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SIGLER ET AL. 

placed in channels. 

Mean Mean 

at fish released 
Enier- end 

Test (duration) 

f e s t l ( 1 4 d a v s )  . . 

Clear water 299 180 32 30.2 0.25 41.3 0.69 0 .79 ,  0.027 5.3 3.9 
Clear water 

, Test 3 (14 days) 
Turbid water (167) 110 71 0 31.4 0.?9 
Turbid water (241) . 110 61 0 31.4 0.29 

Turbid water (265) - 160 ,121 1 27.3 0.29 29.0 0.20 0.12 ' 0.003 0.2 0.0 

Turbid water (77) 190 90 40 29.9 0.25 35.8 0.98 0.42 0.009 6.7 2.5 
Turbid water (57) 130 103 33 29.9 0.25 36.3 0.98 0.46 0.009 5.5 2.1 

Test 6 (2 1 days) 
Clear water 
Turbid water (80) 110 68 24 98.2 0.44 45.8 0.77 0.36 0.016 4.0 3.1 

Clear water 120 102 6 31.5 0.26 36.8 0.40 0.53 0.014 1 . 0 ,  0.4 
Turbid water (5 1) 120 96 , 2 31.5 0.26 34.0 0.26 0.25 0.000 0.9 0.1 

Turbid water (59) 

' NTU = nephelometric turbidity unit. 

r2 = 0.926). We first created turbidities of 100- veniles were from Dworshak National Fish 
300 NTUs, 'but fish either left the channels or Hatchery, Ahsahka, Idaho, and coho salmon 

tests.to determine interspecific differences in .  the first fish were introduced. Initial mean 





' OCLEAR WATER OCLEAR WATER 

.upprr and lower racmaj  channels with clear and turbid F I C U R ~  3.-Densities at end of tests with coho salmon in 
oval channels ,with clear and turbid water, 1979. 

Results 
channels. Traps that fish could ,enter to leave . , Steelhead . 

Oval Channels 
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TABLE 3.-Results of turbidity tests with coho salmon in tzo oval channels, 1979. Beginning mean weights and lcizgth' : ,  

n n  based on a separate sample of 25fish taken at timefish were placed in channels. . I , :  ,. 

Re- Mean 

Clear water 130 70 ' 55 38.6 0.46 0.37 0.007" 9.2 4.2 : 
Turbid water (86) " 130 91 3 35.7 0.30 0.16 -0.005 0.5 0.2 

TCSC 2 (1 3 days) 37.1 0.40 
Clear water 160 105 41 42.0 0.57 0.38 0.013 7.0 4.0 
Turbid water (45) 160 136 16 40.6 0.49 0.27 0.007 2.7 ' 1.3 

Test 3 (1 1 days) 42.4 0.53 . . .-., 
Clear water 140 118 21 46.3 , 0.75 0.36 0.020 9.5 2.6 -.c 

Turbid water (22) 120 104. 16 , 44.1 0.65 0.16 , 0.011 2.7 1.7 

Test 4 (14 days) 45.2 0.77 
Clear water 120 71 44 49.6 0.94 0.31 , 0.006 7.3 6.9' , , 
Turbid water (31) , 120 73 39 48.5 0.87 0.24 0.01 1 6.5 5.6 

T e s ~  5 (15 days) 41.1 0.5i 
120 86 ' 32 45.4 0.70 0.31 0.009 ' 5.3 3.7 Clear water 

Turbid water (23) 120 67 40 42.0 0.58 , 0.13 0.000 6.7 3.9 

after 14 days. In test 2, with a mean turbidity for the turbid water channel in test 9. ~ecause  . ' I  
::! 

I (  

of 143 NTUs in one channel, we removed 35 of the small number'of fish at the end of thei , ,, , , i 
fish at the end of the test. We then tested much ' tests, comparisons of fish. growth between clear, . I! . 
lower turbidities (57 and 77 NTUs) in test 5 and turbid water channels are of limited value. . , 

ind found that small fish could survive in those There 'is some evidence of slower growth of . . !: 

In the channels. In all subsequent tests, mean 
turbidities were less than 86 NTUs. Raceway Channels 

We then conducted one additional test in 1978 Four tests of steelhead growth versus turbid- 
with steelheads to compare growth of fish in ity were conducted in the raceway channels in 1: 

turbid versus clean water (test 6, Table 1). Of 1979 (Table 2). In all tests, more fish stayed in I 

with clear water and 24 from the one with cur- fish remaining in each channel somewhat de; 
bid water (80 NTUs). Density at the end of the pended on the number and size of fish released: a I 

of the fish were not sGnificantly different be- test were larger when larger numbers or  larger: ! I! 
! 

theen. channels. size fish were released. ' ! !  
I 

In 1979, we conducted four turbidity-versk- Steelheads that stayed in the clear-water 
growth tests with steelheads in the oval channels channels were consistently larger than fish in 
(tests 7-10, Table 1). In all four tests, the num- the turbid-water channels and they grew at fast: ! j 





TABLE 4.-ResuLts of turbiditj tests with coho salmon in four raceway channels, 1979. Beginning mean weights and 

Enter- end 
Test (duration) 

Turbidity (NTUs)' 

Test 1 (14 days) 
Clear water 

41.9 0.75 0.49 0.022 7.3 5.5 
. 135 26 98 , 41.5 0.73 0.45 0.020 4.1 '2.5 

Turbid water (1 1-32) 
Upper channel 914 45 86 

135 48 7 6  Lower channel 

Test 2 (3 1 days) 38.2 0.52 . 
Clear water 

53.8 1.76 0.50 0.040 15.8 27.7 Upper channel 
Lower channel 187 15 161 57.0 2.07 0.61 0.050 12.7 15.0' 

Turbid water (41) 
Upper channel 600 ,215 266 47.5 1.18 0.29 0.021 6.6 13.7 
Lower channel 188 60 128 49.0 1.30 0.35 0.025 5.3 7.0 

Test 3 (21 days) 37.2 0.45 
Clear water 

Upper channel 900 19 761 
Lower channel 400 20 314 

Turbid water (49) 
1,000 . 347 578 

400 159 284 



emigrate to downstream waters or perish. Those 
that did emigrate after rearing in turbid water 
would be smaller than downstream cohorts 
reared in clear water and probably less able to 
compete for living space. Because the outcome 
of aggressive encounters usually is decided by 
size (Chapman 1962), survival to smolt for such 
emigrants would probably be reduced. 

The hlgher rate of emigration by fish in tur- 
bid water is in contrast to  the findings of Noggle 
(1978). He found a strong tendency for fish to 
stay In the~r  initial territory when exposed for 
short periods to turbid water rather than leave, 
even when a less adverse condition (clear water) 

. was accessible. Noggle's fish were larger than 
those in our tests and may have been better able 
to handle stress from turbid water. 

In our study, gill-tissue damage was not readi- 
ly observable in any of the fish examined until 
after 9 to 5 days of exposure to the test turbid- 
ities. Herbert and Merkens (1 96 1) observed gill- 
epithelial thickening in six fish exposed for sev- 
eral weeks to 270 to 8 10 mg/liter diatomaceous 
earth, yet one fish surviving in 810 mg/liter 
had normal gills. Other studies cited by Noggle 
(1978) reported no damage to gills of fish ex- 
posed to high concentrations of the type of sed- 
iment used in our studies. 

In our studies, as little as 25 NTUs of tur- 
bidity caused a reduction in fish growth. The  
slower growth, presumably from a reduced ahil- 
ity to feed, could be related to a mechanism 
more complex than inability to see prey (such 
as insufficient light). Brett and Groot (1963) re- 
ported that Pacific salmon could feed at light 
levels equivalent to Xo0 of bright moonlight 
(0.001 lux), much darker than in our turbid- 
watei channels. Quality of light may be a factor. 
Large amounts of suspended particles may in- 

1 
tercept the wavelengths used by fish, thereby 
reducing their ability to see and secure food. 
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Increased pressures on o u  
and concern for the enviro 
past couple of decades has 1 
history work to the forefron 
management and impact-asse 
Studies related to siting and i 
fossil-fueled, and hydroelect 
have become particularly pro 
land and coastal waters. Coup1 
in early-life-history work has k 
of information. Still, our know 
life history of fish generally lag 
of adults. Much potentially v 
tion may be buried forever i n  
dustry, and consulting-" 

A series of annual lar 
evolved in response to t 
and effective exchange! 1 

!?,/ 
promote interaction an r"\ researchers. Beginning , 1 
water-oriented symposi \I 
power industry in 1975 
grown to become major 
encompassing nearly all 
tory work. Each succes: 

I ganized conference has 
I of the past and expand 

j and contributions of its p a n i c i ~  
The Early Life History Sectio 

I I ican Fisheries Society has assume 

/ coordinating role with these cl 
* 

advisory committee of present, f ! Lure conference chairmen assur 
i of well-organized annual confere 
1 conference, the eighth, will be I 

1984 in conjunction with an Inte 
I posium on the Early Life Histo 

Vancouver, British Columbia. 7 
ference is scheduled for Port A 
and the tenth for Miami, Florid 

The Seventh Annual Larval F 
I 

was hosted by the Larval Fish I. 
I Department of Fishery and Wilt 
i Colorado State University, 16-1 C 

The number and variety of paF 
Subjects~discussed, and materials 
worked with during .this confe: 
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