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ABSTRACT 

A study of the feeding and movement patterns of largemouth 

bass in Alamo Lake, Arizona, using stomach analysis, ultra-sonic 

telemetry and echo-location revealed that feeding is an important 

determinant of the behavior of individuals and of their composition. 

The diurnal foraging activity showed a circadian rhythm associated 

with dawn, dusk, and mobility of prey. The size and type of prey 

consumed was largely influenced by the size and hunger state of the 

predator and by the prevailing environmental conditions. All sizes 

of bass fed mostly on shad, but the quantities consumed were 

influenced by the availability of alternate prey and location of 

shad. Foraging mode and habitat selection were influenced by size 

and shape of bass and their metabolic requirements, whereby, the 

juveniles ($25.0 em) and adults (~40.7 em) haunted the littoral 

zone, but the medium sized bass (25.1 -- 40.6 em) occupied the 

l~netic zone. 

The diel movements of feeding caused segregation of sizes 

which in turn enhanced their utilization of the more abundant 

resources at the most opportune times. For example, during floods, 

bass moved en masse into the littoral zone to feed on the abundant 

food caused by allochthonous enrichment, but during draw-down, only 

the medium size bass migrated into the deeper waters to seek out the 

limnetic shad leaving the juveniles and larger adults in the littoral 

zone. 

x 
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Although the movements and feeding of largemouth bass in 

Alamo Lake may not be thoroughly explained by any single 

environmental factor, of the variables measured, water temperature, 

oxygen and turbidity seem to be the most nnportant. Likewise, the 

high perennial production of bass in the lake may not be attributed 

solely to (1) the enormous addition of allochthonous nutrients during 

floods, (2) the concentration of prey during draw-down, or (3) a high 

primary production that, in turn, sustains a high secondary 

production, but to a combination of all these variables interacting 

in different ways during different seasons. 



INTRODUCTION 

The largemouth bass, Micropterus snlmoides (Lacep~de 1802), 

native only to the Atlantic coastal watersheds of the United States 

of America (U.S.A.), is presently found in every state of the U.S.A. 

except Alaska (Figure 1). The species has also been successfully 

introduced in many countries world-wide between Latitude 50° Nand 45° 

S (Figure 2) (Robbins and MacCrimmon 1974). Few species occupy such 

a large geographical area. Its expansion apparently began in glacial 

times with dispersal through glacial drainages and more recently 

through extensive stocking of reservoirs and natural water-ways 

(Mraz, Kmiotek, and Frankenberger 1961). Stocking of largemouth bass 

in the U.S.A. has heen mainly in the newly constructed reservoirs 

ranging in size from 202 hectares (500 acres) to 80,940 hectares 

(200,000 acres). Although these reservoirs were specifically 

developed for water management purposes such as flood control, 

irrigation and hydro-electric power production rather than fisheries, 

many of them have excellent bass fisheries. Explanation of 

circumstances favoring high production in these bodies of water would 

be of great interest to the management of the species. Also, as the 

largemouth bass shows a wide range of feeding behavior in response to 

environmental variation, observations from these environments might 

be applicable to many other fish species under similar conditions. 

1 
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Although stocked populations of largemouth bass in large 

reservoirs often show high initial production shortly after planting 

followed by a drastic decline (Eschmeyer and Jones 1941; Bennett 

1951; Abel and Fisher 1953; llusley 1957; Kimsey 1958; llans~>n 1962; 

lleman~ Campbell and Redmond 1969~ the bass fisheries of the Alamo~ 

and San Carlos Reservoiro in Arizona, and Lake Angostura in Me~ico 

have maintained excellent production since their inceptio·n. To 

explain the perennial excellence of these fisheries, I examined the 

foraging behavior of bass in relation to environmental conditions of 

Alamo Lake. The objectives of the study were to determine the diet, 

nature of the food base, location of foraging and non-foraging 

individuals of different size categories throughout the year and 

their movement patterns when feeding on different prey. I chose to 

study the feeding behavior of bass because feeding is a vital factor 

in the behavioral repertoire and population dynamics of the species 

(Ivlev 1961, Lebedev 1969). 

Alamo Lake supports a healthy population of largemouth bass 

that shows no signs of over-crowding or stunting. Production is good 

both at low and high water-level. The lake level never stabilizes 

long enough to develop a permanent littoral habitat, and food 

availability varies with seasons, but nevertheless, an excellent bass 

fishery has developed. 

4 



HISTORY OF THE LARGEMOUTH BASS IN ALAMO LAKE 

The composition and status of fish in the Bill Williams River 

changed dramatically with the establishment of Alamo Lake and the 

subsequent introduction of many exotic species. Species native to 

the Bill Williams River and its major tributaries (The Big Sandy and 

Santa Maria Rivers) were Longfin dace (Agosia chrysogaster), 

roundtail chub (Gila robusta robusta), Gila Bucker (CatastomuB 

insignis), and Gila mountain-sucker (Pantosteus clarki). A survey in 

1979 by the Bureau of Land Management showed a much more extensive 

ichthyofauna that includes several introduced species (Table 1). 

When first filled in March 1968, Alamo Lake was stocked with 

largemouth bass (Micropteru8 salmoides), channel catfish (Ictalurus 

punctatus, yellow bullhead (Ictalurus natalis), and redear sunfish 

(Lepomis microlophus). In 1969, the Arizona Game and Fish Department 

further stocked flathead catfish (Pylodictis olivaris), hybrid shell 

crackers Lepomis microlophus X L. cyanellus and bull frogs (Rana 

catesbeiana). Since 1969, the Department has not added any more 

fish. 

Kepner (1969) observed that flathead catfish and redear 

sunfish had not been successful. However, although bluegills (~ 

macrochirus), were never officially stocked, they had colonized the 

lake and developed into a major fishery. Largemouth bass, too, 

oeveloped a good fishery, which improved with time. The catch per 

5 



Table 1. Fish specieo in Alamo Loke, the Big Sandy and Santa Haria 
Rivers during 1979-81. (Kepner 1979, Wanjala 1981) 

Family 

Cyprinidae: 

Poeciliidae: 

Centrachidae: 

Lake Alamo Big Sandy River 

Carassius auratus Agosia chr~sogaster* 
(goldfish) (long-fin dace) 

Notemigonus crxso- Gila robusta* 
leucus -rround ta11 chub) 

(golden shiner) 
Notropis lutrensis N. lutrensis 

(red shlner) 
CYfrinus carpio ~ carpio 

common carp) 

Lefomis macrochirus L. cyanellus 
bluegill) ~green sunfish) 

L. microlophus+ 
(red sunfish) 

Hicropteru8 sabnoides+ 
(largemouth bass) 

L •. microlophus X 
b cyanellus+ 

(shell cracker) 

Catastomatidae: Catastomus insignia* 
(gila sucker) 

sucker) 
Ictaluridae: 

Cichlidae: 

* Endemic 

Ictalurus natalis+ !L natalis 
(yellow bullhead) 

!. punctatus+ ~.~ 
(channel catfish) (black bullhead) 

Pylodictis olivaris+ 
(flathead catfish) 

Tilapia spp. 

+ State introduced 

Santa Haria River 

A· chrxsogaster* 

Q. robusta* 

N. lutreDsis 

L. cyanellus 

C. insisnb* 
Pantosteus clarki* 

(gila mountain 

I. melas 
-Cb~bullhead) 

6 



hour increased from 0.55 fishper hour in 1973/74 to 1.51 fish per 

hour in 1978/79 (Game and Fish, Annual Reports 1976-1979). While 

centrarchids (mainly bass and bluegills) accounted for 37, 40, and 35 

percent of the annual catches in 1976, 1977, 1978, and 1979 

respectively, largemouth bass alone accounted for 26, 40, and 35 

percent of the catches in 1977, 1978, and 1979 respectively. The 

high production of bass was the result of two very successful spawns 

in 1977 and 1978 (Arizona Game and Fish Department Reports, 

1976-1979). 

7 



DESCRIPTION OF ALANO LAKE AND THE STUDY SITES 

Alamo Lake is a desert highland impoundment located 357 m 

(1170 ft) above sea level between latitude 34 0 14'N. to 34 0 18'N., 

and longitude 113 0 32'W. to 113 0 36'W. (Figure 3). It has a gradient 

of 0.320 cm/m in the riverine zone, 0.352 cm/m in the central zone 

and 1.190 cm/m towards the dam. The lake was established when the 

Bill Williams River was damned in 1968 by the U.S. Army Corps of 

Engineers to control flooding. The dam is located 16 km south of the 

confluence of the Big Sandy and Santa Maria Rivers, which provide the 

main inflows. Alamo Reservoir has a maximum storage capacity of 

1,043,000 acre feet of water (United States Geological Survey 1977). 

The surface area at minimum pool level is 202 hectares (500 acres) 

and at maximum pool level is 5382 hectares (500 acres) (Kepner 1979). 

Before the 1977/78 and 1978/79 winter floods, the reservoir averaged 

728 hectares (1,800 acres). After the floods, the surface area rose 

to 2832 hectares (7,000 acres). At the time of this study 

(1981-1982), the reservoir covered 1538-1781 hectares (3,800-4,400 

acres). Since the start of my study, the water was lowered 

periodically to levels deemed "safe" (i.e. low enough to hold flood 

waters) by the Bureau of Reclamation. 

The watershed of the reservoir is made up of the drainage of 

two low order rivers, the Big Sandy and the Santa l1aria. The Big 

Sandy River drains the Aquarius and Mohon Mountains, 738 m (2,420 

8 



Figure 3. Topographic Map of Alamo . .Lake 
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feet) elevation. It flows through a broad alluvial valley dissecting 

granitic mountain blocks, but is perennial only in its lower 

drainage. It has a watershed of 7278 km2 (2,810 square miles). Its 

discharge, however, is subject to spates, with highest discharge in 

winter. The Santa Maria River originates at the confluence of the 

Sycamore and Kirkland Creeks in the Santa Uaria Mountains, 808 m 

(2,650 feet) elevation. Its physical features are similar to those 

of the Big Sandy River, and it has a watershed of 3885 km2 (1,500 

square miles) (United States Geological Survey 1977). The substrate 

is mainly limestone which tends to maintain alkalinity within the 

range of 110-200 mg/l and consequently buffer pH at 7.5-9.4 

respectively. 

Alamo Lake exhibits some physical and chemical 

characteristics that represent extremes for a fresh-water lake. It 

is characterized by high air temperatures reaching a peak of 46.1° C 

(115 OF) in summer, intense radiation, high mineralization, high 

salinity, and large water-level fluctuations. The climate and 

consequently the vegetation of the surrounding area is typically 

semi-arid. Winters are cool and temperatures may reach freezing. 

Annual precipitation varies between 279 and 457 rom (11-18 inches). 

Rainfall occurs mainly in summer and winter, caused by tropical and 

Pacific air masses meeting over the area (Kepner 1979). The lake 

experiences both modest inflows that import nutrients without drastic 

habitat alteration and flash floods that reshape habitats and 

displace organisms. It is mono-mictic with a turn-over in winter. 



There is a general change in the thermal profile in spring, but no 

turn-over. 

Vegetation in the lake consists of standing dead cottonwoods, 

willows, saguaro cacti, shrubs and bushes left at the time of 

excavation of the dam; submerged clumps of Najas marina; periodic 

blooms of phyto-plankton, and Typha, Potamogeton, and Vallisneria 

species at the shores. 

I selected 5 study habitat types representing the range of 

habitats within the lake (Figure 3). A site near the confluence of 

the Big Sandy and Santa Maria Rivers represented the riverine 

habitats of the reservoir. The 8 bays/coves represented the 

sheltered shallow areas of the reservoir. A mid-lake site 

represented the limnetic habitat. Two sites near the dam represented 

deep water habitat and two drop-off sites represented habitats where 

bass could alternate between shallow and deep water. 

11 



~fETHODS AND NATERIALS 

Largemouth bass were captured by electrofishing or trammel 

net at each of the five study sites. Each bass was measured, 

weighed, and sexed. I surgically implanted ultrasonic tags in 28 

fish ranging in size from 35.6 to 55.0 cm, using methods described by 

Ziebell (1973), and Crossman (1977) (Figure 4). The tags were 

constructed by Brumbaugh of Sonotronics, Tucson, Arizona. Each 

measured 16 x 60 mm, weighed 20g, had a frequency of 72-94 kHz, a 

reception range of 60Om, and a functional life of 14 months. Each 

tagged bass was held in a recovery tank until judged to be viable 

enough for release into the lake. Each specimen was released at the 

site of capture. 

Tracking began immediately after release of each specimen and 

lasted from March 1981 to April 1982. Fish were tracked with a 

portable battery-operated VSR-5 Brumbaugh receiver (72-94 kHz) 

coupled to a directional hydrophone, headphones, and a deck speaker. 

The procedure was to start searching in the approximate area where a 

tagged bass was last located and by submerging the hand-held 

hydrophone to detect signals from the transmitter (Figure 5). The 

signal was amplified through the VSR-5 receiver to audible levels. 

Specimens were identified by the output frequency and interval 

read-outs on the contrast liquid crystal. Thus isolated, the 

location of each individual was determined by triangulation using 
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Figure 4. Experimental bass showing placement of the 
incision and sutures. 
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prominent landmarks in the lake and on the shore such as trees, 

boulders, etc. as reference points. From each sighting base, I 

submerged the hydrophone approximately 30 cm beneath the water 

surface (Ziebell 1973) and rotated it until the loudest, steady 

signal was received. Distance between bases and site{s) of 

transmittered bass was measured by a range finder (Ranging 1000). 

Daily movement was measured as the straight line distance between 

consecutive observations. I determined the depth occupied by fish 

using a graphic echo-sounder (Lowrance LRG 1510B) attached to a 3-m 

round stock extension at the front of the boat to project the 

transducer (Figure 5). Finally, I marked the location{s) on an 

enlarged map of the reservoir. 

15 

Simultaneous with the determination of the location of an 

individual, I measured water temperature, dissolved oxygen, 

turbidity, pH, and cloud cover. I endeavored to locate all tagged 

bass daily at the following times: 0400-0730 hrs, 0731-1030 hrs, 

1031-1430 hrs, 1431-1830 hrs, 1831-2030 hrs, and 2031-0359 hrs during 

the entire study. Adjacent to the major concentrations of tagged 

bass, I ran serial transects of the Lake with the echo-sounder every 

2 hours to observe the interaction of bass and their principal fish 

prey. 

To determine the feeding regime of largemouth bass, every 2 

days I obtained specimens that were similar in size and from the 

approximate areas of those tagged and analyzed their stomach 

contents. The specimens were obtained from fishermen and by my own 
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angling. Sampling was done at 0400-0730 brs, 0731-1030 hrs, 

1031-1430 hrs, 1431-1830 hrs, and 1831-2030 hrs throughout the study 

period. I determined the rate of digestion in bass stomachs by 

placing 12 different-sized bass in individual cages in the lake and 

feeding them about 3 percent of their body weight with threadfin 

shad. I pumped their stomachs at different intervals to determine 

the rate of digestion. 

Data Analysis 

I determined the population structure of bass in Alamo Lake 

by plotting length-frequency data collected by electro-shocking and 

trammel net. Specimens equal to or less than 25.0 cm were considered 

immature, and those larger were considered adults (O~sted and 

Kilambi 1971). These categories were analyzed separately to identify 

the effect of age and size on feeding and movements. Linear 

regression analyses were computed between distances moved and water 

temperature, dissolved oxygen, pH, light penetration, and foraging 

modes to identify correlation patterns. For subsequent analyses, I 

utilized computer programs from the Statistical Package for Social 

Sciences (SPSS). I determined the feeding pattern and prey selection 

by constructing contingency tables using the Crosstabs Program (Nie 

et ale 1975), which identified the joint-frequency distribution of 

cases according to established or desired classificatory variables. 

The degree of significance (independence) of the cases was determined 
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using the chi-square test. I cross-checked the relationships using 

analysis of variance (Neter and Wasserman 1977). I determined the 

relationship of the temporal and species characteristics with feeding 

and/or nlovement using a 2-way analysis of variance (ANOVA). This 

procedure partitioned the total sum of squares for each variable or 

set of variables into components associated with a particular source 

of variation (Table 2). 

I examined the temporal and spatial location of bass with 

respect to shad, its primary prey, to determine relative shifts in 

location with time of day and seasons. I assessed the singular and 

mUltiple effect(s) of water temperature, dissolved oxygen, pH, and 

light penetration on bass feeding and movement using forward stepwise 

mUltiple regression, and analysis of covariance. I compared the 

distance moved to the number of days the specimen stayed at a 

particular site to determine the giving up time (GUT) of individuals 

foraging in different habitats (Charnov 1976). 
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Table 2. Procedure for the analysis of variance (ANOVA Table) 

Source of Degrees of Sum of Mean Squre Probability 

Variation, Freedom Square, SS MS F 

Source (d.£.) 

Total kn-l SSTOT 

Between k-l SST MST FT 
groups 

Within k(n-l) SSE MSE 
groups 

(k=groups n=fish/group) 



RESULTS 

Results are presented in two main sub-sections, which 

describe in turn the effects of the major abiotic and biotic factors 

operating in the lake and affecting the foraging of bass. 

Physio-chemical Factors 

The abiotic factors measured during the study included 

water-level, transparency, temperature, dissolved oxygen, and pH. 

Water transparency based on secchi disc readings, varied 

significantly along the longitudinal profile of the lake. Turbidity 

was greatest "upstream" and decreased towards the dam (Figure 6). 

While the upstream turbidity was due mostly to allochthonous 

materials carried in by the rivers, the "downstream" turbidity was 

attributed mainly to algae. Consequently, seasonal trends in water 

transparency were influenced mainly by the volume of inflows and 

development of algae blooms. 

Water-level showed four sequential phases during the time of 

the study: a steady drop (0.082 em/day), a rapid drop (0.52 em/day), 

a constant level, and a rapid rise (6.0 em/day) (Figure 7). The 

initial steady drop and final rapid rise occurred during the onset of 

the warming trend (spring), but the rapid drop and constant level 

occurred during the hot and cool months respectively. Water-level 

fluctuations is a common feature of the reservoir. Since its 
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establishment in June 1968, Alamo Lake has exhibited widely varying 

water-levels (Figure 8). The overall trend has been towards 

increased water-level and volume in the lake, but in the interim, 

periods of water "plateaus" have been continuously punctuated by 

brief periods of floods which to date have registered their highest 

level between 1978 and 1980. 

Water temperature was generally several degrees higher 

upstream, near the riverine zone, than towards the dam. This thermal 

gradient was directly correlated with water depth, turbidity and 

floor gradient. The temperature profile for the whole lake varied 

appreciably throughout the year and exhibited regular seasonal 

fluctuations (Figure 9). The lake was stratified in summer and early 

fall, but homothermous and overturning in winter. Stratification was 

characterized by a large thermal gradient and a true thermocline (see 

data for August in Figure 9) as defined by (Birge 1916). 

Dissolved oxygen varied significantly with seasons (Figure 

9). It was greatest in cold water and least in warm water. During 

the turnover, dissolved oxygen described an orthograde profile, but 

during stratification, a clinograde profile developed. Oxygen 

concentrations in the euphotic zone did not reach critical levels for 

the biota at anytime during the year, but during June and July, there 

was total depletion of oxygen in the hypolimnion zone deeper than 10 

m. 

The vertical pH profile varied little spatially and 

throughout the year (Figure 10). During turn-over, the vertical 
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profile was orthograde, and during stratification, it was only 

slightly hetero-grade. The narrowness of the variations may be 

attributed to the strong buffering capacity in the Lake. 

26 

Rainfall in the area was scanty and erratic and probably had 

little direct effect on the Lake. Most water was added to the Lake 

by the Big Sandy and Santa Maria Rivers, and by underground springs. 

Biological Factors 

The biota sampled consisted of zooplankton, benthos and 

fishes. 

Zooplankton: 

The zooplankton community was dominated by rotifers, 

cladocerans and copedpods. Rotifer species were mostly Keratella 

cochlearis. Kellicottia longispina, and Asplanchna girodi. Although 

ubiquitous, these were mostly concentrated in the littoral zone. 

Cladocerans (Daphnia galeata mendotae, .D~ pulex. Ceriodaphnia 

guadrangularia, Diaphanosoma brachyurum, and Bosmina longirostris) 

were mostly limoetic, us were copepods (Cyclops vernalis. Diaptomus 

sici10ides and ~. c1avipes). Zooplankton densities and biomass 

fluctuated tremendously during and between the years 1978-1982 

(Figure 11). They were high following the floods of 1977/78, but 

declined drastically after mid-1979, coinciding with the increase of 

threadfin shad, their major predator in the lake. In general, 

zooplankton species decreased in winter but flourished in spring and 

summer. There was a significant association of zooplankton abundance 
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and changes in water-level, dissolved oxygen, rainfall, temperature, 

and pH. The species increased directly with water-level, dissolved 

oxygen, rainfall and pH, but decreased under very low temperatures. 

However, there was little correlation between primary production (as 

estimated from secchi disc readings) and zooplankton abundance. 

28 

While primary productivity increased from December 1979 through March 

1982, zooplankton abundance decreased during the same period. 

Benthos: 

~Iacrobenthic organisms were mainly oligochaetes, chironomids, 

Chaoborus, and crustaceans. Collectively, their abundance was low 

throughout the entire study period (Figure 12). Like zooplankton, 

macrobenthic species increased in abundance with increasing rainfall, 

water-level, and temperature. There was, however, no distinct 

pattern with respect to season. 

Fishes: 

Of all the species originally found in the lake (Table 1), 

only threadfin shad, bluegill, Tilapia, common carp, channel catfish, 

and largemouth bass were present in sufficient numbers. 

Threadfin shad. Since it was first encountered in sparse 

numbers in January 1979, the species has since spread throughout the 

lake and is currently found both in the limnetic and littoral zones. 

It is currently the most abundant species in the lake. During this 

study, its spatial distribution varied with different habitats. It 

was always found in loose aggregations in the riverine zone of the 

lake, where turbidity was constantly high and cover was provided by 
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submerged shrubs and macrophytes. In the southern half of the lake, 

however, where water was more transparent and largely devoid of 

submerged vegetation, threadfin shad was generally found only in 

tight schools. Its diet consisted of plankton, benthos, adult 

insects and their larvae. It preferentially selected for zooplankton 

first and benthos last -(Ingram 1981). The species exhibited regular 

vertical movements (Figures 13 & 14) and irregular horizontal ones. 

Vertical movements were generally associated with zooplankton 

movements (Banse 1964, Zaret and 'Suffern 1976), light intensity, 

temperature and time of day (Figure 15). Horizontal movements were 

related to the unpredictable physio-chemical factors such as floods, 

draw-downs, thermocline topography, and location of prey or 

predators. At dawn and at night, both bass and shad ascended to the 

highest levels in pursuit of their respective forage, but, at mid-day 

and early afternoon, they both descended to the nadir for the day. 

This pattern held for all seasons, varying only in intensity. The 

species stayed shallowest in the water column in summer, slightly 

deeper in spring and deepest in winter. 

Bluegill. Bluegills were the third most abundant species, 

after shad and bass. They were ubiquitous throughout the lake, but 

their largest concentrations were found in the littoral zone. Their 

diet consisted of insects, plankton, benthos, and filamentous algae. 

Unlike bass and shad, bluegill did not exhibit regular diel vertical 

movements. They resorted mainly to irregular short horizontal 

movements in search of prey and cover. They migrated to deeper 
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waters during the cold spells, but otherwise remained in shallow 

water most of the year. Other characteristics of bluegills were 

similar to those of largemouth bass. They were a secondary prey of 

largemouth bass. 

Tilapia. Tilapia were sparse throughout the lake. They 

occupied the same habitats, ate similar foods, and exhibited similar 

movements to those of the bluegills. They became lethargic when the 

water temperature dropped below 10 C and as a result, they were 

preyed upon by largemouth bass. Oversize Tilapia sometimes caused 

choking (Wanjala and Tash 1983). 

Carp. The common carp was the fourth most abundant fish 

species in the lake. They were encountered allover the lake, but 

the largest concentrations were found in the littoral zone. This 

species is a bottom feeder, and its diet consisted of detritus, 

aufuchs, insects, and juvenile fishes. Carp were generally found in 

pairs all year round. They always began foraging and retreated into 

cover earlier than any of the other major fish species (i.e. bass, 

bluegill, Tilapia, and catfish). Carp scales were present in many 

bass stomachs. This species, however, did not show any real 

interaction with bass or any other species in the lake. 

Channel catfish. The channel catfish was the fifth most 

abundant species in the lake. They were encountered mostly in the 

littoral and rarely in the limnetic zone. Their diet consisted 

mostly of filamentous algae and mosses. A few large specimens 

examined, however, had also consumed fish and/or insects. Channel 



catfish were solitary and, like carp, tended to congregate in the 

riverine zone and among macrophytes. They showed no strong 

interaction with the other fish species in the lake. 
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Largemouth bass. Largemouth bass is the species most 

sought-after species by fishermen in Alamo Lake. It is the top 

piscivore in the lake, and the second most abundant species. 

Consequently, their behavior and popUlation ecology are of vital 

importance to the fishery. As the main subject of the study, 

largemouth bass received detailed treatment to identify properly its 

status in the fishery. An exploratory survey with the 

electro-shocker indicated four size classes (Figure 16). Fish « 

25.0 cm) represented one-year old bass, fish between 25.1-30.5 cm 

represented two-year olds, 30.6-40.6 cm represented three-year olds, 

and fish 40.7-55.9 cm represented bass equal to or greater than four 

years (Bryant and Houser 1971). These size classes exhibited 

different behavior, diets, and shapes, and they occupied different 

habitats (Figure 17). While the larvae, fry, and fingerlings were 

confined to the ~hady portions of the littoral zone, yearling and 

two-year old bass were found in the limnetic zone. The three-year 

old and older bass mainly occupied the littoral zone. This pattern 

of habitat selection may be associated with the size and shape of 

individuals, and their energy requirements (Heidinger 1976). 

Consequently, the general behavior of size classes varied enormously 

in the different habitats. For example, while the inhabitants of the 

littoral zone tended to emphasize only horizontal movements in search 
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of food, cover, and physical comfort, inhabitants of the limnetic 

zone utilized both vertical and horizontal movements. Also, while 

foraging in the littoral zone was better accomplished by ambush, 

foraging in the limnetic zone was accomplished by pursuit (Figure 

18). 
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About 94 percent of the bass stomachs with food contained 

only a single kind of prey. When more than one food item was found, 

they were usually in the same stage of digestion. The feeding habits 

of largemouth bass in relation to size showed significant differences 

(Table 3). Overall, the proportion of feeding to non-feeding 

individuals was inver se ly proportional to size. Particular foraging 

methods were adopted to suit the prevailing circumstances. For 

example, while yearling and two-year old bass almost always formed 

foraging packs and hunted mostly in the limnetic zone, older bass 

were solitary and captured prey by ambush in the littoral zone. 

Keast (1966) observed that the differences in feeding behavior of 

large and small fish were sometimes as great as those between 

species. The type and size of prey consumed was influenced by the 

predator's size, hunger state, and the prevailing physio-chemical 

environment. Larger prey were selected during high water-level and 

when duration between feeding was extended. For all sizes of bass, 

threadfin shad was the most preferred prey (Table 4). It was 

consumed in about the same quantity (i.e. 60+3 percent) compared to 

the other prey in all sizes. This abundance of shad in the diet was 

associated with its population density and behavior (Lewis et ale 
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Figure 18. The spatial relationship between bass and shad in Alamo Lake, 
Arizona on August 7, 1981. 



Table 3. The feeding pattern of largemouth bass according 
to size. 

COUNT 
ROW PCT 
COL PCT 

bO 
r= (264) (1975) (171) ..... 

"0 11.0 81.8 8.2 
~ Ql 

69.3 62.2 54.4 Ql 

~ 4-f 

H I>- (117) (1214) (154) til 
.u 
j:l, 7.9 81.8 10.3 
m 30.7 37.8 45.6 

(~ 250) (251 - 395) (306 - 559) 

SIZE IN MM 

X2 = 70.87, with 2 d.f. (P<.OOOl) 
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Table 4. Percentage of prey consumed by largemouth 
bass according to size. 

COUNT 
ROW PC! 
COL PCT 

0 (I) (2) 
Frogs and 0 33.3 66.7 
birds 0 0.1 0.7 

0 (I5) (3) 
Carp 0 83.3 16.7 

0 0.8 1.0 

0 (2) (6) 
Ti1apia 0 25.0 85.0 

0 .1 5.5 

(1) (62) (12) 
Bluegill 1.3 82.6 16.1 

til .4 3.0 18.0 
p.. 

(167) 
>< (1198) (93) 
f-4 

Shad 11.5 . 82.2 6.3 
63.3 60.4 57.7 

Fish (1) ( 17) 0 
fry 5.6 94.4 0 

.4 0.8 0 

(12) (73) (4) 
Mature 13.5 82.0 4.5 

>4 insects 4.5 3.9 1.3 
til 

Il:: (9) (76) (5) 
p.. Pupae 10.0 84.5 5.5 

3.4 3.9 1.6 

(74) (535) (46) 
Larvae 11.3 81.7 7.0 

28.0 27.3 14.6 

( S250) (251-305) (306-559) 

SIZE IN HM 

X2 • 189.25, with 16 d.f. (P<.OOOI) 
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1961, Lewis 1964). With its bright, silvery appearance and erratic 

movements, shad are easily detected by bass. The extended spawning 

period, high fecundity, ubiquitousness, and small size at maturity of 

shad render them vulnerable throughout their entire life (Heidinger 

1975). Consequently, a wide range of shad was available to bass. 

The diurnal foraging activity of bass showed a circadian 

rhythm. The species fed at anytime during the day, but the activity 

peaked during the early morning and at dusk (Tables 5 & 6). These 

periods of maximum foraging coincided with the light-darkness 

interphase and the greatest mobility of prey in search of cover 

and/or food. Iv1ev (1961) observed a similar phenomenon in the 

predatory crabs, Scylla serraca and Eriphia verucosa which consumed 

more mobile prey. The minimal foraging at mid-day, during maximum 

visibility, and at night in total darkness seemed to suggest that a 

certain threshold of light was necessary for successful foraging 

(i.e. where bass was at an advantage, but prey were not). Lewis 

(1964), Nyberg (1971), and Murray et a1 (1981) suggested that 

although smell and sound were vital cues that guided bass towards 

prey, light was necessary for the final strike. Among the major 

factors influencing foraging, hunger state, as indicated by the time 

last fed, and size of bass were paramount. Markus (1932), Snow 

(1961), 1971), Colgan (1973) and Lewis et al (1974) observed similar 

results. Smaller bass (S 30.5 cm) exhibited faster digestion than 

the larger ones (Table 7). Compared with the observations by Molnar 

and Tolg (1962), Zweiacker and Summerfe1t (1974) which indicated that 



Table 5. The feeding pattern of largemouth bass according 
to time of day. 

COUNT 
ROW PCT 
COL PCT 

()() (833) (339) ( 212) ( 503) 1:1 
.0-1 34.4 14.6 8.8 21.2 '"d 

CI) 
Q) 60.5 57.5 62.5 64.2 Q) 

p 4-l 

~ 
CI) » (543) (250) (127) .u (280) 

~ 

m 36.5 16.8 8.5 18.8 
39.5 42.5 37.5 35.8 

0400 0730 1030 1430 1830 

Time Of Day 

X2 • 17.86, with 4 d.f. (p • .0324) 
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(525) 
21.6 
64.7 

(286) 
19.4 
35.3 

2030 
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Table 6. Fresh prey consumed by largemouth bass during 
the different times of day. 

COUNT 
ROW Pcf 
COL PCT 

(0) (0) (1) (2) (0) 
Catfish/ 0 0 33.3 66.7 0 
Birds & Frogs 0 0 .2 .4 0 

(4) (7) (3) (2) (2) 
Carp(scales) 22.2 38.9 16.7 11.1 11.1 

1.2 .8 .6 .4 .9 

(2) ( 0) (2) (4) (0) 
Tilapia 25.0 0 25.0 50.0 0 

.6 0 .4 .8 0 

(12) (20) (6) (4) (23) 
Bluegill 16.0 26.7 8.0 18.7 30.7 

3.6 2.4 2.3 2.7 3.5 

w (505) (215) (120) (273) (347) 
0.. Shad 34.6 14.7 8.7 18.7 23.7 
>i 78.9 64.2 46.2 51.9 52.9 
E-< 

(7) (8) (2) (1) (0) 
Fish fry 38.9 44.4 11.1 5.6 0 

2.1 1.0 .4 .2 0 

(27) (8) (21) (18) (15) 
Nature Insects 30.3 9.0 23.6 20.2 16.9 

4.2 2.4 4.2 3.4 2.3 

>i (9) (3) ell) (25) (42) 
w Insect Pupae 10.0 3.3 12.2 27.8 46.7 
cr. 2.7 .9 2.2 4.8 6.4 
0.. 

(74) (74) (94) (187) (226) 
Insect larvae 11.3 11.3 14.4 28.5 34.5 

21.9 22.1 18.7 35.6 34.6 

Dawn Morning Mid-day Afternoon Dusk 

TUm OF DAY 

X2 a 39.42, with 32 d.f. (p = .005) 
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Table 7. The feeding frequency of largemouth bass 
according to size. 

COUNT 
ROW PCT 
COL PCT 

72 (6) (65) (13) 
7.1 77 .4 15.5 
1.6 2.0 5.7 

60 
(31) (322) (41) 
7.9 81.7 10.4 
8.1 10.0 21.7 

48 
(45) (439) (24) 
8.9 86.5 4.7 

CI) 11.8 13.9 7.2 p:; 
::> 
0 
::r: 36 
z (3) (327) (24) 
H 17.2 77.1 5.6 
0 19.2 10.3 7.2 
w 
""' 24 
E-< (42) (257) (20) CI) 
c:x: 13.2 80.5 6.3 .....l 

11.0 8.2 6.7 
w 
~ 12 E-< 

(54) (375) (30) 
11.8 81.7 6.5 
14.2 11.9 5.4 

6 
(130) (1410) ( 171) 
7.6 82.4 10.0 

34.1 44.0 44.5 

(~ 250) (251-305) (306-559) 

SIZE IN MM 

X2 a 112.65, with 12 d.f. (p< .0001) 
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bass fed at intervals of about 37-40 hours, after similar intervals 

in Alamo Lake, 90 percent of the juvenile « 25.0 em), 88 percent of 

the sub-adult (25.1-30.5 em), and 71 percent of the mature adult (> 

30.6 em) bass had fed. 

The feeding activity of largemouth bass varied seasonally 

with temperature (Table 8). There were fewer bass feeding in winter 

than in summer as evidenced by the higher percentage of empty 

stomachs in winter. Adult and ~mature bass consumed the greatest 

volumes of their preferred prey in spring or summer (Figure 19 and 

Table 9). Yearlings were most active during summer when invertebrate 

food and cover were most abundant. Emergence of chironomid, gomphid, 

siphonurid and corixid larvae started in winter and lasted through 

spring. The plankton-based food chain climaxed in summer. Two-year 

old bass fed most in spring on larger shad (11.0-15.0 em), most 

smaller shad having died of winter cold. Older bass, on the other 

hand, fed more or less uniformly all year round. The various peak 

feeding periods were probably adopted to minimize the discrepancy 

between available and desired energy (Colgan 1973, Marten 1973). 

There was a significant difference in the diurnal and 

seasonal feeding behavior of the sexes (P=.036). Females fed more 

frequently than males. On the basis of gonadal status, the 

percentage of feeding to those not feeding decreased with sexual 

maturity (Table 10). Similarly, the quantity of the main prey items 

consumed decreased with sexual maturity (Table 11). 

This study sought to identify bass movements in relation to 
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Table 8. The feeding pattern of largemouth bass 
according to seasons. 

COUNT 
ROW PCT 
COL PCT ~ 

'r-! (839) (937) (342) (293) 
'0 

35.5 38.6 14.4 11.5 rJ) Q.I 
Q.I 63.7 68.9 50.9 53.5 ~ r.... 

E-t 
>. (479) (422) (330) (255) CI! -I-l 
0. 

~ Jl 32.2 28.4· 22.2 17 .2 
rJ) 36.3 31.1 49.1 46.5 

Spring Summer Fall Winter 

SEASON 

X2 "" 125.62 J with 3 d.f. (p< .0001) 



IMMATURE 

rr\seCIS 

VFiSheS 

ADULTS 

Spring 

Summer 

Fall 

Winter 

Figure 19. The relative volume of prey consumed by adult and 
inmature bass in Alamo Lake, Arizona during the 
different seasons of 1981/82. 

48 



49 

Table 9. Prey eaten by largemouth bass during the 
different seasons. 

COUNT 
ROW PCT 
COL PCT 

( 2) (0) (1) (0) 
Frogs & Birds 66.7 0 33.3 0 

.2 0 .3 0 

0) (0) (0) (1) 
Carp 38.9 0 0 61.1 

.8 0 0 1.2 

( 2) (0) (0) (6) 
Tilapia 25.0 0 0 75.0 

til .2 0 0 .6 
0... 

:>-I (27) (20) (12) (6) 
E-I Bluegill 36.0 26.7 16.0 21.3 

3.2 5.8 4.1 1.7 

(612) (319) (233) (295 ) 
Shad 41.9 21.9 16.0 20.2 

72.9 92.7 79.5 31.4 

(6) (1) (0) (1) 
Fish fry 88.9 5.6 0 5.6 

1.91 .3 0 .1 

(24) (4) (46) (15) 
>-4 Mature Insects 27.0 4.5 51.7 16.9 
til 2.9 1.2 15.7 1.6 
IX: 

0... (24) (0) (0) (66) 
Insect pupae 26.7 0 0 73.3 

2.9 0 0 7.0 

Insect larvae (528) ( 0) (1) ( 126) 
80.6 0 .2 19.2 
62.8 0 .3 13.4 

Spring Summer Fall Winter 

SEASON 

X2 a 98.74, with 24 d.f. (p '" .0003) 



Table 10. The feeding pattern of largemouth bass 
according to gonadal status. 

COUNT 
ROW PCT 
COL PCT 

bO 
U) s:: (627) (750) (476) (321) 
;::l 'r-! 26.0 31.1 19.7 13.4 .j.) '0 
<II OJ 55.1 63.0 67.3 66.2 .j.) OJ 

rJ) CL. 

.s:: ( 510) (441) (231) (64) C) » 
ro .j.) 

34.5 29.8 15.6 11.1 e 0. 
0 e 44.9 37.0 32.7 33.8 +l t:tl 

rJ) 

Inmature Developing Gravid Spawning 

GONADAL STATUS 

X2 0: 106.14, with 4 d.f. (p< .0001) 
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(237) 
9.8 

63.9 

(34) 
9.0 

36.1 

Spent 
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Table 11. Prey selection by largemouth bass at different gonadal 
status. 

COUNT 
ROW PCT 
COL PCT 

Frogs & (1) (1) (1) 0 0 
birds 33.3 33.3 33.3 0 0 

0.2 0.1 0.2 0 0 

(2) (7) (6) (3) 0 
Carp 11.1 38.9 33.3 16.7 0 

0.4 0.9 1.3 0.9 0 

0 (1) (3) (4) 0 
Tilapia 0 12.5 37.5 50.0 0 

0 0.1 0.6 1.2 0 

(16) (18) (13) (9) (19) 
Bluegill 21.4 24.0 17.3 12.0 25.4 

tr.1 
2.5 2.4 2.7 2.8 8.0 

0.. (490) (414) (194) (157) (204) 
>l Shad 33.6 28.3 13.3 10.8 14.0 
E-o 78.0 55.1 40.8 48.9 85.7 

(3) (2) (3) (5) (5) 
Fish fry 16.7 11.2 16.7 27.8 27.8 

0.5 0.3 0.6 1.6 2.1 

(34) (28) (17) (5) ( 5) 
Mature 38.2 31.5 19.1 5.6 5.6 

insects 5.4 3.7 3.6 1.6 2.1 

>l (5) (35) (37) (13) 0 
tr.1 Insect 5.5 31.5 19.1 5.6 5.6 
~ 0.8 4.7 7.8 4.0 0 
0.. 

pupae 

(77) (246) (202) (125) (5) 
Insect 11.7 37.6 30.8 19.1 0.8 
larvae 12.3 32.7 42.4 38.9 2.1 

Immature Developing Gravid Spawning Spent 

GONADAL STATUS 

X2 = 78.24, with 32 d.f. (p = .0026) 



foraging. Of the 28 original bass tagged (16 females and 12 males) I 

nmintained contact with only 16 for a sufficiently long time (208-285 

days) to obtain adequate data for the analyses. Of these, 11 were 

females and 5 were males. Observations during the first week of 

tracking following surgery were discounted to allow time for healing. 

During the second week following surgery, the tagged bass began 

striking at fisherman~s lures and four were captured. On these, the 

incisions were healing fast and the sutures were partially absorbed 

(Figure 20) in a manner similar to observations by Lembeck (1977) and 

Manns (1981). 

52 



53 

Figure 20. Status of tagged bass two weeks after surgery. 
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Daily vertical movements were associated with light 

intensityand location of prey (Figure 15). The species was most 

active in the early morning and at dusk, but generally quiescent 

during mid-day and at night. The average daily movements during 

dawn, morning, mid-day, afternoon, dusk and night are summarized in 

Table 12. Larger bass moved less frequently, but over greater 

distances than did smaller individuals. Females were more mobile and 

covered greater distances than males. Individuals in bays and 

riverine zone moved more frequently, but always covered shorter 

distances than similar sized individuals elsewhere. 

Seasonally, largemouth bass exhibited their greatest 

movements during spring/summer and least in the fall (Table 13). 

This movement pattern was strongly associated with metabolic 

requirements, development of gonads, and fluctuations in the 

phytoplankton-based food chain and water-level (Adams et a1 1982). 

Similar to the observations by Lembeck (1977), larger bass moved 

greater distances than the smaller ones (Table 14), and likewise 

females Dloved further than males (Table 15). While females were most 

mobile in both spring and summer, males were most mobile only in late 

summer. Male movements decreased enormously during April and May, 

while nesting and brooding. The increased mobility for the whole 

population during later summer may be attributed to the resumption of 

feeding. 

The duration of stay of largemouth bass at various sites 

varied with seasons, type of habitat, and body size (Table 16). 



Table 12. The average daily movement of tagged bass in Alamo 
Lake, Arizona, 1981/82. 

FISH ID DAWN MORNING MID DAY AFTERNOON 

Spr Sum Fal Win Spr Sum Fal Win Spr Sum Fa1 Win Spr Sum Fal 

1106/77 42 142 63 40 43 89 35 31 38 116 41 31 42 31 
1206/770 43 80 106 64 85 44 60 46 82 56 58 157 28 
719/75 72 115 219 195 142 270 152 220 90 112 265 140 67 

89 107 82 
1524 48 141 84 46 161 58 43 66 74 58 36 288 278 
748/496 62 212 93 103 228 77 91 237 110 32 158 
948/768 69 56 124 69 102 76 102 27 51 53 42 102 
1357/764 37 82 64 73 48 112 87 46 97 55 47 39 68 59 68 
674/76 149 95 155 84 151 63 103 94 111 

98 92 85 
748/595 137 90 247 141 109 152 105 88 72 100 171 286 113 
1250 93 83 134 115 108 138 123 98 89 104 107 69 76 93 
1048 89 110 102 79 121 83 72 81 94 102 

118 36 
1460/752 43 114 85 68 44 67 106 83 74 89 107 61 202 
746/100 169 73 52 198 72 41 27 117 188 52 38 
1558 51 50 126 86 117 158 100 35 

126 22 
1307/75 132 220 32 177 62 35 22 18 26 99 
852 123 46 51 46 167 129 123 76 46 

DUSK 

Win Spr Sum Fal 

29 32 
48 18 29 

273 

24 58 77 
91 
85 76 
76 35 66 49 

179 50 

192 69 
83 156 
84 88 63 

49 157 117 102 
231 182 

89 

29 128 
79 44 122 

Win Spr 

31 
48 33 
87 106 

81 57 
86 

152 39 
40 38 

409 97 

81 

48 51 

94 29 
89 69 
82 83 

79 25 
61 

:tIGHT 

Sum Fal 

36 
125 43 

97 158 

99 72 

100 107 
ll2 84 
154 

171 
101 

46 21 
205 

104 

49 55 

Wi.n 

41 
38 

115 

40 

48 
19 

244 

100 
62 

34 
28 

194 

59 
43 

\J1 
\J1 
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Table 13. The mean dai ly distance (measured in meters) moved 
by the various tagged bass during the different 
seasons. 

FISH ID SEX LENGTH(cm) HABITAT SPRING SUMMER FALL WINTER 
1206/770 Female 47.9 Riverine 43.6 97.8 43.0 59.8 
1106/77 Female 40.5 Riverine 39.1 81.3 37.9 34.5 
719/75 Female 55.0 Riverine 169.8 135.5 317 .8 176.7 
Average 84.2 104.9 99.6 90.3 

1524 Male 35.6 Bay/cove 16.3 59.9 46.0 69.2 
748/496 Female 39.0 Bay/cove 140.8 228.2 93.0 88.0 
948/768 Female 39.3 Bay/cove 70.5 53.4 87.0 89.5 
1357/764 Male 42.3 Bay/cove 68.9 59.9 46.0 52.3 
674/76 Female 54.0 Bay/cove 72.8 126.7 85.6 91.4 
Average 73.9 105.6 71.5 78.1 

748/595 Female 39.5 Limnetic 281.6 125.4 98.3 174.1 
1250 Male 40.5 Limnetic 176.4 126.3 129.4 118.1 
1048 Female 46.5 Limnetic 397.0 119.4 126.2 136.8 
Average 285.0 123.7 118.0 143.0 

1460/7 52 Female 38.0 Drop-off 108.6 76.2 22.5 36.4 
746/10.0 Male 41.0 Drop-off 122.4 199.6 110.7 70.5 
1558 Male 46.5 Drop-off 83.0 66.0 50.0 63.9 
Average 104.7 113.9 61.1 56.9 

1307/75 Female 39.6 Deep water 172.6 147.1 86.7 61.1 
852 Female 45.0 Deep water 236.8 116.2 61.8 66.1 
Average 204.7 131.7 74.3 63.6 
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Table 14. The mean monthly distance (measured in meters) moved 
by various sizes of tagged bass during different seasons. 

Size (cm) Spring Summer Fall Winter 

( '40.6) 125.7 112.2 75.1 86.0 

(~40. 7) 149.3 115.1 92.6 92.4 

Table 15. The mean monthly distance (measured in meters) moved 
by male and female bass during the different seasons. 

Sex Spring Summer Fall Winter 

Male 93.4 102.3 76.4 78.5 

Female 156.3 117.2 87.3 90.5 
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Table 16. The mean residence time (in days) of various tagged 
bass in different habitats in Alamo Lake, Arizona 
1981/82. 

FISH ID SEX LENGTH(cm) HABITAT SPRING SUMMER FALL WINTER 
1106/77 Female 40.5 Riverine 6 11 7 6 
1206/770 Female 47.9 Riverine 6 10 3 5 
719/75 Female 55.0 Riverine 6 13 7 7 
Average 6 11 6 6 

1524 Male 35.6 Bay/cove 5 7 5 5 
748/496 Female 39.0 Bay/cove 7 8 6 5 
948/768 Female 39.3 Bay/coye 4 6 5 6 
1357/764 Male 42.3 Bay/cove 6 9 5 7 
674/76 Female 54.0 Bay/cove 9 12 9 10 
Average 6 8 6 7 

748/595 Female 39.5 Limnetic 7 7 5 5 
1250 Male 40.5 Limnetic 5 7 5 6 
1048 Female 46.5 Limnetic 7 6 7 7 
Average 6 7 6 6 

1460/752 Female 38.0 Drop-off 6 11 7 6 
746/10.0 Male 41.0 Drop-off 5 7 8 6 
1558 Male 46.5 Drop-off 9 12 5 8 
Average 7 10 7 7 

1307/75 Female 39.6 Deep water 8 9 6 8 
852 Female 45.0 Deep water 6 13 7 10 
Average 7 11 7 9 
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Generally the duration of stay at a particular site was shortest 

during winter and longest during summer. Individuals in habitats 

that were seriously affected by the draw-down such as bays, coves, 

and the riverine zone generally exhibited shorter periods of stay at 

sites than those in the more stable habitats where the draw-down 

exerted minimal influence. Larger individuals (~40.6 em) generally 

spent longer times at sites than smaller ones. 



DISCUSSION 

The extensive occurrence of largemouth bass in the temperate, 

tropical and desert aquatic habitats of the world (Robbins and 

Maccrimmon 1974) suggests that the species can tolerate a wide range 

of environments. It can reproduce and thrive in brackish water 

sloughs, freshwater ponds, lakes and reservoirs, and slow-running 

rivers (Car lander 1975, Hackney 1975, Heidinger 1975, Latta 1975). 

Its life-history varies with the prevailing conditions in the 

locality. For example, it may spawn in less than 1 year in the 

equatorial belt, at an age of 14-16 months in the sub-tropics, 2 

years in the mid-latitudes, and 4 years in the higher latitudes. 

Adults are eurytherma1. They are also primarily piscivorous, but 

will supplement fish diet with other organisms they may encounter 

when foraging (Boyle 1971, Zaret and Kerfoot 1975). Size of prey, 

however, is limited on the lower end by items being too small for 

economical capture (Tarrant 1960), or on the upper end by the width 

of mou,th (Lawrence 1958). Largemouth bass can thrive in diverse 

environments because of its broad genome (Childers 1975, Heidinger 

1975). Consequently, versatility may have been favored over the 

years as an adaptation to variability in the environments. 

To determine the special characteristics which have enabled 

largemouth bass to thrive in these various habitats, I studied a 

healthy population of the species in Alamo Lake, Arizona, which has 
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abundant bass forage, diverse habitats and which experiences 

fluctuating water-level, temperature, dissolved oxygen, pH, 

turbidity, primary production, and zooplankton and insect 

availability. I also reviewed the literature of comparable fisheries 

in various reservoirs to formulate a general model to explain the 

fishery. 

Largemouth bass in large reservoirs have often exhibited a 

brief initial peak in production shortly after the reservoir has heen 

filled, followed by a drastic decline (Eschmeyer and Jone 1941; 

Stroud 1948; Bennett 1951, Abell and Fischer 1953; Hulsey 1957; 

Kimsey 1958, Hanson 1962; Heman, Campbell and Redmond 1969). Kimsey 

(1958) observed production of largemouth bass in Millerton Reservoir, 

California to peak 2 years after filling, only to decline 2 years 

later, and finally stabilize at about one half of the initial level 6 

years later. Hanson (1962) observed high production of largemouth 

bass in Bull Shoals Reservoir in Missouri 5 years after filling, but 

3 years later the fishery declined drastically. Stroud (1948) 

observed a continuing high production of largemouth bass in Norris 

Reservoir, Tennessee, only as long as water-level continued to rise. 

This IInew reservoir phenomenon ll (Ellis 1936) was originally 

attributed to the rise and depletion of allochthonous nutrients 

inundated by rising water. Heman et a1 (1969) suggested that the 

final decrease in bass production was due to increased inter- and 

intra-specific competition for food and space, and increased 

vegetation which reduced acceSSibility of prey. Keith (1975) 
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suggested that the "phenomenon" was due to: (1) direct addition of 

allochthonous organic material to the water increasing productivity 

of the food chain; (2) additional cover from terrestrial plants; and 

(3) increased space. Houser and Rainwater (1975), and Aggus and 

Elliott (1975) observed a direct relationship between production and 

rainfall, such that high production corresponded with high inflow and 

low production with low inflow. 

Unlike most of the aforementioned reservoirs, the bass 

fishery of Alamo Lake has been excellent both at high and low water 

levels since its inception in 1968. The perennial quality of the 

fishery may be partly associated with the persistence to date of 

submerged brush, which provides substrate for algae and aufuchs, 

shelter for bass nests during spawning, and cover from which bass 

launch attacks on prey. It may also be due to the floods which 

periodically provide allochthonous nutrients and st~ulate 

productivity of the food chain supporting the bass fishery as well as 

the draw-down which exposes hypolimnion nutrients, littoral 

substrate, and facilitates development of macrophytes. Escbmeyer et 

al (1941) observed that reservoirs with fluctuating water-level often 

contained larger populations of fish than those with stable 

water-level. Swingle (1956) observed that selective fishing on a 

reservoir played an important role in shaping the fishery. In Alamo 

Lake, the initial preferential fishing for bluegills enabled bass to 

establish itself in the lake with reduced competition. Most 

importantly, however, the ability of bass to utilize both the 
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littoral and limnetic zones under varying conditions has maintained 

the high production of the fishery (Figure 21). In Alamo Lake, all 

life history stages of bass grow rapidly (Figure 17) because they can 

find abundant forage, shelter (if necessary) and suitable physical 

conditions. These favorable conditions promote growth and separation 

of the various size groups. Juveniles (~ 25.0 cm) and larger adults 

(~40.7 cm) occupied the littoral zone, and the rest of the size 

groups (25.1 - 40.6 cm) utilized both the limnetic and littoral 

zones. However, the high production of the species in the absence of 

a stable littoral zone is of particular interest to the fishery 

because it has generally been thought that a permanent littoral zone 

was indispensable for bass (Minckley 1973; Aggus and Elliott 1975; 

Allan and Romero 1975; Keith 1975). In fact, fluctuating lake level, 

and impermanent littoral zone may stimulate production! 

Because the feeding behavior of largemouth bass determines 

its role as a predator (Heidinger 1975), this study sought to 

investigate foraging behavior of the species in Alamo Lake and to 

identify the importance of food acquisition in the spatial and 

temporal distribution at different age and size classes. Food was 

assumed to be a limiting factor on account of its seasonal 

fluctuation, and spatial distribution. I did not observe feeding 

directly, but inferred it from the stomach contents and from periods 

of apparent contact with prey as observed on the echosounder. A 

simplified food web of Alamo Lake is illustrated in Figure 22. In 

general, the compounds and elements comprising the nutrient base in 
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Production from the 
limnetic zone 

Production from the 
littoral zone 

/Combined production from the 
littoral and limnetic zones 

0~---------------------S-IZ-E----------------------~60 

Figure 21. A hypothetical model of production of largemouth 
bass in Alamo Lake, Arizona, with and without 
the limnetic zone 
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the lake were present in quantities above the critical levels for 

most freshwater biota (Table 17). Most importantly, phosphorus and 

nitrogen (i.e. the main elements for redox, primary productivity, and 

protein synthesis respectively) which are almost always the limiting 

nutrients in freshwater (Hutchinson 1957, Sakamoto 1971), are present 

in relatively high concentrations here. This rich nutrient base 

sustains numerous primary producers in the form of algae 

(phytoplankton), mosses, and macrophytes which in turn support 

benthos, insects and zooplankton, that are eaten by fishes such as 

bluegill, shad, shinners, and Ti1apia. The food web is topped by 

largemouth bass and man as the ultimate predators (See Figure 22). 

Various sizes of bass exploited different items from the food 

web. Their feeding modes and food items were influenced by their 

size, body form, and digestive apparatus (See Figure 17). 

Consequently, the food base of the bass population in Alamo Lake 

consisted of insect larvae for the smallest individuals and Ti1apia 

for the largest. Theoretically prey are chosen according to their 

apparent size, proximity, and/or contrast with their surroundings 

(Hollings 1968; Zaret and Kerfoot 1975; O'Brien, Slade and Vinyard 

1976). In choosing the apparent largest prey, largemouth bass can 

maximize the energy obtained versus that expended in pursuit. 

However, in taking a small prey which appears large due to its 

proximity, the bass expends minimal energy for pursuit. This 

foraging tactic results in what Werner and Hall (1974) termed 

"optima1 diet breadth." 



Table 17. Mineral compounds of the nutrient cycle of Alamo 
Lake~ Arizona (Kepner 1979). 

Total dissolved solids (TSD) 

Concentration 
in mg/1 

313.5 

Total hardness (as CaC03) 629.3 

0.1 

2.4 

1.2 

Sulphate (S04:') 48.4 

Chloride (CI-) 22.8 

Remarks 

Below the maximum level 
(400 mg/1) considered suitable 
for fish (McKirdy 1968) 

Water may be considered hard. 

Within the acceptable 
range for freshwater 
aquatic life (i.e. 20 mg/1) 
(European Inland Fisheries 
Advisory Commission 1970; 
Arizona Water Quality Council) 

Did not exceed the suitable 
level for freshwater aquatic 
life as prescribed by the EPA 
(i.e. ~ 5.0 mg/1) 

Well above the critical minimum 
level for a freshwater body (EPA) 

Well below the maximum level of 
90 mg/1 suggested for aquatic 
life (McKirdy 1968) 

Well below the maximum level of 
170 mg/1 suggested for aquatic 
life (McKirdy 1968). 
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Although previous gut studies have indicated what kinds of 

prey were taken and when they were eaten, they did not specifically 

identify the mechanisms involved in producing the observed. From my 

echogram transects, I observed that largemouth bass fed prey at those 

times when prey was most available and when danger and/or physical 

stress were minimal. For example, juvenile and sub-adult bass (S 

30.5 cm) minimized their own vulnerability by forming protective 

schools. This schooling also facilitated prey capture by collective 

attack. Larger individuals (~30.6 cm) however, foraged more freely 

without having to resort to aggregate protection. Any congregation 

observed may have been due to aggregation for reasons other than the 

one of group feeding tactics. 

Feeding frequency of largemouth bass in general varied 

directly with age and size. Bass fed at any time during the day, but 

peak activity occurred in the morning and at dusk when prey schools 

were forming or breaking up (Dubets 1954; Zweicker and Summerfelt 

1974). Earlier researchers (Nyberg 1971; Lewis 1974) suggested that 

emptiness of the stomach is the cue that triggers feeding. If this 

is so, then the occurrence of bass with empty stomachs would suggest 

that individuals take a long time before capturing prey. My study 

indicated a mean feeding interval of 48-60 hours. As the percentage 

of empty stomachs varied with size of bass, this variable may be used 

as an index for assessing availability of suitable forage. 

Verna (1975) suggested that where food supply differed 

predictably from habitat to habitat, site selection would occur in 
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response to food alone, but that where it fluctuated randomly, the 

species would be unable to respond directly to food, even if it may 

be the most important attribute in the area. In Alamo Lake, the 

primary prey (shad) population has been steadily increasing since its 

introduction into the system. However, its availability to bass 

varies enormously with seasons. Consequently, bass movements may be 

mostly related to food availability (i.e. the spatial distribution of 

shad). As the environment of the lake is constantly changing, 

through seasons and between years in response to floods and 

draw-down, areas with high food abundance at one time may have a low 

abundance at another, and largemouth bass must track its mobile prey. 

Switching of foraging site probably occurred when the marginal 

capture rate dropped below a favorable threshold (Colgan 1973; Marten 

1973; Charnov 1976). 

The foraging behavior of bass was greatly influenced by the 

environmental conditions. For example, turbidity affected both the 

conditions of hunting and predator avoidance. Largemouth bass 

avoided extreme turbidity. They stayed near the surface when 

turbidity was high and foraged deeper as it decreased. However, bass 

seemed to utilize floating allochthonous materials as cover when 

foraging and resting. 

When water-level fluctuation altered usable habitat size, it 

also affected the foraging behavior. During the onset of the slow 

draw-down when habitat size was slowly shrinking, bass movement and 

feeding increased rapidly, but when the draw-down increased six-fold, 
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activity decreased enormously, suggesting that although the species 

rapidly altered its normal behavior to utilize the initial crowding 

of the prey in a shrinking habitat, its activity was tempered under 

the more extreme situation probably as a safety mechanism against 

taking risks when conditions were least stable (Alcock 1981). As if 

to confirm this, when the water-level remained steady the following 

135 days, activity increased again until spring floods created new 

habitats. 

Simultaneous with the water-level fluctuations, the woody 

debris in the lake formed an important and persistent component of 

the environment which during floods provided physical integrity to 

the reservoir by retaining nutrients and other materials in the 

system. It also created additional habitat for fish. At draw-down, 

many of the woody debris beneath trees remained nutrient islands. 

The alternation of floods and draw-down repeatedly created a "new 

reservoir syndrome" which facilitated high perennial production in 

the lake (Ellis 1936, Tash 1980). In addition to this phenomenon, 

the ability of bass to utilize both the littoral and limnetic 

environment at different periods during growth (Figure 17) also 

contributed significantly to production. Although the littoral zone 

was prime habitat for largemouth bass, utilization of the limnetic 

zone further enhanced production (Figure 21) (Tauber and Tauber 

1977). The population produced in the littoral dispersed into the 

limnetic zone as it matured. These shifting individuals consisted of 

one and two-year old bass which fed almost exclusively on shad. This 



separation of habitat between age and size classes reduced 

competition and cannibalism within the species, and enabled 

individuals to grow rapidly without stunting. 
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The seasonal feeding pattern was closely related to oxygen 

and temperature. During the pre-thermocline period in spring, when 

bass and shad were still widely dispersed in the water column, bass 

fed mostly on shad because it was the most readily available prey. 

Shad in turn fed heavily on zooplankton. Most of the mature bass at 

this time devoted most of their energy towards gonadal development 

and spawning; females fed more often and traveled longer distances 

than similar size males and non-breeding individuals. Similar 

observations were recorded by Adams et ale (1982), suggesting that 

breeding was a major factor influencing feeding during spring. 

Females may have fed more frequently than the males because of their 

differential requirements in gonadal development. The decreased 

foraging and mobility of males from March to May was related to their 

breeding activity during this period. 

During summer when the phytoplankton-based food chain and 

macrophyte development were maximally developed and the thermocline 

had already set in, bass were concentrated within the upper 10 meters 

of water because of prey location and oxygen distribution. The major 

driving force for feeding at this time was energy demand for growth 

and maintenance due to the high metabolic requirements at high 

temperatures. Formation of home ranges in the littoral zone during 

this season enabled individuals to utilize discrete temporal 



resources abundant only at this time time such as insects and other 

invertebrates. In the limnetic zone, however, it was unnecessary to 

establish one, because prey were highly mobile and not defensable. 
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At the onset of the cold weather, when the diminishing 

day-light hours began slowing down the development of the 

phytoplankton-based food chain, and shad began forming protective 

schools, bass feeding activity also decreased. Shad never came near 

the surface and as a consequence, bass fed more on insects which were 

more readily available. During winter when the water temperature 

fell to 6-8 C, the feeding activity decreased even further, but 

there was no total cessation. More insect larvae and nymphs were 

consumed to maintain condition at this time of reduced shad 

availability. Largemouth bass sought an optimal combination of 

bio-physical factors according to age, size, and gonadal maturity. 

To utilize those areas with favorable conditions, ·bass moved in 

response to key aspects in the habitat. The non-flocking movement of 

tagged bass seems to imply that bass in Alamo Lake consists of 

discrete units of popUlations which do not respond to the ecosystem 

as a whole, but rather to the specific differences in the various 

habitats. Consequently, versatility of the species as seen in the 

various lakes (Car lander 1975, Hackney 1975, Heidinger 1975, Latta 

1975) is probably a reflection of diversity of the environment or 

unpredictability of the resources. 

Foraging movements could be differentiated because they were 

generally short, concentrated movements resembling search paths 
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within a definite area. Similar observations have been documented by 

many researchers: Harrington and Harrington (1961) observed several 

species of fish invading a flooded portion of high marsh to exploit a 

temporary supply of mosquito larvae. Hanson (1962) observed croaker 

initiating movements in relation to change in available food 

resources. Miller et a1. (1980) found differences in the stomach 

contents of spot (Leiostomus xanthurus) moving in and out of a tidal 

marsh on ebb tides. Reis and Dean (1980) observed anchovies making 

diet movements in and out of tidal creeks to feed. These studies 

confirm that fish do indeed exhibit local movements in search of 

food. Movement is a necessary consequence of the exploitation of 

temporary resources. By tracking prey and/or its environmental 

correlates, bass maximizes the expectancy of finding a new suitable 

habitat or returning to one after a period of adversity. Food may 

act directly or indirectly as a stimulus for fish movements (Krebs 

1980). Pyke (1974) after examining the foraging tendencies of 

various species concluded that animals, including fish, could detect 

and respond to the presence of food at a distance. Murray et ale 

(1981) observed that largemouth bass responded to the presence of 

prey up to 12 m away. Timing of movements and activity periods by 

bass enabled them to encounter prey at the most opportune time, such 

as when the prey was preoccupied with feeding or could not 

effectively escape capture. The daily activities of largemouth bass 

were expressed first and foremost in feeding, and other biological 

rhythms werE complementary to foraging patterns (Lebedev 1969). 
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Included in the daily rhythm was an innate component to enable the 

species to maintain approximate regularity in its activities in 

temporary absence or chance displacement of the normal environmental 

stimulus (Gauthreaux 1980). 

Movement of bass between the littoral and limnetic zone may 

have evolved as a strategy for dispersing the population to optimize 

resource utilization, promote colonization, maximize reproductive 

success, and avoid adverse conditions. It minimizes "stakes" of 

environmental adversities by encouraging maintenance of a flexible 

response to utilize various temporal and spatial distributions of 

food in the lake. Natural selection would favor species movements 

that maximize the net rate of food gain while minimizing the risk to 

survival (Emlen 1966; MacArthur and Pianka 1966; Hassell and 

Southwood 1978; Geauthreaux 1980). 



CONCLUSIONS 

Although this study emphasized mainly largemouth bass, 

results encompass a much larger phenomenon. As largemouth bass are 

typical centrarchids in their adaptations to patterns in space and 

time (Heidinger 1975), any observations recorded here also apply to 

other centrarchids. Consequently, the issues discussed in the 

preceeding sections may be expressed under a general theory of the 

dynamics of bass which would permit calculation and prediction of 

production and yield. The Alamo Lake bass fishery is a complex 

dynamic system of interacting and interdependent components. 

Environmental factors influence these systems through inputs and, in 

turn, the system influences the environments through outputs. The 

scope of my study, however, was not to produce a detailed 

quantitative description of the relationship within or functioning of 

this system. Nevertheless, it revealed that bass production was 

intimately related to the abundance and behavior of threadfin shad. 

As the abundance of both species has been increasing steadily over 

the years, they apparently co-exist in an environment which does not 

lead to over-exploitation of prey or starvation of the predator. In 

Alamo Lake, this stable co-existence i~ facilitated through: (1) 

special behavioral characteristics which allow only partial 

exploitation of shad, and presence of substitute prey; (2) large 

temporally fluctuating habitats which allow dispersal of prey to 
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parts sparsely occupied by the predators; and (3) large fluctuations 

in water-level which a~e related to input of nutrients that support a 

productive food web that is topped by largemouth bass as the top 

carnivore. Currently, however, it is not possible to predict the 

response of a bass population to the abundance and size structure of 

available prey (shad), because the functional response of bass to 

prey size distribution requires quantificstion of feeding energetics 

and mortality, which were not measured. N~vertheless, the 

environment of Alamo Lake seems to be capable of supporting a large 

ichthyomass with a size and age distribution that promotes continued 

high production. 
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