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ABSTRACT 

Many researchers have suggested, from empirical 

observations, that white crappie are more tolerant than 

black crappie of turbid conditions. From a comparison of 

the life histories of both species, it appears that if such 

a difference does exist, it is most likely related to 

feeding behavior. This study was designed to determine if 

one species is better able than the other to detect and 

ingest prey under conditions of high turbidity. There was 

no statistically significant difference between the 

abilities of the two species to ingest Daphnia pulex at 

turbidities as high as 80 and 160 Nepholometer Turbidity 

Units (NTU's). If turbidity does limit the distribution of 

black crappie, this limitation is very unlikely to be 

related to prey detection in turbid water. 
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INTRODUCTION 

Turbidity restricts the vision of sight feeding fish 

because light penetration is reduced in relation to the 

amount of matter in suspension (Vinyard and O'Brien, 1976; 

Gardner, 1981). If the particle size of the suspended matter 

is small, such as fine clay or silt, the matter may remain 

suspended for a long period of time, causing a condition of 

long-lasting turbidity {Hollis, 1964). 

Reports of conditions of long-term turbidity in 

lakes, ponds, and reservoirs in the United States are 

widespread. They include such widely separated areas as 

Isabella Reservoir, California (Goodson, 1966) , John Redmond 

Reservoir, Kansas {Funk and Ransom, 1977), McMinnville 

Reservoir, Tennessee (Parsons, 1954), and Lewis and Clark 

and Kampeska Reservoirs, South Dakota (Schmulbach, 1967; 

Benson and Cowell, 1968). Wallen (1955) states that out of 

353 ponds sampled in Oklahoma, 239 were turbid. In Arizona, 

consistently high turbidity in Lyman Lake is believed to be 

the major factor limiting primary production and 

subsequently causing the marginal fishery in this reservoir 

(Tash and Ziebell, 1979). 

Turbidity decreases the visual acuity of sight 

feeding fish by causing a reduction in the reactive distance 

(the greatest distance at which a fish can locate prey). 

1 



2 

Turbidity affects the reactive distance by changing both the 

contrast between the prey and its background, and the 

extinction coefficent of the water (Wright and O'Brien, 

1980). Vinyard and O'Brien (1976) stated that when the 

reactive distance is reduced by conditions of low light or 

high turbidity, the chance for escape, especially for 

rapidly swimming prey, is greatly increased. Thus, only 

sight-feeding species whose visual acuity is not greatly 

impaired by turbidity and are therefore able to maintain an 

adequate feeding rate for growth and reproduction will be 

successful in turbid ponds or reservoirs. 

Researchers since the late 1950*3 have suggested 

that white crappie (Pomoxis annularis) are well suited to 

conditions of high turbidity and are able to live and 

reproduce in turbid waters; however, black crappie (Pomoxis 

nigromaculatus) are not thought to be nearly as tolerant as 

white crappie of conditions of high turbidity (Hall et. al., 

1954? Buck, 1956; Goodson, 1966). No explanation has been 

offered why two such closely related species should differ 

so greatly in their tolerances of turbid conditions. 

Stocking decisions have been based on this assumption 

(Goodson, 1966) and even the U.S. Fish and Wildlife Service 

Habitat Suitability Index Models (Edwards et al., 1982a; 

Edwards et al., 1982b) reflect this relationship. 
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Since both white and black crappie are primarily 

zooplankton feeders as juveniles and may continue to feed on 

plankton throughout their life cycles (Mathur and Robbins, 

1978), turbid conditions may affect their ability to feed. 

O'Brien (1979) showed that the rate of reduction in reactive 

distance to 2-mm Daphnia under conditions of decreasing 

JAght intensity is highly variable between fish species, 

even between such closely related species as bluegill 

(Lepomis macrochirus) and white crappie. Eggers (1977) 

suggested that the effect of light intensity upon the 

reactive distance of a predator is related to the foraging 

swimming speed of the predator and the innate ability of the 

predator to discern contrast. If this ability to discern 

contrast under turbid conditions is greater for white 

crappie than black crappie, then white crappie may be more 

effective at feeding and surviving in a turbid reservoir. 

There has been no experimental evidence, however, to 

suggest that white crappie are more effective than black 

crappie at feeding under turbid conditions. The purpose of 

this experiment was to test the null hypothesis that black 

crappie and white crappie feed at similar rates under the 

same conditions of turbidity. 



METHODS AND MATERIALS 

Black crappie were obtained from The Colorado 

Cooperative Fishery Research Unit in Ft. Collins, Colorado 

and white crappie were acquired from Hartley Fish Farms near 

Kingman, Kansas. All fish were flown to Tucson and were 

held at the Cooperative Fishery Research Unit's laboratory 

at the University of Arizona. Both species were allowed to 

acclimate to laboratory conditions for four weeks prior to 

testing. The size, range of the fish was 10-15 cm. 

Daphnia pulex was cultured in a 2.2 m x 2.2 mx lm 

pond, adjacent to the laboratory, for use as prey in the 

feeding experiments. Yeast was added to the pond daily to 

sustain a large population. 

Turbid water was collected from a pond north of 

Tucson. The water was chlorinated to remove potential 

pathogens and then the • chlorine was allowed to dissipate # 

before the water was put in the experimental tank. 

Turbidity was measured with a Hach Model 2100A Turbidimeter 

to within _+ 0.5 Nepholometer Turbidity Units (NTU's). The 

turbidity of the pond water was 160 NTU's, the highest 

turbidity level used in the tests. A low turbidity level of 

80 NTU's was created by mixing one part pond water with one 

part dechlorinated tap water. Clear, dechlorinated tap 

water was used as the control. 

4 



5 

Feeding experiments were done in a 1.83 m x .55 m x 

.25 m aquarium, containing .25 m^ of water. The aquarium 

was located in an observation chamber, 4 m x 1.5 m, 

surrounded by a sheet of black polyethylene with a small 

observation window. Light intensity was kept constant with 

two 40 watt fluorescent bulbs directly over the tank. 

Temperature and pH were measured in the experimental 

aquarium and holding tanks periodically to ensure there had 

been no change in water quality. 

Five crappie of one species were selected at random 

from the holding tank, placed in the aquarium and allowed to 

adjust to experimental conditions. This normally required a 

minimum of 4 hours. The fish were not fed for 24 hours 

prior to the experiments. Daphnia were collected with a 1 

mm mesh size net. Daphnia in the size range of 2.0 mm-

2.5 mm were retained by the net and a volumetric measure, 

which was determined from preliminary tests to be 

equivalent to 1226 _+ 47 organisms was used to bring the 

density to 5/liter in the experimental aquarium. The 

accuracy of this estimate was tested periodically throughout 

the feeding trials. 

After the Daphnia were placed in the experimental 

aquarium, the fish were allowed to feed for 10 minutes. At 

the end of this period, the fish were removed and their 

stomachs were flushed with water from a 500 ml squeeze 
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bottle with a 3.5-mm diameter, 35-cm long teflon tube that 

was attached to the spout. The ingested Daphnia were then 

collected and counted. This procedure was repeated three 

times for both species in the clear water and at each 

turbidity level. A two way analysis of variance (ANOVA) was 

used to test for differences in feeding rates between 

species under different levels of turbidity. 



RESULTS 

The initial analysis of variance tested for 

differences in feeding rates of white and black crappie at 

three levels of turbidity. Feeding rates were significantly 

different between species (p <0.05) and between turbidity 

levels {p <0.01) (Table 1) . There was also a significant 

(p <0.01) species-turbidity interaction. Anytime there is 

significant interaction in an analysis of variance, the 

reported significance for the main effects becomes 

relatively meaningless. In this case, the significant 

interaction confuses the relationship between turbidity and 

feeding rate and is largely due to the low rate at which the 

white crappie fed in the clear water {Fig. 1). In the clear 

water, under the fluorescent lights, the white crappie were 

very "skittish" and did not truly acclimate and feed. They 

did not exhibit "normal" feeding behavior compared to 

preliminary observations in their holding tanks. The 

feeding rates in the clear water were very erratic among 

individual fish, while the rates were much more consistent 

among the white crappie at the higher turbidity levels 

(Table 2). 

Since the clear water tests were not an accurate 

representation of the natural feeding ability of white 

crappie, a second analysis of variance was performed on the 

7 
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Table 1. ANOVA for all three turbidity levels. 

SOURCE df SS MS F Sig. 

Species(S) 1 27,283.21 27,283. 21 5 .92 p<0 .05 

Turbid(T) 2 70,277.42 35,138. 71 7 .62 p<0.01 

ST 2 52,531.83 26,265. 91 5 .70 p<0.01 

Error 85 391,898.93 4,610. 58 

/ 

Total 90 541,991.39 
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Figure 1. Feeding rates of v/hite crappie ana black crappie 
at three turbidity levels (Nepholoneter Turbidity 
Units), 



10 

Table 2. Number of Daphnia pulex eaten by individual fish 
per 10-minute trial. 

CLEAR WATER 

Black crappie White crappie 
120 194 3 89 
191 115 6 112 
160 234 50 34 
38 109 0 24 

194 120 194 17 
135 258 4 10 
223 92 105 28 

72 40 

80 NTU 
184 
164 
119 
239 
129 
85 

350 

173 
162 
238 
132 
169 
44 

131 
185 

229 
118 
129 
221 
55 
262 
210 

211 
179 
142 
134 
210 
111 
124 
42 

160 NTU 
232 
260 
13 
83 

197 
85 

280 

104 
1 
4 

116 
12 
21 

134 
45 

69 
118 
148 
146 
124 
58 

129 

171 
201 
104 
40 
97 

130 
121 
30 
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feeding rate data from the 80 NTU and the 160 NTU tests, 

excluding the clear water tests (Table 3). From this 

analysis, there was no significant difference (p > 0.05) in 

the feeding rates between species nor between turbidity 

levels. There was also no significant species-turbidity 

interaction. 



Table 3. ANOVA on data from 80 NTU and 160 NTU trials. 

Source df SS MS F Sig. 

Species(S) 1 13, .07 13. .07 .0025 P>-.50 

Turbid(T) 1 43, P094, .4 4,309. .4 .838 P>-

in C
M
 

ST 1 851. .26 851. .26 .165 p>. 

o
 

in 

Error 57 293, r 260 . .67 5,144. .92 

Total 60 337,219.4 



DISCUSSION 

The feeding rates of the white and black crappie were 

very similar even at turbidities as high as 160 NTU' s. 

Therefore, the hypothesis of no significant difference 

between the feeding rates of these two species under 

conditions of high turbidity could not be rejected,. 

Graphically, there appears to be a reduction in the feeding 

rates of both species at 160 NTU's (Figure 1). This is not 

a statistically significant difference (p >.25), however. 

Even at 160 NTU's,- both species are capable of seeing prey 

organisms and feeding at a relatively high rate. While 

turbidity was too high in these tests for reactive distance 

to be determined, the results indicated that the reactive 

distances of both species were affected equally by high 

turbidity. The black crappie were no less capable than the 

white crappie of feeding under turbid conditions. These 

results do not necessarily indicate that black crappie are 

as successful as white crappie at living and reproducing in 

turbid water. If there is a difference between the 

tolerances of these two species to conditions of high 

turbidity as suggested by Hall et al. (1954), Buck (1956) 

and Goodson (19 66) , and the HSI Models are accurate, the 

13 
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difference is due to some factor other than the abilities of 

these two species to see and feed on 2ooplankton under 

conditions of high turbidity and reduced visibility. 

Some researchers report they have observed no 

obvious predominance of one species over the other in the 

turbid waters in their study areas (Hansen, 1951; Carver, 

1966; Ball and Kilambi, 1973). There is evidence which 

shows that black crappie, in the absence of white crappie, 

are capable of doing well in a turbid lake. Lyman Lake in 

Northeastern Arizona is a highly turbid lake with secchi 
* 

disk readings ranging from 17 cm to 90 cm (Tash and Ziebell, 

1979). In 1978, 20,000 fingerling black crappie were 

stocked into this lake in an attempt to improve the game 

fishery. Now, black crappie are second only to channel 

catfish as the most important game species in the lake. The 

average size of the black crappie, estimated from population 

samples and creel census summaries, was 19.65 cm. (James 

Novy, Arizona Game and Fish Department, pers. comm.). Since 

there are no white crappie in this lake, no comparisons 

between the two species can be made. It is apparent, 

however, that the black crappie in this particular turbid 

lake are capable of growth. 

Because the life histories of the black and white 

crappie are so similar, it is difficult to isolate the 

factor or factors that differentiate why turbidity may 

affect one species more greatly than the other when both 
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exist together in a turbid pond or lake. It is not 

apparent that turbidity would directly affect the abundance 

of food organisms of one species more greatly than the 

other, since both black and white crappie are opportunistic 

and are able to eat a variety of food organisms (Reid, 1950? 

Hall et al., 1954; Beers and McConnell, 1966; Keast, 1968; 

Mathur and Robbins, 1978; Wright and O'Brien, 1980). 

It is probable that if turbidity affects the growth 

or reproduction of one species more greatly than the other, 

the relationship is much more subtle and complex than a 

straightforward difference in feeding rate. Ball and 

Kilambi (1973) who did research on the feeding ecology of 

the black and white crappie in Beaver Reservoir in Arkansas 

found that black crappie predominated over white crappie 

during the early impoundment of the reservoir, but 7 years 

later, white crappie were more abundant than black crappie. 

They believed that this change was associated with the 

deterioration of the terrestrial vegetation which was 

flooded during impoundment. They believed that for some 

reason, this vegetation was more important to the black 

crappie than to the white crappie, since the black crappie 

were more frequently found in the flooded vegetation than 

were the white crappie. This may be similar to what occurs 

in turbid ponds and reservoirs, where decreased light 

penetration results in decreased vegetation. If the 
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vegetation is for some reason much more critical to the life 

history of the black crappie than the white crappie, then 

perhaps the white crappie will predominate under conditions 

of high turbidity. 

Many questions have developed from this study, which 

can only be answered with further research. More in-depth 

research on the behavior of these two species may shed light 

on some of these questions. Not only would further research 

aid in more accurate management decisions in the stocking of 

turbid ponds and reservoirs, but it may increase our 

understanding of the mechanisms which two such closely 

related species have evolved so they can coexist, and in 

which habitats these mechanisms may not be useful. 

The statements by Hall et al. {1954), Buck (1956) , 

and Goodson (1966) that white crappie are more tolerant than 

black crappie of conditions of high turbidity are based only 

on empirical observations, and no research has been 

conducted to test the authenticity of these claims. Fishery 

biologists need more specific answers if they are expected 

to manage lakes and develop crappie fisheries to their 

maximum potentials. 
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