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INTRODUCTION 

Aquatic predator-prey relationships have been evaluated 

primarily in lakes, impoundments and small streams, 

neglecting the potential differences in large rivers 

(Campbell 1979). Rivers have been ignored because unique 

physical characteristics make quantitative sampling of the 

type done in other systems difficult (Mann 1975), while 

experimental manipulation is almost impossible (Campbell 

1979). Studies in large rivers have thus far been primarily 

limited to evaluations of fish growth (Mann 1976, Williams 

1967), food habits (Griffiths 1976, Mann 1976) and 

production (Backiel 1971, Lyaknovich et al. 1973, Mann 1965, 

Mathews 1971, Williams 1965). 

Several studies have indicated that predator-prey 

interactions of percids are probably not inherent to the 

species involved, but depend largely on variables present in 

a specific situation (MacLean and Magnuson 1977, Nielsen 

1980, Regier et al. 1969) . Predator-prey relationships 

involving Stizostedion spp. have been studied extensively in 

lakes and reservoirs (Forney 1974, Forney 1977a, McGee et 

al. 1977, Nielsen 1980, Parsons 1971), but have not been 

evaluated in large rivers. The presence and relative 

abundance of saugers (Stizostedion canadense) in the Ohio 

River allows an evaluation of predation in a large river 

system. The environmental characteristics present in the 

1 
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Ohio River and the potential effect on predator-prey 

interactions provided the basis for the design and execution 

of the present study. 

Several environmental factors present in large rivers 

(Cummins 1975, Hynes 1973, Oglesby et al. 1972, Whitton 

1975) may affect predator-prey interactions. First, annual 

temperature patterns in large rivers are generally different 

from those found in other types of aquatic systems, due to 

the continual flow of water and the typical instability of 

stratification. Water temperatures affect fish metabolism 

and behavior (Aggus 1979), and as a result influence 

patterns of growth and food consumption (Hokanson 1977, 

Kitchell et al. 1977a, Kitchell et al. 1977b). Flow rates 

increase fish metabolism and may likewise affect growth and 

food consumption (Aggus 1979, Allen 1969). It would appear 

that patterns of growth and food consumption in large rivers 

like the Ohio may be different from those in other aquatic 

systems. 

Second, the variety and assemblages of habitat 

structure are different in large rivers from those in lakes 

and reservoirs due to the absence of structural features 

such as attached aquatic macrophytes and coves. Habitat 

complexity is known to sometimes affect feeding rates in 

fishes (Colwell and Fuetes 1975, Cooper and Crowder 1979, 

Coutant et al. 1979 Crowder and Cooper 1979) and may affect 

predation in large rivers. 
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Third, turbidity levels are periodically elevated in 

large rivers during periods of high runoff. Turbidity has 

been linked to activity patterns in fishes, allowing 

nocturnal predators to become more active during daylight 

hours (Ryder 1977, Swenson 1978). The relationship between 

these increased activity patterns and the temporal pattern 

of feeding is unclear. Baumann and Kitchell (1974) and 

Sauchenko (1977) indicate that reduced light intensities act 

as a cue for the daily movement and feeding patterns in 

fishes. It would appear that the high ':urbidity levels and 

correspondingly reduced light penetration found at times in 

large rivers may significantly affect the pattern of feeding 

periodicity and movement of fishes in these systems. 

Turbidity also alters reactive distance in fishes 

(Vinyard and O'Brien 1976). Reactive distance being the 

distance at which a fish first begins pursuit of a prey 

i tern. At high levels of turbidity, reactive distance 

becomes nearly independent of prey size. High turbidity may 

affect the importance of size for a visual feeding predator, 

as well as affecting the importance of relative abundance in 

determining prey selection. Turbidity may also affect 

levels of food consumption in fishes. Gardner ( 198la, 

1981b) found increased turbidity levels reduced feeding 

rates of bluegills in laboratory experiments, but did not 

observe an affect on size selection. Evaluation of 

predator-prey interactions have not been made under field 



4 

conditions of turbidity such as those occurring in the Ohio 

River. 

Research on large rivers in Europe has demonstrated 

major differences in the pattern of food consumption by 

predators in lakes and large rivers. Popova and Sytina 

(1977) found the annual pattern of daily ration for pike-

perch (Stizostedion luciooerca) and perch (Perea 

fluviatilis) were longer and peaked much earlier in the 

Volga River Delta than in either Pskov-Chudskof Lake or the 

Rybinsk Reservoir. Griffiths (1976) observed that perch in 

the Seluyn River, New Zealand continued feeding through mid-

winter. Seasonal patterns of food consumption have not been 

fully elaborated in large rivers, nor have they been 

adequately linked to patterns of growth and existing 

environmental conditions. 

The lack of data from large river systems like the Ohio 

represents a substantial gap in our understanding of 

predator-prey interactions. This study was designed to fill 

the void by describing the predator-prey relationships of a 

dominant carnivore for an annual cycle in the Ohio River. 

Comparisons with patterns of predation in other systems may 

provide a better understanding of the functioning of 

predator-prey relationships in large river ecosystems. The 

specific objectives of the study were : 

(1) To determine the temporal pattern of growth and ration 

for saugers in the Ohio River. 
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(2) To determine the pattern of daily feeding periodicity 

of saugers in the Ohio River. 

(3) To determine the relationship between prey utilization 

and the relative abundance and size of forage species for 

saugers in the Ohio River. 



MATERIALS A..."'ID METHODS 

Study Area 

The Ohio River is the 11th longest river in the United 

States and has the greatest discharge of the six major 

Mississippi River tributaries (Preston and White 1978). 

From the confluence of the Allegheny and Monongahela Rivers 

at Pittsburg, Pennsylvania it flows a distance of 1,580 

kilometers through West Virginia, Ohio, Kentucky and Indiana 

to its junction with the Mississippi River at Cairo, 

Illinois. The U.S. Army Corps of Engineers maintains 22 

lock and dam structures along the length of the river, with 

a 3-m channel depth for navigation. As a result, the Ohio 

has relatively steep banks and uniform depth. 

The Ohio River flows in a narrow valley for most of its 

length with few wetland areas or coves. The large drainage 

area of 528,127 square kilometers causes high flow rates at 

certain times of the year, particularly in the spring. 

Heavy industrial development and urbanization along the Ohio 

have resulted in high sediment loads. Aquatic macrophytes 

are uncommon. The fish fauna of the Ohio River is diverse 

and has been described extensively by several researchers 

(Jackson 1962, Trautman 1957, Tryon et al. 1965). 

The present study was conducted in the Gallipolis Pool 

of the Ohio River, from the Racine Lock and Dam (River Mile 

237) downstream to the junction of the Kanawha River (River 

6 
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Mile 266) (Fig. 1). The river forms the border between West 

Virginia and Ohio along this portion of its length. In a 

recent gillnet survey of this section of the Ohio River 

(Nielsen et al. 1981), saugers were the most abundant 

piscivorous fish captured. Other important predatory fishes 

included freshwater drum (Aplodinotus grunniens), channel 

catfish (Ictalurus punctatus), white bass (Morone chrysops) 

and largemouth bass (Micropterus salmoides). Emerald 

shiners (Notropis atherinoides), gizzard shad (Dorosoma 

cepedianum) and mimic shiners (Notropis volcellus) were the 

most abundant prey species in the river. Monthly flow rates 

and transparency levels varied throughout the study, with 

periods of high flow corresponding to times of high 

turbidity (Table 1) . The annual temperature pattern was 

cyclic, with highs during the month of July and the lows in 

January and February. 

Saugers and prey species were captured by gillnetting 

and seining, respectively. The location of major gillnet 

and seine sampling sites are described fully in Table 2. 

Gillnet sites were chosen to represent a variety of habitat 

types (i.e., main channel, creek mouths, islands, dams) and 

to cover the entire length of the study area. Sites were 

also situated in areas of high sauger concentrations. Seine 

sites were generally located near gillnet sites, with 

factors such as gradient and substrate considered in 

choosing specific locations. 
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Figure 1. Location of major sampling sites for Ohio 
River, River Mile 237 - 266. Solid squares 
( •) indicate gillnet sites, open circles 
( o ) seine sites. 
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Table 1. Physical parameters of the Ohio River, 
June 1980 - August 1981. Data represent 
average daily values for sample period. 

Parameters 
Month Water T5mp~rature Flow b SecchibDisc 

( C) (cm/sec) (m) 

1980 June 22.6 21. 0 0.71 
July 27.4 21. 9 0. 78 
August 25.8 100.5 
September 25.1 23.5 0.84 
October 19. 7 26.7 0.75 
November 9.6 29.6 0.51 

1981 January 2.9 36.4 0.55 
March 6.4 63.5 0.63 
April 13.5 54.0 0.20 
May 14.3 98.2 0.20 
June 23.5 83.l 0.28 
July 26. 7 22.5 0.69 
August 26.6 43.3 0.78 

aData from ORSANCO ( 1981), collected hourly at Addison, Ohio 
b(RM 260.0) 

Data collected at Cheshire, Ohio (RM 257.7) 
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Table 2. Location of major gillnet and seine sampling 
sites on the Ohio River, Gallipolis Pool. 

Site Number 

1 

2 

3 

4 

5 

6 

7 

8 

Location 
River Hile (RM) 

Kanawha River 
RM 265.8 
Diversion Channel 
PJ1 264.3 
Campaign Creek 
RH 262.5 
Kyger Creek 
RM 261. 0 
Eight Mile Island 
RM 257.7 
Leading Creek 
RM 254.0 
Racine Beach 
Ri'1 241. 9 
Racine Lock and Dam 
RM 238.1 

Gillnet 
Site 

,1. 
" 

"f( 

7-: 

-;'( 

;': 

i'( 

Seine 
Site 

·k 

7, 

-;'( 

.. k 

-1: 

;': 



Data Collection and Analysis 

Sauger Samples 

12 

Saugers were collected by gillnet from the Ohio River 

from June 1980 to August 1981. Each monofilament gillnet 

was 38.1 m long, 1.8 m deep, comprised of five equal panels 

of 3.8-, 5.1-, 6.4-, 7.6- and 10.2-cm stretched mesh. 

Samples were collected during a period of 2 - 7 days near 

the middle of each month. Nets were lifted every 3 - 4 

hours over a 24 hour period from May to October, twice a day 

in November and April, and once a day in January and March. 

Lift intervals were kept short relative to estimated rates 

of gastric evacuation at ambient temperatures to minimize 

the effect of lag time between fish capture and emptying of 

nets (Craig 1978, Darnell and Meierotto 1962, Eggers, 1977). 

Scale samples, total length (to 0.5 cm) and weight (to lg) 

were taken from each sauger collected. 

After removal from the gillnets, fish were injected 

with 10% buffered formalin and placed on ice to minimize 

further digestion. Regurgitation of food was rarely 

observed during capture of fish in any month (<2.0%). Fish 

with signs of regurgitated food in the mouth were eliminated 

from further analyses. In the laboratory, stomach contents 

were removed, and each prey item measured in length (to lmm) 

and weighed (to 0.lg) (Hyslop, 1980). Fi sh prey were 

measured as total, standard or backbone length depending on 
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stage of digestion. Prey items were identified to species, 

partially digested fish being identified through structures 

resistant to digestion. Unidentified fish were rare and 

were eliminated from further analyses, most having reached 

advanced stages of digestion. Total length and weight for 

each identified prey item at time of ingestion were then 

estimated using regression equations developed for the major 

prey species (see below). 

Prey Samples 

Prey size fishes were collected by seining during each 

month of the study period and on days corresponding to 

gillnet sets. Samples were collected during daylight hours 

using a straight nylon seine, 30.5-m long and 1.2-m high 

with 6-rnm mesh. The seine was extended perpendicular to 

shore to a depth of 1.2m and then pulled downstream for the 

length of the site. Sites varied in length from 35.8m to 

62.0m depending on the amount of suitable substrate in the 

site area. 

formalin. 

All seine samples were then preserved in 10% 

Fish from seine samples were identified to species 

(Eddy 1957, Pflieger 1975, Trautman 1957) and a subsample of 

each species was measured in length (to lrnm). Median 

lengths and frequency of occurrence were computed monthly 

for each species by age class. When possible, age classes 

were separated based on length. Length-weight relationships 

were determined for the major species of fish (Table 3). 



Table 3. Regression equations used for determining length and weight of 
major prey species. 

Species Regression Equationa R2 Sample Size 

Gizzard Shad lnWT = 3.3228 lnTl - 12.9175 .98 200 
(Dorosoma cepedianum) lnWT = 3.4086 lnSL - 12.7804 .98 200 

lnWT = 3.2927 lnBL - ll.L~454 .97 100 
lnTL = 1.0520 lnSL + .0303 .97 200 
lnTL = 1.0161 lnBL + .3520 .99 100 

Emerald Shiner lnWT = 3. 1504 lnTL - 12. L~497 .99 200 
(Notropis atherinoides) lnWT = 3. 1424 lnSL - 11. 7L1.29 .99 200 

lnWT = 3.1450 lnBL - 11.2249 .98 100 
lnTL = .9965 lnSL + .2278 .99 200 
lnTL = .9864 lnBL + .4298 .99 100 

Channel Catfish lnWT = 2.6611 lnTL - 10.2026 .99 100 
(Ictalurus punctatus) lnWT = 2. 7265 lnSL - 9.76h6 .99 100 

lnTL = 1.0170 lnSL + .1930 .99 100 

continued --

~ 
.p-



Table T. continued 

Species Regression Equationa 

Freshwater Drum lnWT = 2.9824 lnTL - 11.4084 
(Aplodinotus grunniens) lnWT = 3. 3491 lnSL - 11. 7607 

lnTL = 1.1217 lnSL - .1138 

Mimic Shiner 1 n WT = 3 . 119 3 1 n TL - 11. 9 5 91 
(Notropis volucellus) lnWT = 3.1275 lnSL - 11.2759 

lnTL = 1.0025 lnSL + .2193 

a WT 
TL = 
SL = 
BL = 

total wet weight in grams 
total length in millimeters 
standard length in millimeters 
backbone length in millimeters 

R2 

.99 

.98 

.99 

.97 

.96 

.99 

Sample Size 

50 
50 
50 

100 
100 
100 

----- t-' 
l.Jl 
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Total length (to lmm), standard length (to lmm) and weight 

(to O.lg) were recorded for each fish used in the regression 

equations. The vertebral column was then extracted from 

each fish for use in the determination of backbone length 

(to lmm) (Pikhu and Pikhu 1970). 

Digestion Rates 

Digestion rates for saugers were calculated using the 

linear relationships between the amount of food evacuated 

from the stomach and time as determined by Swenson and Smith 

(1973). These equations were presumed applicable to Ohio 

River saugers for several reasons. First, Swenson and Smith 

(1973) found no significant differences in digestion rates 

between walleye and sauger or among individuals taken from 

three different lakes. 

Secondly, the evacuation rates seem particularly 

appropriate as they account for variation in fish size, food 

size and meal size. When using exponential rates of gastric 

evacuation for calculations of daily ration (Cochran 1979, 

Egger 1979, Elliott 1979), it must be assumed that the rates 

are unaffected by these factors (Elliott and Persson, 1978). 

Gastric evacuation may be unaffected by food size in fishes 

feeding on relatively small food particle sizes (Brett and 

Higg 1970, Elliott 1972, Tyler 1970) but it seems unlikely 

that this would hold over the broad range of food sizes 

ingested by saugers. Digestion is surface-related, and 

smaller fish prey have a much greater surface area per unit 
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weight than larger fish prey items. Several studies have 

indicated, however, that digestion rates for different prey 

species, of a given size, are similar (Elliott 1972, Persson 

1979, Windell 1966). 

Third, rates of gastric evacuation have been shown to 

be linear rather than exponential in walleyes and saugers 

(Hoffman 1969, Swenson and Smith 1973) and are compatible 

with results from field evaluations (Forney 1977a). Several 

researchers have suggested that gastric evacuation is 

exponential (Brett and Higgs 1970, Elliott 1972, Tyler 

1970). This is intuitively more appealing, as rates of 

enzyme reactions are essentially exponential (Fabion et al. 

1963, Jennings 1965). However, other workers have observed 

linear rates of gastric evacuation (Hunt 1960, Kitchell and 

Windell 1968). Elliott and Persson ( 1978) suggest that 

exponential evacuation rates may not be appropriate for all 

fish species. 

Swenson and Smith (1973) evaluated digestion rates over 

a narrower range of temperatures (14.5 - 20°C) than those 

encountered in this study. As a result, data from Hoffman 

( 1969) were used to determine the digestion rates for 

walleyes at varying temperatures as 

ln Y = -1.1899 ln X + 6.5443 R~ = . 96 

where Y =time for 100% digestion and X =temperature (°C). 

The slope of the relationship was then used to adjust the 

regression equations of Swenson and Smith ( 1973) for 
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temperature (Table 4, Fig. 2). The exponential nature of 

this relationship is consistent with those developed for 

other species of fishes (Elliott 1972, Molnar et al. 1966, 

Molnar and Tolg 1962, Steigenberger and Larkin 1974, Windell 

et al. 1976). The effect of force feeding prey by Hoffman 

(1969) was assumed consistent across temperatures (Edwards 

1971, Swenson and Smith 1973) and therefore assumed not to 

affect the relative rate of change for digestion times. 

Calculation of Daily Ration 

Estimates of daily ration by saugers were made using 

Swenson and Smith's (1973) equation. This method was chosen 

over other methods of estimating food consumption (Diana 

1979, Elliott and Persson 1978, Nakashima and Leggett 1978, 

Noble 1972, Popova and Sytina 1977, Thorpe 1977) as it 

incorporates information on fish size, food size and meal 

size and also does not require the assumption of continual 

feeding throughout the day (Mann 1978). 

ration (C, in mg/g/day) was calculated as: 
./: s ~ 

c = Z: ~ ( ( 'i:sc ) /F) .• 
.i.~I f=I ~=l Jk. "'-(t 

Average daily 

where SC = predigested weight of stomach contents for prey 

of a given size interval, not more that 90% digested, 

consumed during a time period; f = number of saugers in the 

sample, having consumed prey of a given size, during a time 

period; F = number of saugers in the sample which could have 

contained food of a given size in a state of digestion not 
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Table 4. Regression equations describing relations 
between percentage digestion (Y), time (X), 
meal size (mg/g;X1 ) and temperature (T). 
From Swenson and Smith (1973), with 
adjustments for temperature using Hoffman 
(1969). 

Regression Equations 

<. 8g minnows 
y = 42.375 + 5.620 el. 1899 (lnT - ln20.0) (X) - . 493 (X1) 

.8 - .95g minnows 
y = 28.571 + 6.553 el.1899(lnT - ln20.0) (X) - .493(X1) 

.96 - l.9g minnows 
y = 21. 469 + L~. 797 e 1. 1899 (lnT - lnl4.5) (X) - .149(X1) 

2.0 - 3.0g minnows 
y = 8.863 + 4.546 el. 1899 (lnT - lnl4.5) (X) - .177(X1) 

3.1 - 5.0g minnows 
y = .279 + 4.321 el.1899(lnT - lnl4.5) (X) - .205(X1) 

5.1 - 8.0g minnows 
y = -.6954 + 4.16 el. 1899 (lnT - lnl4.5) (X) - .205(X1) 

> 8.0g minnows 
y = -14.641 + 3.986 1. 1899 (lnT - lnl4.5) (X) .205(X1) e -
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Figure 2. Relation between percentage digestion, 
time and temperature for 3.1 - S.Og 
minnows. Temperature varied from s 0 c 
to zsoc by soc increments. Effect of 
meal size not included in regression 
lines. 
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exceeding 90%, during a time period; s = number of food 

sizes; t = number of time periods in a day. 

Percentage digestion was estimated for each prey item 

from the digested and original whole weights (Table 3). The 

weight of a prey item at the time of ingestion was converted 

to mg and expressed in terms of body weight of the sauger 

which consumed it (mg/g). To increase accuracy, portions of 

earlier meals were added to subsequent feedings in 

correcting for meal size (El-Shamy 1976, Swenson and Smith 

1973). Hours of digestion could then be determined using 

relationships between percentage digestion, meal size and 

temperature (Table 4). Ingestion time was estimated as time 

of capture minus hours of digestion. In the digestion rate 

experiments, Swenson and Smith (1973) evaluated percentage 

digestion at 4-hr intervals after feeding. As a result, the 

relationships between percentage digestion and hours of 

digestion, for digestion times less than 4hrs, were 

estimated by linear extension from values calculated at 4hrs 

to the origin of the graph (Swenson and Smith 1973). 

The weight of food consumed by all saugers in a sample 

was recorded according to ingestion time by 2 hour periods 

(Table 5) . Each prey size interval was considered 

separately. Summing prey weights for each 2 hour interval 

gave an estimate of the total weight of prey, of a given 

size, consumed during each period. This provided an 
.f 

estimate of ~ SC. For estimating F, relations between 
~ .. , -~ 
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Table 5. A hypothetical example of the calculation of 
daily ration, using five saugers captured at 
the same time, each with a 1. Og prey item 
and same meal sizes, at different stages of 
digestion. 

Time Interval Event SC 
(g) 

F SC/F 
(Number 
of Fish) 

0000 - 0200 

0201 - 0400 ~arlie~t ~ossible 
ingestion 0 5 

0401 - 0600 0 5 

0601 - 0800 One prey . db ingeste 1 5 

0801 - 1000 Two prey . db ingeste 2 5 

1001 - 1200 One prey . db ingeste 1 5 

1201 - 1400 One prey . db ingeste 1 5 

1401 - 1600 0 5 

1601 - 1800 Fish captured 0 5 

1801 - 2000 

2001 - 2200 

2201 - 2400 

(SC/F) = 

aBased on time for 90% digestion of prey from time of 
capture. 

bBased on time of capture minus hours of digestion. 

0 

0 

0.2 

0.4 

0.2 

0.2 

0 

0 

1. 0 
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percentage digestion, meal size and temperature were used to 

calculate the number of hours to reach 90% digestion. The 

time to 90% digestion was used because the length of the 

residual digestion phase can be highly variable (Windell 

1978). The value of F is then determined by counting back 

from the time of capture the number of hours to reach 90% 

digestion. Each fish in the sample which could have 

consumed prey in a 2-hour time interval was considered an 

element of F. Summing for each 2-hour time interval gave an 

estimate of F for that period. Individual estimates were 

made for each size category of prey. 
f 

Division of r SC by F gave an estimate of the amount 
~ .. , lk.. 

of each prey size consumed during each 2-hour period by an 

individual sauger in the sample. Summation of time periods 

and prey sizes gave an estimate of daily consumption in 

milligrams. Consumption in terms of body weight was 

obtained by dividing by the median weight of the saugers in 

a sample. 

Statistical Procedures 

Non-parametric and parametric procedures were utilized 

in data analyses. Non-parametric procedures are more 

efficient than parametric procedures when assumptions of 

normality are not met {Hollander and Wolfe 1973). 

Computations were performed using SAS and a non-parametric 

statistical package developed by Pirie (1979). All tests 

were two-sided unless otherwise indicated and decision 
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levels were maintained at P = .05. 



RESULTS 

Food Habits of Saugers 

Stomach contents of 550 saugers collected from the Ohio 

River during the period June 1980 - August 1981 were 

examined (Table 6). Gizzard shad and emerald shiners were 

the most common prey items consumed throughout the year, 

followed by freshwater drum, channel catfish and mimic 

shiners. Other identified fish prey species, including 

bluegill (Lepomis macrochirus) Ohio brook lamprey 

(Lamptera aepYPtera) , white bass (Morone chrysops) and rock 

bass (Ambloplites rupestris), as a group comprised less than 

1% in numbers of the total fish prey ingested. 

Invertebrates, as a group, were also infrequent, occurring 

in 6. 4% of all saugers examined. Empty stomachs were 

common, occurring in 10 to 73% of the fish sampled during 

each month. 

The relative occurrence of the various prey items in 

sauger stomachs varied by month. Gizzard shad comprised 

over half of the prey items in both numbers (Fig. 3) and 

weight (Fig. 4) from September through January. Emerald 

shiners were numerically important throughout the major 

portion of the year, declining in importance during the 

period from October to January. Emerald shiners were more 

important in the diet in terms of number than in terms of 

weight. 

26 



Table 6. The number of various prey items found in the stomachs of saugers 
collected from the Ohio River, June 1980 - August 1981. The number 
of fish sampled is listed below each month. 

% of 
June July Aug Sept Oct Nov Jan Mar Apr May Total Total 

Prey Item (62) (55) (70) (47) (54) (70) (42) (54) (44) (52) (550) Fish 
Prey 

-
Gizzard shad 1 0 12 14 43 66 77 1 2 1 217 42 
Emerald shiner 15 37 42 12 11 9 3 2 2 13 146 28 
Freshwater drum 0 2 73 0 6 0 1 0 1 0 84 16 
Channel catfish 0 30 29 1 0 0 0 0 0 1 61 12 
Mimic shiner 0 0 2 1 0 0 2 0 0 0 5 1 
Bluegill 0 0 0 0 0 0 0 0 2 0 2 0 
Ohio brook lamprey 0 0 0 0 0 0 0 2 0 0 2 0 
White bass 0 0 0 0 1 0 0 0 0 0 1 0 N 

........ 
Rock bass 0 0 0 0 0 1 0 0 0 0 1 0 
Unidentified fish 1 0 3 2 0 5 0 2 4 1 
Invertebrates 

Cl. Insecta 
Ephemeroptera 10 1 0 1 0 0 0 13 1 1 
Trichoptera 3 3 0 1 0 0 0 0 1 0 
Amphipoda 2 1 0 0 0 0 0 29 1 0 
Odonata 1 0 0 0 0 0 0 0 0 0 
Diptera 0 0 0 0 1 0 0 0 0 0 

Cl. Crustacea 
Decapoda 3 0 0 0 0 0 0 0 0 0 

Empty 33 21 20 22 16 26 4 36 31 38 
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Figure 3. Seasonal food habits (percent total number 
of fish prey) of saugers collected from 
the Ohio River, June 1980 - August 1981. 
The other fish category includes identified 
fish making up less than one percent of 
the total fish prey numbers. 
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Figure 4. Seasonal food habits (percent total weight) 
of saugers collected from the Ohio River, 
J1me 1980 - August 1981. The other fish 
category includes identified fish making 
up less than one percent of the total 
fish prey numbers. 
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Freshwater drum and channel catfish became significant 

portions of the diet in July and August. The exact timing 

of occurrence in the stomachs varied slightly b~tween the 

two years sampled. Mimic shiners were uncommon during all 

monthly periods. Other fish species were relatively 

unimportant during most of the year, but did assume some 

significance in March and Apri 1. Invertebrates also 

comprised a small portion of the diet, primarily during the 

spring months {Fig. 4). 

Sauger Growth 

Most growth in length (Fig. 5) and weight (Fig. 6) for 

Ohio River saugers occurred from August through March; 

maximum rate occurred during October and November. Seasonal 

patterns of growth in length were similar for 1977 to 1979 

sauger year classes. The pattern of growth for the 1980 

year class was also similar, but was higher during the month 

of September than for other year classes. Growth of saugers 

of all ages was negligble from Apri 1 through July. A 

reduction in weight by the 1977 to 1979 sauger year classes 

{Fig. 5) after March presumably was due to loss of gonadal 

products during this period. 

Daily Ration 

Times for representative prey i terns to reach 90% 

digestion varied from a low of six hours in July to a high 
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Figure 5. Monthly median lengths (mm) for 1977 -
1980 year classes of sauger in the Ohio 
River. Upper and lower limits represent 
25th and 75th percentiles. Sample sizes 
are-listed next to each median value. 
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Figure 6. Monthly median weights (g) for 1977 - 1980 
year classes of sauger in the Ohio River. 
Upper and lower limits represent 25th and 
75th percentiles. Sample sizes are"-Tisted 
next to each median value. 
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of 7.8 days in January (Table 7). Water temperatures were 

highest and saugers were feeding on relatively smaller sized 

prey in July as compared to the low water temperatures and 

larger prey consumed during January. The values determined 

for Ohio River saugers are similar to those developed for 

other piscivorous species of fish at comparable temperatures 

(Diana 1979, Forney 1977a, McGee et al. 1977, Seaburg and 

Moyle 1964). 

Preliminary tests showed that monthly median meal sizes 

(mg/g) were similar for the 1977 to 1980 year classes of 

sauger during the period June 1980 to August 1981 (Friedman 

Test, p = . 685) . Male and female saugers also consumed 

similar monthly meal sizes (Wilcoxon Signed Rank Test, 

p>.05). If present, differences in daily ration between age 

classes of saugers should be most significant during the 

first year. Estimates of daily ration (mg/g/day) of O+ and 

I+ and older saugers were similar after early September 

(Wilcoxon Signed Rank Test, p>.625). As a result of these 

tests, fish from the four most abundant year classes were 

pooled by month to derive estimates of the average daily 

ration (mg/g/day) for the population (Table 7). 

Annual food consumption for Ohio River saugers averaged 

1.1% of the body weight per day. During the major portion 

of the growing season from August through January, food 

consumption averaged 1.7% of the body weight per day. 



Table 7. Estimates of average daily ration (mg/g/day) of saugers collected from 
the Ohio River, June 1980 - August 1981. 

Month 

1980 June 
July 
August 
September 
October 
November 

1981 January 
March 
April 
May 
June 
July 
August 

Number 
of Days 
Sampled 

4 
2 
6 
7 
5 
3 
5 
5 
3 
2 
5 
6 
4 

Number of 
Saugers 
Sampled 

17 
12 
24 
47 
54 
70 
42 
51~ 
44 
52 
45 
43 
L~6 

Water 
Temperature 

(oC)a 

22.6 
27.4 
25.8 
25.1 
19. 7 
9.6 
2.9 
6.4 

13.5 
ll~. 3 
23.5 
26.7 
26.6 

Average 
Prey 

Weight 
(g) 

3.26 
0.23 
1. 38 
3.19 
6.12 
7. 77 

10.67 
1. 82 
5.07 
2.09 
4.03 
0.47 
0.51 

aData represent average daily values for sample period. 

Time to 9£% 
Digestion 

(hrs) 

8.2 
6.0 
7.6 

10.0 
16.0 
39.8 

186.5 
38.5 
19.7 
16.5 
8.8 
6.1 
6.6 

bRepresentative value for month using average prey sizes and meal sizes. 

Average 
Daily 

Ration 
(mg/g/day) 

lf L 3 
6.9 

11. 4 
19.3 
37. 7 
12.9 

6.5 
0.5 
2.0 
2.1 

10.4 
5.5 

11.9 

w 
00 
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The annual pattern of daily ration generally followed a 

bimodal distribution (Fig. 7). Rate of food consumption 

peaked in October, corresponding to the period of maximum 

sauger growth. Daily rations declined steadily after 

October, to their lowest levels in March through May. The 

spring months correspond to the spawning period for Ohio 

River saugers; the percent of saugers captured having 

spawned increased steadily from March ( 0%) through April 

(12%), May (37%) and June (100%). 

A second, smaller peak in food consumption occurred 

during June. Daily rations in July were reduced from those 

in June and August, indicating a midsummer decline in food 

consumption during the time of maximum water temperatures. 

This pattern was consistent in both years, despite the 

smaller sample sizes obtained during 1980. 

Food Conversion Efficiency 

Food conversion efficiencies were estimated for the 

abundant 1978 year class of saugers (Table 8). Growth in 

grams was estimated for intervals between samples and 

expressed in terms of average sauger weight for the interval 

( g/g) for the period from August through January. Food 

consumption (g/g) was determined for the same periods using 

an average daily ration based on the estimates at the 

beginning and end of the interval. Division of growth (g/g) 

by food consumption ( g/g) gave an estimate of food 
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Figure 7. Average daily ration (mg/g/day) of saugers 
in the Ohio River, June 1980 - August 1981. 
Sample size listed next to value for each 
month. 
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Table 8. Food conversion efficiency for the 1978 sauger year class, by 
monthly intervals, August - November, 1980 and on a yearly 
basis, August, 1980 - August, 1981. 

Period 

Aug 10 - Sept 16 
Sept 17 - Oct 12 
Oct 13 - Nov 20 
Nov 21 - Jan 28 

Total 
Aug 10 - Jan 28 

Total - Yearly 
Aug 10, 1980 - Aug 7, 1981 

Period 
Length 
(Days) 

38 
26 
39 
68 

171 

362 

Number 
of 

Saugers 

41 
53 
59 
51 

119 

270 

Consumption 
(g/g) 

.5833 

.7410 

.9867 

.6596 

2.9706 

4.0342 

Growth 
(g/g) 

.1170 

.0563 

.3074 

.1297 

.5946 

.6316 

Conversion 
Efficiency 

(%) 

20.1 
7.6 

31. 2 
19.7 

20.0 

15.7 

Po 
N 
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conversion efficiency during any given time period. 

E'ood conversion efficiencies were variable for the 

monthly intervals from August through January, but averaged 

approximately 20% for the major portion of the growing 

season (Table 8) . The peak in conversion efficiencies 

occurred during the interval from October to November, 

corresponding to the period of maximum daily rations. The 

lowest levels of conversion efficiency were observed from 

September to October, a period of low growth. For the 

entire year, overall food conversion efficiency was 15.7%. 

Feeding Periodicities 

Portions of average daily ration were grouped by 4-hr 

intervals in order to evaluate the monthly feeding 

periodicities of saugers in the Ohio River (Table 9). 

Duncans Multiple Range Test indicated that feeding was 

continuous from October through May (p>.05). This period 

encompasses two distinct levels of food consumption by Ohio 

River saugers. Continuous feeding from October through 

January corresponds to the period of maximum food 

consumption. Daily rations were extremely low during the 

period from March through May, suggesting high variability 

in feeding patterns among individual saugers (Fig. 8). 

Saugers showed some evidence of feeding periodicity 

during the months of June through September. Feeding 

activity was significantly greater from 1200 to 1600 hours 



Table 9. Monthly feeding periodicities of saugers in the Ohio River, 
September, 1980 - August, 1981. Values represent portion of 
average daily ration (mg/g/day) consumed during each four 
hour time period. Values within each month with a letter in 
common are not significantly different. (Duncan's Multiple 
Range Test, p > . 05) . 

0401 -
0800 

0801 -
1200 

1201 -
1600 

1601 -
2000 

2001 -
2400 

2401 - Total 
Month 0400 (me/g/day) 

1980 September 0.29a 3.82ab 5.9lb 2.20ab 5.04b 2.04ab 19.3 

October 3.62a 4.52a 8. 7la 10.lOa 5.28a 5.47a 37.7 

November 1. 08a l.83a 2.58a 2.88a 2.36a 2.17a 12.9 

1981 January 1. 58a l.25a 0.9la 0.7la 0.93a 1. 12a 6.5 

March o.ooa 0.29a 0.09a 0.03a o.ooa 0.09a 0.5 

April l.13a 0.04a 0.44a 0.24a o.ooa 0.15a 2.0 

May 0.80a 0.37a 0.19a 0.23a 0.44a 0.07a 2.1 

June 0.29a 1. 82a 6.38b 0.17a 0.92a 0.82a 10.4 

July 0. 70a 0.238 0.63a 1. 34a 1. 73a 0.87a 5.5 

August 3.12ab 5.18b 0.15a 0.92a 0.44a 2.09ab 11. 9 

-P-
-P-
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Figure 8. Monthly feeding periodicities of sauger 
in the Ohio River, September 1980 -
August 1981. Values represent percent 
of average daily ration (mg/g/day) 
consumed during each four hour time 
period. Shaded area represents periods 
of darkness. 
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in June, the period of highest light intensity (p<. 05) 

(Table 9). Secchi disc readings (Table 2) were lower in 

June than in later months. Feeding activity was continuous 

in July (Table 9), corresponding to a period of lowered 

daily ration. Food consumption was elevated during the 

night and early morning hours in August, but was reduced 

during the major portion of the daylight hours. The feeding 

pattern in September was transitional between the periodic 

feeding in August and the continuous feeding of later 

months. 

Prey Selection ~ Saugers 

Relative Abundance and Prey Selection 

Frequency of occurrence of the five major prey species 

(>99%) in stomachs of saugers was compared with the relative 

abundance of these same species in river seine samples from 

August 1980 to August 1981 (Table 10). Emerald shiners were 

separated into two age groups, age O+ and age I+ and older, 

based on length. The two age groups could not be 

distinguished past November, al 1 fish thereafter being 

classified as age I+ and older. Individual year classes of 

gizzard shad could be differentiated throughout the year and 

were examined separately. 

The relative abundance of age I+ and older emerald 

shiners was not significantly different in river seine 

samples and sauger stomachs throughout the year (Fig. 9) 



Table 10. Percent of major prey species occurring in river seine samples and 
sauger stomachs, August 1980 - August 1981. Major prey species 
includes those comprising more than 99% of all prey species 
occurring in sauger stomachs. 

Gizzard 
Emerald Shad 
Shiner 1980 1981 Mimic Channel Freshwater Total Sample 

Month Sample o+ ~I+ Year Year Shiner Catfish Drum (%) Size 
Class Class 

1980 Aug River 95.0 1. 2 1. 8 0 1.4 0.5 0.2 100.l L.662 
Sauger 44.4 0 22.2 0 0 11.1 22.2 99.9 18 

Sept River 87.7 0.2 3. 7 0 8.3 0 0 99.9 1632 
Sauger 28.6 14.3 50.0 0 3.6 3.6 0 100.1 28 

Oct River 80.8 4.0 0.8 0 14.4 0 0 100.0 2559 
Sauger 10.0 8.371.7 0 0 0 10.0 100.0 60 +--

Nov River 53.1 1.7 10.0 0 35.2 0 0 100.0 403 00 

Sauger 4.0 8.0 88.0 0 0 0 0 100.0 75 
1981 Jan River 0 40. 0 41. 0 0 20.0 0 0 100.0 50 

Sauger 0 3.6 92.8 0 2.4 0 1.1 99.9 83 
Mar River 0 100.0 0 0 0 0 0 100.0 154 

Sauger 0 67.0 33.0 0 0 0 0 100.0 3 
Apr River 0 99.0 0 0 0 0 0.9 99.9 102 

Sauger 0 40.0 40.0 0 0 0 20.0 100.0 5 
May River 0 100.0 0 0 0 0 0 100.0 133 

Sauger 0 86.7 6.7 0 0 6.7 0 100.1 15 
June River 1.3 91.3 7.4 0 0 0 0 100.0 149 

Sauger 0 91. 7 8.3 0 0 0 0 100.0 12 
July River 81. 3 6.1 0.1 6.5 0 0.2 0 loo:o 5813 

Sauger 30.6 8.2 0 0 0 57.1 4.1 100.0 49 
Aug River 81. 3 3.2 0.1 9.6 3. 7 1. 8 0.2 99.9 6998 

Sauger 22.9 1.4 0 5.7 1. 4 19.3 49.3 100.0 140 
---
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Figure 9. Occurrence of I+ and older emerald shiners 
(percent of major prey species) in river 
seine samples (•) and sauger stomachs (o) , 
August 1980 - August 1981. 
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(Wilcoxon Signed Rank Test, p = .232). High numbers of age 

I+ and older emerald shiners were observed in both river 

samples and fish stomachs from March through June. For age 

O+ emerald shiners, the relative abundance was significantly 

·different in river seine samples and sauger stomachs on 

corresponding dates (Wilcoxon Signed Rank Test, p = .008). 

Relative abundance in the two samples was different, but 

paralleled one another (Fig. 10), and further analyses were 

made to test the strength of these trends. Spearman Rank 

Correlation indicated a significant positive association 

between the relative abundances in the two samples (p<.05). 

Numbers of age O+ emerald shiners in both samples peaked in 

July, the period of maximum recruitment, and declined 

steadily through the fall. 

The patterns of relative abundance of age O+ emerald 

shiners and age O+ gizzard shad (Fig. 11) in sauger stomachs 

and seine samples were different from one another. Emerald 

shiners were more abundant in seine samples than sauger 

stomachs during each month of the study. Gizzard shad, 

however, were more abundant in sauger stomachs for the 

majority of the months sampled. 

The Wilcoxon Signed Rank Test indicated that the 

monthly values of relative abundance of the 1980 year class 

of gizzard shad were significantly different in seine 

samples and sauger stomachs (p = . 002) . The general 
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Figure 10. Occurrence of O+ emerald shiners (percent 
of major prey species) in river seine 
samples (•) and sauger stomachs (o) , 
August 1980 - August 1981. 
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Figure 11. Occurrence of the 1980 year class of 
gizzard shad (percent of major prey 
species) in river seine samples (•) 
and sauger stomachs (o), August 1980 -
August 1981. 
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pattern, although similar (Fig. 11), showed no positive 

association (Spearman Rank Correlation, .OS<p<.10). 

However, results of the latter statistical test. were 

marginal. Relative abundance of gizzard shad increased 

during November and January in river samples and from 

September through January in sauger stomachs. By July of 

their second growing season, gizzard shad apparently had 

either outgrown the preferred size range of saugers or were 

in such low abundance that they were no longer selected 

(Fig. 11). 

Channel catfish, freshwater drum and mimic shiners all 

occurred in sauger stomachs during relatively limited 

periods {Table 9) . These months were also marked by 

corresponding increases of these species in seine catches. 

Increases were relatively higher in sauger stomachs for 

channel catfish and freshwater drum, but were greater in 

seine samples for mimic shiners. 

Sauger Length and Prey Length Selection 

There was a significant positive correlation between 

lengths of sauger and both individual lengths and maximum 

lengths of gizzard shad prey in stomachs (Spearman Rank 

Correlation, p<. 05). This suggests that saugers may be 

physically or morphologically limited as to the sizes of 

gizzard shad prey they can capture and consume. The 

predictive values of the correlations were, however, 
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extremely weak (R~ = .07 and .29, respectively) (Fig. 12). 

There was no positive association observed between 

either individual lengths or maximum lengths of emerald 

shiner (Fig. 13), freshwater drum or channel catfish prey 

and sauger lengths (Spearman Rank Correlation, p>.05). The 

predictive value of these correlations were also expectedly 

low. Sauger size was not an important determinant of prey 

size selection in the Ohio River. 

Size Selective Predation 

Length distributions of the major prey items occurring 

in sauger stomachs were compared to lengths in river seine 

samples on corresponding dates. For each month, tests were 

made between all lengths occurring in sauger stomachs and 

those from seine samples. Lengths of age O+ gizzard shad 

collected from river seine samples and sauger stomachs were 

not significantly different during any month (Wilcoxon Rank 

Sum , p>. 05) . Median lengths were slightly greater in 

sauger stomachs during the majority of the months sampled 

(Fig. 14), but within each month no differences in length 

distributions were detected. Channel catfish and freshwater 

drum lengths were also not significantly different between 

seine samples and sauger stomachs (Wilcoxon Rank Sum, 

p>. 05). 

Wilcoxon Rank Sum Tests indicated that age O+ emerald 

shiners were not significantly different (p>.05) in seine 
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Figure 12. Lengths (mm) of gizzard shad consumed by 
sauger, June 1980 - August 1981. Lines 
represent relationships between sauger 
lengths (mm) and individual lengths (•) 
and maximum lengths (o) of gizzard shad. 
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Figure 13. Lengths (nnn) of emerald shiners consumed 
by sauger, June 1980 - August 1981. 
Lines represent relationships between 
sauger lengths (nnn) and individual 
lengths (•) and maximum lengths (o) 
of emerald shiners. 
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Figure 14. Monthly median lengths of O+ gizzard shad 
in river seine samples (•) and in sauger 
stomachs (o). Upper and lower limits 
represent 25th and 75th percentiles. 
Sample sizes-are listen next to each 
median value. 
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samples and sauger stomachs during the period from July 

through September in both years sampled. However, lengths 

of age O+ emerald shiners were significantly greater (p<.05) 

in sauger stomachs during October and November. Median 

lengths of age O+ emerald shiner prey increased consistently 

from July through September in sauger stomachs while samples 

from the river oscillated during this same period (Fig. 15). 

Emerald shiners spawn throughout the summer months (Campbell 

and Maccrimmon 1970, Fuchs 1967), and pulses of new 

recruitment apparently caused the median population length 

to decline at regular intervals during the spawning period. 

During this period, the saugers continued to feed 

selectively on the larger sizes of age O+ emerald shiners in 

the river. 

Lengths of age I+ and older emerald shiners were 

significantly greater (p<.05) in sauger stomachs than in 

seine samples from January through April, but were similar 

(p>.05) during the remainder of the year (Wilcoxon Rank Sum) 

(Fig. 16). The large decrease in median size of age I+ and 

older emerald shiners in the river samples after November 

was due to the inclusion of the age O+ fish beginning in 

January. Taken together, the information from age O+ and 

age I+ and older fish suggests that Ohio River saugers 

select the larger emerald shiners during the months from 

October through April. This period corresponds with the 



Figure 15. 
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Monthly median lengths of O+ emerald 
shiners in river seine samples (•) 
and sauger.stomachs (o). Upper and 
lower limits represent 25th and 75th 
percentiles. Sample sizeS-are listed 
next to each median value. 
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Figure 16. Monthly median lengths of I+ and older 
emerald shiners in river seine samples 
(•) and in sauger stomachs (o). Upper 
and lower limits represent 25th and 75th 
percentiles. Sample sizes are-listed 
next to each median value. 
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time of highest daily ration and the period during which 

gizzard shad make up a large portion of the diet. 



DISCUSSION 

The results of this study allow evaluation of some 

aspects of predation in a large river relative to other 

aquatic systems. The environmental characteristics of the 

Ohio River appear to have influenced some aspects of 

predator-prey relationships. Environmental conditions in 

the Ohio River are highly variable during the annual cycle 

and may account for many of the differences from other 

systems. The discussion that follows evaluates and compares 

the observed relationships between saugers and their prey in 

the Ohio River in terms of these physical characteristics. 

Seasonal Food Habits 

Gizzard shad, emerald shiners, freshwater drum, channel 

catfish and mimic shiners were the most common prey items of 

Ohio River saugers. Predation by saugers on these species 

has been reported in several other studies (see Scott and 

Crossman 1973). Rawson and Scholl (1978) observed emerald 

shiners, freshwater drum, gizzard shad and channel catfish 

in the stomachs of Lake Erie saugers. Emerald shiners were 

common prey i terns in saugers from several other more 

northerly lakes (Priegel 1963, Priegel 1969, Swenson and 

Smith 1973). Prey assemblages and the resulting species 

utilization by saugers in the Ohio River are similar to 

those occurring in a variety of lake systems. Consequently, 

differences observed in predation by saugers in the Ohio 

70 
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River can be attributed to physical characteristics of the 

system, not to differences in the prey community. 

Emerald shiners were frequent prey species of saugers 

in the Ohio River throughout most of the year, but were less 

common during October to January. Gizzard shad became the 

predominant prey during most of that period ( Septernber-

January). McGee et al. (1977) observed similar consumption 

of threadfin shad (Dorosoma petenense) by saugers during the 

fall and winter months in Watts Bar Reservoir, Tennessee. 

Both threadfin shad and gizzard shad become lethargic and 

exhibit reduced swimming ability at temperatures below 10°C 

(Fitz and Holbrook 1978, Griffith 1978, Neumann et. al. 

1977), gizzard shad being more resistant to cold 

temperatures than threadfin shad (Cox and Coutant 1976). 

Temperatures below 10°C occurred in the Ohio River during 

November and January and may have been a factor in the 

higher consumption of gizzard shad during these months. 

Taken together, emerald shiners and gizzard shad provided a 

stable prey source throughout the year for Ohio River 

saugers. 

Channel catfish and freshwater drum were sizeable 

portions of the diet only during July and August, similar to 

the results of other studies (Parsons 1971, Priegel 1963). 

Other fish species were substantial portions of the diet in 

March and April, while invertebrates were most abundant in 
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the sauger diet from March through June. Priegel ( 1963) 

attributed higher use of invertebrates observed in Lake 

Winnebago, Wisconsin to low abundance of primary prey 

species. Lowest prey abundance of emerald shiners and 

gizzard shad occurred in the Ohio River from March through 

June. Jenkins (1979) observed reduced biomass of available 

prey in southeastern reservoirs during the same period. The 

ini ti a ti on of spawning by saugers also may have been 

responsible for the altered food consumption during March 

and April. Concentrations of saugers were observed near 

creek mouths during this period. Invertebrates and other 

fish species may have been more abundant in the creeks which 

the saugers entered to spawn (Trautman 1957, Vannote et al. 

1980). 

Food Consumption and Growth 

Growth rates of Ohio River saugers were within the 

limits reported for saugers throughout its geographic range 

(Carlander 1950, Carufel 1963, Hackney and Holbrook 1978, 

Hasler 1957, Nelson and Walburg 1977, Wahtola et al. 1972). 

(Appendix Table 1). Fish in warmer waters grow faster and 

mature earlier but do not live as long as fish in cooler 

waters. Saugers captured from the Ohio River were 

predominately age IV and younger; few age V saugers were 

captured. Few southeastern saugers attain age I I I and 

practically none survive to age IV (Hackney and Holbrook 
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1978). Saugers from more northerly water, however, often 

reach age VIII (Carufel 1963). Annual growth and longevity 

of Ohio River saugers were intermediate between those taken 

from more northerly and southerly waters. The timing and 

pattern of growth within the annual cycle, however, was 

different in the Ohio River. 

The growth pattern of saugers in the Ohio River 

corresponded to the pattern of daily rations during the 

major portion of the growing season. Nakashima and Leggett 

( 1978) observed similar relationships for yellow perch 

(Perea flavescens) during the major portion of the growing 

season in Lake Memphremagog. The period of peak growth in 

length and of peak daily ration for saugers in the Ohio 

River was from September through November. The peak differs 

from the period of maximum food consumption for walleyes in 

Lake of the Woods, Minnesota during August and September 

(Swenson and Smith 1973). The shift of peak ration to later 

in the fall in the Ohio River probably resulted from 

different temperature patterns and increased availability of 

gizzard shad. Hokanson (1977) cites 22°C as the temperature 

for optimum growth and consumption for saugers. Water 

temperatures exceeded this level in the Ohio River until 

after the middle of September. The period of elevated food 

consumption by saugers in the Ohio River also corresponds to 

the first inclusion of large numbers of gizzard shad in the 
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diet. If the correlation between daily food consumption and 

prey density observed by Swenson and Smith ( 1976) in 

Minnesota operates in the Ohio River, the appearance of 

gizzard shad in the diet in the fall enhanced the ability of 

saugers to maintain elevated levels of food consumption 

through the fall months. 

Growth and food consumption of saugers declined 

gradually in November and January samples. Daily rations of 

saugers in the Ohio River were 12.9 and 6.5 mg/g/day during 

these months, respectively. Based on Kelso's (1972) 

predicted maintenance rations of 6.3 and 4.0 mg/g/day for 

walleyes at corresponding temperature regimes, approximately 

6.6 and 2.5 mg/g/day were available for growth during these 

months. The magnitude of these differences in ration 

available for growth agrees closely with the levels of 

growth observed for Ohio River saugers in November and 

January. Growth of percids in winter has not been evaluated 

extensively in other aquatic habitats and may be unique to 

large river systems. Winter growth in other types of 

aquatic systems should be examined more intensively to 

determine the general occurrence of these patterns. 

Despite small sample sizes, Minton et al. ( 1981) 

observed elevated food consumption during the winter by 

saugers feeding on threadfin shad in Watts Bar Reservoir, 

Tennessee. Diana (1979) observed much lower daily rations 
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for northern pike (Esox lucius ). at similar temperatures in 

Lac Ste. Anne, Alberta, where clupeids were not a major prey 

species. Other studies in large rivers have also indicated 

longer annual feeding cycles than those present in lakes or 

reservoirs (Backiel 1971, Griffiths 1976, Popova and Sytina 

1977). The extended warm temperatures and increased 

availability of gizzard shad presumably contribute to the 

continued growth and food consumption of Ohio River saugers 

during the winter months. 

Lowest growth and food consumption of saugers occurred 

from March through May. High turbidity levels, low food 

availability and a spawning fast by saugers may all have 

been important in determining the observed reduction in 

feeding. Turbidity levels were extremely high during a 

portion of this period (April-May) and are known to reduce 

feeding rates in sight-feeding fishes (Gardner 198la, 

Gardner 198lb, Hemistra et al. 1969). Correlation between 

turbidity levels and feeding rates was not apparent, 

however, at other times of the year, suggesting that 

turbidity was unimportant in determining levels of f cod 

consumption throughout the year. Food availability, based 

on seine catches, apparently reached the lowest levels 

during the period from March to June in the Ohio River and 

may have contributed to reduced levels of food consumption. 

Saugers were feeding on invertebrates and less common fish 
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prey during these months, as typical of periods of reduced 

primary prey availability (Priegel 1963). Levels of food 

consumption increased in June, however, before the new year 

classes of primary prey species appeared in seine catches. 

This information suqqests that the reduction in rations 

of saugers may have been due to alterations in sauger 

behavior during spawning. Nelson (1968) observed initiation 

of spawning by saugers at temperatures near 6.ldC. Water 

temperatures exceeded 6.1°C in the Ohio near mid-March and 

the number of saugers having spawned gradually increased 

after this point. Diana (1979) observed a spawning fast by 

northern pike in Alberta similar to the reduction in 

consumption by Ohio River saugers. 

Growth remained low from June through August, while 

levels of food consumption became substantial during this 

period. Differences in patterns of growth and ration 

presumably related to water temperatures in the river. 

Temperatures again approached optimal levels for growth of 

saugers in June (Hokanson 1977), resulting in a relatively 

short increase in food consumption. During July and August, 

water temperatures approached the upper incipient lethal 

temperature of 29 - 35°C for percids (Hokanson 1977), and 

saugers were not able to find optimal temperatures due to 

the isothermal nature of the Ohio River. Kitchell et al. 

(1977a), in applying a bioenergetics model to walleyes and 
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yellow perch, indicated that environmental temperatures 

constitute a major determinant of growth under specified 

feeding regimes. In the model, allometric relations of food 

consumption and respiration rates markedly reduced the 

growth of larger fish as a result of high mid-summer water 

temperatures. The mid-summer slump in food consumption 

during July was probably also related to high temperatures 

and reduced foraging activity (Forney 1977b, Kitchell et al. 

1977a). 

In general, patterns of growth and food consumption 

showed both similarities to and differences from those 

observed in other aquatic systems. Bimodal annual patterns 

of food consumption observed here have also been observed in 

several studies in lakes (Diana 1979, Doble and Eggers 1978, 

Forney 1977b, Kitchell et al. 1977a). Reduced feeding 

during spawning and mid-summer declines in food consumption 

appear to be common for several predators in a variety of 

aquatic systems. High food consumption and growth continues 
, 

longer into the winter and peaks later in the year in the 

Ohio River than has been reported in previous studies. 

Diana (1979) observed peak food consumption of northern pike 

in June followed by a smaller peak in October. Swenson and 

Smith ( 1973) indicated a gradual increase in rations of 

walleye and sauger from June through September. Water 

temperature and its effect on saugers and on cold sensitive 
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prey appear to be the primary determinants in the patterns 

of food consumption and growth for saugers in the Ohio 

River. As water temperatures in the river declined after 

mid-September, optimal conditions for sauger growth occurred 

and gizzard shad became increasingly vulnerable to 

predation. 

Food Conversion Efficiency 

The average conversion efficiency of 20% during the 

growing season is within the range of values summarized by 

Lane et al. (1979) for a variety of fish species. This 

value is the same as the conversion efficiencies determined 

for age II and III walleyes in Lake of the Woods (Swenson 

and Smith 1973). Calculations for these walleyes were also 

based on estimates made during the major portion of the 

growing season. Physical characteristics, such as flow, in 

a large river might be expected to increase metabolism and 

reduce food conversion efficiency. Saugers in the Ohio may 

have been able to behaviorly reduce the potential effects of 

flow on food consumption and growth by minimizing exposure 

to portions of the river with higher flow rates, or by using 

the current to bring prey to them. 

The conversion efficiency estimate of 15.7% for the 

entire year was substantially reduced from that calculated 

only for the growing season. The reporting of rates 

determined only from data collected during the growing 
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season implicitly assumes that ration and growth are 

correlated throughout the year and that data for the growing 

season accurately represent the entire year. Reduced growth 

was observed for Ohio River saugers, however, at both low 

and intermediate rations, violating this assumption. 

Therefore, studies of efficiency not covering periods of 

slow growth may overestimate annual conversion efficiency 

levels. For Ohio River saugers, a 27% overestimate in 

conversion efficiency was observed. 

Feeding Periodicities 

Daily feeding activity of saugers in the Ohio River was 

continuous from October through May. Previous studies 

(Baumann and Kitchell 1974, Keast and Welsh 1968, Sauchenko 

1977) have shown light intensity to be an important cue in 

determining movement and feeding patterns in fishes. 

Species of Stizostedion are also particularly adapted for 

activity and feeding under reduced light conditions (Ali and 

Anctil 1968). Reduced light intensity during the winter 

months may allow continuous feeding by Ohio River saugers. 

Swenson (1977) observed continuous feeding during months of 

reduced light intensity by saugers in Lake of the Woods, 

Minnesota, in June and September. The period of continuous 

feeding from October through January by saugers in the Ohio 

River also corresponds to the months of highest daily 

ration. Continuous feeding may be a mechanism by which 
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saugers are able to achieve periodically higher levels of 

food consumption. 

Feeding activity was continuous during the spring 

months from March to May, but was marked by high variability 

among individual saugers. These months correspond to the 

period of reduced rations and spawning of Ohio River 

saugers. Irregular activity patterns during spawning may 

result in sporadic feeding in these months. Ager (1976) 

observed an irregular pattern of activity for walleye in 

Center Hill Reservoir, Tennessee during the spawning period 

using biotelemetry. 

Some evidence of feeding periodicity was detected 

during the periods of greatest light intensity from June 

through August. Food consumption of Ohio River saugers was 

depressed during July, with high variance in feeding 

periodicity data similar to the period from March to May. 

Feeding rate was elevated during the period of highest light 

intensity in June, but was reduced during the major portion 

of the day in August. Turbidity levels may have been 

important in determining these inverse feeding patterns in 

June and August. The Ohio River was extremely turbid during 

June, but was relatively clear during July and August. 

Al though movement and feeding of walleyes are generally 

greatest between the periods of dawn and dusk (Kelso 1976, 

Kelso 1978, Swenson and Smith 1973), Ryder (1977) observed 
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continuous activity of walleye in turbid waters. In 

laboratory experiments, Swenson (1978) showed walleye to be 

more active during the dark phase of the light cycle under 

clear water conditions, but day active in turbid water. 

High turbidity levels in June may have made conditions 

optimal for feeding during the time of highest light 

intensity, while lower turbidity levels in August may have 

reduced feeding during the daylight hours. 

Species of Stizostedion exhibit continuous feeding 

during periods of reduced light conditions and depressed day 

activity during periods of high light intensity in a variety 

of aquatic systems, including the Ohio River. Altered 

feeding and activity also appears typical during the 

spawning period. Previous studies have indicated that 

increased turbidity levels may affect these activity 

patterns. Because turbidity levels and light intensity can 

fluctuate greatly on a short-term basis in large rivers, 

feeding periodicity and activity can be highly variable in 

systems like the Ohio. 

Prey Selection £y Saugers 

Prey Abundance 

Differences in relative abundance of prey species 

between seine samples and sauger stomachs were observed 

throughout the study period. Age O+ gizzard shad, 

freshwater drum and channel catfish were more abundant in 
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sauger stomachs, while age O+ emerald shiners and mimic 

shiners were more abundant in seine samples. Age I+ and 

older emerald shiners were equal in relative abundance in 

both seine samples and sauger stomachs. Gear selection, 

sauger selection or differences in habitat sampled may each 

have been important in determining the observed differences. 

Seining was limited to shoreline areas and may not have been 

representative of the entire river. Additional seining 

samples at night (Nielsen et al., 1981) collected slightly 

higher proportions of freshwater drum and channel catfish, 

suggesting somewhat different habitat preferences for these 

species. Seining may also have been more efficient at 

capturing weak-swimming age O+ emerald and mimic shiners, 

while underestimating numbers of larger gizzard shad, 

freshwater drum and channel catfish. Gear avoidance by 

faster swimming individuals is a problem inherent to many 

active sampling techniques. 

Seasonal trends in relative abundance were similar 

between seine samples and sauger stomachs. These patterns 

were consistent across months and species and suggest that 

relative abundance played at least some role in determining 

prey consumption by Ohio River saugers. Parsons ( 1971) 

observed that walleyes in Lake Erie selected the most 

abundant prey species within certain size ranges and 

followed a seasonal progression of preferred prey. Ohio 
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River saugers first preyed heavily in July on age O+ emerald 

shiners, freshwater drum and channel catfish, and later on 

gizzard shad. Emerald shiners were eaten regularly 

throughout the year while freshwater drum and channel 

catfish were seldom eaten after August. 

In general, patterns of prey selection appear similar 

across a variety of aquatic habitats, including large 

rivers. McGee et al. ( 1977) observed close correlation 

between patterns of impingement of threadfin shad and 

utilization by saugers in Watts Bar Reservoir,Tennessee. 

Swenson and Smith (1976) found a close correlation between 

patterns of abundance of prey species and the number of prey 

consumed daily by walleye and sauger in Lake of Woods, 

Minnesota. Species of Stizostedion generally are 

opportunistic feeders, preying on the most available species 

present at any particular time. 

Prey Size 

Fast growing species like gizzard shad, freshwater drum 

and channel catfish are generally vulnerable to predation 

for only a short period of time (Krummrich and Heidinger 

1973, Parsons 1971, Wright 1970). A short period of 

vulnerability appears to be the case in the Ohio River, as 

freshwater drum and channel catfish were eaten by saugers 

only during July and August. Gizzard shad, however, 

remained vulnerable until near the end of their first year 



84 

of life. 

In the Ohio River, no correlation between length or 

maximum lengths of prey and length of saugers was 

discernible. Only a small portion of the variability in 

prey size of Ohio River saugers could be explained by sauger 

size. In contrast, studies on walleyes in other systems 

have observed systematic relationships of this type (Jenkins 

and Morais 1977, Nielsen 1980, Parsons 1971). One possible 

relationship between prey and sauger size in the Ohio River 

occurred in the apparent upper limit on gizzard shad size 

vulnerable to small saugers (<200 mm). Emerald shiners did 

not reach sizes large enough to be limiting to saugers and 

were eaten over a broad range of lengths by all sizes of 

saugers. The streamlined body shape of emerald shiners 

presumably does not prohibit the swallowing of these prey 

species. 

During the period from May to September, Ohio River 

saugers did not feed selectively on any particular size of 

prey. Sizes of prey captured from the river were similar to 

those observed in sauger stomachs. The relative abundance 

of prey species appears to have been more important than a 

preference for a certain size of prey. Parsons (1971) also 

observed walleyes in Lake Erie to select the most abundant 

prey of acceptable size when large numbers of forage were 

available. No systematic relationship between turbidity and 
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prey size selection was apparent in the Ohio River. The 

lack of association confirms Gardner's ( 1981a, 198lb) 

observations of the effects of turbidity on size selection 

by bluegills in laboratory experiments. 

During the period from October through April, however, 

Ohio River saugers fed selectively on larger emerald shiners 

among those present in the river. This period corresponds 

to the time of maximum growth and food consumption by 

saugers and to the period when gizzard shad made up a large 

portion of the diet. Forney (1974) showed close inverse 

correlation between abundance of young yellow perch and 

intensity of predation on alternate forage fishes by 

walleyes. Low intensity of predation may take the form of 

size-specific selection during periods of high abundance of 

primary forage. During periods of high gizzard shad 

abundance and utilization saugers are apparently able to 

prey selectively on larger sizes of emerald shiners. 

Saugers may thus be able to optimize their energy intake 

during this period (Stein 1977, Werner 1974, Werner and Hall 

1974), resulting in elevated levels of food consumption and 

growth. 

Predation in Large Rivers 

Ki tche 11 et al. ( 19 7 7b) proposed that the optimum 

habitat of percid fishes may be defined by the littoral and 

sublittoral environment in lakes under conditions equivalent 
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to those found in large, temperate rivers. Relationships of 

this type may explain the many similarities in predator-prey 

interactions observed between the Ohio River and those 

previously reported for lakes and other aquatic systems. 

However, physical characteristics of the Ohio River, 

particularly temperature and turbidity patterns, do appear 

to have altered predictably the patterns of predation by 

saugers. 

Temperature patterns appear to have been primarily 

responsible for the pat~erns of growth and food consumption 

observed for Ohio River saugers. The annual period of rapid 

growth and high food consumption was longer and peaked later 

in the year in the river than in other aquatic systems. The 

general pattern of bimodal food consumption, with midsummer 

declines and spawning fasts, appears similar across a 

variety of aquatic habitats. Conversion efficiencies during 

the growing season also were not affected by environmental 

conditions in the river. 

Turbidity levels in the Ohio River affected some 

aspects of sauger predation. During months of high light 

intensity, variations in turbidity appeared to affect 

patterns of feeding periodicity. Species of Stizostedion 

are generally crepuscular feeders during months of high 

light intensity but may increase day feeding activity in the 

higher turbidity water that periodically occurs in large 
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rivers. Reduced light intensity at other times of the year 

produced continuous feeding in the Ohio River, as has been 

observed in several lakes. 

Factors affecting prey selection in the Ohio River were 

similar to those described by previous researchers in other 

systems. Relative abundance and size of prey species found 

in sauger stomachs fallowed patterns similar to those 

observed in the river. Gizzard shad appeared more 

frequently in sauger stomachs than in the river, but this 

may have been a sampling artifact. 

generally considered opportunistic 

Stizostedion spp. are 

feeders and were 

seemingly unaffected by environmental conditions present in 

the Ohio River. 

The structure of percid communities across wide habitat 

or geographic ranges appear to be unpredictable (Nielsen 

1980), but the timing and patterns of several aspects of 

predation by percids may be predictable. Physical 

conditions in the Ohio River substantially affected certain 

patterns of predation by saugers. These patterns could have 

been anticipated, however, based on our understanding of 

predation in other systems and a broader conceptualization 

of how environmental variables affect predation. 
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Table 1. Growth rates of sauger (Stizostedion canadense) from the Ohio 
River, Gallipolis Pool, 1980 - 1981, compared with growth rates 
from other water bodies. 

Total lengths (mm) for su~cessive ages 
Location and Source I II III IV V VI VII VIII 

Ohio River, 19811 194 
present study 

Garrison Reservoi;, N. D. 130 
Carufel (1963)--

Lake Sakakanea, N. D. 2 131 
Wahtola et al. (1972) 

Lewis and Clark Lake, S. D. 3 146 
Nelson and Walburg (1977) 

Norris Reservoir, 2Tenn. 213 
Hassler (195 7) 

Douglas Reservoir, Tenn. 2216 
Hackney and Holbrook (1978) 

1median length at annulus formation 
2back calculations 
3mean length at annulus formation 

287 

211 

225 

257 

337 

348 

345 382 435 

292 356 394 476 516 650 

296 357 423 475 481 -

327 386 436 492 541 576 

396 456 472 497 

410 

I-' 
0 
0 
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DAILY RATION, FEEDING PERIODiCITY AND 

PREY SELECTION OF SAUGER 

(STIZOSTEDION CANADENSE) 

IN THE OHIO RIVER 

by 

David H. Wahl 

(ABSTRACT) 

Predation by saugers was evaluated from stomach 

contents of 550 saugers collected by gillnetting in the 

Gallipolis Pool of the Ohio River during June 1980 - August 

1981. Abundance of prey items in the river was assessed 

from seine samples collected at similar sites during the 

same period. Gizzard shad were the most abundant prey in 

sauger stomachs, comprising 42% of all identified prey, 

followed by emerald shiners (28%), freshwater drum (16%), 

channel catfish ( 12%), and mimic shiners ( 1%). Close 

correlation between abundance and size of prey in stomachs 

and in seine samples suggested lack of selection by saugers. 

Annual food consumption of saugers averaged 1.1% of the body 

weight per day. Growth and daily ration were high from 

August to January (maximum in October) and low from March to 

July. Rapid growth and high food consumption throughout the 

fall and early winter relate to the extended period of high 

temperatures and increased availability of gizzard shad. 



Conversion efficiency estimates during the growing season 

averaged 20%, similar to reports for other aquatic systems. 

Annual conversion efficiency averaged 15.7%, indicating a 

27% overestimate of annual efficiency levels through the use 

of only growing season data. Daily feeding activity was 

continuous for saugers during October - January when light 

intensity was low and food abundance and daily ration were 

high. Feeding was also continuous during March - May but 

was highly variable. Feeding was significantly greater 

during the daylight hours in June, but was reduced during 

daylight hours in August. Turbidity levels were much higher 

in June than in August and may have affected the patterns of 

feeding periodicity during these months. 
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