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The black crappie was evaluated as a pond fish in four experi- 

mental ponds in the Willamette Valley. Two ponds were stocked with 

largemouth bass, bluegill sunfish, and black crappie (1:9:3), and 

two ponds with largemouth bass and black crappie (1:3). 

Total biomass was greatest in the three -species ponds (80 kg/ 

acre), but was predominantly bluegill weight (70 percent). The 

average biomass in the two- species ponds was 63 kg /acre; black 

crappie and largemouth bass each comprising 50 percent. 

The average coefficient of condition for the largemouth bass 

was about 2.20 in all ponds. The average coefficient of condition for 

the black crappie was higher in the two- species ponds; 3.79 in con- 

trast to 3.44 in the three -species ponds. 

A controlled fishing experiment showed that the black crappie 

was more susceptible to angling in the two -species ponds. Seven- 

teen crappie were taken from the three -species ponds in contrast to 
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89 from the two- species ponds. Largemouth bass were caught 

about equally from all ponds; 66 from the two- species ponds and 76 

irons the three -species ponds. Natural bait proved to be more effec- 

tive for the black crappie and the bluegill sunfish than for the bass. 

Artificial bait was preferred by the bass. 

Both combinations of fishes appeared to be successful, but the 

crappies were heavier and the fish were of a more desirable size in 

the two-species combination. 

Data for growth of the black crappie were obtained from eastern 

Oregon reservoirs and additional western Oregon farm ponds. These 

data showed that reservoir crappie grew more rapidly in their first 

three years than did western Oregon crappie. The reservoir crappie 

were also in better condition than the farm pond crappie. Of the 

crappie examined, none were older than six years. 
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THE BLACK CRAPPIE, POMOXIS NIGROM.ACULATUS, 
AS A FARM POND FISH IN OREGON 

INTRODUCTION 

Objectives 

For many years researchers have experimented with various 

combinations of warmwater fishes in attempts to select a satisfactory 

predator and forage fish association. Largemouth bass, ivlicropter, 

salmoides, and the bluegill sunfish, Lepomis macrochirus, form tht 

most common combination used in farm fish ponds. In many areas of 

the United States this combination frequently results in an overpopu- 

lation of bluegill sunfish and a subsequent reduction in the quality of 

fishing ( Regier, 1963; Ball and Tait, 1952; and Krumholz, 1952). 

This problem has occurred in Oregon farm ponds also (Hansen, 1963). 

Although there are many contributing factors, overpopulation stems 

primarily from the great reproductive potential of the bluegill. 

A possible solution to the overpopulation problem would be to 

introduce a third species in conjunction with the largemouth bass and 

bluegill sunfish. Meehean (1952) stated that the use of species other 

than, or in conjunction with, the largemouth bass -bluegill sunfish 

combination was not satisfactory because the added species either 

overpopulated the pond or disappeared from the population. Krumholz 

(1950), in Indiana, found that combinations of largemouth bass and 



bluegills together with some other predatory species such as the lilac!. 

crappie yielded populations that were more satisfactory than bass and 

bluegills only. The predatory crappies helped control the abundance 

of bluegill sunfish. This resulted in bluegills of a more desirable 

size than in ponds containing bass -bluegill combinations only. In 

Kansas, Dyche (1914), considered crappies best suited for farm pond 

Swingle (1949) worked with the bass- crappie -bluegill combination and 

determined that the best method of stocking crappie was to add ten 

adult crappie one year after the bass and bluegill introductions. 

Several ponds in the Willamette Valley containing largemouth 

bass, bluegills, and black crappie were known to have well- balanced 

populations producing excellent fishing. My study was initiated in 

July, 1967, to determine the advantages or disadvantages of using the 

black crappie in combination with largemouth bass and bluegills or in 

combination solely with largemouth bass. An additional objective 

was to establish age and growth data for Oregon black crappie, in- 

eluding condition factor for specific age classes, and length to weight 

relationships. 

Description of the Ponds 

The research was conducted in four experimental ponds, de si g-- 

hated V, VI, VII, and VIII, which were constructed in 1962. The 

rnorphometry of the ponds is similar (Table 1), each being rectangnl:,r 

L 
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with the long axis running east and west with a gradual bottom slope 

to the deeper east end. Previously, these ponds were used primarily 

for fish production studies and held populations of largemouth bass, 

bluegill sunfish, black crappie, and western mosquito fish, Garnbusia 

affinis. 

Table 1. Morphometry of the experimental ponds. 

Pond No. Surface Area Average Depth Water Volume 
(acres) (feet) (acre -feet) 

V .44 3.5 1.540 

VI .45 3.6 1.620 

VII .51 3.9 1.989 

VIII .60 4.0 2.400 
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METHODS 

Fertilization 

Except for the summer of 1966, each pond had been fertilized 

equally on an acreage basis. The fertilizers used consisted chiefly 

of urea (40 -0 -0) and single super - phosphate (0- 20 -0). From May, 

1967, until October, 1967, urea and single super- phosphate were 

applied to the ponds at the rates of 60 pounds /acre per month and 

100 pounds /acre per month, respectively. From April, 1968, until 

June, 1968, urea and single super - phosphate were applied to the 

ponds at the previous rates, but from June until September, 1968, 

the application rates were reduced by one -half. 

During the summer, water can be pumped into the ponds from 

nearby Soap Creek to replace any water loss due to seepage and evap- 

oration. 

Stocking Rates and Combinations 

The first attempt to establish black crappie in the experimental 

ponds failed (Young, 1964).. Ten adult crappie /acre perpondwere introduced 

by Young, but subsequent sampling mortality was high. Although 

crappie reproduction was evident, few young survived. Presumably 

most were eaten by bass because of lack of cover. 
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A second attempt was made prior to the beginning of this project 

during the spring and summer of 1967. This attempt involved planting 

ibûut 200 in each pond and resulted in the successful establishment of 

he black crappie at approximately equal rates (400 /acre) in all four 

3f the experimental ponds. The crappies ranged from fingerlings up 

to age four. Brush was placed in all ponds to provide minimum cover 

or the crappies. For purposes of comparison and duplication, ponds 

V and VI contained largemouth bass, bluegill sunfish, and black 

crappie while ponds VII and VIII contained only largemouth bass and 

black crappie. Because algae control operations in pond V drastically 

reduced the crappie population and because of unequal survival of the 

crappie in all four ponds during the summer, the populations were 

adjusted on the basis of fish available to 1 :9:3 and 1 :0 :3 (largemouth 

bass:bluegill :black crappie) (Table 2). These adjustments were made 

in April, 1968. 

Temperature 

Surface and bottom temperatures were determined by use of 

maximum -minimum thermometers suspended from styrofoam floats 

in each pond. One thermometer was attached four inches below the 

float and the other two inches above the bottom. The floats were 

positioned over the deepest portion of each pond. Temperature 

recordings were taken once every two weeks commencing on July 3, 



Table 2. Stocking rates and combinations for 1967 and 1968. 

Pond 
No. 

Species Estimated 
Population 

October, 1967 

Fish /Acre 
October, 1967 

Adjusted 
Population 

April, 1968 

Fish /Acre 
April, 1968 

LMB 53 112 26 59 
V BG 312 710 239 543 

BC 17 39 76 173 

LMB 13 29 26 59 
VI BG 472 1050 239 543 

BC 160 360 76 173 

VII LMB 28 55 26 51 
BC 124 243 84 165 

VIII LMB 45 75 30 50 
BC 142 237 98 163 
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1967, and continuing through September, 1968. 

Dissolved Oxygen Determinations 

Water samples for oxygen analysis were taken bimonthly at the 

surface and near the bottom of each pond. The samples were collecteL_; 

between 1300 and 1400 hours. Dissolved oxygen was determined 

using the Alsterberg (aside) modification of the Winkler method 

(American Public Health Association, 1955). These measurements 

were determined as soon as the water samples were collected. To 

obtain the water sample from near the bottom, a rubber tube with a 

lead weight attached was lowered to within six inches of the bottom 

and a sample of water was obtained by use of a small hand suction 

pump. 

Fish 

Enumeration and Biomass 

Populations of fish were estimated by the mark and recapture 

method (Lagler, 1952). Fish were captured in a 200 -foot bag seine, 

transferred to plastic holding tanks, anesthetized in a solution of 

Quinaldine (0.4 ml /3 gallons of water), weighed to the nearest gram, 

and measured. Standard lengths, fork lengths, and total lengths were 

recorded for a number of fish in order to obtain data for use in the 
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calculation of length conversion facts_ 3. The fish were marked by 

excising the upper lobe of the ca u :,_ .1 fin, then allowed to recover 

in fresh water before being retarnn2c to the ponds. A week later the 

ponds were seined and the number of marked and unmarked fish were 

counted. 

The populations were estimated using the following formula 

(Ricker, 1958): 

whe re 

M(C + 1) 

R + 1 

N = the population estimate 

M= number of fish marked at t1 

C = total number of fish captured at t 

R = number of marked fish recaptured at t 
2 

These estimates were made in October, 1967, April, 1968, and 

December, 1968. 

Biomass was computed for each pond by multiplying the mean 

weight of a particular species by the estimated standing crop of that 

species. The results were then summed in order to arrive at the 

pond biomass. 

Growth and Length to Weight Relationships 

The growth history for black crappie in Oregon waters was 

determined from data obtained from two different climatic areas. 

N 
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Crappie scales were obtained from eastern Oregon (Owyhee Reservoir, 

Brownlee Reservoir, Granite Creek Reservoir, and Malheur Reser- 

voir) and western Oregon (four experimental ponds and four private 

farm ponds, all situated in the Willamette Valley). Scale impressions 

were made in acetate with a hydraulic press at a pressure of 6000 psi 

and at a temperature of 95 C for five minutes. The impressions were 

examined with the aid of an Eberbach scale projector. 

The formula recommended by Lagler (1952) was used to back - 

calculate fish lengths at annuli formation: 

S1(L2 - a) 

where 

L 
1 S2 

+ a 

L1 = length of fish at any annulus 

S1 = length of scale at any corresponding annulus 

L2 = length of fish at capture 

S2 length of scale (center of focus to scale margin 
at capture 

a = a constant (approximating the length of fish at the 
time of scale formation) 

The constant "a" used in this paper was an estimated parameter. 

The relationship of length to weight was calculated for 465 black 

crappie taken from eastern and western Oregon using the general 

equation (Lagler, 1952): 

Log W = a +n Log L 

- 

= 



where 

W = weight of fish in grams 

n = a constant representing the slope of the line 
and determined empirically 

L = total length of fish in centimeters 

10 

a = a constant determined empirically 

For purposes of comparison, the results were divided into two cate- 

gories: the relationship of length to weight for 300 crappies from 

farm ponds, and the relationship of length to weight for 165 crappies 

from eastern Oregon reservoirs. Once the proper equations were 

determined, weights were calculated by one -centimeter total length - 

frequency intervals. 

Condition 

The condition factors for 588 Oregon black crappie were deter- 

mined. In addition, the coefficients of condition were computed for 

largemouth bass, bluegill sunfish, and black crappie from the four 

experimental ponds using the formula (Lagler, 1952): 

where 

K 
100W 

3 
L 

K = the coefficient of condition 

W = weight of fish in grams 

L = standard length in centimeters 

Ages were determined for all fish and average "K" values were 

- 
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computed for each age group. Comparisons were made between 

eastern Oregon crappie and western Oregon farm pond crappie. Com- 

parisons were also made between the corresponding species in the 

experimental ponds. 

Experimental Fishing 

A fishing experiment was conducted from July through Novem- 

ber, 1968. A comparison of fishing success between the different 

species and between the pond types was made. Four fishermen were 

employed for seven fishing periods, amounting to seven days of fish- 

ing over the five month period. Each fishing period was divided into 

three sessions: 

1. Morning fishing (0730 - 0830) 

2. Afternoon fishing (1300 - 1400) 

3. Late afternoon fishing (1630 - 1730) 

In a given session each angler fished 15 minutes on each of the 

four ponds. Total effort was one hour /pond per session or three hours/ 

pond per period (day). The four anglers fished the starting pond to- 

gether, then moved to the next pond of that sequence; no pond was 

chosen as the starting pond more than any other. 

Anglers fished with natural and artificial baits, alternating 

baits by session so that if they used natural bait in the morning they 

changed to artificial bait in early afternoon and back to natural bait 
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in late afternoon. The next session would start with artificial bait. 

Natural bait consisted of angle worms, the western mosquito fish 

(fished alive), and grasshoppers. Artificial bait consisted of lures 

and flies. 

The fish that were caught were weighed, measured, and marked 

by cutting one of the dorsal spines with a small pair of scissors. All 

fish caught were included in the experiment except for bass under 20 

cm (TL). The fish were then returned to their respective ponds. An 

additional spine was cut for each successive capture of an individual 

fish. 
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RESULTS AND INTERPRETATIONS 

Tempe rature 

The temperature regimes for the four experimental ponds were 

quite similar (Figures 1, 2, 3, and 4). Ponds V and VI had consis- 

tently lower temperatures at the surface and near the bottom than did 

ponds VII and VIII. The highest temperatures in all ponds were 

recorded during the months of August, 1967, and July, 1968. The 

lowest temperatures were recorded in December, 1967, and January, 

1968. All four ponds experienced a slight thermal stratification during 

the summer months, having surface and bottom temperature differ- 

ences between 3 and 5 C. 
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Figure 1. Surface and bottom temperature observations for pond 

V, July, 1967, through September, 1968. 
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Figure 2. Surface and bottom temperature observations for pond VI, July, 1967, 
through September, 1968. 
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Figure 3. Surface and bottom temperature observations for pond VII, July, 1967, 
through September, 1968. 
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Figure 4. Surface and bottom temperature observations for pond 
VIII, July, 1967, through September, 1968. 

Dissolved Oxygen 

The dissolved oxygen recorded at the surface in each of the 

four experimental ponds was never lower than 5 mg /1. According to 

the Ohio River Valley Water Sanitation Commission (1955), the dis- 

solved oxygen criteria for warmwater habitats are: 

The dissolved oxygen content of warmwater habitats 
shall be not less than 5 mg /1 during at least 16 hr. of any 
24 -hr. period. It may be less than 5 mg /1 for a period 
not to exceed 8 hr. within any 24 -hr. period, but at no 
time shall the oxygen content be less than 3 mg /1. 

The dissolved oxygen content near the bottom of each pond 

decreased below 5 mg /1 on numerous occasions, especially late in 

the summer (Figures 5, 6, 7, and 8). The fish populations in all 

0 
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Figure 5. Surface and bottom dissolved oxygen observations for pond V, July, 1967, 
through September, 1968. 
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Figure 6. Surface and bottom observations on dissolved oxygen for pond VI, July, 1967, 

through September, 1968. 
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Figure 7. Surface and bottom observations on dissolved oxygen for pond VII, July, 1967, 
through September, 1968. 
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Figure 8. Surface and bottom observations on dissolved oxygen for pond VIII, July, 1967, 

through September, 1968. 
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ponds were evidently obliged to live in the upper water layers during 

certain periods of the summer. 

Fish 

Enumeration, Biomass, and Mortality 

Population estimates were calculated in the fall of 1967, the 

spring of 1968, and in the fall of 1968 (Tables 3 and 4). The spring 

sampling period actually constituted two population estimates for each 

of the four ponds. From July, 1967, through April, 1968, the four 

ponds contained uneven numbers of fish per acre, but following the 

spring, 1968, estimates, populations were equalized in terms of fish/ 

acre per species. 

Monthly mortality rates beginning in October, 1967, and extend- 

ing up to the first population estimates in April, 1968, ranged from 

2 percent in pond VII (black crappie and adult bass) to 13 percent in 

pond VII (juvenile bass). Monthly mortality for the period of April, 

1968, through December, 1968, ranged from zero percent in ponds 

VII, VIII (adult bass), and VI (bluegills) to 67 percent (juvenile bass) 

in pond VIII. Losses could be attributed to 1) inaccurate population 

estimates, 2) sampling mortality, and 3) natural causes; all causes 

of death not attributed to man. 

In an earlier experiment conducted at the Soap Creek 
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Table 3. Enumeration, biomass, and mortality rates for the experimental fish populations 
(October, 1967 - April, 1968) 

Pond 
No. 

Species Estimated Biomass 
Fish /Acre Kg /Acre 

October, 1967 

Estimated 
Fish /Acre (1) 
April, 1968 

Biomass 
Kg /Acre 

Mortality 
Rate 

Per Month 

V 

LMB 

BG 

112 

710 
54.40 
84.80 

84 

518 

29.30 
63.60 

0.06 
0.05 

BC 39 8.70 39 7.60 0, 00 
Total 147. 90 Total 100. 50 

LMB (adult) 29 12. 67 24 10. 30 0.03 
VI LMB (juvenile) 3011 6.32 1170 12.10 0.08 

BG 1050 80.20 543 38.00 0.09 
BC 360 38.80 278 26.90 0.04 

Total 137. 99 Total 87. 30 
LMB (adult) 55 16. 23 49 13. 72 0. 02 

VII LMB (juvenile) 757 5. 75 430 6. 88 0. 13 

BC 243 41.00 212 33.90 0.02 
Total 62. 98 Total 54. 50 

LMB (adult) 75 15. 53 50 10. 50 0. 06 
VIII LMB (juvenile) 500 1.35 400 2, 60 0.04 

BC 237 35.60 123 16.90 0.09 
Total 52. 48 Total 30.00 

Table 4. Enumeration, biomass, and mortality rates for the experimental fish populations (April, 
1968 - December, 1968). 

Pond 
No. 

Species Estimated 
Fish /Acre (2) 
April, 1968 

Biomass 
Kg /Acre 

Estimated Biomass 
Fish /Acre Kg /Acre 

December, 1968 

Mortality 
Rate 

Per Month 

LMB 59 16.70 52 13.50 0.005 
V BG 543 65.60 487 53.90 0.010 

BC 173 19.80 118 13.40 0.040 
Total 102. 10 Total 80. 80 

LMB 59 17, 90 51 14, 00 0.015 
VI BG 543 34.70 600 55.80 0.000 

BC 173 18. 20 106 10. 10 0. 046 
Total 70. 80 Total 79. 90 

LMB (adult) 51 23. 70 55 24.06 0.000 
VII LMB (juvenile) 400 8.00 272 17. 14 0.040 

BC 165 23.70 131 22.10 0.025 
Total 55. 40 Total 63. 30 

LMB (adult) 50 16, 50 55 15.09 0.000 
VIII LMB (juvenile) 400 5.70 180 14. 11 0.067 

BC 163 25.40 157 34.50 0.003 
Total 47.60 Total 63. 70 

(1) Estimated population before the April adjustment. 
(2) Estimated population after the April adjustment. 
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experimental farm ponds (Young, 1964), mortality for largemouth 

bass ranged from 2.00 to 3. 00 percent /month. The average mortality 

for bluegills was 3.00 percent /month. These estimates are somewhat 

higher than the mortality figures determined in this experiment. 

Young's data were recorded over a longer period of time and might be 

expected to be larger. 

Population estimates in this study are thought to be reasonably 

accurate. All were within their 95 percent confidence intervals. Past 

experiments conducted at Soap Creek (Goodwin, 1967) indicated that 

the sampling procedures used in this experiment should result in the 

capture of 70 percent of a pond population /sampling period on the 

ave rage. 

A large portion of the mortality observed could be attributed to 

sampling. During a number of the sampling periods, many of the fish 

became entangled in filamentous algae. The organic matter associated 

with the pond bottom was always a hindrance to retrieving the fish 

from the seine. The mortality observed during the summer of 1968 

can probably be attributed to sampling because many of the fish were 

handled excessively during April. A controlled fishing experiment 

conducted during the summer in which all fish caught were returned 

to the ponds may have accounted for a good portion of this mortality. 

The greatest share of the biomass in ponds V and VI was con- 

tributed by the bluegill (69 percent) at the termination of this study. 
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The bass and crappies contributed an almost equal share at 15 per- 

cent each. The average weights of the bass, bluegills, and crappies 

at each sampling period are given in Figures 9, 10, and 11. 

The adult bass appear to have reached the point at which some- 

thing began limiting their growth. The crappies had lost some weight 

while the bluegills had increased in weight indicating that under the 

present stocking rate the ponds could have supported a larger blue - 

gill biomass, probably at the expense of the bass and crappie. 

In December, 1968, 53 percent of the biomass in ponds VII and 

VIII was contributed by bass while 47 percent was contributed by the 

crappies. The mean weights for the bass and crappies at each 

sampling period are given in Figures 12 and 13. No growth was re- 

corded for the adult bass, but the crappies had increased greatly in 

weight. 

In viewing the mean weights of the fishes for April, 1968, one 

must keep in mind that the populations were adjusted at this time and 

the weights are not necessarily presenting a true picture. 

Young (1964) reported an average biomass of 37 kg /acre for 

a bass -bluegill combination. Of this total biomass, 27 kg /acre or 

73 percent was contributed by the bass and 10 kg /acre by the blue- 

gills. The mean weights recorded for the fish were 165 grams for the 

adult bass and 175 grams for the adult bluegills. Hansen (1963) worked 

with bass -only ponds and bass -bluegill ponds. An average biomass 
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Figure 10. Weights of black crappie from ponds V and VI showing the mean and range. 
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Figure 13. Weights of black crappie from ponds VII and VIII showing the mean and range. 
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for the bass -only ponds was recorded as 71 kg /acre with a mean bass 

weight of 220 grams. Hansen recorded an average biomass of 60 kg/ 

acre in the bass- bluegill ponds. Of this total biomass, the bass had 

contributed 33 kg /acre and the bluegills had contributed 27 kg /acre. 

The mean weight of the bass was 295 grams and that of bluegills was 

165 grams. 

At the termination of this study the mean biomass for the bass - 

cappi. bluegill association was 80 kg /acre and that for the bass - 

crappie combination was 63 kg /acre. A comparison of these figures 

to Hansen's shows that the three -species combination is superior to 

the bass -only association while the bass -crappie combination is in- 

ferior to the bass -only association on a total biomass basis. The 

three -species combination and the bass -crappie combination are 

superior to the bass- bluegill association reported by Hansen on the 

basis of total biomass,. 

In both pond types the adult bass lost weight, having possibly 

reached the point where intraspecific competition limited their growth 

and /or had lost some of the older individuals in their populations 

through natural mortality. The population estimates support 

the first alternative. Evidently the experimental ponds are able to 

produce bass of an average weight of 200 to 400 grams no matter how 

old the bass are. This holds true under all stocking ratios and quan- 

tities that have existed in the experimental ponds. Because 
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competition was not observed directly and is only assumed to have 

occurred, one might explain this low bass weight in terms of Prowse's 

work (1963). He worked with Ctenopharyngodon idellus, Puntius 

javanicus, and monosex Tilapia mossambica, and showed that the size 

of the body of water had a greater effect on the size of the fishes than 

did population density or food availability. 

In ponds V and VI the crappies and bluegills had reached or 

were approaching the point at which their mean weights were leveling 

off. This might be explained in terms of bluegill density involving 

intra- and interspecific competition. The crappies fared well in the 

two -species ponds and were showing no signs of having reached their 

maximum size under the present situation. 

Growth and Length to Weight Relationships 

The accuracy of the scale method hinges on three primary con- 

ditions: 

1. The scales must remain constant in number and identity 

throughout the life of the fish. 

2. The annulus must be formed yearly and at the sanie approxi- 

mate time each year. 

3. Growth of the scale must be proportional to the growth of 

the fish. 

Conditions 1 and 2 were not questioned here. The formula used for 
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the calculation of length at earliest ages depends on direct proportion- 

ality between scale growth and fish growth (Rounsefell and Everhart, 

1953). A linear relationship was found for Oregon black crappie. 

The next problem considered was that of compensating for the 

length of the fish at the time of scale formation (approximated by "a" 

in the formula) which could be solved in two ways: 

1. Inspection of small fish for scales. 

2. Extrapolation of the graphed data (where the straight line 

intercepted the abscissa would represent the constant). 

The constant "a ", in the back - calculation formula was determined by 

extrapolation and was determined to be 36 mm (FL). 

My results were divided into three categories and were com- 

pared with data taken from an earlier study (Grenfell, 1962) involving 

black crappie from 28 bodies of water situated throughout the state of 

Oregon (Table 5). 

Table 5. Black crappie growth history according to specific annuli. 

Average Calculated Fork Lengths in Centimeters 
Location 

I II 
Age Classes 
III IV V VI 

Oregon Reservoirs 8.22 14.43 19.25 22.20 23.48 24.00 
(98) (65) (28) (7) (4) (1) 

Oregon Farm Ponds 6.85 13.54 18.00 21.84 25.30 27.70 
(161) (114) (25) (5) (2) (1) 

Combined Data from 7.37 14.07 18.66 22.05 24.08 25.85 
Above Sources (259) (179) (53) (12) (6) (2) 

Grenfell (1962) 5.06 12.95 17.28 19.82 21.82 27.42 
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Eastern Oregon black crappie grow faster than western Oregon 

farm pond crappie for the first three years of life, maintaining an 

advantage of approximately one centimeter. The length of the grow- 

ing season does not appear to be the reason for the difference. 

Eastern Oregon has an average of 120 frost -free days while western 

Oregon has an average of 180 frost -free days, which might indicate 

the reverse of the findings. On the other hand, eastern Oregon has 

an average summer temperature of 20 C while western Oregon's 

average summer temperature is 15.6 C. Temperature may prove to 

be very important in explaining this growth difference. 

On a regional basis growth of Oregon black crappie compares 

favorably with crappie growth in areas having similar climate and 

tends to be inferior to growth made by crappie in areas having longer 

growing seasons (Table 6). 

Table 6. Black crappie growth comparisons on a regional basis (except for Oregon, adapted 
from Finnell, Hall, and Jenkins, 1954). 

Average Calculated Fork Lengths in Centimeters 
State No. No Frost- Age Classes 

Fish Free Days I II III IV V VI 

Oklahoma 2406 192 7.48 15.20 18.80 23.90 28.00 32.60 

Kentucky 51 189 7.40 18.80 21.80 

Ohio 500 165 5.30 12.01 15.20 18.85 22.20 23.90 

Oregon 259 150 7.37 14.07 18.66 22.05 24.08 25.85 

Minnesota 2166 136 5.80 11.59 16.39 20.00 22.90 25.28 

U. S. (24 

Sample 
Average) 4456 6.25 15.24 19.50 22.45 25.14 25.28 
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The relationship of length to weight was tabulated for 465 

Oregon black crappie. The calculations were based on averages for 

successive one -centimeter total length intervals and were divided into 

three categories (Tables 7, 8, and 9). The empirical equations deter- 

mined for the length to weight data, in their logarithmic forms, are 

as follows, where W = weight in grams, and L = total length in centi- 

meters: 

Oregon black crappie: (Reservoir and farm pond data 
combined) 

Log W = -2. 0201 + 3. 1964 Log L 

Oregon farm pond crappie: 

Log W = -2.3088 + 3.4374 Log L 

Oregon reservoir crappie: 

Log W = -1.6277 + 2. 8803 Log L 

Condition 

The condition factors for 588 black crappie taken from 12 bodies 

of water situated in Oregon were computed. The relationship of "K" 

to age was determined by arriving at an average "K" value for each 

age group. The results were divided into three categories (Table 

10). 

Again, a difference can be seen between eastern Oregon reser- 

voir crappie and western Oregon farm pond crappie. The condition 
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Table 7. Relationship of length to weight for 465 Oregon black crappie according to one- centmmeter 
total length intervals. 

Total Length 
Interval 
(cm) 

Mean Total 
Length 
(cm) 

No. 

Fish 

Mean 
Weight 
(gms) 

Calculated 
Weight, W = al ' 

(grus j 

9- 9.9 9.7 7 12,5 13.ú 
10-10. 9 10, 6 22 17. 1 18. 1 

11-11, 9 11. 5 62 22. 9 23. 5 

12-12. 9 12. 4 61 29. 3 29. 8 

13-13. 9 13. 3 25 37. 3 37. 3 

14-14.9 14.4 45 51.6 46 9 

15-15, 9 15. 4 46 65. 1 59. 7 

16-16, 9 16. 5 25 80. 1 75.0 
17-17, 9 17. 4 22 88. 7 88. 2 

18-18, 9 18. 4 26 106. 1 105. 0 

19-19, 9 19. 4 26 126. 0 125. Ü 

20-20, 9 20. 5 23 148. 5 149.0 
21-21. 9 21. 5 15 171. 2 173. 0 

22-22, 9 22, 5 18 192. 7 200. 0 

23-23, 9 23. 4 10 214. 8 227. 0 

24-24.9 24. 4 14 295. 3 260. 0 

25-25. 9 25. 5 13 338. 3 295, 0 

26-26. 9 26. 6 3 371. 0 342. 0 

27-27. 9 -- -- -- --- 

28-28. 9 28. 7 2 499.0 436.0 

Table 8. Relationship of length to weight for 300 farm pond black crappie according to on- 
centimeter total length intervals. 

Total Length 
Interval 
(cm) 

Mean Total 
Length 
(cm) 

No. 

Fish 

Mean 
Weight 
(gms) 

Ca -; !,, t 

Weight, W = 

(gms) 

9- 9.9 9,7 7 12,5 12,1 

10-10,9 10.6 22 16.9 16,4 
11-11. 9 11.5 43 22.4 21. 7 

12-12. 9 12. 3 42 27.3 27. 4 

13-13. 9 13.3 20 36.8 35. 8 

14-14, 9 14, 6 35 50, 2 49. 4 

15-15. 9 15, 3 37 67.2 58, 0 

16-16. 9 16, 5 19 83.3 75.2 

17-17. 9 17.3 6 86, 7 88, 5 

18-18, 9 18.6 11 115. 8 114.0 
19-19.9 19,3 17 129,9 11-r9.0 

20-20. 9 20. 5 13 154.2 1.'39.0 

21-21, 9 21,5 14 171, 0 187. 0 

22-22, 9 22. 5 8 186. 1 218.0 
23-23, 9 23. 5 5 222, 8 257. 0 

24-24, 9 24.4 1 286.0 289, 0 

., 

aL 
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Table 9. Relationship of length to weight for 165 reservoir crappie according to one -centimeter 
total length intervals. 

Total Length 
Intervals 
(cm) 

Mean Total 
Length 
(cm) 

No. 

Fish 

Mean Calculated 
Weight Weight, W = aL 

(gins) (gills) 

11 -11.9 
12 -12.9 
13 -13.9 

11.4 
12.5 
13.3 

19 

19 

5 

25.1 
32.6 
39.3 

22.3 
30.3 
37.2 

14-14. 9 14.4 10 52.3 48.0 
15 -15,9 15.5 9 61.7 61.8 
16 -16.9 16.3 6 69.8 73.0 
17 -17.9 17.4 16 88. 7 90. 8 

18 -18.9 18.5 15 107.0 111,0 
19 -19. 9 19.6 9 128.3 134.0 
20 -20, 9 20. 4 10 145.8 153.0 
21 -21, 9 21.3 1 172.0 177.0 
22 -22,9 22.6 10 187. 8 215.0 
23 -23,9 23, 4 S 244.5 245.0 
24-24. 9 24. 5 13 295.3 282.0 
25 -25.9 25.5 13 337.3 321.0 
26 -26.9 26.6 3 371.0 370.0 
27 -27, 9 -- -- -- -- 
28 -28.9 28. 7 2 498.0 599. 0 

Table 10. Average calculated condition factors for black crappie at specific annuli. 

Average Calculated Condition Factor 
Location Age Classes 

II III IV y VI 

Oregon Reservoirs 3. 55 3. 54 3.61 3. 58 4. 21 4.32 
(104) (76) (59) (38) (25) (22) 

Oregon Farm Ponds 2.70 3.17 3.61 3.42 2.90 2.90 
(484) (352) (262) (75) (23) (4) 

Reservoir and Farm 3. 34 3. 39 3, 61 3. 45 4, 13 4.25 
Ponds Combined (588) (428) (321) (113) (48) (26) 

n 

I 
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factors at all ages except for the third year are greater for the reser- 

voir crappie. Kendle (1958) felt that it would be possible to predict 

the average growth of pond fish species in any specific climatic region 

on the basis of average pond temperatures in that region. Kendle 

constructed a graph representing theoretical growth of largemouth 

bass for a particular region by using the rate of digestion for large- 

mouth bass as influenced by temperature in relation to the temperature 

cycle of ponds for that region. He was able to show that areas in 

Oregon having shorter growing seasons than other areas would not 

necessarily produce less fish growth. 

In comparing growth rates of fishes, fishery biologists have 

emphasized three factors affecting rate of growth (Bennett, 1962). 

These factors are 1) the genetic growth potential, 2) a large avail- 

able food supply, and 3) the length of the growing season. Bennett 

feels that all these factors are important but that in the production of 

fish of above average size, the availability of food seems to exceed 

the importance of the growing season length. 

Although temperature may be of prime importance in controlling 

the rate of growth for fishes, it is necessary that food availability be 

considered too. Probably at temperatures where the rate of digestion 

would be highest, the growth efficiency might not be as high as at a 

temperature where the rate of digestion is slower. This brings into 

focus another important point, that of living space or overpopulation. 
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There is an indication that many of the farm ponds sampled in this 

experiment were approaching the point at which standing crops were 

limiting the growth rates of the species present. Reservoir crappie 

probably did not face the latter situation. 

The growth rate difference found between western Oregon and 

eastern Oregon crappie can probably be closely linked with tempera- 

ture and even more important, food availability which itself, is close- 

ly linked with overpopulation. 

The condition factors for the fishes in the experimental ponds 

were computed according to specific age groups. The data from 

ponds V and VI were combined as were the data from ponds VII and 

VIII (Table 11). 

Table 11. Average "K" values at specific ages for the fishes in the two experimental pond 

Pond 
Type 

Species 

I 

Average "K" Values at Specific Ansi-Lli 
Age Classes 

II III IV V VI 

A 

(V and VI) 

B 

(VII and VIII) 

Largemouth 
Bass 

Black Crappie 

Bluegill 

Largemouth 
Bass 

Black Crappie 

2.04 

2.10 

2.26 

3. 52 

3.96 

2.16 

3.62 

2.21 

3.68 

4.13 

2.33 

3.79 

2.19 

3. 43 

4.15 

2.28 

3.81 

2.34 

3.14 

2.29 

3.97 

2.07 

type.... 
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The largemouth bass appear to have closely matching condition 

factors at all ages in the two pond types. This might be expected if 

the bass in all ponds had reached the point at which food or space be- 

came a limiting factor. In ponds V and VI the young bass (ages one 

and two) were possibly competing among themselves because numerous 

small bass were observed during the sampling periods. In all ponds 

the black crappie could be expected to be direct competitors of the 

small bass. Thus, one might assume that the condition of the smaller 

bass would be somewhat alike in all four ponds, both pond types 

balancing each other. Because of the cannibalistic nature of the larger 

bass, I feel that some interaction between the large bass was present. 

One might expect that the condition of the larger bass would be super- 

ior in the three -species pond type because the small bluegills could 

have formed an available food supply. Although crappie and bluegill 

juveniles were observed in both ponds V and VI, bass growth was not 

better in these ponds. Emergent aquatic vegetation may have provided 

the young crappie and bluegill enough cover to prevent heavy bass 

predation. 

There is considerable difference in coefficients of condition 

between the crappie in the two pond types. The crappies in ponds 

VII and VIII were superior in condition at each sampling period to the 

crappies in ponds V and VI. This might be explainable if one made 

the assumption that the primary competitors of the crappie in ponds 
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VII and VIII were the young bass while the crappies in ponds V and 

VI were competing with bluegills as well as small bass. Although 

the young bass populations in ponds VII and VIII were not as dense as 

in ponds V and VI, the number of bluegills more than made up for 

this deficit. 

When considering competition between the fishes in the experi- 

mental ponds for food, one must also consider the fishes' food habits. 

During the summer of 1968, a number of bass, bluegills, and crappies 

were sampled in order to determine the primary food items these 

fish were consuming. Observations were made on the items present 

in the fishes' stomachs and the estimated importance of each item. 

This merely amounted to recording the number of times a particular 

item was found in the stomachs of the fish sampled. 

The 35 bluegills that were sampled ranged in size from 10.8 

centimeters to 21.0 centimeters (TL). The order of importance of 

the food items found was: 1) plant matter, 2) ostracods, 3) snails, 

4) chironomid larvae, 5) Daphnia, and 6) dragonfly nymphs. The 

younger fish fed primarily on plant matter and chironomid larvae 

while the larger bluegills fed on insect larvae and snails. 

The 33 bass sampled ranged in size from 10.0 centimeters to 

34.0 centimeters (TL). The bass up to two years old fed primarily 

on insect larvae while the older fish fed on small fish and adult 

insects. 
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The 43 crappie sampled ranged in size from 10.0 centimeters 

to 24.0 centimeters (TL). The order of importance of the food items 

found was: 1) Daphnia, 2) insect larvae, 3) adult insects, and 4) small 

fish. The larger crappie fed to some extent on the same items as the 

larger bass while the smaller crappies' feeding habits resembled the 

smaller bass quite closely. 

If food is the limiting factor in the four experimental ponds, 

then competition can be assumed to have occurred. If this was the 

case, it is my belief that the crappies were adequately competing 

with the bass in the two- species pond type but were not adequately 

competing with the bluegills in the second pond type. If fewer blue - 

gills had been stocked, the crappies would have probably done better, 

at least for several years. 

The larger bass present an entirely different problem. It is 

unlikely that food was limiting the bass growth. Food availability 

might prove to be the answer if the adult bass were exhibiting ter- 

ritoriality. The numbers of bass in the four ponds would limit the 

size of the territories that could be displayed by the adults. 

Experimental Fishing 

Two analyses were conducted on the experimental fishing data, 

both involved a randomized block design. An analysis of variance 

was conducted on the data in both cases, testing four variables for 
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significance: 1) pond effect on fishing success, 2) bait effect on fish- 

ing success, 3) time of day effect, and 4) seasonal effect. Pond effect 

and bait effect were easily tested but the time of day and seasonal 

effects presented problems. 

Because the bait had been alternated per session, the afternoon 

session's bait type never coincided with the bait type used in the morn- 

ing or late afternoon. Fishing success in the morning and late after- 

noon could be compared but no statistical comparisons with early 

afternoon fishing could be made except for numbers caught. No sig- 

nificant difference was found between morning and late afternoon 

fishing success. The fishing success was superior from noon onward 

but involved two sessions and no valie comparisons can be made. 

A decrease in fishing success was evident (Figure 14, 15, and 16) 

for the crappies and bluegills, but whether this was a true seasonal 

effect or the effect of fishing the same body of water over and over 

again is not clear. In experiments conducted by Hansen(1963), the fish- 

ing success under similar conditions was initially high but decreased 

with time. His work covered a shorter period and the fish were not 

always returned to their respective ponds. The fish in this experi- 

ment were considered recatchable and any decrease in fishing 

success was not attributed to a depletion of the fish populations. The 

largemouth bass were highly recatchable; the crappies and bluegills 

did not appear to be as recatchable, but numbers, alone, might 
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help explain this (Table 12). 

Table 12. Comparison of the recatchability of the bass, crappies, 
and bluegills in ponds V, VI, VII, and VIII. 

Pond 
No. 

Specie s Total 
Caught 

Recaptures Included 
in Total 

No. Ufo 

LMB 33 6 18.20 
V BG 58 0 0.00 

BC 15 2 13.30 

LMB 43 14 32.60 
VI BG 39 1 2.56 

BC 2 0 0.00 

VII LMB 36 13 36.10 
BC 47 2 4.25 

VIII 
LMB 30 8 26.60 
BC 42 2 4.76 

A high seasonal effect can be observed for bluegill sunfish in 

ponds V and VI. Fishing success for bass and crappies in these 

ponds did not show much of a seasonal decrease, but in ponds VII 

and VIII a pronounced seasonal effect was evident. No correlation 

could be found between either dissolved oxygen or water 

temperature and fishing success. The seasonal decrease in 

fishing success could be linked with variables such as food availability 

or fish behavior. 

The total effort exerted on each pond was 21 hours or 42 hours 

per pond type. Pond type A involved the three-species ponds and 
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pond type B, the crappie -bass ponds. Pond type A produced 190 

fish (4. 53 fish /hour) and pond type B produced 155 fish (3. 69 fish/ 

hour). The fishing success for black crappie was significantly greater 

in pond type B than in pond type A (Table 13). The bass fishing suc- 

cess was not significantly greater in either of the pond types. Blue - 

gill fishing success was nearly identical in both ponds V and VI. 

Table 13. The pond effect or the fishing success for .ha.;, bluegills, and crag -Dies lu the 
exne_i ue. -`Al ponds., 

Est-rna,ted C z_tfcal 

Variance t- value 

Between Pond Type (10% 

Mea-_s Degroes of Menas Calculated S_g,-'r1:32^_ce 

Species A and B A B t Level) 

Líhlß 0.02300 42 .213 .182 -r49.936 1.645 

BC, 0.00171 20 .060 
.062 -0.162 

BC 0,00135 42 .034 , 102 -8.481 1.645 

The bait effect on fishing success was tested for each species 

and for each fishing session. A significant effect of bait upon fishing 

success was found foc both crappies and bluegills for the late a:''ter- 

noon fishing session (Table 14). The bait preferred at this time was 

natural bait. The bass appeared to favor artificial bait while the 

crappies and bluegills favored natural bait. Hansen (1963) found 

that artificial bait was preferred by bass although angle worms 

proved to be the most effective bait when bass and bluegills were 

considered together. 

Freedom 
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Table 14, The bait effect on the fishing success for bass, bluegills, and crappies in the 
experimental ponds. 

Estimated Critical 
Variance -valve 
Between (10% 

Fishing Degrees of Calculated Significance 
Species Sessions Freedom Time t Level) 

Morning 0.715 1.645 
LMB 0,02316 60 Afternoon 0.018 1.645 

Late Afternoon 0.482 1.645 

Morning -0.479 1, 725 

BC 0,00171 20 Afternoon -0.192 1.725 
Late Afternoon -2.525 1.725 

Morning -0.298 1.645 
BC 0.00791 60 Afternoon -1.177 1.645 

Mid Afternoon -1.802 1.645 

The variables Hansen found very difficult to consider were 

the fishermen. Hansen's fishermen were never fishing the same 

pond together. Since the fishermen were not equally effective it 

was difficult to determine the effect one fisherman had on a pond before 

another fisherman replaced him. In this experiment the four fisher- 

men fished a particular pond together which eliminated some fisher- 

man variability. The relative effectiveness of each fisherman was 

similar. The four fisherman caught 66, 89, 89, and 71 fish. In 

the analysis of the data the fishermen were collectively thought of as 

one. 
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RECOMMENDATIONS 

The black crappie -largemouth bass combination can be recom- 

mended for ponds less than one acre in size. Experiments in one - 

half acre ponds have shown that this combination is superior to large- 

mouth bass -bluegill sunfish combinations on the basis of biomass of 

crappie and bass maintained. The crappie proved to be easily caught, 

increased in weight quite rapidly, and reproduced adequately with no 

sign of overpopulation. Fifty to 60 two -to- three -year old bass per 

acre and 200 to 250 yearling crappie per acre is a stocking rate 

that can be tentatively recommended. Easily removable brush should 

be placed in the pond to provide minimum cover for the crappies. 

Although the largemouth bass -bluegill sunfish -black crappie 

combination was not considered to be as successful as the crappie - 

bass association experimentally, because of the abundance of blue - 

gills, this combination was observed to be successful in ponds larger 

than one acre and can be recommended for large ponds on a trial 

basis. 

If fish larger than the average size obtained in this research 

are desired, the pond should be an acre or larger in size. Aquatic 

weed control through pond fertilization is necessary to insure good 

results over a period of years. 

Because of the short time span of this study, more experimental 
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work should be conducted using largemouth bass -bluegill sunfish - 

black crappie and largemouth bass -black crappie combinations to 

determine what long range effects these associations might produce 

and what better stocking ratios can be used. 
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