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CHAPTER I 

INTRODUCTION 

Environmental predictability has often been considered a modifier 

of community structure (Cody 1974; May 1974; May and MacArthur 1972; 

Pimm 1978; Slobodkin and Sanders 1969). A species' response to unpre

dictable resources may, in part, determine its interactions with other 

species utilizing similar resources. One argument suggests that if re

sources are predictable, species should specialize on fewer types of 

resources (narrow niche). Conversely, if resources appear unpredictable 

to the species, it should generalize (broaden niche) by taking a great

er proportion of resources that were less preferred under a predictable 

regime (Cody 1974; MacArthur 1969; MacArthur 1972). If two or more spe

cies overlap in their use of resources, or come close to overlapping, 

generalization would increase overlap. If resources in this category 

are limiting (sensu. MacArthur 1972), increased overlap may exacerbate 

competition. Community diversity may be affected if the competitive 

pressure becomes so severe that one or more of the species is competi

tively excluded from the community (Cody 1974; May 1974; May and Mac-

Arthur 1972). The hypothesis that decreased diversity is a result of 

environmental unpredictability has been set forth to explain differences 

in temperate and tropical faunal diversities (Pianka 1966; MacArthur 

1969). 

This paper presents experiments designed to test these proposed 



relationships of resource predictability to niche width and competition 

using a guild of hummingbirds. First I will consider two issues that 

will clarify the paper's objectives: 

(a) Changes in niche widths can occur in two different ways. 

Much of the theory on niche width concerns only the evolutionary means 

of change (e.g. Roughgarden 1972, 1974). Recent experimental studies, 

however, have demonstrated the ability of individuals to vary their 

niche characteristics in ecological time (Crowell and Piiran 1976; Pimm 

1978; Werner and Hall 1976). This behavioral plasticity will be dealt 

with here. 

(b) Though different species are commonly observed choosing 

different prey, different habitats, etc . (Lack 1972; Schoener 1974), 

their underlying preferences may or may not be different. Rosenzweig 

(1979) recognized two cases. In one case, the species have distinct 

resource preferences. In the other case, all species prefer the same 

resource and a hierarchy of interference competitors determines which 

species utilizes the greatest proportion of the preferred resource. 

Pimm (1979) has studied the effect of resource unpredictability on niche 

widths when species' preferences were the same. He provided a three-

species hummingbird guild with artificial flowers placed in different 

habitats. The preferred resource was the set of flowers placed in the 

wooded as opposed to the open habitat. The behavioral dominant, Lam-

pomis clemenciae, was capable of defending the preferred resource when 

the resource predictability was high. When resources were unpredict

able, Lampornis was apparently unable to derive enough value from its 

defended flowers to compensate for the energy expended in defense, 



thereby allowing behaviorally subordinate Eugenes fulgens and Archilo-

chus alexandri to utilize these flowers. Niche widths of these spe

cies showed complementary increases and decreases with decreasing pre

dictability. 

Other studies have usually dealt with communities in which spe

cies prefer distinct resources (Cody 1974; Findley 1976; Pianka 1975; 

Roughgarden 1974; Wiens 1974). Unfortunately, different field studies 

have generated data revealing different trends. Predictability had no 

apparent affect on the niche widths in bats (Findley 1974) . Cody (19-

74), however, finds a positive relationship between niche width and 

unpredictability. Difficulties in interpretation may result in part 

from the nature of the studies. "Natural" experiments of the type cited 

above contain no control (unless one considers a community in a differ

ent geographical area, sometimes continent, a reasonable control), 

making the interpretation of their results difficult. 

I experimentally investigated the case where different species 

prefer different resources. Using the same hummingbird guild studied 

by Pimm (1979), I constructed two types of artificial flowers that sep

arated species ' preferences on the basis of bill morphology and energy 

requirements. The differences that characterize the two artificial 

flower types reflect differences observed by Feinsinger and Colwell (19-

78) which were responsible for separating the feeding preferences of 

different hummingbird species in natural guilds. Feinsinger and Col

well reported that neotropical hummingbirds partitioned resources (flow

ers) by different combinations of corolla lengths, nectar concentrations, 

and flower densities. Large species utilized flowers with a high nectar 
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concentration, presumably to accomodate a high energy requirement. Many 

of these rich flowers possessed long corollas which made nectar extrac

tion difficult for small birds with shorter bills. Feinsinger and Col

well reported a positive correlation between body size and bill length; 

it follows that the resource of a large bird is a flower of high nectar 

concentration and long corolla length. Flowers that had less nectar or 

less concentrated nectar and shorter corollas were efficiently exploit

ed by small species with short bills. Since Lampornis is considerably 

larger than Archilochus (see below) these species could possibly pre

fer flowers of different nectar-concentration/corolla-length combina

tions . 

The final aspect of this study stems from Roughgarden's (1974) 

recognition of two separate components of niche width; the "within-

phenotype" component and the "between-phenotype" component. The within-

phenotype component measures variation in resource utilization within 

individuals. The between-phenotype component measures variation in re

source utilization among individuals. In this study, I marked individ

uals of hummingbirds to ascertain changes in the two components of the 

niche widths. IVhen referring to the components, I will follow Hespen-

heide's (1975) usage of "within-individual" and "between-individual". 

The objectives of this study were to provide answers for the fol

lowing questions: 

Considering a guild comprising species with distinct resource prefer

ences, when predictability decreases, 

(a) how does niche width change? 

(1) how is the within-individual component altered? 



(2) how is the between-individual corapoent altered? 

(b) how do competitive interactions change? 



CHAPTER II 

METHODS 

The field work was conducted in the Chiricahua Mountains at the 

Southwestern Research Station of the American Museum of Natural History. 

The station is located near Portal, Arizona. The guild consisted of 

three species of hummingbirds: Black-chinned (Archilochus alexandri), 

Blue-throated (Lampornis clemenciae), and Rivoli's (Eugenes fulgens). 

Mean body weights, wing lengths, and bill lengths for the three species 

are: Lampornis 7.8 g, 76.8 ram, 30.2 mm; Eugenes 7.3 g, 74.1 mm, 36.5 mm; 

Archilochus 3.4 g, 48.5 mm, 26.0 ram (Pimm 1979). 

The Resources 

I constructed two types of artificial flowers from plastic lab

oratory wash bottles. The spout of each bottle was snipped short enough 

so that the bottle, filled with liquid and turned upside down, would 

not leak substantially and the fluid level in the spout would rest near 

the opening. Colored plastic flower corollas were attached to the 

spouts of half the bottles in this condition. To the other half I at

tached clear plastic tubings which extended the length of the spouts 

6 cm beyond the fluid level of the original tube. Since the tubes 

slipped over the bottle spouts, the surface tension that tended to re

strain the level of the liquid to the spout was not violated by the ad

dition of the tube. I then attached plastic corollas over the extension 

tubes. I filled the feeders without extension tubes with 0.4 M solution 



7 

of sucrose and those possessing extensions with a 1.2 M solution. My 

purpose for this was to present two resource types such that: (1) large 

hummingbirds with high energy requirements and long bills would take 

nectar of high sugar concentration and (2) small hummingbirds, while 

capable of taking nectar of low concentration due to their lower energy 

requirements, would be discouraged by their short bill size from taking 

higher concentration from flowers possessing long corollas. The values 

of corolla lengths and sucrose concentrations were arrived at after test

ing preliminary to the study to find combinations that almost completely 

separated the choice of feeders of the two species. 

Experimental Design 

I chose four locations on the basis of similar structural vege

tation cover. They were separated from one another by about 100 m with 

no distinct breaks in habitat type. Three of the locations bordered dry 

or slightly-filled stream beds, and the fourth was situated on a small 

hill. I placed one feeder of each type in each of the four locations. 

In each location I separated individual feeders by about 30 ra to pre

vent territorial defense of a pair of feeders by a single individual, 

I placed sheaths made from aluminum soft drink cans over the feeders to 

prevent Acord Woodpeckers from alighting on the plastic bottles and 

pecking holes in them. I provided added discouragement to "pests" by 

suspending each feeder from a rope tied at each end to a different tree 

trunk or low-hanging limb. The rope was periodically soaked in motor 

oil to prevent encroachment by ants. The distance of the feeders from 

the ground was about one meter. 
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I could close a feeder to the birds by inverting the bottle. 

Any time that a feeder was designated to be open it was not allowed to 

run dry. This meant that birds were competing for time at the feeders 

rather than for an exhaustable food supply; there was considerable com

petition for time at the feeders in 1977 when the number of feeders was 

eight or less (Pimm 1979), 

I define predictability as the probability that a bird would 

find a given feeder open, A predictability of 1.0 would be achieved by 

opening all eight feeders, four of each type. This was the first ex

periment performed and it was replicated later in the study. 

A predictability of 0.5 could be produced by closing four feed

ers at random and, at discrete intervals thereafter, randomly select

ing the four feeders to be closed. Instead, I chose to make the feed

ers unpredictable relative to one of two factors: 

1) In the first study I measured the effects of unpredictability 

of flower type. All four feeders of a selected type (long-corolla/high-

sugar-concentration or short-corolla/low-sugar-concentration) were closed 

for at least a three-hour period. The determination of which flower 

type was to be closed in one of the time intervals was made at random. 

One feeder in each location was always open. There were two replicates 

of this experiment. 

2) In the second experiment I measured the effects of unpredic-

ability of location. Two of the four locations were chosen at random 

every three hours, leaving two feeders, one of each type, open in both 

locations. This experiment was also replicated twice. 

In both experiments, the regime of unpredictability was enforced 



for three days, or one day longer than most experiments performed by 

Pimm (1979) in the summer of 1977 since some of his results suggest that 

the magnitudes of behavioral changes increase with the longer time per

iod. In the second set of replicates, I reversed the sequence by which 

unpredictability was achieved (flower or location) so that the effects 

of total time of unpredictability would be orthogonal to the factor of 

unpredictability. 

I performed the experiment with four feeders and a predictability 

of 1,0 last so that the birds would not learn to favor half of the feed

ers in whatever experiments followed this one. This precluded the pos

sibility of running a replicate earlier in the study (As the result sec

tion shows, niche widths for Lampornis and Archilochus in the four feed

er control were within the range of niche widths measured during the 

initial eight-feeder experiments. So, all the experiments with total 

predictability can be considered replicates of each other.). 

Recording of Data 

I recorded two kinds of data: 

(a) I recorded the amount of time spent in feeding by each spe

cies (iî cluding marked birds, see below) on each flower to the tenth 

of a second by a hand held electronic stopwatch. I observed during 

three time periods: 0600-0840, 1030-1310, and 1500-1740. Within each 

period, I observed each feeder for 20 rain. On these days, all feeders 

were left open since the random closing of feeders would have interfered 

with observations. I assumed that any behavior modification resulting 

from the experimental three-day period would be detectable on the 
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following observation day, 

(b.) I recorded the rate of nectar extraction by Lampornis and 

Archilochus from the two flower types. I timed the birds as they fed 

from a plastic tube open at both ends and curved in the middle. After 

the bird fed, I measured the new level of the nectar and converted the 

difference to volume which was divided by the duration of feeding to 

give the extraction rate. The diameter of the tube matched that of the 

short corolla feeder and an extension was affixed to measure extraction 

rates on the long corolla feeder. Inasmuch as Eugenes avoided feeders 

when I was measuring extraction rates, I was unable to obtain data for 

this species. 

Marked Birds 

During May and early June, birds of each species were mist-netted 

and marked for individual identification with combinations of acrylic 

paint spots on their dorsa. Most of the marking was done before my ar

rival at the research station as part of a visual physiology study (Tim

othy Goldsmith, pers. coram.). During observation periods, I noted the 

feeding of marked birds at my feeders for the analysis of within- and 

between-individual components of the niche width. 

Natural Resources 

I searched for alternative resources which might have confused 

the results of the study. The few scattered stalks of Penstemon bar-

batus I found were assuredly too meager of a resource to support any 

significant amount of feeding by the guild. 
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Data Analysis 

Niche Widths 

A number of measures of niche width have been devised (Colwell 

and Futuyma 1971) . The prime requisite common to all is an ability to 

indicate relative degrees of generalization and specialization. This 

is very simple when only two resources are considered. A species will 

have the broadest possible niche width if it takes both resources equal

ly, and the narrowest niche width if it takes only one resource. Any 

test that reflects changes in the proportional utilization of the pre

ferred, or commonly-used resource, indicates changes in the niche width. 

As the use of the preferred resource increases, specialization increases 

and the niche width narrows, A similar argument follows for a broaden

ing niche width. 

The two resources in my study were the feeders and long and short 

corollas with accompanying sugar concentrations. To evaluate changes 

in the proportional utilization of a species' preferred resource, I con

verted feeding times to percentages of total feeding time spent at each 

of the two flower types summed over observations made at the three times 

of day and four locations. Dependent variable entries in the ANOVA were 

the percentage feeding times on the preferred flower type. The primary 

effect (Model I effect) considered in the model was predictability; this 

is the main thrust of the paper. Other variables were included in order 

to see if there might be any secondary effects (Model II effect). These 

are: (1) number of feeders (four or eight), (2) type of unpredictability 

(by location or flower type), and (3) position in the sequence of 
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experiments (1-7, see table 1). There is some evidence from the 

previous summer's research that at least one of the species, Eugenes, 

is affected in niche width by decreasing the number of feeders. Includ

ing a variable for the position in the sequence of experiments would de

tect the dependence of the results of one experiment on the preceding 

experiments, or it would account for a temporal trend throughout the 

summer that was independent of my resource manipulations, or possibly 

both. 

Componentwise Analysis of the Niche Width 

I established a minimum of ten total seconds of feeding by a 

marked individual in an experiment for that individual's feeding to be 

included in the analysis of that experiment. Five marked Lampornis in

dividuals met this criterion in the first two experiments: (1) predict

ability of 1.0 with eight feeders and (2) predictability of 0,5 by flow

er type. Only one marked Archilochus individual was recorded feeding 

in more than one experiment and no Eugenes were. These two species 

were thence excluded from the componentwise analysis. 

For each of the five marked Lampornis individuals, I converted 

feeding time in an experiment to the percentages of feeding in each 

flower type. This eliminated differences in total time spent feeding 

between individuals. To detect differences in niche width between in

dividuals, that is, to evaluate the between-individual component of the 

niche width, I compared the percentage feeding by each individual on a 

particular flower type to an expected value of feeding on that flower 

type, where the expected value was the mean percentage feeding by all 



13 

marked individuals on that flower type. The summed squared deviations 

of individual observations provides a measure of the differences in de

gree of specialization between individuals. Another way to view this 

measure is as the sum of squares taken within flower type and across 

individuals. The sum of squares within only one flower type needed to 

be calculated; this is because the values for both flower types would 

be the same since the percentage values for both flower types must sum 

to 100 for each individual. 

The within-individual component of the niche width was evaluated 

as the sum of squares due to differential utilization of the two flower 

types, This measure differs from the measure of the between-individual 

component in a very important property—the value of the within-individual 

component increases as specialization increases. That is, as the niche 

width within individuals decreases, the proportional utilization of the 

flowers becomes less even and the sum of squares due to flower types in

creases. This type of analysis for the within-individual is necessary 

because the nominal property of the resource variable precludes calcu

lating a sum of squares using resources as the observations. 

Competition 

Competition coefficients were calculated as the partial regression 

coefficients following the methods of Crowell and Pimm (1976) and Hallett 

and Pimm (1979) . 



CHAPTER III 

RESULTS 

Niche Widths 

Table 2 gives the absolute and percentage feeding times of the 

three species on each of the two flower types. Figure 2 shows that, for 

Lampornis and Archilochus, there were virtually no changes in niche 

width between the eight feeder and four feeder experiments when the 

feeders were totally predictable (a < 0.05). Unpredictability by flower 

type and flower location both resulted in Lampornis specializing and 

Archilochus generalizing. The results of the statistical analysis for 

Lampornis are given in table 3. Predictability is significant (a < 

0.05); mean percentage feeding by Lampornis on the long-corolla/high-

sugar-concentration flower was 81% when predictable and 94.6% when un

predictable. No secondary effects were significant. 

In table 4, the ANOVA for Archilochus shows that in addition to 

the main effect of predictability, the position in the sequence of ex

periments was also significant. Mean percentage feeding by Archilochus 

on the short-corolla/low-sugar-concentration flower was 86.7% when pre

dictable and 63.2% when unpredictable. 

The ANOVA for Eugenes, presented in table 5, shows predictability 

to be significant. Mean percentage feeding by Eugenes on the long-

corolla/high-sugar-concentration flower was 81.2% when predictable and 

91.7% when unpredictable. There was, however, a marked difference be

tween the predictable experiment with four feeders (67.8% feeding on the 

14 
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long-corolla/high-sugar-concentration feeders) and the average of the 

two predictable experiments with eight feeders (87.9%). All secondary 

(Model II) effects were also significant (a < 0.05). 

Componentwise Analysis of the Niche Width 

Five individuals of Lampornis fed for at least ten seconds dur

ing the first two experiments. The feeding times of the five individ

uals are given in table 6, and the ANOVA, in table 7. All individuals 

took varying amounts of the two resources when they were predictable. 

Waen feeders were made unpredictable by flower type, all five individ

uals completely specialized on the long-corolla/high-sugar-concentration 

flower. The within-individual component, as represented by the sum of 

squares due to flower type, reflected the apecialization of individuals 

by increasing from 5216.656 to 25,000.00 when predictability decreased 

from 1.0 to 0.5 by flower type. The between-individual component, rep

resented by the sum of squared deviations from the raean of observations 

for all individuals on one flower type, reflected the convergence of 

all individuals' specialization to one flower type. These values are 

4057.712 for a predictability of 1.0 and 0.0 for a predictability of 0.5 

by flower type. Recalling that the magnitudes of the two measures change 

in opposite directions to indicate the same direction of change in the 

two different components, it can be concluded that, with decreasing pre

dictability, both within- and between-individual components of the niche 

width become smaller. 
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Competition 

The partial regression coefficients estimating competitive 

effects of one species on another are presented in table 8. Estimates 

of the competition coefficients are presented and discussed even though 

the regression coefficients are not significantly different from zero 

(with the important exception of certain positive coefficients, which 

are, of course, not interpretable as competition, but whose relevance 

is examined in the Discussion). The resulting pattern of changes in 

competition should be viewed as meaningful only insofar as they make 

sense biologically. 

Archilochus had no effect on Lampornis in any of the experi

ments. Lampornis had a quite strong negative effect on Archilochus 

when four feeders were available and predictable. However, when four 

feeders were available and unpredictable the competitive effect was 

considerably less (unpredictable by location) or not evident (unpre

dictable by flower type). In table 9, the effects of competition are 

calculated when all observations within each level of predictability 

are grouped. Under this analysis, no competition occurs between Lam

pornis and Archilochus in any experiment. 

Feeding of Eugenes and Lampornis were usually strongly corre

lated except when feeders were unpredictable by location in which case 

there was a slight reciprocal negative effect and in the four feeder 

predictability control Lampornis had a small negative on Eugenes. 

When experiments of similar predictability were lumped there were no 

detectable negative effects, although still positive correlations 

which became stronger with unpredictability. 
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Table 8 shows that, in all four feeder experiments, both pre

dictable and unpredictable, Archilochus and Eugenes had reciprocal 

negative effects. In each case, the effect of Eugenes on Archilochus 

was larger than the reverse. In the eight feeder experiments with com

plete predictability, Eugenes had no negative effect on Archilochus, 

but Archilochus had a small effect on Eugenes. When experiments of 

similar predictability were lumped in table 9, Eugenes had a negative 

effect on Archilochus at both predictabilities, but the effect was 

stronger with unpredictability. Archilochus had a smaller effect on 

Eugenes, which was likewise greater with unpredictability. 

Extraction Rates 

Lampornis extracted sugar water significantly faster from the 

short corolla flower (0.6413±0.1558 ml/sec [x ± 1 SE] as opposed to 

0.1790 ± 0.0350 ml/sec for the flower with a long corolla). Archi

lochus also extracted sugar water significantly faster from the short 

corolla flower (0.2754 ± 0.1903 ml/sec as opposed to 0.0387 ± 0.0189 

ml/sec for the flower with a long corolla). Eugenes avoided feeders 

when I was measuring extraction rates. 

Table 10 gives the results of an ANOVA performed on the caloric 

extraction rate with the effects of species, flower type and the inter

action between species and flower type considered. Both species and 

flower type were significant (Lampornis extracting more calories per 

second than Archilochus, and both species extracting more calories per 

second from the short corolla flower). The interaction was not signif

icant; reasons are suggested for the 'preferences' of the two species 

in the discussion. 



CHAPTER IV 

DISCUSSION 

The primary objective of this study was to investigate the 

effects of unpredictability on niche widths in two potentially compet

ing species that preferred different flower (feeder) types. I shall 

first justify the asstraiption that the two species, Archilochus and 

Lampornis, did indeed have different flower preferences. 

While it is apparent that, with predictable resources, Archi

lochus and Lampornis each fed significantly more from a different flow

er type to that preferred by the alternate species, it might be argued 

that these preferences were the artifacts of interference competition. 

If this is the case, Archilochus might actually prefer the long-corolla/ 

high-sugar-concentration flower but was excluded by the behavioral dom

inant Lampornis (the reverse is conceivable if Archilochus were capable 

of chasing Lampornis by attacking en masse). I consider, however, that 

the preferences are independent of interspecific effects and, further, 

are supportable by energetic arguments founded on the extraction rate 

data. 

The extraction rates calculated for Archilochus suggest that 

individuals of this species derived more caloric gain per second while 

feeding on short-corolla/low-sugar-concentration flowers than by feed

ing on long-corolla/high-sugar-concentration flowers. The extraction 

rate of 0.2754 ml/sec on short-corolla flowers is over seven times 

18 
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greater than the extraction rate of 0.0387 ml/sec on long-corolla 

flowers. When the three-fold difference in sugar concentration is ac

counted for, Archilochus is seen to extract approximately 2.4 times more 

sugar per second when feeding from the short-corolla flowers. 

The flower preference of Lampornis might at first appear enig

matic in light of its comparative extraction rates on the two flowers. 

Lampornis extracted 0.1790 ml/sec frora the long-corolla flower and 

0.6413 ml/sec from the short-corolla flower. Thus, the caloric extrac

tion rate is slightly greater for the shorter flowers. (The extraction 

rate was 3.6 times greater on the short flowers which had only one-

third as concentrated nectar.) Hence, Lampornis does not seem to opti

mize caloric intake per second of feeding when it feeds from the long-

corolla flower; however, it may maximize net energy over the whole of 

the foraging bout if the arguments of DeBenedictis et. al. (1978) apply. 

They propose an optimal meal size for foraging hummingbirds that ac

counts for the cost of transporting the weight of nectar frora flower 

to flower or from flower to resting place. A Lampornis individual feed

ing from a short-corolla flower can extract sugar at a slightly faster 

rate, but it will carry approximately three times more weight in nectar 

for the same caloric intake than if it feeds from a long-corolla flower. 

As found by Pimm (1979) different species exhibited different 

changes in niche widths rather than all species either increasing or 

decreasing niche width similarly. The implicit assumption of Cody (1974) 

and Pianka (1975) that all species should alter their niche widths in 

the same direction cannot be supported, Lampornis specialized in two 
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different ways: both the within- and between coraponents of the niche 

decreased with unpredictability. The increasing specialization of Lam

pornis suggests that individuals of this species are unable to derive 

sufficient energetic gain by foraging on the short-corolla flowers dur

ing unpredictable regimes. This contradicts the majority of predic

tions found in the literature (Cody 1974; Pianka 1975; Pyke, Pulliam 

and Charnov 1977) which state that a species should generalize when 

unpredictable resources make waiting for preferred resources a risky 

venture, Archilochus, however, conforms to these predictions by gener

al zing with unpredictability. 

An Explanation for Different Responses 
by Different Species 

Two studies, Pimm (1978) and my own, showed one species (Lam

pornis) specializing with unpredictability, and one species (Archilo

chus) generalizing with unpredictability. The differences between the 

two studies, as mentioned in the Introduction, are that Pimm's study 

showed that all species preferred one resource type (feeders located 

in the wooded habitat) while my own study was designed to provide these 

two species with two resources on which they would specialize differ

ently. In this section, I will contrast my explanation for the Lampor-

nis niche width change with arguments presented in the literature 

favoring generalization, and my explanation for Archilochus generaliza

tion with that of Pimm's. 

In most models (Pyke, Pulliam and Charnov 1977), foraging is 

represented as the confrontation of successive elements in a queue, the 
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elements of which are food items of differing quality. In this scheme, 

the organism has no control over the frequency of confrontation with 

any given type of food item. If the organism could alter the frequency 

of confronting one of its preferred food types, it could essentially 

change its environment from fine-grained to coarse-grained (Rosenzweig 

1979). This type of foraging can probably be used by Lampornis, given 

certain characteristics of the resources. Resources were in predictable 

locations when available, A foraging bird familiar with the distribu

tion of resources could follow a foraging path that always led to its 

preferred resource type. In the case of Lampornis, an individual could 

accomplish this and reduce foraging costs by simply staying near a lo

cation proximal to where it had successfully foraged on its preferred 

resource previously. When this resource was not available, the bird 

did not expend as much energy in flight. When the resource was avail

able, it may have been able to feed enough to sustain itself through 

the absence of this flower type. Why the marked Lampornis individuals 

did not adopt this mode of feeding when resources were predictable may 

be answered by an argument similar to that proposed for birds by Smith 

and Sweatman (1974) and for bumblebees (exhibiting "minoring" behavior) 

by Oster and Heinrich 0-978) . Smith and Sweatman observed that their 

tits (Parus sp.) never foraged solely in areas of known high resource. 

Despite a simple laboratory environment containing discrete and patchily 

distributed resources, the birds continued to allot some small propor

tion of their foraging efforts in areas of low resource abundance. The 

authors suggest that this seemingly "sub-optimal" foraging behavior was 
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important in monitoring changes in resource levels and characteristics 

under natural conditions. If the tit behavior had been otherwise, the 

birds may not have noticed resources increasing in quality in other 

areas of the environment until they were forced to leave their then-

current patch due to diminishing resources. Heinrich and Oster make 

basically the same argument when explaining why bumblebees have a re

source on which they "minor" after an initial survey of the locality 

for resource distribution and quality. The situation for Lampornis 

under natural conditions may be similar given the sudden blooms of 

potential nectar-sufficient flowers (pers, obs, 1977, 1978). The abil

ity to continually monitor the environment for better patches of food 

may have been an expendable luxury if resources depended on at that 

time became unpredictable. 

Foraging behavior of Archilochus contrasted that of Lampornis 

by generalizing with unpredictability. During experiments in 1977 

(Pimm 1979), this species became more generalized in habitat use as 

resource predictability declined. All hummingbirds were found to pre

fer a wooded habitat over an open habitat. Pirara explained the expan

sion of the Archilochus niche width by a loss of territorial behavioral 

in the dominant Lampornis, which had presumably prevented the invasion 

of Archilochus when resources were predictable. For a similar explana

tion to be invoked here it would be necessary that Archilochus actually 

prefer the long-corolla/high-sugar-concentration flowers; though unlike

ly, this is a possibility since such concentrated nectar might be more 

efficiently transported if meal size is limiting. 
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I suggest an alternative explanation. Sugar concentration and 

extraction rates indicate that Archilochus derives well over twice as 

much caloric gain frora feeding on the short-corolla/low-sugar-concentra

tion flowers. A very stringent meal size limitation would be required 

for this species to actually prefer the long-corolla/high-sugar-concen

tration flowers. In contrast to marked Lampornis, few Archilochus 

marked in May and early June reraained at the Research station long 

enough to be observed in the first two experiraents. Possibly, their 

foraging behavior precludes familiarization with any localized set of 

resources, as was present in this study. Their foraging behavior might 

then approach that modeled by an organism confronting a queue of food 

items of which it has little control over the frequency of confrontation 

with any particular type of food item, and thus represent the foraging 

behavior discussed by Pyke, Pulliam and Charnov (1977). In short, Ar

chilochus raight increase its use of the less-preferred resource (long-

corolla flowers) with decreasing predictability even if (in contrast to 

Pimm 1979) its competitive environment is approximately constant. Com

petition was strong in Pimm's study and it decreased with unpredictabil

ity. In this study, competition was very weak. 

In both Archilochus and Eugenes, there was the additional ef

fect of the position of an experiment in the sequence of experiraents. 

This could either represent the effect of variables which change through

out the summer, such as temperature, humidity, or precipitation, or it 

could reveal a dependence of the results of an experiment on the pre

vious experiment. For instance, if total time of unpredictability were 
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important, the second unpredictability experiment within a replicate 

series may show greater niche alteration than the first. Table 2 shows 

this to be the case for Eugenes, Eugenes appears to have been partic

ularly slow in responding to changes in predictability. In each repli

cate series, this species showed little or no change in niche width in 

the first unpredictability experiment, whether the unpredictability was 

achieved by flower type or location, followed by marked specialization 

in the second unpredictability experiment. 

Archilochus was more generalized in the predictable experiment 

and unpredictable by location experiment in the second replicate series 

than it was in the corresponding experiments of the first replicate 

series. This accounts for a good deal of the sequence effect for this 

species, and, as suggested above, may be attributable to a trend through 

the summer of extrinsic (e.g. climatic) or intrinsic (e.g. migrational 

or nesting behavior) factors, 

Eugenes was found by Pimm (1978) to be highly unpredictable in 

its behavior, possibly because this species is more at home in higher 

altitudes and its presence at the research station and the surrounding 

canyon arises from the quantity of feeders present throughout much of 

the year. In my study, Eugenes not only specialized with unpredictabil

ity, a behavior which is not explainable by the arguments given above 

for the other two species, its feeding became a positive function of 

Lampornis with unpredictability. Since Lampornis was the other large 

hummingbird in the area, Eugenes may have rairaicked its feeding behavior 

when resources were unpredictable rather than risk negative net energy 

gain exploring for resources on its own in unfamiliar surroundings. 
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Figure 1. A -nodel, tvplcal of what is found in the literature, that re

lates the effects c' oredictability on the niche width. Figure A shows 

the utilization of curves of three species in a communitv; all species 

have similar niche widths but different means along the resource axis 

(R). Figure B reoresents the same community (lacking one species) af

ter unoredictable resources have caused the expansion of niche widths 

C'l and 'Vo, -.s'here '.̂'2 -])» hence niche overlap increases producing even-

tu.il cor.Detitive exclusion. 
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Figure 1. Percentage feedinc time bv Lampornis and Archilochus (top 

and bottom, respectivelv) on long corolla flowers (right bar of each 

histogram) and on short corolla (left bar of each histogram), '?' re

fers to predictability. The specific experiments were (A) four feeder 

predictabilitv, (B) eieht feeder oredictability, (C) unpredictabilitv 

bv 'lower tvoe, and (D) four feeder unpredictability bv locati on 

^mA 
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Table 1, Schedule of Experiments. 

4 June- Established feeders (predictability of 1,0) and al

lowed time for birds to find them in all locations. 

21 June Recorded data (explained in text). Predictability 

of 1.0. 

22 June-24 June Made feeders unpredictable by flower type. Predict

ability of 0.5. 

25 June Recorded data. Predictability of 1.0. 

26 June-28 June Made feeders unpredictable by location. Predict

ability of 1.0. 

29 June Recorded data. Predictability of 1.0. 

30 June-25 July All feeders left open and filled in order to re

cruit enough individuals for the replicate exper

iments . 

26 July Recorded data for replicate control on predictabil

ity. Predictability of 1.0. 

27 July-29 July Made feeders unpredictable by location. Predict

ability of 0.5. 

30 July Recorded data. Predictability of 1.0. 

31 July-2 Aug. Made feeders unpredictable by flower type. Predict

ability of 0.5. 

3 Aug. Recorded data. Predictability of 1.0. 

4 Aug,-6 Aug. Four feeders, two in two locations, left open for 

a control with predictability of one and a resource 

availability of four feeders. 
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Table 1 —Continued 

7 Aug. Recorded data. Predictability of 1.0 with four 

feeders. 
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Table 3. ANOVA of percentage of Lampornis feeding on flowers with long 

corollas and high sugar concentrations. The first ANOVA considers all 

effects mentioned in the text (Methods) while the second includes the 

most important effect (Predictability) and forgoes the smaller effects 

to augment error degrees of freedom. 

SOURCE df MS Fs 

Predictability 1 313.200 6.67 

Number of feeders 1 7.482 0.16 

Type of randomization 

(flower or location) 1 0.640 0.01 

Position in sequence 

of experiments 1 135.039 2.88 

Error 2 46.968 

Note: * P<0.05 

SOURCE df MS Fs 

Predictability 1 313.200 6,60 

Error 5 47.419 

Note: * P<0.05 

* 
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Table 4. ANOVA of percentage of Archilochus feeding on flowers with 

short corollas and low sugar concentrations. All effects mentioned in 

the text (Methods) are included. 

SOURCE df MS F s 

Predictability 1 947.386 37.26* 

Number of feeders 1 24.402 0.96 

Type of randomization 
•j 

(flower or location) 1 283.923 11.17 

Position in sequence 

of experiments 1 1389.642 54.66* 

Error 2 25.424 ; 
_ _ — — j. 

Note: * P<0.05 ^ 
kl 
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Table 5. ANOVA of percentage of Eugenes feeding on flowers with long 

corollas and high sugar concentrations. All effects mentioned in the 

text (Methods) are included. 

SOURCE df MS F 
s 

Predictability 1 188.400 19.22* 

Number of feeders . . . . . 1 268.002 27.34* 

Type of randomization 

(flower or location) . . . . 1 37.210 3.80 

Position in sequence 

of experiments 1 361.002 36.83* 

Error 2 9.801 

Note: * P<0.05 
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Table 6. Seconds of feeding on the long-(L) and short-(S) corolla flow

ers by five marked Lampornis individuals. Predictability of 0.5 was 

achieved by making flower types unpredictable. 

Indivi 

1 

2 

3 

4 

5 

dual Flower 

type 

S 

L 

S 

L 

S 

L 

S 

L 

S 

L 

Predictability 1.0 

8 feeders 

4.0 

14.5 

1.6 

24.4 

4.6 

16.7 

8.3 

1.8 

2.7 

62.1 

Predictability 0,5 

by flower type 

0.0 

56.4 

0.0 

11.1 

0.0 

81.9 

0,0 

21,4 

0.0 

46,3 
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Table 7, Analysis of the within- and between-individual coraponents of 

the Lampornis niche width (sample size of five individuals), In the 

ANOVA, the SS due to Flower type represents the degree of specialization 

by individuals, or the within-individual component. This value increases 

as specialization increases. The between-individual component is rep

resented by the sum of squared deviations from an expected value, the 

mean, for individuals' percentage feeding times on one flower type. 

Within-Individual Component—increasing SS indicates narrowing niche. 

Predictable Unpredictable 
by Flower Type 

Source SS SS 

Corrected total 13,332.08 

Flower type 5,216.66 

25,000.00 

25,000.00 

Between-Individual Component—increasing SS indicates broadening niche, 
Mean calculated on the mean 

Predictable 

Sum of squared deviations 

frora expected value, or 

the mean. 

Unpredictable 
by Flower Type 

Sum of squared devi

ations from expected 

value, or the raean. 

4,057.71 72.8^ 0.0 100.0% 
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Table 8. The effects of competition on each species by the other two. 

The effect is calculated as the partial regression coefficient of one 

species' feeding time on that of another. Negative coefficients are as

sumed to represent competition, positive coefficients, that species are 

choosing the same feeders. The significance level of the coefficient 

is given in the right hand column under P<. 

Effects on Lampornis 
— 

Effect P< 

By Archilochus Predictability 1.0: 

with eight feeders 0.183 0.9198 

with four feeders 0.047 0.7915 

Predictability 0.5: 

by flower type 0,050 0,6546 

by location 0,031 0.8589 

By Eugenes Predictability 1.0: 

with eight feeders 0.589 0.0048 

with four feeders 0.182 0.7117 

Predictability 0.5: 

by flower type 0.796 0,0001 

by location -0.067 0.8213 
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Table 8—Continued 

Effects on Archilochus 

Effect P< 

By Lampornis Predictability 1.0: 

with eight feeders -0.021 0.8847 

with four feeders -4.307 0.0919 

Predictability 0.5: 

by flower type 0,162 0.4232 

by location -0.053 0.9066 

By Eugenes Predictability 1.0: 

with eight feeders 0,066 0.8079 

with four feeders -0,273 ' 0,6821 

Predictability 0.5: 

by flower type -0.247 0.3493 

by location -0.225 0,5569 
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Table 8—Continued 

Effects on Eugenes 

Effect 

By Lampornis Predictability 1.0: 

with eight feeders 0.169 

with four feeders -0.155 

Predictability 0.5: 

by flower type 0.570 

by location -0.461 

By Archilochus Predictability 0.5: 

with eight feeders -0.051 

with four feeders -0,006 

Predictability 0.5: 

by flower type -0.042 

by location -0.046 

P< 

0.6221 

0.9105 

0.0001 

0.0606 

0.6229 

0.9635 

0.5881 

0.7065 
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Table 9. The effects of competition when all observations within each 

level of predictability are grouped (Predictability of 1.0 includes ex

periments with both eight feeders and four feeders; predictability of 

0.5 includes experiments with unpredictability by flower type and unpre

dictability by location). The effects are calculated as described in 

table 6 and the text. 

Effects on Lampornis 

By Archilochus Predictability 1.0 

By Eugenes 

Predictability 0.5 

Predictability 1.0 

Predictability 0.5 

Effect 

0.051 

0.084 

0.477 

0.613 

P< 

0.6417 

0.3377 

0.0060 

0.0001 

Effects on Archilochus 

By Lampornis Predictability 1.0 

By Eugenes 

Predictability 0.5 

Predictability 1.0 

Predictability 0.5 

Effect 

0.061 

0.175 

0.106 

0.217 

P< 

0.6571 

0.2719 

0.6333 

0.2343 

Effects on Eugenes 

By Lampornis Predictability 1.0 

Predictability 0.5 

By Archilochus Predictability 1.0 

Predictability 0.5 

Effect 

0.185 

0.494 

0.009 

0.099 

P< 

0.0224 

0.0001 

0.9119 

0.1354 
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Table 10. Caloric extraction rates of Lampornis and Archilochus (rep

resented as Species) on the two flower types, long-corolla/high-sugar-

concentration (6 cm corolla and 1.2 M sugar) and short-corolla/low-sugar• 

concentration (0 cm corolla and 0.4 M sugar) represented as Flower type. 

SOURCE df MS Fs 

Species 1 0.12708 73.07*** 

Flower type 1 0.01507 8.66** 

Species x Flower type . . 1 0.00029 0.17 ns 

Error 18 0.03131 

Note: * 0.1<P<0.5 

** 0.01<P<0.l' 

*** 0.001<P<0.01 




