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Territory regulation, tenure, and migration in rufous hummingbirds 

CLIFTON LEE GASS 
Deptrrfment of Zoology, Unioersitv of British Columbiu, Vcrncouuer. B.C., C ~ ~ n n d u  V6T I W5 

Received May 24, 1978 

GASS, C. L. 1979. Territory regulation, tenure, and migration in rufous hummingbirds. Can. J. 
Zool. 57: 914-923. 

Postbreeding migrant rufous hurnminghil*ds ISek~.tpltrrrr~s rt!fir.r) establish feeding territories in 
alpine meadows. An inverse hyperbolic relationship between rerritory size and Rower density 
indic~tes that territory size is rcguli~terl to maintain food supply: individual hummingbirds make 
daily ndjustments in their territuries. These iirljustrnents maintain Twd supplies from day to day 
and improve them over what they would he if no udjustmen~s were made. The ability of 
individwlls to mainlitin Ierritory qutlliry, however, and the length of time they remain in tk 
meiidows, is ;\!Tected hy their age and sex and hv the level of cornpetirion for f w d  by conspecifics. 
Te~rilirrinlity. therefore, must he considered in reliirion to f;tctorc operating hevond the lncal food 
environmcnl. both in terms of etTectr on and effects of the short-term dynamics of energy 
regulation. This has important implications for hummingbird migration. 

GASS, C. L. 1979. Territory regulation, tenure, and migration in rufous hummingbirds. Can. J .  
Z00l. 57: 914-923. 

Aprks la saison de reproduction. le colibri Selnsphur~~s rr&s itahlit ses territoires d'alimenta- 
tion dans les prairies alpines. La relation hyperbolique inversee enti-e la surface du rerritoire et la 
rtensite des fleurs ind~que que les limifes du rcrriroire verient de  faqon i maintenir stable la 
quantlti de nourriture disponible: chaque oiseau Juit faire rles ajustements quotidiens i son 
territoire d'alimentation. CPS ajusfcrnents pernettent i I'oiseau de garderconstante saeserve dE 
no~~rriture de jour en jour, er mime d-y apporrer des amdlior~tions. La capacite de conserver la 
qualitt du territuire et la durie J e  stfiour dans les prairies dependent cependant de I'lge et du sexe 
de I'oiseau de mkme que du dcgrt de cumpiitittan c r t l  par les oiseaux de la meme espece. 
Constiquernrnent. une etude de la territorialitt doit tenir compte de facteurs extirieurs it I'en- 
vironnement alirnentaire locat en ce qui a trial[ i leurs effets sur In dynamique i court terrne de la 
kgularion de I'energie el  rice-versa. La migrntion des o~waux-mouches depend beaucoup de ces 
facteurs. 

[Traduit par le journal] 

Rufous hummingbirds (Selasphorus rufus) move 
along a chain of mountain meadows during their 
postbreeding southward migration and compete 
intensely for access to food in these and adjacent 
habitats (Armitage 1955; Grant and Grant 1967, 
1968; Phillips 1975). Many of them defend feeding 
territories. The number of territories in a meadow 
is closely linked to the number of flowers in the 
meadow and the rates at which the flowers produce 
nectar (Gass 1974; Gass et a!. 1976; Kodric-Brown 
and Brown 1978). Some individuals maintain ter- 
ritories in energetically suboptimal habitats or 
employ itinerant tactics without defending ter- 
ritories at all (Gass 1978). 

This pattern of southward migration involves 
behavioral decisions at two distinct levels (Gass 
and Montgomerie 1979). First, individuals in a 
habitat must decide how much territory or how 
many flowers to attempt to defend, how consis- 
tently to defend them, and how to forage from 
them. Second, individuals must decide when to 
leave a habitat and how far to fly on the next leg of 
the migration. This study was designed to answer 
questions on both of these levels and to explore 
how the levels are integrated. 

On the immediate level of events occurring in 
meadows, 1 monitored individuals' activities over 
time to learn how sensitively they regulate their 
territories in response to changing conditions. By 
relating the flux of migrating individuals to their 
ages, sexes, and the relative quality of their ter- 
ritories, I also hoped to learn how decision-making 
processes involved in territory regulation are 
linked with those involved in migration. I wanted to 
know whether hummingbirds initiate migratory 
flights on a preset schedule or whether they make 
independent decisions. If migration proceeds on a 
rigid schedule, individuals' territorial tenure in 
meadows should be unrelated to conditions in the 
meadows. If individuals make independent deci- 
sions about when to migrate, these decisions 
should be related in some way to conditions in the 
meadows, perhaps to territory quality. 

Methods 
T ~ P  Sfcthl A red 

The study area was a meadow above Griuly  Lake in (he 
suhilpinc zone (2400 rn) of the Safmon-Trinity Alps Primitive 
Area, in northwest California (meadow 2 in Gass (1974). Gasser 
crl. (19761, and Perkins (1977); see Gash rr nl. 11976) for a com- 
parison with other meadows in the area). This meadow supports 
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G ASS 915 

primarily one flower species and one hummingbird species and 
is relatively homogeneously flowered compared with other 
meadows in the area; these factors should minimize complex 
adjustments in territorial boundaries and facilitate comparisons 
among territories. 

The Study Species 
The postbreeding migration in rufous hummingbirds is age 

and sex specific. Males leave the breeding grounds in the Pacific 
northwest in June and adult females and immatures follow in 
July and August (Phillips 1975). According to Grant and Grant 
(1967, 1968), males migrate at intermediate altitudes but adult 
females :tnd inim:rtures use higher altitudes. Stiles (1972) noted 
 hat individuals of all ages and sexes migrate sourh along the 
coastal lowlands as well as high altitudes and suggested !hut 
adrzlrs move sourh earlierand more quickly thiin do immi~rures. 

The Grizzly Lake area is used by nrfoun hummingbirds 
[most I!, adult females and irnrni~tures of troth sexes) from early 
July to early September in most years (Gass 1974, 197K: Cans pr 

rrl. 1976: Perkins 19771. In a previous study [Gass 1978). rill of the 
hummingbirds that defended territories in a  hopti ti mill. non- 
meadow hahiiat were irnmalures. 

Ccrstillejcr miniata is an herbaceous perennial that bears red 
tubular flowers in dense inflorescences. The flowers produce 
copious nectar (Gass et (11. 1976) and are visited by insects and 
by hummingbirds, but insects have a minor effect on nectar 
availability and pollination (Perkins 1977). Cnstilleja begins to 
flower here in most years in the 1st or 2nd week in July and 
continues through August. The-meadow also supports a small 
number of Aquilegia formosa plants (less than 0.5% of flowers 
counted and less than 2.6% of nectar energy produced; Gass et 
a / .  1976), which flower mainly early in the season. Aquilegia 
flowers were ignored in the analysis. 

Observations 
Each morning between 9 July and 3 August 1976 (except 14 

July) I mapped all territories in the meadows and established the 
individual identity of their owners (see below). On the first day 
of the season on which there were hummingbird territories in the 
meadow I arbitrarily selected one of the two territory holders 
present at that time for regular detailed study. Every day I 
counted the C~rstilleja inflorescences in this focal territory and 
the area it had occupied the previous day. Every 5 days I 
counted the inflorescences in all territories in the meadow. Data 
from this study about hummingbird spacing patterns in relation 
to flower density are compared to similar information collected 
in meadow 2 in 1973 using the same methods (Gass 1974; Gass er 
ul. 1976). 

Essentially all of the undisturbed foraging and all of the chases 
initiated by individuals are contained within the boundaries of 
their territories, at least in high-quality habitats (Brown and 
Orians 1970; Gass and Montgomerie 1979). I determined terri- 
tory boundaries by recording on scale maps the locations of 
perches, visits to flowers, flight paths, and locations of intruders 
when residents initiated chases against them. Territory areas 
were estimated by weighing paper cutouts of territory maps and 
converting to units of area. Logs, rocks, and other nonproduc- 
tive areas were included in the estimates. 

I determined age and sex of hummingbirds using characters 
discernible out of hand, such as color and distribution of spots 
and streaks on the throat and, to a lesser extent, back, side, and 
upper tail covert color (Stiles 1972). In general, immatures have 
streaked throats; immatures with more than avery small amount 
of red throat spotting are males. Adult males have entirely red 
throats. Adult females have unstreaked white throats with cen- 
tral red spotting. Females have less rufous on their backs than 
males. 

I identified individuals by noting their physical appearances, 

perching sites, and behavioral peculiarities; birds with the same 
description holding territories in the same part of the meadow on 
consecutive days were considered to be the same individual. 
Observations were frequent and were made by the same ob- 
server on all but 2 days. This method is unquestionably less 
reliable than color-banding, but netting and banding all individu- 
als would generate more uncertainty than it would resolve, given 
the objectives of this study. Not only would it disrupt the pro- 
cesses under study by removing individuals to band them, but 
mist nets would block traffic and communication and thereby 
physically influence territory boundary negotiations. These 
factors would be especially important if there were rapid flux of 
individuals through the system. I am confident of my method for 
several reasons: (1) Individuals may vary greatly in plumage 
colors and patterns during the postbreeding migration (Stiles 
1972). (2) Individuals display consistent behavioral idiosyn- 
cracies such as restlessness while perched and frequent 
scratching in particular places (Gass 1978). See Bateson (1977) 
for a test of observers' abilities to recognize individual wild 
birds. (3) Intruders, newly established residents, and well estab- 
lished residents behave differently (Gass 1974). Intruders usu- 
ally fly closer to the ground, are quieter unless challenging 
residents, and may select lower perches than well established 
residents. Newly established residents are more likely to chirp 
while foraging or perching than other birds and often select 
lower perches than well established residents. 

Results 
Spacing Patterns and Food Supply 

The spatial array of hummingbird territories in 
the meadow changed frequently and showed a clear 
temporal pattern (Fig. 1). Early and late in the 
season. when there were few flowers in the 
meadow, there were a few large territories, and at 
the peak of flowering there were many small ter- 
ritories. These changes in territory numbers and 
sizes over the season were directly associated with 
changes in flower abundance. The predictive re- 
gression equations relating the number of ter- 
ritories in the meadow (T) to the number of Custil- 
leju inflorescences (C) there over the 1973 and 1976 
seasons are as follows: 

[I]  for 1973: T = -0.5188 + 0.0014C 

(n = 8 census periods; r = 0 . 8 7 ; ~  < 0.005); 

[2] for 1976: T = -0.0013 + 0.0010C 

(n = 6 census periods; r = 0.88; p < 0.02). These 
regressions are not significantly different, either in 
slope (ANCOVA, F = 0 . 6 6 ; ~  = 0.4) or in intercept 
(F  = 0.59; p = 0.5). The number of hummingbird 
territories in the meadow was related to the number 
of nectaries producing nectar, which changed dur- 
ing the season, and the meadow remained filled 
with territories. 

If individual territories are equal in quality (if 
they contain equal numbers of inflorescences), 
there should be a negative hyperbolic relationship 
amone territories between territorv size (A. in w ~, 

metres squared) and inflorescence density (D ,  in 
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916 CAN.  J. ZOOL. VOL. 57, 1979 

inflorescences per square metre) ( Gass et cr.1. 1976; 
Kodric-Brown and Brown 1978). The predictive 
regression equations relating these variables for 
meadow 2 in 1973 (Fig. 2) and 1976 (Fig. 3) are as 
follows: 

131 for 1973: logA = 2.79 - 0.81 log D 

[4] for 1976: log A = 2.83 - 0.76 log D 

(11 = 17; r = -0.54; p < 0.03). These regressions 
are not significantly different, either in slope (F = 
0 . 0 3 ; ~  = 0.9) or in intercept (F = 1 . 3 0 ; ~  = 0.26).' 

Although the regressions for the 2 years are not 
significantly different, the relationship was much 
stronger in 1973. Food density explained 2.5 times 
as much of the variance in territory size in 1973 
(r2 = 0.72) as in 1976 (r2 = 0.29). One reflection 
of this difference in variance is that all territories 
were between 50 and 200% of the average territory 
quality (number of Castilleja inflorescences at 
given inflorescence densities) in 1973 but only 75% 
of them were within this range in 1976 (compare 
Figs. 2 and 3). 

Comparisons Among Zndiz~iduals 
Given the assumptions that number of flowers 

per inflorescence, nectar production rates, and 
nectar concentrations are not systematically vari- 
able (none of which are tested in this study), the 
number of inflorescences in a territory influences 
the total amount of nectar available to be har- 
vested. In addition, inflorescence density 
influences the efficiency with which this nectar 
could be harvested by determining the minimum 
required flight distances. Therefore, both number 
of flowers and flower density should contribute to 
the profitability of territories to their owners. If 
territories were equally profitable to their owners in 
terms of inflorescence numbers there should be a 
tradeoff between these variables and they should 
be negatively correlated in individual territories. 

'1 used GM functional regressions (Ricker 1973) for a similar 
analysis in an earlier paper (Gass et a / .  1976). The functional 
model was preferred as a predictor of Y in that case because the 
X variate was a synthetic index of flower density calculated from 
several variables, each of wh?ch was measured with error 
(Ricker 1973). The predictive model is preferred in the present 
case because ordinary Model I regression predicts Y from X if 
the error about X is not correlated with the magnitude of X 
(Sokal and Rohlf 1969, p. 438). a condition that is probably met 
with the present data. In addition, comparison of regressions by 
ANCOVA is only possible at present using the predictive model 
(Ricker 1973). It is worth noting that the predictive and func- 
tional regression slopes are similar for 1973, when the relation- 
ship between territory size and inflorescence density was 
strong, but quite different for 1976, when the correlation was 
much weaker. 

FIG. 1. Daily territory maps of meadow 2. Diagonal hatching 
indicates rocks, cliffs, and other large nonproductive areas. 
Enclosed areas indicate hummingbird territories (except on 9 
and I 1  July, when they indicate the extent of areautilized but not 
defended by hummingbirds). Stippling indicates the focal indi- 
vidual's territory. The number in the upper right corner of each 
map indicates the date in July or August. The number below it 
indicates the number of territories in the meadow on that day. 
The top of each of the maps is west and uphill. 

This was not the case (Table 1). In both 1973 and 
1976, number of Castilleja inflorescences and 
inflorescence density within territories were 
significantly positively correlated before the peak 
of flowering in meadow 2 but insignificantly nega- 
tively correlated after the peak of flowering. Before 
the peak of flowering, there was no tradeoff be- 
tween these variables; individuals tended to have 
more and more dense inflorescences or fewer and 
less dense inflorescences. After the peak of flow- 
ering, there was a weak tradeoff. This shows that 
some of the variability around the regression line in 
Figs. 2 and 3 is not simply random error but reflects 
variation in territory quality among individuals, 
especially during the first part of the season. It also 
suggests that the social dynamics of territory regu- 
lation are linked to the dynamics of flowering 
phenology . 

Individual hummingbirds tended to remain in the 
meadow for only a short time compared with the 
length of the flowering season. The frequency dis- 
tribution of tenure in the meadow (mean = 5.86 
days) is shown in Fig. 4. Note that the data include 
only those individuals that were established at the 
time I mapped the territories and therefore under- 
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GASS 917 

FIG. 2. Relationship between territory size and Crrstillejri 
inflorescence density in meadow 2 in 1973 (data from Gass 1974). 
The central hyperbolic curve is the log-log predictive regl-ession 
line fitted to the data (equation 1). The diagonally hatched band 
is the range 50 to 200% of the average territory size. 

2 4 6 8 
INFLORESCENCES I m2 

FIG. 3. Relationship between territory size and Ctrstillej~r 
inflorescence density (census days only) in 1976. Symbols are as 
in Fig. 2, except closed circles indicate the focal individual. 
Eleven individuals' terl-itories are represented in all. The heavy 
line connecting closed circles indicates the sequence of daily 
changes in territory size and inflorescence density exhibited by 
the focal individual. 

estimate the I-day tenure class. I assumed that 
individuals present on the first or last days of the 
study arrived or left on those days; the variation in 
tenure would be even more significant without 
these assumptions. 

Both arrival and departure dates were randomly 
distributed in ,time (Kolmogorov-Smirnov one- 
sample test; n = 21; p > 0.20 for each age and sex 

TABLE 1. Correlation between inflorescence number and 
inflorescence density in territories. Increasing and decreasing 
phases of the flowering season are before and after the peak of 
flowering in meadow 2, respectively (see Table 3 for dates) 

Phase of 
flowering 

season Year n r P 

Increasing 1973 19 0.725 <0.01 
1976 7 0.831 <0 .05  

Decreasing 1973 14 -0.348 ns 
1976 10 -0.042 ns 

NOTE: ns, not significant. 

4 8 12 16 20 
DURATION O F  STAY (DAYS) 

FIG. 4. Obsel-ved frequency distribution of territorial tenure. 

class, regardless of whether individuals present on 
the first and last days were excluded). However, 
individuals that arrived before the peak of flowering 
stayed longer than those that arrived after the peak 
(mean(early)= 7.13days; mean(late)= 1.50days; 
U = 20; Mann-Whitney U-test; n = 15, 6; p < 
0.05). This is not a trivial reflection of precedence 
and a short season, because excluding individuals 
present on the first and last days had no effect on 
the significance of the test (mean (early) = 6.36 
days; mean (late) = 1.50 days; U = 15; n = 11, 6; 
p < 0.05). 

Significantly fewer than half of the 21 territory 
holders (Table 2) were adults (xZ = 5 . 7 6 ; ~  < O.O2), 
but adults stayed more than twice as long, on aver- 
age, as immature birds (U  = 10; p < 0.02). Adult 
females stayed longer than immature birds of either 
sex, but only the comparison with immature 
females was significant (U = 0 ;p  < 0.002). No adult 
stayed less than 7 days and no immature female 
stayed more than 5 days. The comparison between 
immature males and immature females was not 
statistically significant, but the two individuals that 
stayed longest in the meadow were both immature 
males. 

The prediction that length of stay should be re- 
lated to territory quality (as defined by number of 
inflorescences) was not supported. Tenure of indi- 
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TABLE 2. Duration of stay (days) in meadow 
2, subdivided by age and sex 

Mean 
n duration Range 

- 

Adults 
Males 1 9 .00 na 
Females 4 9.75 7-12 
Total 5 9 .60 

Immatures 
Males 7 8.00 1-20 
Females 9 2.11 1-5 
Total 16 4.69 

Total 21 5.86 1-20 

NOTE: na, not applicable. 

viduals was not related to the mean number of 
Ccrstillejcr inflorescences in their territories on the 4 
census days (Spearman Rs = -0.19; n = 11 indi- 
viduals; p >> 0.05), nor was tenure beyond census 
days related to number of inflorescences (Rs = 
-0.09; n = 20 terr i tor ies;~ >>> 0.05) on those days. 
The test of this prediction about territory quality 
would have been more powerful if the meadow had 
been censused more often, thereby obtaining a 
larger sample size. 

Territory Regulation by  Indiuidunls 
The overall relationship between ten-itol-y size 

and inflorescence density (Figs. 2 and 3) suggests 
indirectly that hummingbirds maintain territory 
quality in this rapidly changing environment by 
frequently adjusting their holdings to current or 
anticipated conditions, but the 1973 data do not 
demonstrate that individual birds actually make 
these adjustments. The relationship could have re- 
sulted from many individuals staying a short time in 
the meadow and not adjusting their territories. 
However, the above analysis of territorial tenure 
shows that some individuals stayed for- extended 
periods and the 1976 data on the focal individual 
clearly show that at least one individual did regulate 
its territory in response to changes in conditions. 

Figure 3 shows the relationship between territory 
size and inflorescence density for all 1976 data, with 
the log-log regression line for census days (equa- 
tion 4). The focal individual (an immature male) 
was present in the meadow for at least 21 days, 
including the last day of the study, and was the only 
individual present for all four inflorescence cen- 
suses. This individual had either the most inflores- 
cences or the most densely distributed inflores- 
cences all four times, and ranked first in both indi- 
ces of territory quality twice. When it ranked first in 
only one, it ranked second in the other. On 18 of 21 

days it was above the census day regression line, 
indicating that it had a larger territory (hence more 
flowers) than expected for observed inflorescence 
densities. On 6 of 21 days it had more than twice the 
expected territory size, but no other individual ever 
had twice the expected. On only 3 days did the focal 
individual have less than the expected territory 
size, but on one of these days (18 July) it dropped 
from more than 1.5 times to  about 0.5 times the 
expected size, losing both inflorescence numbers 
and inflorescence density. It recovered to about the 
expected territory size by the next day, however. 

Under conditions of changing flower density, in- 
dividuals that did not adjust territory size would 
automatically incur- changes in territory quality. In 
the present case, not adjusting territories woutd 
result in daily increases in quality before the peak of 
flowering and decreases in quality after the peak. 
Rut adjustments in territories should track food 
supply and should also reflect changes in compcti- 
tive pressure Cram intruders. 1 ev;iluated how well 
I he focal individual tracked its changing food sup- 
ply each day by asking the following questions. (1) 
"Does the territory have more flowers than it did 
the day before?" (What was the actual gain?) AC- 
tual gain measures realized net improvement from 
day to day. (2) "Does the territory have more 
flowers than it would have had if there had been no 
change in territory size or position since the day 
before?" (What was the virtunl gain?) Virtual gain 
measures the advantage of adjusting territory size 
or position. 

The overdl average actual gain in territory qual- 
ity try the focal individual was near zero, but there 
was great v;iriability between days (Fig. Sf]; mean 
net gain = -21 -4 inflorescences per day, or 1.4% of 
the individual's daily mean). The magnitude of 
change was greater early and late in the season, 
when the essentially continuously changing re- 
sources were being partitioned among a smaller 
number of territories. Losses were greater early in 
the season, when both flowers and competitors for 
them were increasing rapidly in numbers, and were 
fewer late in the season, when these factors were 
decreasing. 

Compared with the actual gain, the virtual gain in 
territory quality by the focat individual was more 
positive from day to day (Fig. 5b; mean net gain = 
181.9 inflorescences per day. or 1 1.9% of the indi- 
vidual's daily mean). It is unfortunate that the criti- 
cal data are missing for the 2 days in mid-July when 
the individual lost, then regained actual territory 
quality (Figs. 3 and 5a). These could have shown 
how the bird managed under conditions of rapidly 
increasing flower density, large numbers of intrud- 

C
an

. J
. Z

oo
l. 

D
ow

nl
oa

de
d 

fr
om

 w
w

w
.n

rc
re

se
ar

ch
pr

es
s.

co
m

 b
y 

D
ep

os
ito

ry
 S

er
vi

ce
s 

Pr
og

ra
m

 o
n 

06
/0

6/
13

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.
 



GASS 919 

harvesting the food. Individuals should hold ter- '" ritories that allow them to maximize their net 
energy intake or some other measure of utility (see 
Pyke et ul. 1977). They should not hold territories if 
some other tactic is more profitable (Carpenter and 
MacMillen 1976b), as when food density is very 
high (Carpenter and MacMillen 1976u) or very low 
(Gill and Wolf 1975). 

Within the range of food densities over which 
territoriality is profitable, territory adjustment to 
maintain profitability is expected in a changing en- 
vironment. The amount of food individuals should 

o, defend in relation to their maintenance require- 
ments, and how sensitively they should monitor 
their holdings and their requirements, however, 
remain in contention (Carpenter and MacMillen 
1976b; Van Valen 1976; Dill 1978; MacLean and 
Seastedt 1979). 

Short-term Dynamics of Territo~y Regulation 
Response to Food Density 
This study replicates and supports previous indi- 

" j cations that hummingbird numbers and/or biomass 
D A T E  are determined by energy production in the envi- 

FIG. 5.  Net daily gain of Custillejtr inflorescences by the focal 
ronment (Gass 1974; ~a-s-s et 01. 1976; Lyon 1976; 

individual over time. Dates are days in July and August. ((1) Carpenter 1978; Kodric-Brown and Brown 1978; 
Actual gain between successive days. ( b )  Virtual gain on given Montgomerie 1979; Gass and Montgomerie 1979). 
days. Calculated as the difference between the number of The relationship between territory size and in- 
inflorescences in the territory and the number there would have florescence density suggests that food density is  a 
been if the territory size and (or) position had not changed 
between successive days. Asterisks indicate missing data. driving variable of this social and foraging system, 

but this study also shows that it cannot be the only 
ers, and unstable spacing patterns in the rest of the 
meadow. 

It is apparent from Fig. 3 that many territory 
changes involved simultaneous decreases in terri- 
tory size and increases in inflorescence density. 
This resulted not only from surrendering the less 
dense portions of the territory, but often from 
'moving over' into more densely flowered portions 
of the meadow as well. For example, the focal 
territory moved up the slope (toward the top of Fig. 
1) during the season. This corresponded with a 
wave of high flower density that also moved up the 
slope. 

Discussion 
The significance of territoriality remains in dis- 

pute after nearly 60 years of debate (Howard 
1920; Huxley 1934; Pitelka 1942; Wynne-Edwards 
1962; Chitty 1967; Lack 1970; Wilson 1975), and 
continues to be controversial. Brown's (1964) 
economic defendability hypothesis holds that 
feeding territories represent a balance between the 
food in a defended area and the costs in time and 
energy of retaining exclusive use of the area and 

important factor. For example, my measure of food 
density (inflorescence density) explained more 
than 70% of the variability in territory size in 1973 
but less than 30% of it in 1976. 

Field studies that demonstrate great behavioral 
variability do not necessarily demonstrate loosely 
organized behavior. For example, Fig. 3 would re- 
veal no clear pattern if the points for the focal 
individual were not identified and connected to re- 
veal a temporal pattern of change, yet comparison 
of Figs. 3,  5a, and 56 shows that the 1976 data in 
fact reflect organized and profitable underlying be- 
havior, at least by the focal individual. 

Tracking of food supply by hummingbirds is 
accomplished not only by numerical flux of indi- 
viduals into and out of the system (Gass and 
Montgomerie 1979), but by daily and perhaps finer 
scale adjustments of individual territories as well. 
The changes in the focal individual's territory in 
this study clearly demonstrate flexible mechanisms 
of territory regulation. Adjustments of territory 
boundaries, which occurred every day and in- 
cluded changes in the size, shape, position, flower 
number, and flower density of the territory (Figs. 1 
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and 3), maintained territory quality in a rapidly 
changing environment and improved its quality 
over what it would have been if no adjustments had 
been made (Fig. 5). 

This study provides no direct information about 
maximum or minimum profitable territory quality. 
However, most territories were within the range 50 
to 200% of the average. Kodric-Brown and Brown 
(1978) suggest from experimental evidence that the 
minimum sustainable territory quality may be 
about 50%. However, Ewald (1979) found that 
hummingbirds would defend territories that had 
been reduced to zero quality (by replacing the food 
in a feeder with water) and that persistence in- 
creased with the period of prior ownership (tenure) 
and with the quality of the territories before reduc- 
tion in quality. In the present study, minimum ter- 
ritory quality was about half average quality and 
one-fourth maximum (Figs. 2 and 3). In 1976, the 
focal individual exhibited nearly the full range of 
territory quality observed in the meadow over the 
entire season, about sixfold (Fig. 3). In Kodric- 
Brown and Brown's (1978) study, territories varied 
about fivefold in quality. 

The positive correlation between number and 
density of flowers in territories before the peak of 
flowering and lack of correlation after the peak 
(Table 1) demonstrate systematic inequality in ter- 
ritory quality early in the season and suggest that a 
shift in the dynamics of territory regulation may 
occur at the peak of flowering. The interpretation 
offered below for these results may also explain the 
large number of very short stays in the meadow 
(Fig. 4). 

Individuals with better territories could harvest 
nectar more efficiently and therefore require less 
nectar and have more time for surveillance for in- 
truders from their perches (see Wolf et 01. (1975) for 
the detailed basis of this assertion). Because ter- 
ritories automatically increase in both number and 
density of flowers if they remain the same size 
before the peak of flowering, 'tenured' individuals 
would gain these advantages over time and could 
'regulate' their territories relatively passively, sim- 
ply by relinquishing the least profitable portions 
in response to intruder pressure. Individuals at- 
tempting to establish territories, on the other hand, 
would not only require more nectar, harvest it less 
efficiently, and have to spend time foraging else- 
where, but would have to expend a large amount 
of time and effort breaking into the system (Gass 
1978). 

Territories would be difficult to establish, but 
automatic improvement before the peak offlower- 
ing could create good territories from poor ones if 

individuals could remain in the meadow long 
enough. Individuals might not be able to remain 
long enough, but remaining would be facilitated 
because adequate territories would tend towards 
"super-territories" (Verner 1977) up to a limit set 
by the costs of defense, which should increase with 
the profitability of the territories (Ewald 1979; Dill 
1978; MacLean and Seastedt 1979; Gill and Wolf, in 
preparation). This view predicts that older ter- 
ritories will be better territories early in the season, 
but I found no such relationship using inflorescence 
number as the index of territory quality. However, 
the small sample size for the test does not encour- 
age confidence on this point. Besides, indivi- 
duals who arrived before the peak did remain 
significantly longer in the system than those that 
arrived later, which suggests that tenure confers 
some advantage. The nature of that advantage is 
not clear. 

Automatic territory deterioration after the peak 
of Powering would remove the possibility of pas- 
sive territory regulation, one plausible advantage of 
tenure. In order to maintain territory quality, all 
individuals would have to actively expand their 
territories in competition with each other. But the 
greatest losses in territory quality sustained by the 
focal individual occurred early in the season rather 
than after the peak of flowering as expected from 
the above interpretation. This suggests that other 
factors are involved or that the interpretation is in 
error. 

Factors Other Than Food Density 
Myers et al. (1979) provide important evi- 

dence that food distribution alone cannot be ex- 
pected to explain territory size (also see Brown 
1964; Dill 1978). They found that sanderling winter 
territory sizes at given food densities were deter- 
mined by the density of nonterritorial intruders. 
Intruder density was determined in part by food 
density hut was also influenced by nv;tilability of 
alternate foraging habitats and other unknown 
f;lctors. Yearly variation in territory size in great 
tits i.j influenced by the number of individuals com- 
peting for territories as well as by food supply 
(KI-ehs 1971). Territory size in red grouse, although 
related as predicted to food abundance (Warson 
and Mass L970; Miller and Watson 1978), is also 
influenced by food quality (Lance 1978) and aggres- 
siveness and reproductive status (Miller and Wat- 
son 1978) of males. Several possible influences on 
territory regulation in the Grizzly Lake meadows 
are discussed below. 

Individuals in local suboptimal habitats, or with 
lower quality territories in the same or other local 
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meadows, are one potential source of intruders 
into meadow territories. Intruders can remove 
significant amounts of nectar from sunbirds' (Gill 
1978; Gill and Wolf, in preparation) and humming- 
birds' ter-ritories (Yeaton and Laughl-in 1976). 
Chasing intruders can require significant time and 
energy of hummingbirds (Stiles and Wolf 1970; 
Gass 1974,1978cr; Ewald and Carpenter 1978; Lyon 
et crl. 1977; Ewald 1978). Hummingbirds in a sub- 
optimal habitat at Grizzly Lake spent unusual 
amounts of time and energy foraging at low profit 
and spent large amounts of time foraging away from 
their territories at times of day when intruder pres- 
sure in the meadows was most intense (Gass 1978). 
Incoming migrants are the other source of intrud- 
ers. New arrivals should attempt to establish ter- 
ritories in locations with the greatest a priori prob- 
ability of providing profitable foraging (Fretwell 
and Lucas 1969; Pyke et al. 1977), which in the 
present case are the largest, most dense patches of 
flowers in the most densely flowered meadows. It is 
impossible with present methods (this study; 
Kodric-Brown and Brown 1978) to reliably deter- 
mine which intruders come from local habitats and 
which are newly arrived migrants. 

Unfortunately, no direct estimate of the size of 
the pool of potential intruders is available, but it is 
clear that intruder pressure is important. For 
example, the sharp decline in the quality of the 
focal individual's territory on July 18 (Figs. 3 and 5) 
coincided with the greatest increase in number of 
flowers in the meadow, but also with the greatest 
increase in the number of territories; these in- 
creased from two to seven between 16 and 18 July 
(Fig. 1). Rapid increases in flower density early in 
the season should have improved the territory, but 
it decreased in size, number of flowers, and even 
flower density (by changing in position) between 16 
and 18 July. This strongly but indirectly suggests 
that pressure from intruders forced the changes. 
The meadow apparently became overfilled with 
territories during that time. There were seven ter- 
ritories on both 18 and 19 July but, although the 
flowers continued to increase continuously, there 
were only six on 20 July, when there were about 610 
inflorescences per territory. There must have been 
even more dense packing of hummingbirds in rela- 
tion to food supply on 18 and 19 July. 

The 1973 and 1976 seasons (Table 31 were simi- 

ence could have resulted from differences in 
hummingbird metabolism, intruder pressure, nec- 
tar production, or some combination. 

Changes in overall hummingbird metabolism 
should be reflected in food requirements and might 
also affect territoriality. The year 1976 was ther- 
mally more stressful than 1973, so the birds proba- 
bly required more energy for thermoregulation than 
in 1973. It rained more often (35.7% of days us. 
9.5% of days), hailed more often (10.7% 11s. 4.8% of 
days), rained longer at a time (6 consecutive days 
(maximum) 21s. 2 days), and was cloudy more of the 
time. The 4 years shown in Table 3 varied twofold 
in maximum number of territories and by 3 weeks 
(nearly half the normal length of the season!) in the 
dates on which these maxima occurred. Much of 
this variation was produced in 1975, a season fol- 
lowing record snowfall and a cool spring. In that 
year all of the meadows in the area started late and 
peaked late, although not all had lower than 'nor- 
mal' maxima (Gass 1978). Aggressive activity in the 
meadows in that year, especially at the beginning of 
the season, was intense, but meadow 2 peaked in 
1975 at only five territories. 

Between-year variation in production and (or) 
survival of young on the breeding grounds, relative 
quality of local habitats, and the timing of migration 
in relation to flowering phenology must generate 
substantial uncertainty for migrating animals and 
must produce some yearly variation in levels of 
competition between migrants for limited food (see 
Emlen 1975; Southwood 1977; Taylor and Taylor 
1977; Stiles 1977, 1978; Gass and Montgomerie 
1979; Feinsinger 1979 for discussions of the prob- 
lem of prediction of conditions in distant locations). 
This uncertainly could be exacerbated in western 
North American hummingbirds and their flowers 
by the 'funneling' of southward migrants into 
montane environments of high productivity but li- 
mited extent (Grant and Grant 1967; Levin and 
Anderson 1970; Waser 1978). 

A more satisfying explanation of the mechanisms 

TABLE 3. Maximum number of hummingbird territories and 
Castilleja inflorescences in meadow 2 in 4 years. Dates indicate 

when the maxima were observed 

No. No.  Inflorescences 
Year territories inflorescences per territory Date 

lar, but territories were smaller at given Casrilleja 1972 10 > 5700 na 31 ~ u l y ~  
1973 densities and territory size was less variable in 1973 1975 

8 5500 690 20 Julya 
5 4400 880 11 Augustb 

(equations 1 ,2 ,3 ,  and 4; Figs. 2 and 3). Assuming, 1976 9 6000 660 26 Julyc 
that inflorescence density is an adequate NOTE: .,from Gass (1974). Gass rr a/.  (1976). b unpublished observations 

measure of food density, it appears that there was (inflorescence number data for 1972 are for iive territories only). this 
study (inflorescence number and inflorescences per territory are daskd on 

more competition for territories in 1973. The differ- the 25 JUIY census); na, not applicable. 
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of territory regulation will have to await direct 
estimates of the energetic consequences (both 
benefits and costs) of the decisions involved, pre- 
ferably in an experimental context. This will require 
simultaneous measurements of food availability, 
territory boundaries, foraging behavior (including 
time spent and amount harvested), and aggressive 
interactions (including time spent, numbers of in- 
truders, and willingness of chased intruders to 
leave) of several individuals over at least several 
days. Small-scale flower-removal experiments 
(Kodric-Brown and Brown 1978) and experimental 
manipulations of arrays of artificial feeders in the 
field (Lyon et 01. 1977; Ewald and Carpenter 1978; 
Ewald 1979) have produced clear results and 
should produce more. Experimental removal of 
territorial individuals (Montgomerie 1979) and ex- 
perimental addition of nectar to the flowers in large 
portions of natural meadows could help to clarify 
the interactions between food supply and intra- 
specific competition as determinants and selective 
factors in territorial behavior. 

Impliccrrions for Hummingbird Migration 
The Grizzly Lake population of migrating rufous 

hummingbirds (Gass 1974, 1978; Gass et al. 1976; 
Perkins 1977) behaves remarkably like the east- 
central Arizona population (Kodric-Brown and 
BI-own 1978) in many ways, based on at least 4 
years' information about each population. How- 
ever, several differences relate to migration and 
have consequences for territory regulation. The 
two study sites are at the same altitude and are 
active at the same time of year. The Arizona site is 
at 35" north latitude and Grizzly Lake is at 41". 

First, the Arizona population is predominantly 
adults (more males than females); immatures do not 
appear until mid-August. The Grizzly Lake popu- 
lation is more than half immatures; adult males are 
rare and are seen only at the beginning of the sea- 
son. The same is true of a subalpine population at 
Mammoth Lakes (37.5"N) in southeastern Califor- 
nia (L. Carpenter, personal communication). Sec- 
ond, the Grizzly Lake system contains only rufous 
hummingbirds but the Arizona system contains two 
primary species, including rufous, and small num- 
bers of two more species. Third, there are no clear 
age or sex differences in aggressive dominance at 
Grizzly Lake (although adults stay longer in the 
system than immatures and immature males stay 
longer than immature females), but there are clear 
differences in Arizona. Adult male rufous aggres- 
sively dominate all other hummingbirds there, 
males defend more densely flowered territories 
than do immatures or adult females, but immatures 

defend more densely flowered territories than do 
adult females. 

These differences in timing are consistent with 
the common belief (Grant and Grant 1967, 1968; 
Stiles 1972; Phillips 1975) that male rufous 
hummingbirds precede females and immatures on 
the postbreeding migration. There are two plausi- 
ble but not mutually exclusive explanations for the 
differences. First, males' early departure from the 
breeding grounds may occur about when the young 
begin to utilize food supplies (V. Whitelaw, per- 
sonal communication) and so may release food for 
the young. Nothing is known about food availabil- 
i t  y on the breeding grounds. Second, immatures 
and adult females may avoid a competitive crunch in 
Arizona by stayingin the coastal mountains and the 
Cascade-Sierra of California until the end of the 
season there. It is less clear why adult males would 
move on to Arizona rather than staying in Califor- 
nia, except that many alpine habitats are still cov- 
ered with snow when most of the males have left the 
breeding range. 
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