. .6br..u.c.:tulte., and gMwth 06 ,i,mpoJz;tant. 6,v.,h poputa..tion.6 ,ln Lak.u Re.d Roc.k. and 
Rathbun. 

JOB 1 OBJECTIVE 

To me.Mu.h..e. c.hangu in .6pe.uu c.ompo.6-lt,,lon, abu.ndanc.e., .6ize. fu.:tJubution, 
age. .6br..u.ctulte. and gh..owth 06 6i.6h in Lak.u Red Roc.k. and Rathbun. 

INTRODUCTION 

Southern Iowa's future sport and commercial fisheries lies in large onstream 
impoundments. Several of these reservoirs are already a reality, however, they 
were constructed primarily for flood water storage and water conservation. 

Initially sport fish populations were developed and maintained by stockings 
of hatchery reared fish. Water management of these large bodies of water may 
have a colossal impact on the sport and non-sport fish populations. In order to 
develop a fish management program, additional information is needed on the changes 
that occurred in the fish populations after impoundment, the impact of floodwater 
management, and the importance of the fish stockings. 

STUDY BACKGROUND 

Lake Red Rock, located on the Des Moines River in Marion County, was 
impounded in 1969. Northern pike, walleye, and largemouth bass were planted from 
1969 through 1973, at varying rates and sizes. 

Non-sport fish dominated the net catch during the six years following 
impoundment. The numerical catch consisted primarily of carp, river carpsucker 
and bigmouth buffalo, nearly 83%, during 1970 and 1971. From 1972 through 1974 
the catch of carp and river carpsucker ranged from 25 to 31% and 17 to 19%, 
respectively while bigmouth buffalo ranged from 2 to 8%. Crappie was the most 
abundant sport fish contributing 13 to 21% of the total numerical catch. 
Stocked sport fish showed a dramatic increase in relative abundance after 
plantings. From the 1972 season through the 1974 season largemouth bass increased 
from< 1 FND to 7 FND, northern pike increased by the same values and walleye 
expanded from< 1 FND to 8 FND. A commercial fishery was developed at Lake Red 
Rock during October of 1973. From that period through December, 1974 over 
444,665 kg of carp, river carpsucker and bigmouth buffalo were harvested. It 
seems likely the commercial fishery will have an important impact on these 
populations in future years. 
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The Chariton River was impounded in 1969 to create Lake Rathbun. Stocked 
sport fish include walleye, largemouth bass, muskellunge, channel catfish, 
striped bass and white bass. Sport fish consistently comprised 71 to 73% of 
the net catch during 1972 through 1974. White crappie is the most important 
species followed by bullhead, walleye and largemouth bass. Carp comprised 15 to 
20% of the numerical catch and 22 to 38% of the biomass for the same years. 

METHODS AND PROCEDURES 

Sampling procedures were the same as described in prior reports. 

FINDINGS 

LAKE REV ROCK 

Spe.uu Campo.6.ai.on on Net Catc.hu During the 1975 sampling period 
pound and experimental gill nets captured 8,565 fish weighing 3,904 kg (Table 1). 
River carpsucker dominated the numerical catch, by providing 26% as well as the 
total weight, 33%. Carp was second in both categories, 22% by number and 21% by 
weight followed by crappie, 20% and 18%, respectively, while bullhead comprised 
11% by number and 5% by weight. Other species frequently caught included gizzard 
shad and bigmouth buffalo. Sport fish caught, other than crappie, included 
channel catfish, walleye, largemouth bass, and northern pike; consolidated they 
comprised 6% of the numerical catch. 

Catch success (FND) decreased for most species and all non-sport fish from 
the previous year (Table 2). Declines were recorded for carp (41 FND), crappie 
(35 FND), bigmouth buffalo (7 FND), river carpsucker (44 FND), channel catfish 
(4 FND), walleye (6 FND), northern pike (3 FND) and largemouth bass (3 FND). 
Only channel catfish (4 FND) and bullhead (33 FND) increased in relative 
abundance. 

Seine hauls captured 1,633 fish including 16 different species of young fish 
and various species of adult and young Cyprinids (other than carp and goldfish) 
(Table 3). 0-age gizzard shad cominated the seine catch, 49%, while young crappie 
were second, 12%, followed by white bass, 9%, and Cyprinids, 9%. 

AGE STRUCTURE ANV GROWTH 

La1tge.mauth Ba..6~ An April and May length-frequency distribution was 
compiled for 16 bass (Table 4). Length distribution ranged from 276 mm to 441 mm 
TL. Two major modes were recorded within the distribution at 306-321 mm and 
366-381 mm. Age class representation was 37% age III and 63% age IV. 
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Table 1. Combined catch composition of trap and experimental gill nets, 
Lake Red Rock, April through October, 1975. 

Percent Weight Percent 
Number number (kg) weight 

Carp 1,881 21.9 597 .3 21.1 
Crappiea 1,730 20.2 520.1 18.4 
B bullhead 984 11.4 133.1 4.7 
B buffalo 334 3.9 166.7 5.9 
R carpsucker 2,222 25.9 926.1 32.7 
C catfish 85 .9 27.8 .9 
G shad 365 4.2 23.2 .8 
F drum 125 1.4 21. 7 . 7 
Walleye 120 1.4 55.7 1.9 
Bluegill 70 . 8 11.6 .4 
G sunfish 10 .1 . 7 < .1 
N pike 117 1.3 181.9 6.4 
Lm bass 128 1.4 74.4 2.6 
F catfish 2 < .1 1.5 < .1 
N redhorse 2 < .1 1. 3 < .1 
W bass 386 3.3 82.7 2.9 
Y bass 4 < .1 .6 < .1 

Total 8,565 2,827.1 

aBlack and white crappie. 

Mean 
weight 

(kg) 

.32 

.30 

.13 

.so 

.42 

.33 

.06 

.17 

.46 

.16 

.08 
1.56 

.58 

. 76 

.65 

.21 
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Table 2. Catch success (FND) by pound net, experimental gill net and combined catch at Lake Red Rock, 

1972, 1973, 1974 and 1975. 

Pound net Experimental gill net Combined catch 
(FND) (FND) (FND) 

Species 1972 1973 1974 1975 1972 1973 1974 1975 1972 1973 1974 1975 

Carp 39. 7 34.l 54.4 32.8 13.5 4.9 7.3 7.8 53.2 39.0 63.7 40.6 
B & W crappiea 15.6 13.8 47.9 31.2 8.7 5.6 4.9 3.4 24.3 19.4 52.8 34.5 
B bullhead 22.3 21.0 17. 9 13.0 15.4 14 .3 10.1 20.0 37.7 35.3 27.9 33.0 
B buffalo 11. 3 2. 7 8.8 6.0 . 7 .4 .9 . 7 12.0 3.0 9.7 6.7 
R carpsucker 22.9 18.3 40.2 40.2 5.3 4.5 9.1 3.5 29 .1 22.8 49.2 43.7 
C catfish 1.4 .9 1.1 .6 3.4 1.1 2.1 3.7 4.8 2.0 3.2 4.3 
G shad 3.1 .2 12.7 2.3 18.7 2.0 22.6 17.2 21. 8 2.1 35 .3 19.5 
F drum 3.3 2.5 1.3 1.5 9.2 6.2 2.0 3.3 12.4 8.7 3.3 4.7 
Walleye .2 .1 1.3 1.0 . 2 6.2 6.4 4.8 .4 6.3 7.7 5.8 
Bluegill 1.1 1. 3 3.1 1.3 < .1 .2 .1 0 1.1 1.4 3.2 l. 3 
G sunfish < .1 .9 .4 < .1 .5 1.9 .3 .4 .5 2.7 .7 .5 
N pike .2 .6 2.4 2.0 .3 3.9 4.7 . 8 .4 4.5 7.1 2.7 
Lm bass .4 1.4 3.5 2.2 .6 2.3 3.0 .5 .9 3.7 6.5 2.7 
Goldfish .1 .6 1.5 0 < .1 .4 0 0 .1 1.0 1.5 0 
F catfish .1 < .1 .1 < .1 .1 .1 .1 0 .1 .1 .1 < .1 
N redhorse .2 < .1 .2 < .1 .3 .1 .1 0 .5 .1 . 2 < .1 
W & Y bassb .4 1.4 8.0 5.9 .2 1.1 19.4 5.0 .6 2.5 27 .4 10.9 
S gar < .1 .2 .1 0 . 7 .2 .1 0 . 7 .4 . 2 0 
NotJwp,u -0p. < .1 < .1 0 0 .2 .4 .2 0 .2 .4 .2 0 
R sunfish < .1 .1 < .1 0 < .1 < .1 0 0 < .1 .1 < .1 0 
W sucker < .1 < .1 0 0 < .1 .1 0 0 < .1 .1 0 0 
Y perch < .1 < .1 < .1 0 < .1 .1 0 0 < .1 .1 < .1 0 

Total 122.3 100.1 205.1 140.0 78.7 55.6 93.4 71.1 201. 0 155.6 298. 5 211.1 

aPrimarily black crappie. 

bPrimarily white bass. 

I-' 
v,l 
v,l 
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Table 3. Species composition of 0-age fish by sampling station at Lake Red Rock, 1975. 

Station 

I II III IV V VI Total 

Species N % N % N % N % N % N % N % 

G shad 295 77. 8 72 29.9 78 45.9 35 41. 2 162 46.7 163 39. 8 805 49 .3 
Cyprinidsa 72 19. 0 40 16.6 18 10.6 15 17 .6 6 1. 7 2 . 5 153 9.4 
W bass 5 1. 3 23 9.5 7 4.1 3 3.5 7 2.0 28 6.8 73 4.5 
Lm bass 2 .5 2 1. 2 1 1.2 7 2.0 7 1. 7 19 1. 2 
R carpsucker 4 1.1 IO 4.1 1 .6 21 24. 7 29 8.4 66 16.1 131 8.0 
F drum 1 . 3 2 . 8 29 17.1 8 9.4 85 24.5 28 6.8 153 9.4 
Walleye 3 1. 2 2 1.2 5 1.4 3 . 7 13 .8 
Crappieb 71 29.5 13 7.6 1 1.2 5 1.4 108 26.3 198 12.1 

~ 

C catfish 9 3.7 12 7.1 4 1.1 1 . 2 26 1.6 v-l ... 
Bluegill 11 4.6 6 3.5 1 .3 18 1.1 
Carp 1 .6 27 7.8 1 . 2 29 1.8 
G sunfish 1 . 6 1 . 2 2 .1 
Sm bass 1 1. 2 1 .1 
B buffalo 7 2.0 2 . 5 9 .5 
W sucker 1 .3 1 .1 
B bullhead 1 .3 1 .1 
F catfish 1 .3 1 .1 

Total 379 241 170 85 348 410 1,633 

aAll Cyprinids other than carp and goldfish. 

bincluded black and white crappie. 
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Table 4. Length-frequency distribution of largemouth bass at Lal(e Red Rock, 
for April and May, 1975. 

TL 
(mm) Number 

276-291 1 
291-306 1 
306-321 3 
321-336 1 
336-351 1 
351-366 1 
366-381 6 
411-426 1 
426-441 1 

Percent 
occurrence 

6 
·6 
19 
6 
6 
6 

38 
6 
6 

Age of 
interval 

III 

IV 

Lengths, weights and scales were collected from 41 bass during 1975. They 
ranged from 182 to 424 mm TL and weights of 182 to 1,250 g. The length-weight 
relationship was described by the equation log10W = -4.76 + 2.98 log10TL. 

K-factors ranged from .95 to 2.11 with a mean of 1.54. 

Body-scale relationship was described by the equation 

TL= -8.59 + 2.29 ScR 

From this relationship mean total lengths at annulus were 111, 244, 329, and 
389 mm for ages I through IV (Table 5). 

Table 5. Average estimated total length (mm) at each annulus for largemouth 
bass at Lake Red Rock, 1975. Sample size is subtended. 

Year 
class I 

1974 53 
1973 118 
1972 101 
1971 169 

Unweighted mean 111 
(39) 

II 

231 
233 
268 

244 
(38) 

Age 

III 

319 
339 

329 
(18) 

IV 

389 

389 
(3) 
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Noltthell.n Pike A length-frequency distribution of 17 pike was tabulated 
for catches of April and May (Table 6). Northern pike ranged from 306 to 671 mm 
TL with four modes apparent. These modes were represented as ages I through IV, 
30, 30, 24 and 18%, respectively. 

Table 6. Length-frequency distribution of northern pike at Lake Red Rock, for 
April and May, 1975. 

TL Percent 
(mm) Number occurrence 

306-321 3 18 
321-336 2 12 
516-531 1 6 
546 -561 3 18 
561-576 1 6 
576-591 1 6 
606-621 2 12 
621-636 1 6 
641-656 0 0 
656-671 3 18 

Body measurements and scales were taken of 49 pike in 1975. 
ranged from 357 to 760 mm TL and weights of 241 to 2,810 g. The 
relationship was described by the equation log10w = -6.14 + 3.33 

Age of 
interval 

I 

II 

III 

IV 

These fish 
length-weight 
log10TL. 

K-factors during 1975 ranged from .52 to .75 while the mean was .61. 

Body-scale relationship was described by the equation 

TL= -118.7 + 6.9 ScR + (-0.01) ScR2 

From this relationship mean total lengths at annulus were 334, 490, 589 and 692 
mm for ages I through IV (Table 7). 

Wa.Ueye A length-frequency distribution was tabulated for 19 walleye 
captured in April and May, 1975 (Table 8). Lengths of these walleye ranged from 
186 to 426 mm TL and was comprised of one major mode, 336 to 396 mm TL. This 
mode was comprised primarily of age III fish, 75% with the remainder represented 
by ages I, II, and IV. 

Lengths, weights and scales were collected from 51 walleye in 1975. They 
ranged in length from 189 to 513 mm TL and weights of 60 to 1,460 g. Length­
weight relationship was described by the equation log10w = -5.91 + 3.35 log10TL. 

K-factors during 1975 ranged from .78 to 1.08 while the mean was .97. 
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Table 7. Average estimated total length (mm) at each annulus for northern pike 
at Lake Red Rock, 1975. Sample size is subtended. 

Year 
class 

1974 
1973 
1972 
1971 

Unweighted mean 

I 

345 
385 
330 
274 

334 
( 4 7) 

II 

568 
478 
425 

490 
(43) 

Age 

III 

596 
582 

589 
(18) 

IV 

692 

692 
(3) 

Table 8. Length-frequency distribution of walleye at Lake Red Rock, for April 
and May, 1975. 

TL Percent 
(mm) Number occurrence 

186-201 1 5 
216-231 1 5 
306-321 1 5 
336-351 4 21 
366-381 6 32 
381-396 4 21 
396-411 1 5 
411-426 1 5 

Body-scale relationship was described by the equation 

TL= 22.19 + 2.80 ScR 

Age of 
interval 

I 

II 

III 

IV 

From this relationship average back-calculations at each annulus were 168, 297, 
382, 440 and 496 mm for ages I through IV (Table 9). 
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Table 9. Average estimated total length (mm) at each annulus for walleye at 
Lake Red Rock, 1975. 

Age 
Year 
class I II III IV V 

1974 92 
1973 154 266 
1972 187 311 373 
1971 186 285 372 420 
1970 224 326 401 460 496 
Unweighted mean 168 297 382 440 496 

(49) ( 48) (46) (14) (2) 

Black Cll..a.ppie A length-frequency distribution was tabulated of 246 
black and white crappie captured during April and May of 1975 (Table 10). Five 
modes were found within the distribution of 141-381 mm TL with age class 
representation as 6% age II, 45% age III, 25% age IV, with the remainder age V 
and older. 

Table 10. Length-frequency distribution of crappie at Lake Red Rock, for April 
and May, 1975. 

TL 
(mm) Number 

141-156 1 
186-201 7 
201-216 5 
216-231 25 
231-246 22 
246-261 53 
261-276 22 
276-291 44 
291-306 20 
306-321 33 
321-336 12 
336-351 9 
351-366 2 
366-381 1 

Percent 
occurrence 

< 1 
3 
2 

10 
9 

21 
9 

17 
8 

13 
5 
4 
1 

< 1 

Age of 
interval 

II 

III 

IV 

V 
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Lengths, weights and scales were collected from 50 black crappie during the 
1975 seasons. They ranged in lengths of 134 to 294 mm TL and weights of 29 to 
460 g. Length-weight relationship was described by the equation log10w = -5.80 + 
3. 41 log10TL. 

K-factors during 1975 ranged from 1.21 to 1. 78 with a mean of 1.51. 

The body-scale relationship was described by the linear equation 
.I 

TL= 22.70 + 1.73 ScR 

From this relationship mean total lengths at each annulus were 83, 153, 205 and 
255 mm for ages I through IV (Table 11). 

Table 11. Average estimated total length (mm) at each annulus for black crappie 
at Lake Red Rock, 1975. Sample size is subtended. 

Year 
class I 

1974 49 
1973 87 
1972 90 
1971 104 

Unweighted mean 83 
(45) 

II 

145 
154 
160 

153 
(44) 

Age 

III 

206 
205 

205 
(37) 

IV 

255 

255 
(2) 

Cha.nnd c.a.tfu.,h A length-frequency distribution of 11 channel catfish 
ranging from 126-411 mm TL was compiled for catches of April and May, 1975 
(Table 12). Definitive modes did not appear within this distribution but ages I 
through VI are probably repr~sented by at least one fish. 

Body measurements and pectoral spines were collected from 45 channel catfish 
during 1975. These fish ranged from lengths of 171 to 545 mm TL and weights of 
31 to 1,320 g. Length-weight relationship was described by the equation 
log10w = -5.94 + 3.31 log10TL. 

K-factors in 1975 ranged from .59 to .86 while the mean was .73. 

The body-pectoral spine relationship was described by the direct proportion 
TL= 4.76 SpR. From this relationship back-calculations at annulus were 86, 161, 
235, 312, 375, 451, and 504 mm TL for ages I through VII (Table 13). 
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Table 12. Length-frequency distribution of channel catfish at Lake Red Rock, for 
April and May, 1975. 

TL Percent 
(mm) Number occurrence 

126-141 l 9 
216-231 1 9 
246-261 l 9 
261-276 2 18 
276-291 2 18 
291-306 l 9 
306-321 l 9 
351-366 1 9 
396-411 1 9 

Table 13. Average estimated total length (mm) at each annulus for channel 
catfish at Lake Red Rock, 1975. Sample size is subtended. 

Age 
Year 
class I II III IV V VI VII 

1973 114 206 
1972 llO 208 278 
1971 77 160 263 325 
1970 65 131 203 307 369 
1969 82 132 213 287 362 436 
1968 67 128 219 328 395 466 504 

Unweighted 
mean 86 161 235 312 375 451 504 

(45) ( 45) (35) (25) (12) ( 4) (1) 

Ccvr.p A length-frequency distribution of 247 carp captured during April 
and May of 1975 was compiled (Table 14). Carp ranged from 171 to 486 mm TL with 
seven modes apparent. Age class representation was 14% age II, 37% age III, 16% 
age IV, 18% age V, 8% age VI, and 7% age VII. 
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Table 14. Length-frequency distribution of carp at Lake Red Rock, for April and 
May, 1975. 

TL 
(mm) Number 

171-186 1 
186-201 7 
201-216 17 
216-231 10 
231-246 6 
246-261 23 
261-276 24 
276-291 42 
291-306 11 
306-321 18 
321-336 5 
336-351 26 
351-366 11 
366-381 19 
381-396 8 
396-411 16 
411-426 5 
426-441 9 
441-456 4 
456-4 71 3 
4 71-486 1 

Percent 
occurrence 

< 1 
3 
7 
4 
2 
9 
9 

16 
4 
7 
2 

10 
4 
7 
3 
6 
2 
4 
2 
1 

< 1 

Age of 
interval 

II 

III 

IV 

V 

VI 

VII 

Weights, lengths and scales were sampled from 51 carp during the 1975 season. 
These fish ranged from 216 to 548 mm TL and weights of 129 to 1,900 g. Length­
weight relationship was described by the equation log10w = -3.51 + 2.42 log10TL. 

K-factors spanned from 1.08 to 1.31 with a mean of 1.16. 

Body-scale relationship was described by the relationship 

TL= 12.50 + 1.56 ScR 

From this relationship back-calculations at annulus were 100, 191, 268, 343, 383, 
416, and 433 mm TL for ages I through VII (Table 15). 

Blgmout.h Bu66a£.o Formation of a spring length-frequency distribution 
was the result of capturing 19 bigmouth buffalo during April and May, 1975 
(Table 16). These fish ranged from 186 to 471 mm TL with two modes present. Age 
structure was comprised of 63% age II and 37% age IV and V. 
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Table 15. Average estimated total length (mm) at each annulus for carp at Lake 
Red Rock, 1975. Sample size is subtended. 

Age 
Year 
class I II III IV V VI VII 

1973 119 212 
1972 92 181 252 
1971 129 217 286 362 
1970 104 205 324 395 429 
1969 74 185 274 334 394 442 
1968 83 148 205 280 326 389 433 

Unweighted 
mean 100 191 268 343 383 416 433 

(45) (45) (32) (13) (8) (6) (2) 

Table 16. Length-frequency distribution of bigmouth buffalo at Lake Red Rock, 
for April and May, 1g75_ 

TL 
(mm) Number 

186-201 1 
201-216 3 
216-231 5 
246-261 3 
366-381 1 
381-396 1 
426-441 3 
441-456 1 
456-471 1 

Percent 
occurrence 

5 
16 
26 
16 

5 
5 

16 
5 
5 

Age of 
interval 

II 

IV 
V 

Body measurements and scales were collected from 51 bigmouth buffalo within 
the 1975 sampling period. These fish ranged from 247 to 500 mm TL and weights of 
220 to 2,700 g. Length-weight relationship was described by the relationship 
log10w = -5.14 + 3.13 log

10
TL. 
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K-factors ranged from 1.44 to 1.76 with an average of 1.53. 

Body-scale relationship was described by the equation 

TL= 42.82 + 1.73 ScR 

From this relationship back-calculations at annulus were 156, 255, 336, 405, 442, 
and 505 mm TL (Table 17). 

Table 17. Average estimated total length (mm) at each annulus for bigmouth 
buffalo at Lake Red Rock, 1975. Sample size is subtended. 

Age 
Year 
class I II III IV V 

1973 146 231 
1972 183 255 331 
1971 184 273 352 424 
1970 127 205 278 354 416 
1969 137 311 385 437 467 

VI 

505 
Unweighted mean 156 255 336 405 442 505 

(51) (51) (21) (14) (8) (2) 

RiveJL Ca1tp-0uc.k.eJL A length-frequency distribution of 103 river carpsucker 
was compiled during the April and May sampling periods of 1975 (Table 18). These 
fish ranged from 186 to 426 mm while ages represented by this distribution are 4% 
age II, 52% age III, 38% age IV, and 7% age V. 

Body measurements of 48 river carpsucker were recorded for age and growth 
analysis. Fish from this sample ranged from 160 to 382 mm TL and weights of 
43 to 690 g. Length-weight relationship was described by the equation log10w = 
-5.05 + 3.05 log10TL. 

K-factors ranged from 1.06 to 1.39 while the mean was 1.19. 

Body-scale relationship was described by the function 

TL= 27.82 + 1.76 ScR 

Mean back-calculations of total lengths were 100, 203, 285, 332, and 363 mm TL fo r 
ages I through V (Table 19). 
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Table 18. Length-frequency distribution of river carpsucker at Lake Red Rock, 
for April and May, 1975. 

TL 
(mm) Number 

186-201 1 
201-216 1 
216-231 2 
231-246 0 
246-261 0 
261-276 6 
276-291 13 
291-306 10 
306-321 20 
321-336 8 
336-351 20 
351-366 10 
366-381 5 
381-396 1 
396-411 4 
411-426 2 

Percent 
occurrence 

1 
1 
2 
0 
0 
6 

13 
10 
19 

8 
19 
10 

5 
1 
4 
2 

Age of 
interval · 

II 

III 

IV 

V 

Table 19. Average estimated total length (mm) at each annulus for river carp­
sucker at Lake Red Rock, 1975. Sample size is subtended. 

Age 
Year 
class I II III IV V 

1974 100 
1973 101 198 
1972 115 206 284 
1971 97 207 282 327 
1970 86 200 290 336 363 

Unweighted mean 100 203 285 332 363 
( 48) ( 4 7) (38) (14) (2) 
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Wfi.Lte ba..6-0 Vital statistics were not collected for white bass, but a 
length-frequency distribution of 42 fish was recorded during the spring of 1975 
(Table 20). These fish rangrd from 156 to 216 mm TL and were represented as one 
primary mode within 186 to 201 mm. This mode was dominated by a strong 1974 year 
class, age I. 

Table 20. Length-frequency distribution of white bass at Lake Red Rock, for 
April and May, 1975. 

TL 
( mm) Numb er 

156- i 71 6 
171-186 12 
186-201 22 
201 -216 2 

Percent 
occurrence 

15 
29 
54 

5 

Age of 
interval 

I 

Buii.hea.d A length-frequency distribution of bullhead was recorded during 
the April and May sampling periods (Table 21). Four dominant modes are pr esent: 
126 to 141, 156 to 186, 201 to 246, and 246 to 291 mm. Spines were not taken for 
age analysis but from data in Carlander (1969) ages assigned were 3% age I, 39% 
age II, 22% age III, 24% age IV, and 12% age V and older. 
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Table 21. Length-frequency distribution of bullhead at Lake Red Rock, for April 
and May, 1975. 

TL 
(mm) Number 

81- 96 1 
96-111 ' 5 

111-126 3 
126-141 69 
141-156 15 
156-171 28 
171-186 22 
186-201 32 
201-216 9 
216-231 30 
231-246 10 
246-261 15 
261-276 2 
276-291 4 
291-306 1 
306-321 2 

LAKE RATHBUN 

Percent 
occurrence 

< 1 
2 
1 

28 
6 

11 
9 

13 
4 

12 
4 
6 
1 
2 

< 1 
1 

Age of 
interval 

I 

II 

III 

IV 

V 

Spe..c.lu Compo-6,Lt.i,on 06 Net Ca:tc.hu Test netting by pound and experimental 
gill nets in 1975 captured 6,390 fish weighing 1,808 kg at Lake Rathbun (Table 22) . 
Crappie dominated the numerical catch comprising 37% while they ranked second by 
weight at 25%. Carp comprised the greatest proportion of biomass, 45%, and were 
second in importance by number, 27%. White bass was third in importance by number 
and weight, 10% and 6%, respectively, while bullhead ranked fourth numerically, 
10%, followed by gizzard shad, 8%, and channel catfish, 2%. 

Combined catch success of 173 FND by pound and experimental gill net was the 
lowest recorded for the four years of this study (Table 23). Crappie were caught 
at 57 FND, carp was 37 FND, walleye declined to 5 FND, while white bass and channel 
catfish increased to 15 and 8 FND, respectively. 

Pound nets captured more fish per net day than the experimental gill net, 101 
versus 72 FND, but the difference was not as marked as previous years (Table 23). 
Crappie, white bass and carp were captured more frequently by pound nets while 
gill nets were more effective for the capture of walleye, catfish, bullhead and 
gizzard shad. 
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Table 22. Combined catch composition of pound and experimental gill nets, 
Lake Rathbun, April through October, 1975. 

Percent Weight Percent Mean 
Number number (kg) weight weight 

(kg) 

Crappie a 2,382 37.2 450.0 24.9 .18 
Carp 1,726 27.0 820. 7 45.4 .4 7 
B bullhead 615 9.6 55.6 3.0 .09 
G shad 536 8.3 70. 3 3.8 .13 
W bass 616 9.6 108.8 6.0 .17 
C catfish 152 2.3 76 .o 4.2 .so 
Walleye 124 1.9 98.2 5.4 . 79 
Bluegill 68 1.0 5.4 .3 .08 
G sunfish 7 .1 .4 < .1 .06 
Lm bass 7 .1 7.1 .4 1.02 
B buffalo 82 1.2 69.9 3.8 . 85 
R carpsucker 42 .6 42.0 2.3 1.00 
W sucker 5 < .1 1. 3 < .1 .27 
F drum 14 .2 .9 < .1 .06 
Y bass 9 .1 .2 < .1 .03 
OS bass 5 < .1 < .1 < .1 < .01 

Total 6,390 1,807.7 

aPrimarily white crappie. 



-------------------
Table 23. Catch success (FND) by pound net, experimental gill net and combined catch at Lake Rathbun, 

1972-75. 

Pound net Experimental gill net Combined catch 
(FND) (FND) (FND) 

Species 1972 1973 1974 1975 1972 1973 1974 1975 1972 1973 1974 1975 

Carp 30.2 51. 2 25.5 31. 0 6.3 3.2 5.7 5.9 36.5 54.5 31. 3 36.9 
B & W Crappiea 61. 8 45.7 127.2 40.7 16.7 19.0 19.9 16.0 78.5 64.7 147.0 56.7 
Bullhead 13.7 13.3 10.8 8.8 4.0 26.4 16.6 10.8 17.7 39. 7 27.4 19.5 
B buffalo 3.4 4. 1 1. 3 1.5 . 2 < .1 < .1 3.6 4.1 1. 3 1. 6 
R carpsucker . 7 . 4 1. 2 . 7 .1 . 2 .7 . 5 1. 2 1.0 
C catfish 8. 7 6.1 1.1 .9 11.4 11. 1 5.9 7.4 20.1 17. 2 6.9 8.3 
Walleye 6.4 3.3 3.7 1. 6 17.9 7.4 5.2 3.0 24.3 10. 7 8.9 4.6 
G shad 4. 7 8.6 6.0 4.1 25.4 6.6 20.9 22.8 30 .1 15.2 27 .o 26.9 
Bluegill 6.4 2.3 4.4 1.2 .1 . 1 .6 . 2 6.4 2.4 5.1 1.4 
G sunfish 12.9 . 8 1. 1 .1 1.1 . 8 .4 < .1 . 14.0 1. 6 1. 6 .2 
Lm bass . 3 . 2 . 3 . 1 . 7 . 3 .6 < .1 1.0 . 5 1.0 .2 
W bass .2 • 5 2.0 10.4 . 1 .9 3.7 4.6 .2 1.4 5.8 15.0 
W sucker .1 . 1 < .1 < .1 . 7 .2 .1 0 . 7 . 2 . 2 < .1 
G shiner 0 0 < .1 0 . 1 . 1 0 . . 1 .1 0 
Y bass 0 0 < .1 0 < .1 .6 < .1 .6 
F drum 0 0 0 < .1 .9 .9 
OS bass 0 0 0 0 .4 . 4 

Total 137.4 136.4 185.3 101.1 98.3 76.2 80.0 72.1 235. 7 212.7 265.3 173.2 

aPrimarily white crappie. 

~ _.,. 
00 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

149 

Seine hauls captured 3,115 young of 11 species and several species of young 
and adult Cyprinids (Table 24). Gizzard shad cominated the total seine catch by 
contributing 85% while Cyprinids were second at 9%. White bass and hatchery 
reared 0-age ocean striped bass ranked third, 2%, followed by largemouth bass and 
walleye, both representing 1%. 

AGE STRUCTURE ANV GROWTH 

Wa1.i..eye During the netting periods of April and May a length-frequency 
distribution of 30 walleye was compiled (Table 25). This distribution, ranging 
from 171-516 mm TL, consisted of five age groups and dominated by two with age III 
forming a mode at 396-426 mm and representing 39% and age V, 441-471 mm, comprising 
38%, the remainder consisted of ages I, II and IV. 

Lengths, weights and scales were collected from 51 walleye during 1975. They 
ranged from 191 to 558 mm TL and weights of 52 to 1,410 g. Length-weight 
relationship was described by the equation log10w = -5.23 + 3.06 log10TL. 

K-factors ranged from .77 to .94 with a mean of .83. 

Body-scale relationship was described by the linear function 

TL= 48.13 + 2.74 ScR 

From this relationship mean back-calculated total length at annulus were 194, 317, 
383, 439 and 487 mm TL for ages I through V (Table 26). 

WWe Cll..a.pp,i.e A length-frequency distribution of 553 white crappie was 
compiled during the April and May periods (Table 27). These fish ranged from 
76 to 325 mm TL and were represented by one prominent mode from 201 to 300 mm. 
This distribution was comprised of< 1% age I, 1% age II, 35% age III, and 64% 
age IV and older. 

Body measurements and scales were taken from 64 white crappie in 1975. These 
fish ranged in length from 122-296 mm TL and weights of 18-282 g. Length-weight 
relationship was described by the equation log10w = -5.21 + 3.11 log10TL. 

K-factors ranged from 1.00-1.16 with a mean of 1.10. 

Body-scale relationship was described by the equation 

TL= 37.38 + 2.03 ScR 

From this relationship back-calculations at each annulus were 88, 164, 224, and 
252 mm TL for ages I through IV (Table 28). 

Lall.gemou.,th BM~ An insufficient sample of largemouth bass was collected 
during the 1975 netting season to compile a length-frequency distribution. 
However, body measurements and scales were taken from 25 largemouth bass captured 
during a test electrofishing day. These fish ranged from lengths of 249-456 mm TL 
and weights of 190 to 1,680 g. Length-weight relationship was described by the 
equation log10w = -5.38 + 3.22 log10TL. 



-------------------
Table 24. Species composition of 0-age fish by sampling station at Lake Rathbun, 1975. 

Station 

I II III IV V VI Total 

Species N % N % N % N % N % N % N % 

--
G shad 553 89.5 409 78.5 92 64.8 288 92.3 293 75.9 1,013 89.2 2,648 85 .o 
Cyprinidsa 26 4.2 73 14.0 30 21.1 6 1.9 78 20.2 61 5.4 274 8.8 
OS bass 9 1.5 26 5.0 9 6.3 8 . 7 52 1. 7 
W bass 10 1.6 9 1. 7 4 2.8 4 1.3 9 2.3 34 3.0 70 2.2 
Y bass 2 . 3 2 . 2 4 .1 
Lm bass 6 1.0 13 4.2 6 . 5 25 .8 
Walleye 4 .6 3 .6 5 3.5 3 . 8 9 .8 24 .8 
C catfish 2 1.4 3 .8 1 .1 6 .2 ...... 
Bluegill 7 1.1 7 .2 l./1 

0 

Bullhead 1 . 2 1 < .1 
Carp 1 .2 1 .3 2 .1 
F drum 2 . 2 2 .1 

Total 618 521 142 312 386 1,136 3,115 

aAll Cyprinids other than carp. 
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Table 25. Length-frequency distribution of walleye at Rathbun Lake, for April 
and May, 1975. 

TL Percent Age of 
(mm) Number occurrence interval 

171-186 1 3 . I 
186-201 1 3 
366-381 2 6 II 
381-396 1 3 
396-411 7 23 III 
411-426 5 16 
426-441 1 3 IV 
441-456 5 16 
456-471 4 13 V 
4 71-486 1 3 
486-501 1 3 
501-516 1 3 

Table 26. Average estimated total length (mm) at each annulus for walleye at 
Lake Rathbun, 1975. Sample size is subtended. 

Age 
Year 
class I II III IV V 

1974 183 
1973 192 359 
1972 225 346 411 
1971 173 277 364 431 
1970 195 288 373 446 487 

Unweighted mean 194 317 383 439 487 
(51) (39) (37) (24) (19) 
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Table 27. Length-frequency distribution of white crappie at Lake Rathbun, for 
April and May, 1975. 

TL Percent Age of 
(mm) Number occurrence interval 

76- 99 1 < 1 I 
101-125 0 0 
126-150 1 < 1 
151-175 4 < 1 II 
176-200 8 1 
201-225 37 7 III 
226-250 153 28 
251-275 255 46 IV+ 
276-300 82 15 
301-325 12 2 

Table 28. Average estimated total length (mm) at each annulus for white crappie 
at Lake Rathbun, 1975. Sample size is subtended. 

Year 
class 

1974 
1973 
1972 
1971 

I 

75 
73 
98 

107 

II 

138 
179 
174 

Age 

III 

228 
219 

Unweighted mean 88 
(63) 

164 
(55) 

224 
( 45) 

K-factors ranged from 1.30-1.77 while the mean was 1.51. 

Body-scale relationship was described by the equation 

TL= -0.14 + 2.39 ScR 

IV 

252 
252 
(14) 

From this relationship mean back-calculated lengths at each annulus were 133, 202, 
263 and 308 mm for ages I through IV (Table 29). 
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Table 29. Average estimated total length (nun) at each annulus for largemouth 
bass at Lake Rathbun, 1975. Sample size is subtended. 

Year 
class I 

1974 154 
1973 117 
1972 122 
1971 139 

Unweighted 
mean 133 

(25) 

II 

207 
201 
196 

202 
(22) 

Age 

III 

276 
251 

263 
(19) 

IV 

308 

308 
(9) 

Channel Ca.:t6-l6h A length-frequency distribution of 32 channel catfish 
was tabulated during April and May of 1975 (Table 30). Catfish within this 
distribution ranged from 246 to 516 mm TL while two major modes were recorded 
306-321 mm and 336-351 mm. Other fish were scattered within the distribution. 
Age class representation was 14% age III, 52% age IV, 3% age V, 14% age VI, and 
6% age VII. 

Body measurements and spines were taken of 52 channel catfish during the 
1975 sampling season. These fish ranged from lengths of 172 to 664 mm TL and 
weights of 30 to 3,360 g. Length-weight relationship was described by the 
equation log10w = -5.38 + 3.12 log10TL. 

K-factors ranged from .59-1.15 with a mean of .90. 

Body-spine relationship was described by the function 

TL= 4.96 SpR 

From this relationship mean back-calculated lengths at each annulus were 77, 178, 
259, 336, 416, 477, and 546 mm TL for ages I through VII (Table 31). 

Ca.Jtp During the April and May sampling periods 340 carp were used to 
construct a length-frequency distribution (Table 32). Carp within this distri­
bution ranged from 201 to 531 mm TL. One dominant mode was recorded from 246 to 
336 mm while two lesser modes were recorded at 366-381 mm and 396-411 mm. Age 
class representation was 71% age II, 8% age III, 10% age IV, and the remainder 
age V and older. 

Lengths, weights, and scales were taken from 50 carp for age and growth 
analysis. These fish ranged in length from 244 to 548 mm TL and weights of 152 
to 1,750 g. Length-weight relationship was described by the equation log10w = 
-4.47 + 2.80 log

10
TL. 

K-factors ranged from .95-1.18 with a mean of 1.05. 
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I Table 30. Length-frequency distribution of channel catfish at Rathbun Lake, 

I 
for April and May, 1975. 

I 
TL Percent Age of 

(mm) Nwnber occurrence interval 

I 246-261 3 8 III 
261-276 · 1 3 
276-291 2 6 

I 291-306 3 8 
306-321 8 22 IV 
321-336 0 0 

I 336-351 7 19 
351-366 0 0 
366-381 0 0 
381-396 1 3 V 

I 396-411 0 0 
411-426 0 0 
426-441 1 3 

I 441-456 1 3 VI 
456-4 71 3 8 
4 71-486 0 0 

I 
486-501 0 0 VII 
501-516 2 6 

I 
I Table 31. Average estimated total length (mm) at each annulus for channel 

catfish at Lake Rathbun, 1975. Sample size is subtended. 

I 
Age 

I Year 
class I II III IV V VI VII 

I 1973 94 203 
1972 94 243 321 
1971 69 164 243 322 

I 1970 86 193 263 328 375 
1969 76 154 241 331 400 438 
1968 45 109 228 362 471 516 546 

I Unweighted 
mean 78 178 259 336 416 477 546 

(50) (50) (49) (46) (45) (6) (1) 

I 
I 
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Table 32. Length-frequency distribution of carp at Lake Rathbun, for April and 
May, 1975. 

TL Percent 
(mm) Number occurrence 

201-216 1 < 1 
246-261 29 9 
261..a276 37 11 
276-291 87 26 
291-306 36 11 
306-321 44 13 
321-336 16 7 
336-351 15 4 
351-366 6 2 
366-381 14 4 
381-396 7 2 
396-411 20 6 
411-426 9 3 
426-441 9 3 
441-456 3 1 
456-471 3 1 
471-486 1 < 1 
486-501 2 1 
501-516 0 0 
516-531 1 < 1 

Body-scale relationship was described by the equation 

TL= -13.36 + 1.65 ScR 

Age of 
interval 

II 

III 

IV 

V+ 

From this relationship mean back-calculated lengths at each annulus were 146, 246, 
339, 438, 500, and 484 mm TL for ages I through VI (Table 33). 

TU.veil. Ccvc.p-0uQke/l. Sample size of river carpsucker at Lake Rathbun was 
insufficient to construct a length-frequency distribution. 

Body measurements were taken from 29 fish for age and growth analysis. These 
fish ranged from lengths of 303 to 445 mm TL and weights of 390 to 1,350 g. 
Length-weight relationship was described by the function log10w = -5.10 + 
3.10 log10TL. 

K-factors ranged from 1.29 to 1.49 while the mean was 1.41. 

Body-scale relationship was best described by the equation 

TL= 79.90 + 1.64 ScR 

From this relationship mean back-calculations at each annulus were 153, 244, 312, 
368, 395, and 422 mm TL for ages I through VI (Table 34). 
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Table 33. Average estimated total length (mm) at each annulus for carp at Lake 
Rathbun, 1975. Sample size is subtended. 

Age 
Year 
class I II III IV V VI 

1974 176 
1973 156 266 
1972 113 283 380 
1971 134 262 368 431 
1970 130 200 279 461 543 
1969 168 221 327 421 457 484 
Unweighted mean 146 246 339 438 500 484 

(SO) (46) (14) ( 8) (2) (1) 

Table 34. Average estimated total length (mm) at each annulus for river carp­
sucker at Lake Rathbun, 1975. Sample size is subtended. 

Age 
Year 
class I II III IV V VI 

1973 162 281 
1972 155 269 356 
1971 159 257 349 393 
1970 163 238 327 369 399 
1969 126 177 218 342 391 422 

Unweighted mean 153 244 312 368 395 422 
(29) (29) (23) (14) (3) (1) 

Bigmou;th Bu66alo An insufficient sample of bigmouth buffalo were 
captured to compile a length-frequency distribution or calculate age and growth 
data. 
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_Wh,U:e Ba..6~ Body measurements and scales were not taken from white bass 
but a length-frequency distribution was compiled for 41 fish during April and 
May, 1975 (Table 35). Two primary modes were recorded from 141-156 mm and 246-261 
mm. Age class representation was determined by comparing the length distribution 
of white bass from Lake Rathbun to back-calculated lengths of fish from Lewis and 
Clarke Lake, South Dakota (Ruelle, 1971). Age class representation of white bass 
was 10% age I, 24% age II, 56% age III and 10% age IV. 

Table 35. Length-frequency distribution of white bass at Lake Rathbun, for 
April and May, 1975. 

TL Percent Age of 
(mm) Number occurrence i nterval 

96-111 4 10 I 
111-126 0 0 
126-141 0 0 
141-156 9 22 II 
216-231 1 2 
231-246 4 10 
246-261 19 46 III 
261-276 0 0 
276-291 2 5 IV 
291-306 2 5 

Gizza.Jtd Sha.d A length-frequency distribution of 189 gizzard shad was 
tabulated during the April and May sampling of 1975 (Table 36). This distribution 
was dominated by a single mode, 231-246 mm, and the distribution was comprised 
entirely of age I fish. Ages of gizzard shad at Lake Rathbun were not determined 
but lengths were compared to data in Carlander (1969). 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

158 

Table 36. Length-frequency distribution of gizzard shad at Lake Rathbun, for 
April and May, 1975. 

TL 
(mm) Number 

201-216 3 
216-231 25 
231-246 114 
246-261 35 
261-276 7 
276-291 5 

DISCUSSION OF FINDINGS 

LAKE REV ROCK 

Percent 
occurrence 

2 
13 
60 
19 

4 
3 

Age of 
interval 

I 

River carpsucker surpassed carp to become the most important species in the 
combined catch of 1975. During previous years carp ranked first at 30%, 31% and 
25% of the total catch from 1972-74 then dropped slightly to 22% in 1975. River 
carpsucker ranked third or fourth, behind bullhead and crappie, in 1972-74 and 
comprised 17%, 17% and 19%, respectively, then increased to 26% in 1975. 
Recruitment of a strong 1972 year class is partially responsible for the increase 
in river carpsucker importance. 

The impact of the commercial fishery at Lake Red Rock was first documented 
in 1975 by changes in fish population statistics from previous years. The 
selective character of the commercial fishery for larger buffalo and carp, species 
more desirable for market value than river carpsucker, has resulted in a reduced 
mean size and decline in importance in the numerical catches of the former two 
species in this study. Commercial fishermen harvested 44,665 kg of bigmouth 
buffalo, carp, river carpsucker and freshwater drum during 1974 and 442,029 kg of 
bigmouth buffalo, 27,484 kg of carp, and only 361 kg of river carpsucker in 1975. 
Early in this study the mean weight of bigmouth buffalo increased from .71 to 
.86 to .87 kg, 1972-74, then dropped to .SO kg in 1975. During the same periods 
carp varied from .32 to .SO to .44 kg and then declined to .32 kg while river 
carpsucker rose and stabilized from .27 to .42 kg. The representation of buffalo 
in the combined catch ranged from 2% to 8% from 1972-75. Despite the fact a 
strong 1974 year class of bigmouth buffalo recruited to net gear late in 1975 an 
increase in numerical importance was not recorded. 

Sport fish increased in importance from the first year when they represented 
32% of the catch, but since have represented 42 to 44% from 1973-75. Crappie 
continued as the dominant sport fish at Lake Red Rock comprising 20% of the total 
numerical catch in 1975 while in past years they represented from 13 to 21%. 
Bullhead varied contributing from 11 to 22% from 1972-74. White bass occurrence 
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ranged from< 1 to 6%. Individually, other sport fish including walleye, northern 
pike, channel catfish, and largemouth bass generally represented less than 2% 
numerically within each annual catch. 

Annual catch success (FND) of important species has remained variable and 
increases in percent representation in the total numerical catch does not 
necessarily project increased catch success. For example, catch success of river 
carpsucker was 29, 23, 49 and 44 FND for 1972-75. River carpsucker was the most 
numerous species caught at Lake Red Rock in 1975, it was third in importance the 
previous year, yet the catch success was lower in 1975 than 1974 despite recruit­
ment of a strong 1972 year class. A further example is illustrated by comparison 
of the lowest catch success of carp, 39 FND recorded in 1973. But, carp were still 
the dominant species representing 31% of the total catch that year. A factor 
controlling catch success of all fish populations simultaneously is suspected. 

Relative abundance of stocked fish at Lake Red Rock appears dependent on 
plantings of hatchery fish, catch success increased substantially but decreased 
two years after termination of stockings. Northern pike increased from .4 to 4.5 
to 7.1 FND from 1972-74 then decreased to 2.7 FND in 1975. Largemouth bass 
increased from .9 to 3. 7 to 6.5 FND then dropped to 2.7 while walleye expanded 
from .4 to 6.3 to 7. 7 FND then fell to 5.8 FND for the same years, respectively. 

Natural reproduction of all sport fish populations, that were initially 
developed by stockings, were recorded in 1975 net catches but catches were low. 
Seine hauls captured 19 young largemouth bass and 20 walleye while two 0-age 
northern pike were taken by experimental gill net. 

Largemouth bass is the only species producing substantial numbers of young-of­
~he-year, but considerable variations in success is apparent. During non-stocking 
years, 1972, 1973 and 1975, seine hauls captured 87, 354 and 19 young fish, 
respectively, while 595 bass were caught in 1974. Variations in environmental 
factors are probably paramount as important factors to successful bass reproduction. 

Few young walleye were seen in seine net hauls, but the highest total catch 
was recorded in a stocking year. Walleye were planted at Lake Red Rock during 1973 
and 20 young fish were captured that year. During non-stocking years, 1972, 1974 
and 1975, seines caught 8, 0 and 13 young walleye, respectively. Some spawning 
habitat exists for walleye, but the complete dependence of the population on 
natural reproduction is questionable. 

Of the three species of sport fish most important to this study the northern 
pike has the most limited potential for sustaining a native population. 0-age 
northern pike were captured by seine net only during a year they were stocked, 
1973, when 15 were seen yet none were caught during a second stocking year, 1972. 
The larger fingerling size of most fish stocked in 1972, in comparison to fry 
stockings, is thought responsible for the absence in seine hauls. In addition, 
while several year classes of largemouth bass and walleye are caught in net gear 
two dominant cohorts appear in the northern pike population, the 1972 and 1973 
year classes. Since reservoir populations of northern pike are generally dependent 
on innundation of vegetation by high waters (Hassler, 1969) it is likely extreme 
variations in spawning success will occur at Lake Red Rock since suitable habitat 
is available only during high reservoir stages. 
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Annual total seine haul catches varied considerably during this study while 
species diversity remained about the same. From 1972-75 seine hauls captured 
8,954, 10,391, 12,379 and 1,633 fish of 14, 18, 14 and 16 species, respectively, 
in addition to adult and young Cyprinids. 

Gizzard shad dominated the total seine catch for three of four years of this 
study. Gizzard shad comprised 51%, 9%, 70% .and 49% of the total seine catch from 
1972-75, respectively, but were outranked by bullhead in 1973 when they comprised 
67% of the total. 

Significant deviations in age and growth statistics were not noted for this 
segment of study. 

LAKE RATHBUN 

White crappie dominated the numerical catch at Lake Rathbun during three of 
four years and carp comprised the greatest portion of the biomass. Crappie 
contributed 41%, 37%, 64% and 37% of the numerical catch from 1972-75 followed 
by carp at 20%, 38% , 13% and 27% for the same periods. Carp provided 38%, 51%, 45% 
and 22% of the biomass from 1972-75 while crappie provided 22%, 20%, 57% and 25% 
of the weight. All other species including bullhead, walleye, largemouth bass, and 
white bass contributed 10% or less to each category in each year. 

A substantial share of the difference in total catch success between pound 
nets and experimental gill nets each year was due to the catches of a few species. 
Catches of crappie and carp by pound nets are higher than by experimental gill net 
and some species caught more frequently by gill nets are not frequently caught by 
either gear e.g., walleye, channel catfish and adult gizzard shad. Crappie has 
ranged from 41 to 127 FND for pound nets while that of experimental gill net was 
16 to 20 FND. Gizzard shad is the most numerous species caught by gill net and was 
caught at 7 to 23 FND while mean annual pound net catches ranged from 4 to 9 FND. 

Total seine haul catches at Lake Rathbun varied each year but differences were 
not as dramatic as those at Lake Red Rock. For 1972-75 seine catches of 0-age fish 
at Lake Rathbun were 2,644, 6,080, 4,311, and 3,115 fish of 7 to 11 species in 
addition to adult and young Cyprinids. 

Gizzard shad constituted the major fragment of the total seine catch each 
year. Gizzard shad comprised 85% to 88% followed by Cyprinids contributing about 
10% annually. Other fish provided less than 3%, but young white bass usually 
ranked third at .5% to 3%. 

Stockings of sport fish made an impact on the species composition of Lake 
Rathbun when it was first impounded but has not provided positive changes since. 
Catch success of walleye systematically declined from 24 to 5 FND from 1972-75 
while channel catfish has varied from 20 to 17 to 7 to 8 FND for the same years. 
Largemouth bass abundance cannot be measured effectively by net gear but their 
importance to the fishery has declined in recent years (Bruce, 1976). 0-age 
striped bass were captured by seine net and experimental gill net but older ages 
were never taken. On the other hand white bass have increased after the adult 
stockings in 1972, from .2 to 15.0 FND. Although stockings of fish at Lake Rathbun 
seems almost ineffective the existing populations would probably decline considerably 
in its absence. 
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RECOMMENDATIONS 

Test nettings within recent years of this study indicate a stable species 
composition at Lakes Red Rock and Rathbun. Fish stockings at Lake Rathbun are 
not making changes in the species structure and fish are no longer stocked at 
Lake Red Rock. An important change at either reservoir is not foreseen, with 
the only exception being the impact of the commercial fishery at Lake Red Rock. 
Growth and other vital statistics of fish at each reservoir are generally 
consistent. Continued collections of field data would be redundant and time 
should be allowed for critical evaluation of data and synthesis of information 
in the form of a completion report . 
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JOB 2 OBJECTIVE 

To deteJun<-n.e :the ,i_mpa,c;t 01) lt<?..MVl.VOA.lt ope.Jta.tlon-6 oO/t oloodwa;teJt ma.n.a.gement 
on. oMh popuf..ation6 an.d 1te.pMdactfon.. 

INTRODUCTION 

Parameters of reservoir operations have been collected to relate their 
influence on fish population characteristics and stocking since 1971 at Lakes 
Red Rock and Rathbun. This segment covers the 1975 collection. 

STUDY BACKGROUND 

Reservoir operations of Lakes Red Rock and Rathbun are continuously monitored 
by the U.S. Corps of Army Engineers. These records were compile·d for each study 
year to determine their effects on the characteristics of fish populations and 
the success of fish plantings. 

Lake Red Rock was at or near conservation pool elevation during 1972 but was 
contrasted by instable elevations of 1973 and 1974. Monthly deviations from 
conservation pool in 1972 was +5.0 m; 1973 was a record high, +72.3 m while 1974 
was intermediate at +26.6 m. Discharge rates averaged 195 CMS (cubic meters per 
second) in 1972, 491 CMS in 1973, and 251 CMS in 1974. During 1972 flushing rate 
ranged from 28 to 102 days with a mean of 45 days; in 1973 it ranged from 34 to 
167 days with a mean of 105 days, while in 1974 it ranged from 30 to 100 days with 
a mean of 34 days. 

Stable pool elevations were recorded at Lake Rathbun in 1972 and 1974 but 
were disimilar to unstable elevations of 1973. Monthly sum of deviations from 
conservation pool were +1.5 m for 1972, +17.6 min 1973, and +2.4 min 1974. Mean 
discharge rates were 2.7 CMS in 1972, 21.1 CMS in 1973, and 9.3 CMS in 1974. 
Flushing rates in 1972 ranged from 203 to over 5,000 days with a mean of 710 days; 
in 1973 it ranged from 88 to 2,652 days with a mean of 208 days, and in 1974 it 
ranged from 91 to 2,390 days with a mean of 412 days. 

FINDINGS 

LAKE REV ROCK 

Pool elevations of Lake Red Rock were within one meter of conservation pool 
for four of the seven months (Table 37). The greatest deviation was +6.4 m 
(21 ft) which occurred in May, 1976, minor deviations were +2.8 m (9 ft) and 
+2.1 m (6.9 ft) of June and July, respectively. Sum of monthly deviations from 



-------------------
Table 37. Mean monthly water level elevations, deviation in meters from multipurpose pool elevation, 

and discharge at Lakes Red Rock and Rathbun, 1975. Authorized multipurpose pool elevation 
is 221 mat Red Rock and 276.6 m MSL at Rathbun. 

Red Rock Rathbun 

Mean Mean 
Mean Deviation discharge Mean Deviation discharge 

Sampling period elevation (CMS) elevation (CMS) 

April 222.0 + 1.0 449 275 .9 + . 3 22.2 
May 227.4 + 6.4 313 275. 7 + .1 4.2 
June 223.8 + 2.8 461 275. 7 + .1 5.0 
July 223.l + 2.1 391 275 .8 + . 2 16.7 
August 221.1 + .1 75 275.5 0 . 7 
September 221.1 + .1 49 275.6 0 . 7 
October 221.1 + .1 17 275 .6 0 . 7 

Maximum elevation 227 .4 
Minimum elevation 221.1 
Mean elevation 222.8 
Mean dis charge 250.7 7. 2 

Sum of deviations +12.6 + . 7 

..... 
°' ... 
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conservation pool was +12.6 m (41.3 ft). Mean discharge rates ranged from 
461 CMS (16,255 CFS) in June to a low of 17 CMS (10,190 CFS) in October with a 
mean of 250.7 CMS (8,840 CFS). Flushing rate ranged from 3.8 to 77 days for 
April and October with a season mean of 22 days. 

LAKE RATHBUN 

Pool elevation of Lake Rathbun approached precise maintenance of multipurpose 
pool in 1975. Maximum deviation from conservation pool was only a +.3 m (.9 ft) 
attained in July while half of the remaining months were at pool level with a 
deviation sum of +.7 m (2.3 ft). Discharge rate ranged from 22.2 CMS (783 CFS) 
in April to .7 CMS (25 CFS) for August through October while the mean was 7.2 CMS 
(254 CFS). Flushing rate ranged from 146 to 2,000 days with a mean of 515 days. 

DISCUSSION OF FINDINGS 

Lake Red Rock is a fluctuating reservoir with extensive variations within 
all reservoir operation parameters. Prominent measurements in most categories 
occurred in 1973 when discharge rate exceeded 662 CMS, monthly mean peak elevation 
was +15.4 m above multipurpose pool, and mean flushing rate was 105 days. The 
year 1972 marked the stablest year with a sum of deviations of only +5.0 m while 
1974 and 1975 were intermediate. 

Findings for Lake Rathbun identify it as a relatively stable reservoir 
maintained near multipurpose -pool. Reservoir operations of 1973 contrasted those 
of all other years. In that year deviation from conservation pool reached 
+4.1 m while the sum of deviations was +17.6 m, discharge rate averaged 21.1 CMS 
and mean flushing rate was 208 days. Other years were relatively stable with sum 
of deviations of +1.5, +2.4, and +.7 m for ~he, years 4l972, 1974 and ~~975, 
respectively. Mean discharge rate for the same years were 2.7, .9.3, and 7.2 CMS. 

RECOMMENDATIONS 

Four years of reservoir operations data were collected at Lakes Red Rock and 
Rathbun. Each reservoir developed a distinct characteristic with periods of 
extremely high elevations and conservation pool levels. Recording additional 
years of water management operations would be repetitions, thus, termination of 
this project is recommended to allow time for critical evaluation of findings in 
relation to other aspects of this study and a subsequent completion report. 
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JOB 3 OBJECTIVE 

To deteJUnine :the .6uc.c.eM 06 bl.tlwdu.ctlon.6 06 .6poll.t 6i.6h .6peuu a.nd :theur. 
bwlog,i,.c.a.i. J.mpa.et upon incli.g1'ur.0U6 6i.6h popui.a.u.on.6. 

INTRODUCTION 

Flood water control reservoir fish populations are largely dependent on 
hatchery reared fish. The initial success of these stockings can be measured 
in recruitment into the fishery, but the reasons for variation in the catch due 
to the impact of flood water management is unknown. This segment will determine 
the effect of flood water management on stocked and native fish. 

STUDY BACKGROUND 

Since impoundment, five nonendemic species of fish were stocked into Lake 
Rathbun and three native species stocked in Lake Red Rock. In general, initial 
stockings at Lake Rathbun, 1969 through 1971, were successful, except for striped 
bass; however, since these first stockings subsequent plants did not change the 
species composition nor did they increase the relative abundance of most 
populations. Stockings at Lake Red Rock from 1970 through 1973 increased the 
abundance of all species stocked. 

FINDINGS 

Sport fish were not stocked at Lake Red Rock in 1975. Lake Rathbun was 
planted with 11,000,000 walleye fry and 55,000 striped bass fingerling. 

DISCUSSION OF FINDINGS 

After initial stockings at Lake Red Rock catch success of walleye, large­
mouth bass and northern pike, from 1972 through 1974, increased but after 
stockings terminated in 1973, FND decreased despite some natural reproduction. 
These , data are documented and described in detail in Job 1 of this report. 

Some speci es stocked at Lake Rathbun, during earlier years, have established 
naturally sustained populations while others continue to decrease in relative 
abundance despite stocking and natural reproduction. These data are also 
documented in Job 1 of this report. 
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RECOMMENDATIONS 

Six years of fish stocking records for Lakes Red Rock and Rathbun were 
tabulated while data for reservoir operations and test nettings were compiled 
for four consecutive years. Stockings ceased at Lake Red Rock in 1973 and 
recent plantings at Lake Rathbun did not change the species composition. Ample 
information is now available to fulfill the objective of this job. With these 
facts at hand termination of field collections is recommended to allow time for 
data analysis and preparation of a completion report. 
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