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ABSTRACT 

Many studies purport to show that predators are capable of 

precise assessment of prey size. Evidence of largemouth bass (Microp-

terus salmoides) choking to death on tilapia in an Arizona reservoir 

has raised some question on the extent to which largemouth bass are 

able to identify and avoid attack of prey too large to swallow. I 

observed the response of largemouth bass, in pools, to green sunfish 

(Lepomis cyanellus), redear sunfish (Lepomis microlophus) and tilapia 

(Ti 1 apia mossambica) that were just too large to be ingested. Prey 

were introduced unanesthetized or anesthetized to inhibit their normal 

range of behaviors. 

Large prey were pursued by and became lodged in the mouths 

of largemouth bass in a significant number of trials. This indicates 

that bass are not able to discriminate prey of a size too large to 

swallow. Under natural conditions, prey near the size likely to cause 

choking are already largely invulnerable to capture due to various 

antipredatory behaviors that accompany large size. Thus, largemouth 

bass may not have evolved an innate sense of its maximum-sized prey. 

The potential for management problems comes primarily when predators 

coexist with exotic prey species like tilapia. 
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INTRODUCTION 

Many studies have purported to show that predators select 

prey in a highly size selective manner. Vinyard (1980) defined 

size-selective predation as feeding in which certain potential prey 

are more heavily consumed than others, and where prey size appears 

to be the dominant factor. Relatively precise assessment of prey 

size by predators (absolute and apparent size) is inferred by the 

size-selective predation models (Werner and Hall 1974; O'Brien et 

al. 1976; Vinyard 1980). The ability of largemouth bass to determine 

the size of prey is not well documented. Howick and O'Brien (1983) 

reported that bass chose closer prey of the same apparent size to 

more distant prey that were actually larger. This suggests that 

bass have a complex "weighting" system relating prey-size and prox

imity. In addition, it has been assumed that the maximum-sized prey 

vulnerable to attack is largely a function of the mouth-size of the 

predator (Swingle 1950; Lawrence 1958; Popova 1978). 

Recent evidence by Wanjala and Tash (1983) suggested that 

largemouth bass may not be able to identify prey that are too large 

to swallow. They found 17 largemouth bass (37 to 42cm TL) from Alamo 

Lake, Arizona, that died with large tilapia (Tilapia aurea) (18 to 

21cm TL) lodged in their mouths. They suggest that low winter water 
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temperature rendered the tilapia relatively immobile and highly vul

nerable to capture. They also found one incidence of a largemouth 

bass choking on a bluegill (Lepomis macrochirus). McAda (1983) found 

a Colorado River squawfish (Ptychocheilus lucius) that choked on 

a channel catfish (Ictalurus punctatus). Fitzsimmons, University 

of Arizona Environmental Research Laboratory (personal communication) 

observed that tilapia fed to largemouth bass, held in laboratory 

tanks, sometimes became lodged in the mouths of bass. Stewart, New 

Jersey Division of Fish, Game and Wildlife (personal communication) 

found a largemouth bass choked on a yellow perch (Perca flavescens). 

Howick (1981) observed in laboratory tanks, attacks by largemouth 

bass on bluegill that were too large for them to swallow and which 

became lodged in their mouths. These observations show that some 

predaceous fish do obviously attack large sized prey they can not 

ingest. The question remaining is, whether such behavior is due 

to disorientation of certain individual predators or is the behavior 

representative of the species. 

If, over evolutionary time, prey have normally become less 

and less vulnerable as they grow to sizes up to the maximum that 

can be ingested by a predator, then well before they reach a size 

where they could choke a predator, they are generally invulnerable, 

due to characteristics other than size per se (swimming ability; 

have best cover; etc.). If so, then there may have been no selection 

in predaceous fish for an innate recognition of prey too large to 

be ingested. 
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My experimentation was conducted to more definitively deter

mine if prey fish too large to swallow are taken by "accident" or, 

under certain circumstances, are regularly attacked by predators. 
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MATERIALS AND METHODS 

All tests were conducted in circular pools (5.4m dia), filled 

with water to a depth of 54cm. Water temperatures ranged from 15 

to 30°C during the study, and trials were conducted between 10:00 

and 15:00 hours. Water clarity was maintained by freshwater exchange 

when needed. Overhead cover was provided by a floating sheet (50cm 

x 130cm x 2cm) of styrofoam anchored in place by weighted lines. 

Each pool contained a small area of "escape cover" for prey. It 

consisted of a cluster of artificial plants made of bundles of plas

tic strips anchored to the pool bottom. The size and number of plant 

bundles varied somewhat between the three pools used for tests (Ap

pendix I). Algae covered the plastic strips within 1 to 2 weeks, 

creating cover similar in appearance to natural aquatic macrophytes. 

Three largemouth bass were acclimated separately. A single 

green sunfish (Lepomis cyanel lus), redear sunfish (Lepomis micro-

lophus) or tilapia (Tilapia mossambica) was released with a long-

handled dip net into the center of the pool containing an acclimated 

largemouth bass. Prey of various sizes, but generally close to "just" 

too large for a largemouth bass of a given size to swallow were used. 

Some prey were anesthetized with tricaine methanesulfonate (MS-222) 

to inhibit their normal range of behavior. Preliminary experiments 
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with tilapia showed that prey behavior under anesthesia was similar 

to prey behavior under cold shock. Prey were removed from the anes

thesia and introduced to test pools as soon as the fish showed a 

loss of equilibrium from the MS-222. Anesthetized individuals were 

observed for an average of 6 minutes, at which time all prey were 

fully recovered from the anesthetic and exhibiting their normal range 

of behaviors. Unanesthetized prey were observed for an average of 

20 minutes before being removed from the pool. After removal of 

the prey and termination of the trial, the bass were fed immediately, 

and then starved until the next trial. The experiments were conducted 

outdoors at the University of Arizona Cooperative Fishery Research 

Unit facilities. 

Test I 

Bass with total lengths of 315, 320 and 327mm were used in 

the first test. Green sunfish and redear sunfish with body depths 

slightly below and above the maximum-sized prey vulnerable to attack 

for a given sized largemouth bass (based on estimates by Lawrence 

1958) were used as prey. Largemouth bass were starved an average 

of 2 to 4 days respectively for exposure to normal and anesthetized 

prey. A total of 53 trials were run, of which 33 included the intro

duction of unanesthetized prey and 20 of the anesthetized prey. 

Test II 

In the second test, bass with total lengths of 325, 330 and 

342mm were used. Tilapia served as the prey items. The tilapia 



6  

had a body depth approximately that of the bass mouth gape width. 

Largemouth bass were starved an average of 1 day before introducing 

unanesthetized tilapia, and 2 days for anesthetized fish. The test 

consisted of 37 trials that included the introduction of 10 unanes

thetized fish and 27 anesthetized fish. 



RESULTS 

The results of each trial were separated into one of four 

categories: 

1. No capture attempt - Some prey were not subject to any 

form of pursuit or attack by bass. In several trials, 

this lack of response by the predator was clearly the 

result of immediate entry by the prey into an area of 

cover that precluded its detection by bass through the 

trial (Table 1). These trials clearly do not represent 

a test of predator reaction to prey and have been deleted 

.. from further an a lysis. 

2. Choking - When prey were frontally attacked and became 

lodged in the oral cavity of a bass, the bass began vigor-

ous side-to-side head shaking and 11 Coughing 11
• This 

reaction was recorded as a choking response. In all 

cases, the bass were eventually able to dislodge the 

prey and avert the fatal choking seen in the field. 

3. Pursuit of prey - Some prey were subject to pursuit or 

attacked by bass, and were even bumped or grasped in 

the mouth at times but never became lodged in the oral 

cavity. Although pursuit of these prey did not result 

7 



8 

Table 1. Exposure of unanesthetized green (GS) and redear sunfish 
(RS) to predation by largemouth bass (bass total length 
in parentheses). 

Trial Results 

No Capture Attempt 

Choking 

Pursuit of Prey 

Bass 1 
(320mm) 

GS 

41mm 

35mm 

36mm 

36mm 

36mm 

40mm(. 

39mm 

Ingestion 34mm. 

36mm 

RS 

39mm 

41mm 

42mm 

41mm 

38mm 

Bass 2 
(315mm) 

GS 

36mm, 
a 

36mm. 

RS 

35mm 

35mm 

43mm 

39mm 

32mm. 36mm 

40mm 

42mm 

Bass 3 
(327mm) 

GS 

42mm 

41mm. 

41mm c 
42mmc 

39mmc 

39mmc 

42mm 

42mmc 

44mm. 

aCover entry terminating the trial immediately 

^Only prey ingested with body depths less than those estimated by 
Lawrence (1958) as being too large to ingest 

Q 
Prey fleeing to cover, terminating the trial 
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in the choking response, many of the prey were of a body 

depth equal to or greater than that resulting in the 

choking response in other trials (either with anesthe

tized or unanesthetized prey). 

4. Ingestion - Some prey were captured and successfully 

ingested (Tables 1, 2 and 4). Data on these prey help 

to illustrate the maximum-sized prey which can be eaten, 

but do not say anything about predator reaction to prey 

too large to ingest. These trials have been deleted 

from numerical analysis. 

There were no major differences in the body and spine con

figuration of green and redear sunfish of equal length, so the data 

for the two prey species were combined for discussion. The data 

has been kept separate in the tables. 

The data indicated that many of the fish swal lowed were" greater 

than the maximum-sized prey that could be ingested based on Lawrence's 

(1958) estimates (Tables 1 and 2). Some ingested prey were 28% larger 

than the maximum predicted by Lawrence. 

In test I with unanesthetized sunfish, 16 of 23 trials re

sulted in the choking response or pursuit of prey large enough to 

cause choking. Of the sunfish pursued by the predator, 11 had a 

body depth greater than the minimum size resulting in the choking 

response. None of the prey in the pursuit group regardless of size 

was able to be grasped by the bass, despite often vigorous chases. 

Prey generally escaped by evasive movements or use of cover. 
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Table 2. Exposure of anesthetized green (GS) and redear sunfish 
(RS) to predation by largemouth bass (bass total length 
in parentheses). 

Bass 1 Bass 2 Bass 3 
Trial Results (320mm) (315mm) (327mm) 

GS RS GS RS GS 

No Capture Attempt 36mm 36mm 42mm 

41mm 

Choking 36mm 43mm j 42mm 

Pursuit of Prey 40mm 39mm 35mm 

39mm 42mm 35mm 

41mm 

Ingestion 39mm 41mm 

39mm 

42mm 

44mm 

47mm 

^Choking occurred four times 
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Table 3. Exposure of unanesthetized tilapia to predation by 
largemouth bass (bass total length in parentheses). 

Bass 1 Bass 2 Bass 3 
Trial Results (342mm) (325mm) (330mm) 

No Capture Attempt 48mm 44mm 

48mm 

Choking 

Pursuit of Prey 48mm 44mm 41mm 

Ingestion 

48mm 41mmc 

44mm 

44mm 

c 
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Table 4. Exposure of anesthetized tilapia to predation by largemouth 
bass (bass total length in parentheses). 

Trial Results 

No Caputre Attempt 

Bass 1 
(342mm) 

Choking 

Pursuit of Prey 

Ingestion 

48mm 

44mm 

41mm 

44mm 

42mm 

42mm 

44mm 

39mm 

42mm 

Bass 2 
(325mm) 

48mm 

44mm 

36mm 

42mm 

36mm 

41mm 

41mm 

36mm 

36mm 

Bass 3 
(330mm) 

44mr.i 

41mm 

42mm 

41mm 

36mm 

36mm 

36mm 

41mm 

36mm 
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In test I with anesthetized fish, 8 of 14 trials involved 

the choking response or pursuit of prey large enough to cause choking. 

Four anesthetized sunfish elicited no response by the bass (Table 

2). Two of these fish were smaller than or equal in length to fish 

successfully attacked and eaten, so the lack of response by the bass 

was unlikely a size related phenomenon. Bass 2 attacked and "choked" 

on a 43mm sunfish four times in succession after dislodging it from 

the oral cavity each time (Table 2). Bass 3, was unable to capture 

and ingest any unanesthetized prey, but ate five anesthetized fish 

(Table 2). 

Combining the trials for unanesthetized and anesthetized 

prey, 24 of 37 trials (65%) resulted in choking or the pursuit of 

prey large enough to cause choking. Such attacks were elicited in 

each of the three bass. These trials clearly indicate that bass 

are not able to discriminate sunfish prey of a size too large to 

swallow. 

In test II with unanesthetized tilapia, 6 of 10 trials re

sulted in the pursuit of prey large enough to cause choking. Of 

the tilapia pursued by the predator, 6 had a body depth greater than 

the minimum size resulting in the choking response. Three unanesthe

tized tilapia elicited no response by the bass. These were the first 

fish used in the trials and may represent incomplete acclimation 

by the bass, rather than a test of predator reaction to prey. Tilapia 

generally escaped by evasive movements, and did not utilize the cover 

to the extent sunfish did. 



In test II with anesthetized fish, 13 of 24 trials involved 

the choking response or pursuit of prey large enough to cause choking. 

Ten anesthetized tilapia elicited no response by the bass. Seven 

of these fish were equal in size to tilapia that were attacked by 

largemouth bass in previous test, including three prey that were 

equal in body depth to fish successfully eaten. Thus, the lack of 

response by the bass to some prey was unlikely a size related pheno

menon . 

Combining the trials for unanesthetized and anesthetized 

prey, 19 of 34 trials (56%) resulted in choking or the pursuit of 

prey large enough to cause choking. Such attacks were elicited in 

each of the three bass. These trials, like those of test I clearly 

indicate that bass are not able to discriminate prey, tilapia in 

this case, of a size too large to swallow. 



DISCUSSION 

Size-selective predation has been defined as feeding (food 

selection) in which the predator makes a choice of prey taken, largely 

based on their size (Brooks and Dodson 1965). O'Brien (1979) de

scribed size-selective predation as selection of prey of the largest 

available size. Initially, size-selective predation was little more 

than a name given to the selective removal of large-sized prey over 

smaller prey (Brooks and Dodson 1965; Gailbraith 1967) in some field 

studies, but a theoretical base for such apparent selection was not 

offered. An explanation for the occurrence of size-selective preda

tion was sought in optimal foraging theory. Optimal foraging can 

be defined as pursuit of prey that result in the minimal cost/benefit 

ratio based on the energy expenditure for pursuit, attack, and in

gestion of prey (Schoener 1971). This has been used to predict prey 

sizes that will be taken be predators under field and laboratory 

conditions (Werner 1974; Stein 1977; Gillen et al. 1981). Character

istics of prey other than size, including evasiveness, spination, 

cover utilization and superior detection of predators by prey, have 

been used to "rescue" the optimal foraging explanation when prey 

other than the maximum sized prey are readily taken (Lewis and Helms 

1964; Snow 1971; Stein 1977; Vinyard 1980; Savitz and Janssen 1982; 
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Moody et al. 1983; Howick and O'Brien 1983). Consequently, size-

selective predation, in a general sense, has become synonymous with 

selection of prey by a predator, seemingly based on an optimal forag

ing "strategy". However, prey size continues to be a predominant 

factor used in predicting sizes of prey chosen by predators (Lawrence 

1958; Tarrant 1960; Wright 1970; Werner 1974; Timmons and Pawaputanon 

1980). This interpretation of size-selective predation implies a 

keen "sense" of prey size by the predator, and infers that predators 

would not regularly pursue and attack prey too large to swallow, 

especially prey of a size which .may cause fatal choking. My data 

clearly indicates that largemouith bass do not have an innate recog

nition of prey too large to be ingested. Largemouth bass continuously 

chased and attempted to capture and ingest prey of a size too large 

to swallow, a response that was not just an accident or a behavior 

of abherent individuals. The incidences of fatal choking found by 

Wanjala and Tash (1983) must represent only a few of the outcomes 

of numerous attacks by largemouth bass on tilapia too large to swal

low. Such attacks would be unpredictable in light of my tests. 

Tilapia must be largely invulnerable -to bass predation over much 

of the year since only 7 were found in 3900 stomach samples from 

largemouth bass (Wanjala unpublished data). Tilapia apparaently 

only became vulnerable when cold water temperatures limited their 

normal range of behavioral response. Although there were many more 

fishermen on the lake during warmer periods than during the cooler 

weather when choking was reported, choking was never reported during 



17 

the summer. The consequences of limiting normal prey behavior are 

also illustrated in Moehn's (1959) observation of a sharp increase 

in the number of prey in the stomachs of largemouth bass during rote-

none poisonings where small fish (e.g., green sunfish, bluegill, 

gizzard shad) were immobilized much sooner and to a greater degree 

than were the large predators. Lewis and Helms (1964) reported that 

largemouth bass captured large fish prey in preference to crayfish 

when confined within aquaria, but that large fish prey were not cap

tured in more natural outdoor ponds. This suggests a limitation 

of some behavior of the large fish prey in aquaria, perhaps by cover 

utilization or evasiveness. Predators are probably selecting prey 

from a whole range of prey sizes and choose any size as long as they 

are hungry and the prey becomes vulnerable. 

Predators have evolved to make use of prey resources. Conse

quently, there has been a strong selective force on prey populations 

to evolve strategies to avoid or minimize predation pressure of a 

host of predators. Visibility, cryptic coloration and degree of 

transparency (Savino and Stein 1982; Moody et al. 1983; Howick and 

O'Brien 1983; Savino and Stein 1982), superior detection of predators 

by prey (Howick and O'Brien 1983), morphological traits (e.g., spines) 

(Savitz and Janssen 1982; Moody et al. 1983), evasive behaviors 

(Vinyard 1980), and cover utilization (Lewis and Helms 1964; Snow 

1971; Stein 1977) influence the susceptibility of prey to predation. 

A result of this complex of antipredatory behaviors is that some 

individual prey (of all sizes) are not subject to predation. Also, 



as prey grow they generally become less and less vulnerable to pre-

dation, therefore well before they reach a size where they could 

choke a predator, they are generally invulnerable, due to character

istics other than size (evasiveness; have best cover; etc.). If 

this is so, then there may have been no selection in predator fish 

for an innate recognition of prey too large to be ingested. Thus 

when an exotic (e.g. tilapia) that becomes lethargic because of cold 

shock during certain times of the year or lacks certain habitats 

to prevent them from being captured at a size too large to swallow, 

then predator choking should be expected. 



MANAGEMENT IMPLICATIONS 

Tilapia have been thought of as a likely forage for game 

fish. The introduction of an exotic species to serve as forage for 

predaceous fish can lead to unpredictable management problems (Mag-

nuson 1976). The unanesthetized tilapia in my test were completely 

invulnerable to capture, and only those fish that were anesthetized 

and of a size small enough to swallow were ingested. Of 3,900 sto-

achs samples from largemouth bass up to 50+ cm (Wanjala unpublished 

data) only 7 contained tilapia. This suggests that tilapia are re

latively invulenrable in natural settings. This should be a manage

ment concern if tilapia are implicated in displacement of native 

fish that are important prey for largemouth bass. Little information 

is available on the predator-prey interactions of largemouth bass 

and tilapia. Shafland and Pestrak (1981) estimated the maximum length 

of blue tilapia that a largemouth bass of a given size could swallow, 

but this provides no information on their vulnerability to bass cap

ture in the field. Shafland and Pestrak (1981) make it clear that, 

at a minimum, research aimed specifically at discovering interactions 

of largemouth bass and tilapia will be necessary to evaluate the 

usefulness of tilapia as bass prey. 
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APPENDIX A 

VEGETATION DENSITIES 

Pool (1) - 18 plant bundles consisting of 86 stems (40 cm x 1 cm) 
in a 120 cm x 74 cm area. 

Pool (2) - 20 plant bundles consisting of 22 stems (60 cm x 2 cm) 
in a 150 cm x 80 cm area. 

Pool (3) - 50 plant bundles consisting of 82 stems (30 cm x 1 cm) 
in a 175 cm x 100 cm area. 

20 
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