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PREFACE 

In October 1985, the US Army Engineer Waterways Experiment Station (WES) 

initiated a multiyear study on the envJronmental effects of navigation traffic 

in large waterways. This work was part of the Environmental Impact Research 

Program (EIRP), sponsored by Headquarters, US Army Corps of Engineers 

(HQUSACE). Funds for selected laboratory studies were provided by the US Army 

Engineer District, Louisville, and under Work Unit 32393. Technical Monitors 

were Dr. John Bushman, Hr. David P. Buelow, and Mr. Dave Mathis of HQUSACE. 

This report was prepared by Dr. William D. Pearson of the University of 

Louisville, Louisville, KY, and Mr. K. Jack Killgore, Dr. Barry S. Payne, and 

Dr. Andrew C. Miller, of the Aquatic Habitat Group (AHG), Environmental 

Laboratory (EL), WES. Mr. Edwin A. Theriot was Chief, AHG, and Dr. Conrad J. 

Kirby was Chief, Environmental Resources Division, EL. Dr. John Harrison was 

Chief, EL. Dr. Roger T. Saucier, EL, was EIRP Program Manager. This report 

was edited by Ms. Lee T. Byrne, Information Technology Laboratory, WES. 

Acting Commander and Director of WES during preparation of this report 

was LTC Jack R. Stephens, EN. Technical Director was Dr. Robert W. Whalin. 

This report should be cited as follows: 

Pearson, William D., Killgore, K. Jack, Payne, Barry S., and Miller, 
Andrew C. 1989. "Environmental Effects of Navigation Traffic: Studies 
on Fish Eggs and Larvae," Technical Report EL-89-15, US Army Engineer 
Waterways Experiment Station, Vicksburg, MS. 
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ENVIRONMENTAL EFFECTS OF NAVIGATION TRAFFIC: 

STUDIES ON FISH EGGS AND LARVAE 

PART I: INTRODUCTION 

Importance of Fishes in Large Rivers 

1. The Mississippi River and its major tributaries (the Ohio and Mis
souri Rivers) have drained the midwest and southeastern portion of North 

America for nearly 200 million years. The fishes of this large system have, 
therefore, had a very long time to evolve, diversify, fill specialized niches, 
and adapt to many climatic changes. Consequently, these large rivers contain 
diverse fish faunas (i.e. 147 species in the upper Mississippi and 159 species 
in the Ohio) and many ancient or relic forms (e.g. sturgeons, paddlefish, 
gars, lampreys, blue suckers) (Pearson and Krumholz 1984, Pitlo 1987). Many 
of the fishes are endemic to this large system (e.g. paddlefish, spotted and 
shortnose gars, pallid sturgeon, mooneyes, blue catfish, blue sucker, river 
carpsucker, black redhorse, buffalo, and several sunfishes and darters). 
Although none of the above are considered endangered or threatened by the 
US Fish and Wildlife Service (USFWS), several species are so listed by the 

individual states along the rivers. 

2. This magnificent assemblage of native fishes has its own worth as an 
integral part of the geologic and biologic history of the continent. However, 
these fishes are also important to humans as sources of food and recreation. 
The commercial fisheries of the upper Mississippi River (based primarily upon 
catfish, freshwater drum, common carp, and buffalo) have remained relatively 
stable over the past several decades at an annual value of about $1 million 
(Rasmussen 1979). The commercial fisheries of the Ohio River were estimated 

at about $410,000 in 1958 (Ohio River Valley Water Sanitation Commission 

(ORSANCO) 1962), and with the subsequent improved water quality and the advent 

of the paddlefish roe fishery, the value has probably at least doubled. 

3. The value of recreational fisheries in these rivers far exceeds the 

value of the commercial fisheries. The upper Mississippi River sport fish
eries have been estimated to have an annual value of $11 million (Nielsen, 
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Sheehan, and Orth 1986), while just the 277 miles of the Ohio River adjacent 

to West Virginia supported 652,000 hr of recreational fishing (291,000 fish 

taken) in 1981 (Pierce, Stihler, and Cheek 1983). The principal sport fishes 

are sunfishes, basses, and crappies (Centrarchidae), sauger and walleye, 

channel catfish, freshwater drum, common carp, and white bass. Although a few 

introduced species (i.e. the common carp and the striped bass) have entered 

the fisheries, the emphasis in management plans should always be on the native 

riverine species, particularly those unique to the system. 

4. Riverine fishes are an integral part of these systems (Eckblad 1986, 

Jahn and Anderson 1986). They have a role in the trophic relations of the 

riverine system, and they also become involved in the food web of the sur

rounding terrestrial system when eaten by birds, mammals, and other terres

trials. Fishes are necessary hosts for the glochidia of many freshwater 

mussels. 

5. Finally, fishes and fish populations serve an important function as 

continuous, integrating water quality monitors. The navigable inland water

ways also serve as the drinking water source for millions of people and sup

port many water contact recreational activities for these same people. Since 

the implementation of the Clean Water Act of 1972, many of the largest point 

sources of pollution have been reduced or eliminated throughout these large 

river systems, and water quality has improved in many areas. Although many 

governmental agencies monitor specific pollutants at discrete intervals and 

locations, it is not possible to monitor every pollutant continuously at every 

location of interest. Thus, it may be the fish community of a big river that 

best reflects the overall quality of the aquatic environment. Measures of 

diversity in the community, the density and age structure of the populations, 

and the growth, condition, and accumulations of contaminants observed in indi

viduals provide a most comprehensive battery of biomonitors of river condi

tions. Rosenthal and Alderdice (1976) pointed out that many environmental 

changes (including the addition of pollutants), while not severe enough to 

cause direct mortality, do nevertheless reduce the survival of the organism at 

a later stage as a consequence of cumulative environmental stresses. The 

effects of these sublethal changes or contaminants may never be recognized at 

the individual level, but may be expressed only at the population or community 

level, often when it is too late to react. 
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Purpose and Scope 

6. The purpose of this report is to discuss the environmental impacts 

of commercial navigation traffic on early life stages of freshwater fishes. 

Results of laboratory studies on effects of turbulence and elevated suspended 

sediments on fish eggs and larvae will be summarized. This report will pro

vide information that can be used by biologists and planners to evaluate 

effects of navigation traffic and to design and conduct studies that deal with 

effects of traffic on fishes. 
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PART II: EFFECTS OF COMMERCIAL TRAFFIC ON FISHES--A REVIEW 

Background 

7. Fishermen have often observed and fishery biologists have reported 

the occasional occurrence of strong year classes in exploited populations. 

The cause of these strong year classes has been sought by managers anxious to 

increase the number of harvestable-size fishes. Hjort (1926) used the term 

"critical period" to refer to that short period in the early life history of a 

cohort when the future strength of that generation was actually "set." May 

(1974) reviewed the suggested causal mechanisms behind the setting of year 

class strength and concluded that time of switching over from endogenous to 

exogenous energy sources was a critical period for many fish larvae. If the 

larval fish does not quickly begin to feed on suitable prey when its internal 

energy stores are exhausted soon after hatching, it may rapidly weaken and 

die, either directly through starvation or through reduced resistance to pre

dation, disease, or associated mortality factors (Lasker 1975; Ware 1975; 

Hunter 1976; Kashuba and Matthews 1984; Malhotra and Munshi 1985; Chesney 

1986; Rice, Crowder, and Binkowski 1987). Natural perturbations in the physi

cal environment (i.e. currents and temperature) have determined larval sur

vivorship in some fishes (i.e. Pacific whiting (Bailey and Francis 1985) and 

freshwater drum (Butler 1965)), and current ecological theory often holds that 

populations subject to severe environmental oscillations should not be 

expected to be in equilibrium, nor should they be expected to be controlled 

primarily by density-dependent mechanisms such as competition and predation 

(Lewin 1983). 

8. Regardless of the exact mechanism operating, it is generally agreed 

that the first few weeks of life (including the egg stage (Koslow et al. 

1985)) in any cohort is usually the period of maximum mortality and of great 

significance in determining subsequent densities. Therefore, any action or 

disturbance that alters mortality rates during this period may have long-term 

effects on the adult population. The ability of fish populations to make 

compensatory adjustments (McFadden 1977, Dahlberg 1979, Brownell 1985) at 

least partially offsets these effects. The direct effects of commercial 

traffic on fishes and their environments have been reviewed by the Academy of 

Natural Sciences of Philadelphia (ANSP) (1980); Lubinski et al. (1981); 
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Bhowmik, Dem~ssie, and Guo 1982; Kennedy, Harber, and Littlejohn (1982); Upper 

Mississippi River Basin Commission (1982); Wright (1982); Holland and Sylves

ter (1983); Rasmussen (1983); Holland (1986); Nielsen, Sheehan, and Orth 

(1986); and Payne, Miller, and Aldridge (1987). These reviewers have noted 

that adult and juvenile fishes are usually capable of detecting and avoiding 

or withstanding most of the environmental effects directly associated with 

increased commercial traffic (i.e. hull and propeller impact, turbulence, wave 

action, drawdown, resuspension of sediments, and bank erosion). Larval 

fishes, being less capaJ;] c of avoidance movements and more susceptible to 

environmental perturbations, can be negatively affected by increases in com

mercial traffic. Since most riverine species grow quickly through the larval 

stage, the period of greatest vulnerability is usually late spring and early 

summer at most locations. Unfortunately, this may also be the peak of com

mercial navigation (Holland and Sylvester 1983). 

9. The larvae of some species exhibit distinct diel variations in 

abundance through the water column. Freshwater drum, clupeids, and shiners 

were all more abundant in night collections made in the Ohio River (Clark and 

Pearson 1980). Freshwater drum larvae were also most abundant in night col

lections made in the Mississippi River (Holland and Sylvester 1983). Most 

other species reported by Holland and Sylvester (1983) were most abundant at 

"dusk and dawn"; only suckers were most abundant during daylight. Clark and 

Pearson (1980) found no significant differences between surface and bottom 

densities of larval fishes, although fish eggs (mostly freshwater drum) were 

more abundant at the surface. 

10. The spatial distribution of larvae in the river will also deter

mine, in part, their vulnerability to navigation traffic effects. Species 

that spawn in the main channel and the main channel borders will be at greater 

risk than backwater spawners. Pelagic spawners will be at greater risk than 

demersal spawners. Members of nonguarding guilds (Balon 1975) may be at 

greater risk than members of guarder guilds, although parental care can be 

interrupted by traffic events. Gizzard shad, freshwater drum, and emerald 

shiner are typically the most abundant species in main channel samples taken 

in the Ohio and upper Mississippi Rivers, along with common carp and catosto

mids (Clark and Pearson 1980; Pearson and Krumholz 1984; Holland 1986; and 

Environmental Science and Engineering, Inc. 1988). Paddlefish, goldeye, 
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mooneye, and sturgeon larvae, while less abundant, may still be present in 
main channel areas and subject to the direct effects of navigation traffic. 

Direct Effects of Navigation Traffic on Ichthyoplankton 

Turbulence, shear forces, and currents 

11. Passage of a barge alters the hydrodynamic characteristics of the 
water column and creates tremendous changes in the dynamics of the water near 
it. The hull of the tow and its barges create waves, produce turbulence, and 
set up shear forces that may affect fish eggs and larvae. The propellers of 
the tow create very high velocities and turbulence. The currents generated by 
a typical tow are capable of scouring the bottom of the channel, depending in 
part on the ratio of draft to depth, and may triple the current speed near the 
bottom when heading upstream or reduce the current speed near the bottom to 
near zero (or even temporarily reverse flow direction) when heading downstream 
(Environmental Science and Engineering, Inc. 1981; Wuebben, Brown, and 

Zabilansky 1984). Ulanowicz (1975) and Marcy, Beck, and Ulanowicz (1978) 
reviewed the effects of shear-induced rotation and deformation stresses on 

fish eggs and larvae, concluding that the forces generated by the hull of ves

sels probably would not cause direct mortality of eggs and larvae. Morgan et 
al. (1976) performed a series of laboratory experiments on the effects of 
shear forces on mortality rates of striped bass and white perch eggs and 

larvae and concluded that the shear forces necessary to kill SO percent of the 
organisms at various exposure times (1 to 20 min) were between 125 and 

2 785 dynes/cm • Since these values are considerably above the hull-generated 
2 forces expected (78.9 dynes/cm ), they concluded that hull shear would not be 

a major source of mortality (perhaps 15 percent of all eggs exposed to this 
force for 1 min). However, fish hatchery managers have long known that simple 

physical shocks to fertilized eggs before the "eyed" stage can cause severe 

mortality and/or later developmental anomalies (Battle 1944, Smirnov 1954). 

12. Killgore, Miller, and Conley (1987) reported pressures of 2,476 to 
2 50,244 dynes/cm just 17 m behind a tow pushing eight barges. Higher values 

were recorded behind loaded barges than behind empty barges. It would seem 

that most fish eggs and larvae entrained in the propwash of a tow would be 

injured or killed (ANSP 1980), but field studies have indicated that no 

significant differences can be found in the numbers of dead or injured larvae 

8 



sampled above and below moving tows on the upper Mississippi and Kanawha 

Rivers (Holland 1986; Nielsen, Sheehan, and Orth 1986). The frequency of 

damaged freshwater drum eggs on the upper Mississippi River did increase 

between 20 and 50 percent after the passage of a tow (Holland 1986). 

13. Surface tow net samples taken before and after barge passages on 

the upper Mississippi River* actually collected more fish larvae after passage 

than before, and the ratio of dead-to-live larvae was higher before the barge 

passed. The explanation for these latter observations was that both live and 

dead larvae were being swept up from the bottom into the water column by the 

propeller wash of the tow. As the tow proceeded upstream, live larvae may 

have been able to return to the bottom before drifting down to the sampling 

area, whereas dead larvae continued to drift down, accounting for the higher 

dead/live ratios obtained in front of the next tow. The turbulence and cur

rents produced by a passing tow might also displace demersal eggs and larvae 

from their preferred substrates and sweep them into the water column, where 

they would be at greater risk from several mortality sources. 

Hull and propeller impacts and abrasion 

14. The bodies of larval fishes are extremely fragile and sensitive to 

deformation, penetrations, and abrasion (Hickey 1979). Mechanical damage to 

larval fishes entrained in power plants has been studied rather extensively 

and is typically estimated at between 7 and 100 percent. This damage is 

usually ascribed to abrasion during passage through the condenser tubes (Marcy 

1975). It would seem likely that any fish egg or larva which passes through 

the boundary layer of water surrounding a moving barge hull or propeller will 

be injured and may be expected to die as a result of trauma from mechanical 

abrasion, loss of osmoregulation, infection, or reduced avoidance of preda

tors. Nevertheless, the two field studies mentioned previously (Holland 1986; 

Nielsen, Sheehan, and Orth 1986) did not find significant differences in per

centages of injured larvae before and after barge passage. 

* R. P. Morgan II, K. J. Killgore, and A. C. Miller, 1987, "Effects of Barge 
Traffic Resuspension of Organisms in the Upper Mississippi River," Unpub
lished report, US Army Engineer Waterways Experiment Station, Vicksburg, MS. 
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Wave and drawdown effects 

15. The effects of waves and drawdown on ichthyoplankton can be 

expressed as displacement to a less favorable habitat, disturbance of a guard

ing parent, stranding out of water, increased turbidity, mechanical damage due 

to impact against the substrate, and alteration of macrophyte stands. Floods 

have often caused the displacement of larvae and eggs from nests or nursery 

areas (Harvey 1987, Holland-Bartels and Duval 1988), and the implication is 

that eggs and larvae drawn from nearshore nests, gravels, vegetation, or other 

cover into the channel border or channel areas through a combination of dis

orienting wave action and induced currents would be at greater risk from 

predators, barge traffic, and energy depletion while searching for suitable 

habitat. 

16. Mueller (1980) showed that recreational boat traffic caused guard

ing male longear sunfish to abandon their nests for varying periods of time, 

and the nests were then invaded by fish predators of several species. Kramer 

and Smith (1962), Miller and Kramer (1971), and Summerfelt (1975) found that 

waves from storms caused nest abandonment in largemouth bass. The regularity 

of barge traffic on large rivers could have serious disturbance effects on 

centrarchids and other guarders that spawn in shallow water at the channel 

edge. 

17. Both drawdown and waves could result in the exposure of ichthyo

plankton to air, either as a brief dewatering or as a longer deposition 

onshore. Glady and Hutchinson (1975) described the dislodgment and beaching 

of yellow perch eggs by high winds over Oneida Lake. Glady (1975) later 

expressed the opinion that the mortality of larval perch due to high winds was 

probably of minor importance. Rupp (1965) found American smelt eggs exposed 

following a natural fall in water level at Branch Lake, Maine. Clark (1979) 

observed beaching of emerald shiner larvae by barge waves on the Ohio River. 

Brief (2 min) experimental exposures to air did not increase the mortality 

rates of walleye and northern pike eggs, but did increase mortality rates of 

larvae in both species (Holland 1987). 

18. Waves produced by barges (and other craft) certainly do cause some 

erosion of shorelines and resuspension of some shallow-water sediments (Gucin

ski 1982). (The effects of suspended solids on ichthyoplankton will be dis

cussed in Part III.) Wave action in shallow water can also dislodge eggs and 

larvae from the substrate and grind them against the substrate (Rupp 1965). 
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Wave action can also break off rooted macrophytes (Wright 1982), which provide 

spawning substrates for phytophils and nursery areas for many larval fishes. 

In the Ohio River, a plant-free zone extends from the shore out to a depth of 

about 1 m, and then a band of vegetation extends out to a maximum depth of 

about 2 m. The plant-free zone corresponds almost exactly to the area where 

waves induced by both barges and recreational traffic break. 

Resuspension of sediments 

19. The effects of all navigation-induced suspended sediments regard

less of origin (wave erosion or resuspension of bed sediments) will be con

sidered. Barge propellers generate powerful currents that scour the bed of 

the channel and raise a plume of suspended sediments (increases of 30 to 

1,600 mg/t, or 30 to 40 percent above ambient levels) which may persist for 30 

to 150 min after the barge has passed a given point (Sparks, Thomas, and 

Schaeffer 1980; Bhowmik 1981). The increase in suspended sediments is depen

dent on the size, speed, loading, and heading of the tow; position on the 

sailing line; depth/draft ratio; sediment character; and channel morphology 

and hydrology. The currents associated with drawdowns and the waves produced 

by the passage can both resuspend sediments in the near channel and shore 

zones. Wave action can also erode existing banks and add "new" particles to 

the water column. 

20. The effects of suspended sediments on aquatic systems have been 

reviewed extensively (Sorenson et al. 1977; Stern and Stickle 1978; Farnworth 

et al. 1979; Wilber 1983; Lloyd, Koenings, and LaPerriere 1987), and two 

reviews have concentrated on the effects on fish eggs and larvae (Muncy et al. 

1979, Lloyd 1987). Adult fishes are usually able to avoid direct mortality 

through gill clogging at levels of suspended solids encountered in nature 

(Horkel and Pearson 1976, Muncy et al. 1979). Although larval fishes are 

unable to shed silt particles from their gills by mucous secretions as adult 

fishes do (Everhart and Duchrow 1970) and are typically much more fragile than 

adult fishes, it appears that levels of suspended solids encountered in nature 

are also seldom directly lethal to larval fishes (Swenson and Matson 1976; 

Morgan, Rasin, and Noe 1983). Auld and Schubel (1978) did find increased mor

tality rates in yellow perch larvae exposed to over 500 mg/ R. sediment for 48 

to 96 hr. Direct mortalities on eggs have been reported more often, particu

larly for salmonids (McNeil 1966, Chapman 1988). Morgan, Rasin, and Noe 

(1983) found that white perch and striped bass egg survival was not affected 
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significantly by exposure to suspended sediments of SO to S,2SO mg/t, but 

development times were slowed significantly by exposure to more than 

l,SOO mg/t. Hassler (1970) found that wave-induced sediment deposits of 

1 mm/24 hr killed 97 percent of northern pike eggs. A sediment layer of over 

2 mm resulted in 100-percent mortality of white perch eggs; and exposure of 

white perch and striped bass larvae to sediment concentrations of l,SS7 to 

S,380 mg/i for 24 to 48 hr resulted in mortalities of lS to S7 percent (Mor

gan, Rasin, and Noe 1983). Suspended sediment concentrations in the Ohio 

River can reach maximum values of 500 to 600 mg/Q. during floods, but this is 

unusual. In 1982-83, only 2 percent of all samples taken at monitoring sta

tions on the Ohio River exceeded 400 mg/Q., whereas 67 percent of the samples 

were between 1 and SO mg/£ (ORSANCO 1984). Turbidities in the Mississippi and 

Missouri Rivers have been higher than those of the Ohio River. Berner (1951) 

reported mean turbidity values of 1,700 to 4,500 ppm in the Missouri River; 

Platner (1946) reported mean values of 300 ppm in the Mississippi River above 

the Missouri and 1,880 ppm below the Missouri River. However, the construc

tion of flood-control reservoirs throughout the region over the past 40 years 

has resulted in reduced suspended sediment concentrations (Whitley and Camp

bell 1974). 

21. Recent studies have indicated that suspended sediments may have 

significant sublethal effects on fishes. Redding, Schreck, and Everest (1987) 

demonstrated elevated levels of plasma cortisol, reduced feeding rates, and 

reduced resistance to bacterial infections in yearling coho salmon and steel

head trout exposed to 2,000 to 3,000 mg/£ of suspended sediments. No increase 

in mortality was observed. 

22. The suggestion is that perhaps exposure to more natural levels of 

suspended sediments could also stress ichthyoplankton and result in lower 

viabilities, which have not been considered in most bioassays. These sources 

of sublethal stress could include abrasion of eggs and larvae by coarse sedi

ment particles (Marcy, Kranz, and Barr 1980), disorientation through loss of 

visual acuity (Swenson and Matson 1976, Matthews 1984), disruption of school

ing and other behaviors (Shaw 1960; Heimstra, Damkot, and Benson 1969; Cerri 

1983), increased respiration rates (Horkel and Pearson 1976), reduced ability 

to see and capture prey (Gardner 1981, Hinshaw 1985, Brietburg 1988), reduced 

predator avoidance behavior (Lloyd 1987), exposure to contaminants released 

from resuspended sediments (Bodammer 1985; Hall, Pinkney, and Horseman 1985), 
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and reduced food availability through reductions in primary production and 

production of zooplankton and benthos (ANSP 1980, Kashuba and Matthews 1984). 

These sublethal stresses have been given little attention, but may be of over

riding importance in outcomes at later developmental stages and at the popula

tion and community levels (Rosenthal and Alderdice 1976). 

23. There may also be some benefits that accrue to ichthyoplankton from 

suspended sediments. The resuspension of organic particles may encourage the 

growth of food organisms. The same reduction in visibility that prevents a 

larval fish from seeing ·its prey can also help the larva avoid predators. 

This dilemma is made even more complicated by the recent work of Boehlert and 

Morgan (1985), who found that larval pacific herring had greater feeding suc

cess in suspensions of 500 to 1,000 mg/i than in clear water (feeding success 

declined at levels above 1,000 mg/i). Hinshaw (1985) reported increased feed

ing success in yellow perch larvae when they were held in tanks that provided 

a contrasting background for their prey items. Boehlert and Morgan (1985) 

suggest that moderate levels of suspended solids may provide the visual con

trast for prey items which larval fish require, while still protecting the 

larval fish from predators searching on a different perceptive scale. 

Indirect Effects of Navigation Traffic on Ichthyoplankton 

24. There are many indirect effects of increasing barge traffic in any 

river system. Some of these effects of particular importance to fish eggs and 

larvae would be releases of fuel, oils, exhaust gases, and other wastes asso

ciated with the operation of each tow; the construction and operation of more 

or larger lock and dam facilities needed for increased traffic; and the 

greater risk of catastrophic spills of toxic materials as more materials are 

moved on, stored along, and processed adjacent to the river. 

Field Versus Laboratory Studies 

25. The effects of navigation traffic on ichthyoplankton are of inter

est because of the values of fishes in large rivers. Therefore, obviously the 

best place to study these effects would be in the very rivers where the traf

fic occurs. Two identical rivers or two identical stretches on one river, one 

with and one without navigation traffic, would be surveyed for fishes, and any 
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differences could be ascribed to the summed effects of traffic. Alterna

tively, one could study a given river before and after the addition of naviga

tion traffic, holding all other perturbations constant. Unfortunately, nature 

and commerce do not provide such perfect comparisons, and even if they did, 

such studies would seldom be possible because: (a) the systems of interest 

are very large and dynamic, overwhelming the resources available to the typi

cal investigator; (b) the systems are extraordinarily complex and beset with a 

multitude of natural and human-induced disturbances in addition to those 

introduced by navigation traffic; and (c) the populations being studied have 

evolved many compensatory mechanisms for maintaining themselves; thus new 

impacts are almost never simply additive. 

26. Investigators faced with such problems usually try to maximize the 

amount of understanding possible through a judicious mix of field and labora

tory measurements limited by the resources available. The ideal sequence of 

investigations might be as follows: 

a. Determine if a resource (fish) is present to be affected. 

b. Determine the types and magnitudes of disturbances produced by 
the action (navigation traffic). 

c. Determine which disturbances are most likely to have signifi
cant impacts on the resource. 

d. Determine the direct and sublethal effects of the significant 
disturbances on the resource at the individual level in the 
laboratory. 

e. Employ field studies to verify that the effects seen in the 
laboratory are realistic under riverine conditions, and iden
tify additional disturbances that should be quantified in the 
laboratory. 

f. Monitor the most valuable or representative resources at the 
individual, population, and community levels to ensure their 
well-being. 
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PART III: LABORATORY STUDIES ON FISH EGGS AND LARVAE 

Background 

27. The laboratory experiments discussed in this part were designed to 

investigate the effects of selected disturbances on four species of fish lar

vae. These studies were conducted to provide information about likely physi

cal effects of commercial navigation traffic and to identify areas where more 

information was needed. \lthough laboratory experiments cannot duplicate 

field conditions, these results can be used to make predictions concerning 

effects of commercial traffic on naturally occurring populations. Specific 

objectives of the studies were: 

a. To review current knowledge of the role and value of ichthyo
plankton in large rivers and the effects of navigation traffic 
on ichthyoplankton. 

b. To evaluate the effects of turbulence and high current veloci
ties on the survival of larval paddlefish, common carp, and 
grass carp. 

c. To measure the hatching success of channel catfish eggs exposed 
to the atmosphere for short periods. 

d. To determine the survival rates of channel catfish larvae sub
jected to periodic increases in suspended sediments. 

e. To relate these laboratory findings to probable impacts of 
similar navigation traffic perturbations on larval fishes in 
the field. 

f. To identify future lines of investigation that are appropriate, 
given current knowledge, and offer the greatest return of use
ful understanding regarding navigation traffic effects on 
fishes in large rivers. 

Methods and Materials 

28. Two experiments were conducted concerning the effects of turbulence 

on survival of larval paddlefish, common carp, and grass carp. These species 

were chosen because they can be found in large rivers and were available for 

laboratory studies. For the carp studies, 18 turbulence chambers were pre

pared from 12-t plastic buckets (Figure 1). Water was pumped into each cham

ber from a 750-R, reservoir with submersible pumps equipped with gate valves 
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for flow regulation. These chambers were based upon a design developed at 
Virginia Polytechnic Institute and State University.* 

29. Fertilized eggs of both species of carps were obtained at Ozark 
Catfisheries, Jefferson City, MO, and incubated in the laboratory. Larvae 
used in the experiments had absorbed their yolk sacs and were about 21 days 
old. Four experimental groups and one control were established. A program
mable electric timer was used to turn on the pumps for either 60 sec every 
30 min (frequent) or 60 sec every 3 hr (infrequent). These intervals were 
selected to correspond to observed navigation traffic intervals. Turbulence 
was measured by changes in pressure (dynes per square centimetre) at four 
locations in each chamber at valve settings that corresponded to "high" and 
"low" turbulences. The actual turbulences measured in each of the experimen
tal chambers were: 

Treatment GrouE Pressure, d~nes/cm 
2 

High turbulence, frequent 72,388 ± 18,614 (:!:SD) 

High turbulence, infrequent 98,585 + ll, 030 

Low turbulence, frequent 33,091 ± 11,719 

Low turbulence, infrequent 8,273 ± 4,826 

30. Control groups were held in identical chambers but were not exposed 
to turbulence. Both treatment and control groups consisted of five larvae per 
chamber, and three replications were made of each experiment. Immobile larvae 
were examined for heart movement under a lOX binocular microscope following 

each event. 

31. The effects of turbulence on larval paddlefish were determined in a 
second set of chambers made from a 27-cm-wide by 25-cm-high polyvinyl chloride 
(PVC) bucket (Figure 2). An 11-cm-diam PVC pipe was placed in the center of 
each chamber to create a circular raceway measuring 9 cm wide and 93 cm long. 
The sides of the chambers were smooth to reduce abrasion. Turbulence was 
created by pumping aged tap water from a 750-i reservoir into the chambers 

with submersible pumps rated at 200 i/min. Gate valves regulated flows, and 
water drained through a 4-cm hole covered with 1-mm nylon mesh. Temperature 
was maintained at 20° C in the reservoir. 

* Personal Communication, 1987, Robert J. Sheehan, Biologist, Virginia Poly
technic Institute and State University, Blacksburg, VA. 
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32. Fertilized paddlefish eggs were also obtained from Ozark Catfish

eries and incubated in the US Army Engineer Waterways Experiment Station 

laboratory. Only yolk-sac larvae measuring 14.5- to 16.1-mm total length were 

used in the experiment. The same four treatment groups (plus control) were 

established for paddlefish as had been for the carps, except that the "fre

quent" treatments consisted of exposing three replicates of 10 larvae to a 

30-sec event of turbulence every hour, whereas the "infrequent" treatment 

consisted of exposing three replicates of five larvae to 30-sec events every 

3 hr. Only five larvae per group were used in the infrequent treatments 

because mortalities in the holding tank reduced the number of larvae avail

able. Turbulence was quantified by measuring both water velocity and pressure 

changes at four locations in each chamber. Velocity was measured with a Model 

201-D Marsh-McBirney current meter, and pressure was measured with a cali

brated, recording pressure cell. The actual (95-percent confidence intervals) 

velocities and pressures measured were: 

Treatment Groups Velocity, cm/sec 

High turbulence 56.5-59.3 

Low turbulence 21.5-22.8 

2 Pressure, dynes/cm 

6,219-6,421 

1,774-1,902 

33. Mortality was assessed after each event as described. The Kruskal

Wallis nonparametric test was used to test the null hypothesis that mortality 

did not vary significantly due to levels of turbulence, frequency of events, 

or interactions between the two treatments. 

34. Paddlefish larvae were also experimentally exposed to three high

velocity conditions in a large (3 by 1 by 0.75 m) tank. An individual larva 

was drawn gently into a glass tube (5-mm inside diameter (ID)) with a pol

ished, smooth end. The larva was then released into the center of a high

velocity water current at the discharge end of a submersible pump. The glass 

tube was positioned nearly parallel to the direction of flow, and the release 

point was under water and 15 cm from the pump outlet. Three pumps of dif

ferent capacity were used to create currents (with 1 SD) of 1.5 (0.03), 3.1 

(0.05), and 4.2 (0.08) m/sec. Larvae were prevented from being pushed against 

the sides of the tank by placing the pump outlet at the far end of the 3-m

long tank, turning the pump off within 1 sec after the larva was introduced, 

and lining the tank with a polyethylene sheet with a layer of air between the 

sheet and the tank wall to provide a cushion between the water and the tank 
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walls. Five replicates of each treatment were made, and 10 larvae were 

exposed to each treatment and included in each control group. 

35. After being exposed to the current, larvae were removed to a hold

ing chamber for periodic mortality assessments. Immobile larvae were gently 

touched with a blunt probe to see if swimming movements could be elicited. 

Numbers of larvae failing this test were counted 15 min after exposure, 30 min 

after exposure, and then at 30-min intervals for 2 hr, hourly intervals for 

6 hr, and once after 24 hr. Controls were handled in the same manner except 

that the pump installed in the tank was turned off. 

36. Current velocities were measured prior to the release of the first 

and last larva in each treatment replicate (10 measurements/treatment) and did 

not vary appreciably within nor among replicates. Larval paddlefish used in 

this experiment were 14- to 17-mm total length, were less than 3 days old, and 

were held at 20° C. 

37. Fertilized channel catfish eggs for experimental exposures to the 

atmosphere and suspended solids were obtained from the USFWS hatchery in 

Tupelo, MS. Eggs were treated with sodium sulfite and then incubated in 75-t 

tanks with vigorous aeration. Eyed eggs were then examined at lOX to verify 

their viability (movement of chorion-bound larva), and six lots of 50 eggs 

were placed in cylindrical PVC cups (9-mm diam), with both ends covered by 

1-mm mesh. Five of these lots were then removed from the tanks and exposed to 

the atmosphere for 30 min, 1 hr, 2 hr, 4 hr, and 16 hr; the control group 

remained immersed in water. After exposure, all six cups were placed in a 

single tank until the larvae hatched or mortality was verified. 

38. Suspended sediment experiments were conducted by preparing two 37-t 

tanks containing 600 mg/t of white Vortex diatomaceous earth. Aqualogy model 

10-120 aquarium pumps were used to resuspend the sediments at intervals set on 

a programmable timer. The timer turned the pumps on for 7 min twice every 

hour or once every 3 hr to correspond to frequent and infrequent navigation 

traffic patterns. Turbidity (as nephelometric turbidity units (NTU)) was 

regressed on total suspended solids (TSS) to allow for rapid monitoring of TSS 

during the perturbation cycles (TSS = 13.4 NTU + 4.73; r
2= 0.99). Peak TSS 

concentrations were measured every 2 hr for the frequent cycle group and every 

5 hr for the infrequent group. Mean peak TSS concentrations when the pumps 

were on were 514 ± 106 mg/t (±SD, N = 3) for the frequent cycle and 523 + 
37 mg/t (N = 5) for the infrequent cycle. 
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39. A treatment group and a control group were exposed to each event 

frequency. A group consisted of five replicates of 10 yolk-sac larvae each. 

Replicates were placed in the PVC cups previously described and immersed in 

38-t tanks. Control larvae were held in sediment-free water but were sub

jected to turbulence when the pumps were turned on. Impacts of TSS were 

determined by noting larval mortality either immediately or at the end of 

6 hr. Aged tap water at 25.6° to 26.6° C was used throughout these two 

experiments, and an artificial daylength of 16 hr was maintained. A one-way 

Analysis of Variance (ANOVA) was used to partition variability resulting from 

treatments. 

Effects of turbulence on 
carp and paddlefish larvae 

Results and Discussion 

40. A significant (P < 0.03) portion of the variability in mortality of 

common carp was due to the two levels of turbulence (Table 1). Larvae of com

mon carp exposed to frequent and infrequent high turbulence exhibited 60 

:!: 52.9 and 13.3 ± 11.5 (:!:SD) percent mortality, respectively (Figure 3). Less 

than 7 percent of the larvae died after periodic exposures to low turbulence, 

indicating that intensity of turbulence was more important than frequency of 

turbulent episodes in common carp survival. 

41. Grass carp larvae experienced mortalities similar to those of com

mon carp (Figure 4). However, mortality was significantly different between 

the two frequencies of exposure (Table 1). When exposed to frequent and 

infrequent episodes of high turbulence, larvae experienced 40 ± 20 and 13.3 

± 23.1 (:!:SD) percent mortality, respectively. Frequent episodes of low turbu

lence caused 26.7 ± 11.5 percent mortality, whereas infrequent episodes caused 

no mortality. However, this difference could also be due to the greater tur-
2 bulence (33,091 dynes/cm ) in the frequent, low-turbulence group compared with 

that (8,273 dynes/cm2) of the infrequent, low-turbulence group. The intensity 

of turbulence also influenced grass carp survival, although this species 

appeared to be more susceptible to low turbulence than common carp, and the 

frequency of turbulence was more important to the survival of grass carp. 
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Table 1 

Two-Factor ANOVA Comparing Mortality of Common and Grass Carp Larvae to Three 

Levels of Turbulence (High, Low, and None), Two Frequencies (One Event Every 

30 Min and One Event Every 3 Hr), and Their Interactions 

Source of Variation 

Common Carp 
Level of turbulence 
Frequency of event 
Level x frequency 

Grass Carp 
Level of turbulence 
Frequency of event 
Level x frequency 

Interactions 
Level x Species 
Interval x Species 

Degree of 
Freedom 

2 
1 
2 

2 
1 
2 

2 
2 

Sum of Significance 
Squares Level 

4,933.3 0.03 
1,422.2 0.12 
1,911.1 0.19 

1,644.4 0.04 
1,088.9 0.04 
1,111.1 0.10 

5,666.7 0.004 
2,522.1 0.06 

42. Mortalities of paddlefish larvae exposed to periodic turbulence 

events were significantly different (P < 0.005) between the two turbulence 

intensities. Mortality occurred after the first event in the high-turbulence 

groups and steadily increased after each subsequent event, whereas only mini

mal mortality occurred in the low-turbulence groups (Figure 5). For paddle

fish larvae exposed once each hour, the high-turbulence group had an 86.6 + 
23.1 (SD) percent mortality after 10 hr (i.e., 10 exposures), whereas only 3.3 

± 5.8 percent of the larvae died in the low-turbulence group. Similar results 

were obtained for paddlefish larvae exposed to turbulence once every 3 hr. 

After three exposures in 9 hr, 80.0 + 0.0 percent of the larvae died in the 

high-turbulence group and only 13.3 ± 11.5 percent died in the low-turbulence 

group. There was no mortality in either control group. Final mortality did 

not differ significantly (P > 0.80) between the frequent and infrequent- tur

bulence treatments at either high- or low-intensity turbulence, and there were 

no significant interaction effects between frequency of events and intensity 

of turbulence (P > 0.50). Thus, the intensity of turbulence was more lethal 

to paddlefish yolk-sac larvae than was the frequency of turbulence. 
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43. For paddlefish larvae exposed to a single turbulence event, mor
tality of paddlefish larvae after 24 hr was a direct, exponential function of 
the current velocity to which they had been exposed (Figure 6). Mean mortali
ties were 68 ± 7 (SE) percent, 22 ± 7 percent, and 6 ± 4 percent among the 
five replicates of the 4.2-, 3.1-, and 1.5-m/sec velocity treatments, respec
tively. Mortality occurred in only two of the five replicates of the 
1.5-m/sec treatment, while some larvae died in all five replicates of both the 
3.1- and 4.2-m/sec treatments. No mortality occurred in any of the five con
trol replicates. Delayed mortality was observed in only 2 of the 12 repli
cates in which mortality occurred. The number of dead larvae increased from 1 
to 2 (of 10) between assessments made 1.5 and 2.0 hr after exposure in one of 
the 1.5-m/sec treatment replicates. Over the same period, the number of dead 
larvae in one of the 4.2-m/sec treatment replicates increased from 7 tp 8 (of 
10). In all other replicates, the number of dead larvae remained constant 
between 15 min and 24 hr after exposure. Some of the dead larvae had par
tially detached yolk sacs and/or twisted or bent vertebral columns. Most of 
the dead larvae, however, appeared normal yet remained immobile upon gently 
probing. None of the immobile larvae recovered. 

44. The acceleration, deceleration, and shear-field forces to which 
ichthyoplankton are exposed by navigation traffic-induced turbulence can place 
both rotational and deformation stresses upon them. The shear forces gener
ated by the hull of a moving vessel have been calculated to be less than 

2 100 dynes/cm (Morgan et al. 1976), whereas Killgore, Miller, and Conley 
(1987) measured the turbulence in the propeller wash of tows in the range of 

2 2,476 to 50,244 dynes/cm , the turbulence produced being directly related to 
the loading of the barges and the sailing direction. The levels of turbulence 
and currents employed in these experiments on larvae of common carp, grass 
carp, and paddlefish are well within the range of values measured or expected 
in the field. 

45. Significant mortalities of yolk-sac paddlefish (13 percent) occur-
2 red at turbulence levels (1,838 dynes/cm) less than the lowest measurement 

made behind a moving tow, and almost 100-percent mortality occurred when 
2 larvae were exposed to 6,320 dynes/cm three times in 9 hr. The high-velocity 

current experiments conducted on larval paddlefish employed velocities (O to 
4 m/sec) that can certainly be produced by the propeller wash of loaded 
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barges, but were higher than the 0.5- to 0.6-m/sec velocities found in the 
2 chambers that had turbulences of 6,320 dynes/cm • 

46. Velocities of 3.1 to 4.2 m/sec produced mortalities of 22 to 

68 percent in paddlefish larvae. It appears that there was very little 

delayed mortality beyond the first 15 min of exposure to a single event. 

Therefore, the increased mortality seen after each of three turbulence events 

spaced 3 hr apart must have been due to cumulative stresses. This may indi

cate that both the intensity of turbulence and the frequency of the distur

bance are important to larval survival. 

47. Both carp larvae tested were past the yolk-sac stage and were able 

to withstand much higher turbulences than the yolk-sac paddlefish. Their 

relative hardiness may have been related to either stage of development or 

species differences. Although the carps were exposed to turbulence twice as 

long (60 sec) as paddlefish, after three exposures over a 9-hr period at 

8,273 dynes/cm2
, they suffered only 0- to 7-percent mortality. It is also 

worth noting that while some accumulation of effects was noticeable in the 

first 10 hr of the carp experiments, very little additional mortality was seen 

between hours 10 and 50. 

Effects of exposure and 
suspended solids on channel catfish 

48. Eyed channel catfish eggs exposed to the atmosphere for 4 hr or 

more later exhibited a substantial reduction in hatching success (Figure 7). 

Only 30 and 34 percent of the eggs hatched after 4- and 16-hr exposures, 

respectively. Eggs exposed to the atmosphere for 0.5 and 2 hr subsequently 

had 90- and 92-percent hatching success rates. The control group, which was 

not exposed to the atmosphere, had a hatching success rate of 98 percent. 

49. Eggs that survived the atmospheric exposures had shorter develop

ment times than eggs in the control group. Twenty percent of the eggs exposed 

for 16 hr hatched within 1 day after exposure, whereas only 2 to 4 percent of 

the eggs exposed for 0 to 4 hr hatched within the same day. The chorionic 

membrane apparently lost its elasticity during desiccation and forced early 

emergence. 

50. Exposure to cyclic periods of suspended solids significantly 

increased mortality in larval channel catfish. The frequent (two cycles per 

hour) exposure group experienced a 98-percent mortality rate after 6 hr, which 

was significantly different (P < 0.0001) than that of the control group, which 
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had only 12-percent mortality. Larvae exposed to suspended solids once every 

3 hr had much lower mortality rates (34 percent) than the 98 percent in the 

group exposed every 0.5 hr (P < 0.0001), although this lower rate was still 

significantly higher (P < 0.003) than that of the control group. There was no 

significant difference between the two control groups (P > 0.5) and little 

variation between replicates (1.2 percent or less than 1 SD). Examination of 

dead larvae revealed that sediment had adhered to the body surface or gill 

cavities had become clogged with sediment. 

51. The atmospheric exposure experiments performed on channel catfish 

eggs indicate that the brief areal exposures that might be associated with the 

passage of barges would not have direct lethal effects. Holland (1987) 

exposed both eggs and larvae of walleye and northern pike to the atmosphere 

for 2 min (a more realistic equivalent to the dewatering expected from· naviga

tion traffic) at intervals of 1 to 12 hr. No significant mortality of eggs 

was caused, but repeated dewatering of larvae at 1- or 3-hr intervals did 

cause 32- to 82-percent increases in mortality. The primary effects of draw

down and wave action on ichthyoplankton are probably associated with mechani

cal damage through abrasion, disturbance, and denial of shallow-water areas, 

and indirect effects of suspended sediments. 

52. Mortalities of channel catfish larvae were significantly increased 

by cyclic exposures to suspended sediment concentrations of 514 mg/t. 

Although the cyclic intervals used in these experiments approximated naviga

tion traffic rates of one tow every 1 to 3 hr, the levels of suspended sedi

ments used were higher than one would expect during most barge passage events. 

The results are consistent with results reported earlier for larvae of several 

other species (Auld and Schubel 1978; Muncy et al. 1979; Morgan, Rasin, and 

Noe 1983). 
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PART IV: RECOMMENDATIONS 

Status of Information on Navigation Effects on Larval Fishes 

53. Some progress has already been made in gathering the information 

necessary to determine the effects of navigation traffic on ichthyoplankton, 

as discussed in Parts II and III. Fisheries biologists know, if imperfectly, 

the species of fishes present in large rivers, their ecological and economic 

value, and the species most vulnerable to the direct effects of navigation 

traffic. 

54. Scientists also have a general knowledge of the direct and poten

tially significant perturbations that navigation traffic causes (i.e., turbu

lence, hull and propeller impact, waves and drawdown, and suspended 

sediments). These perturbations are not the same in every system. In the 

upper Mississippi River, the fish resources of the extensive backwater areas 

are of great importance, whereas in the Ohio River such backwater areas are 

much smaller and the effects of traffic in the relatively confined channel are 

of most interest. 

55. A few laboratory studies have attempted to measure the direct 

lethal effects of the major disturbances on a few species of fishes, employing 

the most vulnerable egg and larval stages and often using disturbance magni

tudes that equal or exceed the maximum to be expected in the field. Turbu

lence, drawdown exposure, and suspended sediment effects have been tested on 

such species as paddlefish, white perch, striped bass, grass carp, common 

carp, channel catfish, walleye, and northern pike. 

56. Field studies have been made to determine the magnitude of mor

talities caused by navigation traffic. These studies have not demonstrated 

significant mortalities on larval fish in the main channel, although the 

methods available are probably not equal to the task and only a few systems 

have been studied. Some mortality on freshwater drum eggs has been demon

strated. Effects on channel borders and backwater areas have not been 

examined directly. These field studies have been useful in identifying those 

species most vulnerable to traffic effects. 

57. Although a few monitoring programs are in place to determine the 

overall well-being of fish populations on major rivers (particularly the upper 
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Mississippi and Ohio Rivers), these efforts are typically concentrated on game 

species. 

Recommendations 

58. The most efficient approach to determining the significant effects 
of navigation traffic on fishes, given the current state of knowledge concern
ing direct effects, indirect effects, and the compensatory nature of natural 
mortalities, is to monitor adult fish populations at specific sites. Fish 
populations can be considered integrating, continuous, environmental monitors 
of the inland waterways. Sorting out all of the multitudinous, individual 

influences of human disturbances on these populations with the goal of then 
summing their effects is beyond available investigatory resources. The inter
actions between simultaneous disturbances and the complex and compensatory 

responses of the biotic communities are overwhelming. Making regular deter

minations of a few important, representative, and sensitive characteristics of 
the biota will allow scientists to monitor the overall health of the system, 

although internal workings are not precisely known. Many stocks of marine 

fishes are routinely managed in this way by monitoring the populations through 

analysis of the catch statistics provided by the landings of the fishermen 

(i.e., the Pacific halibut, herring and plaice in the North Sea, Pacific 

tunas, etc.). Examinations of the numbers, ages, growth rates, and other 

characteristics from these monitoring programs provide an integrating record 
of how each fishable population is faring through time. In some marine fish

eries, the managing agency supplements the adult catch records with data from 

early life stages not vulnerable to the fishermen (i.e., Sherman et al. 1983). 
59. The commercial and sport fisheries of the inland waterways of North 

America have not been valuable enough to invite comparable monitoring efforts 

by management agencies. The fish populations of the Ohio River have been 

monitored since 1957 by a somewhat irregular, but still useful, series of lock 

chamber rotenone collections made throughout the length of the river under the 
supervision of the ORSANCO and with the cooperation of several state and 

Federal agencies (Pearson and Krumholz 1984). This monitoring program was 

established to reflect the improvements in water quality achieved during the 

past 30 years. These data have been successfully used to indicate long-term 

changes in density and biomass of fishes, changes in species composition, and 
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the establishment of introduced species. The specimens collected for the 
ORSANCO Program have also been used to gage the levels of contaminants being 
passed on to humans who eat fish from the river. There are no comparable data 
sets to indicate site-specific changes and trends in adult fish populations of 
the other major inland waterways of North America. The large amount of infor
mation concerning fishes of the upper Mississippi River has been collected by 
a variety of methods and agencies and at many different locations (Barnickol 
and Starrett 1951; Rasmussen 1979; GREAT 1980; LGL Ecological Research Asso
ciates, Inc. 1981; Holland 1986; Pitlo 1987). Trend analysis on such a data 
set is extremely difficult. Studies on the Missouri and lower Mississippi 
Rivers have been relatively few in number and of even less utility for long
term assessment of community change. 

60. The establishment of long-term monitoring programs offers-the most 
economical means of reviewing the summed effects of human actions on fish 
populations in large rivers. These programs should use carefully selected, 
permanent sites for sampling by uniform methods. No one method is likely to 
provide information on all species and ages of fishes, nor will one or a few 
sites support all species and ages; therefore, it is essential that the selec
tion of sites and methods be calibrated with extensive collections using a 

variety of gears in all habitats. 

61. The long-term monitoring studies proposed previously would provide 
information on all species of fishes collected. However, it is sometimes 
possible or necessary to concentrate efforts on one or a few species. A sharp 
focus may be needed when: (a) resources are scarce, (b) only a few species 
are particularly vulnerable to the disturbance (navigation traffic) of inter
est, (c) a species is particularly valuable or abundant, and (d) a species is 
representative of a larger group of fishes. Selection of a species that 
either can be obtained reliably from the field or is routinely raised in 
hatcheries will favor economy and success. 

62. The use of paddlefish larvae in the turbulence and current velocity 
experiments described herein met with some success. Paddlefish fulfill all of 
the criteria for an experimental fish as previously outlined: they are 
unique and in some areas rare and declining inhabitants of all large rivers in 
the Mississippi system; their flesh and roe are used by some for food; they 
support sport fisheries in some tailwater habitats; they are vulnerable to 
direct navigation traffic effects since larvae are semipelagic, eggs are 
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spawned o~ deep gravel bars at the channel edge, and adults are often found in 

open water; and they are reared in hatcheries. 

63. Other species that might be considered for future investigations of 

navigation effects would include the freshwater drum, gizzard shad, and 

emerald shiner, simply because they are among the most abundant species in the 

Ohio and Mississippi Rivers and their pelagic or semipelagic early life

history stages would appear to be most vulnerable to navigation traffic 

effects. White bass, walleye-sauger, and catostomid sucker larvae are often 

found drifting in the main channel, having been hatched on gravel substrates 

at the channel edge. These fishes are all vulnerable to navigation traffic 

effects, and the white bass, sauger, and walleye are valuable sport fishes. 

The eggs and larvae of catfishes and sunfishes (Centrarchidae) are seldom 

found drifting in the main channel, but they and their guarding parents may be 

vulnerable to wave and drawdown effects nearshore, and many members of both 

families are important commercial and/or sport fish. 

64. Additional laboratory studies that may be useful in determining the 

direct effects of navigation traffic on larval fishes have been suggested by 

the results reported here. The combined effects of suspended sediments and 

turbulence on larval paddlefish could be investigated simultaneously. Turbu

lence and suspended sediment levels comparable to those measured behind barges 

in the field should be used, and the sediments used could also be collected in 

the field for added realism. 

65. The direct effects of both turbulence and suspended sediments could 

also be determined for the species recommended previously and for species that 

have declined markedly since 1900 (i.e., lake sturgeon, shovelnose sturgeon, 

blue sucker, and some redhorses). Studies of the sublethal effects of naviga

tion traffic-related perturbations on larval fishes could be made by measuring 

selected indicators of stress (i.e., serum cortisol levels, growth rates, 

resistance to disease, etc.) on experimental groups. Treatments might include 

suspended sediments, various contaminants found in resuspended sediments, tur

bulence, and interactions between these parameters. 

66. Three field studies in which collections of ichthyoplankton were 

made before and after barge passage were reviewed. Direct mortalities were 

observed for freshwater drum eggs, but not for larvae or eggs of other 

species. These "barge-chasing" studies are very difficult to conduct for 

several reasons. Morgan, Killgore, and Miller* found that many dead larvae 
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were swept up into the water column as a barge passed, and even if most of 
these long-dead larvae could be recognized and sorted out in the field, one 
would expect that an overestimate of direct mortality caused by barge passage 
should be seen. That this did not happen in the reported studies indicates 
that direct mortalities are either very low or not measured by the techniques 

employed. Further studies in the field should await new evidence of signifi
cant effects or better techniques. 

67. Field studies of the effects of wave and drawdown disturbance on 
nest-defense behavior of adult centrarchids and mortality of centrarchid eggs 
and larvae and hatching success of nonguarding lithophils and phytophils in 
the nearshore habitat could be made. Recreation traffic effects would have to 
be separated from commercial traffic effects. 

* Morgan, Killgore, and Miller, op. cit. 
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Figure 4. Percent mortality of grass carp larvae sub
jected to three levels of turbulence (high, low, and 

none) for 60 sec every 30 min and 60 sec every 3 hr 
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Figure 5. Percent mortality (±SD) of paddlefish yolk-sac larvae subjected to low 

(mean pressure, 1,838 dynes/cm2) and high (6,320 dynes/cm
2

) turbulence for 
30 sec/hr and 30 sec every 3 hr 
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Figure 6. Percent mortality (mean + SE) of paddle
fish larvae as a function of the velocity of water 

currents in which they were briefly entrained 
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