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where S, , and g are the coordinates of 
the particle in the same system, and r, 
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maries of mass 1 - - and /r, respec- 
tively (4). 

When the primaries are in an ellipti- 
cal orbit, the rate of rotation of the 
coordinate system becomes nonuniform, 
and the distance between the primaries 
in the dimensionless system also varies. 
Under these conditions, the Jacobian 
integral of the circular restricted prob- 
lem must be replaced by the trajectory- 
dependent expression 
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a coordinate system centered upon the 
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For qualitative evaluation of the pos- 
sibilities of capture, the integral term 
in Eq. 1 may be omitted. However, for 
precise calculations of the dimensions of 
a captured satellite orbit, this approach 
is insufficient, since it neglects the fact 
that the primaries will cover some finite 

portion of their orbit, expressed by the 
limits /f and /2 of the integral, during 
the process of capture. 

It is therefore necessary to evaluate 
the integral along the path of capture. 
The required expansions for this have 
been derived and give the following 
relationships from which the dimensions 
of the capture orbits for Jupiter may 
be obtained. For satellites captured into 
direct orbits at perihelion 
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where u/ and E are the mass ratio and 
eccentricity of the planet and a is the 
fractional distance of the Lagrangian 
point from the planet; Q2 is derived 
from the value of the function 0Q along 
the path of capture; and a, e, and i are 
the semimajor axis, eccentricity, and 
inclination, respectively, of the capture 
orbit. 

We have E = 0.048332 as the pres- 
ent value of the orbital eccentricity of 
Jupiter, ,u = 0.000954763, and a = 
0.0666931. Also 20 = 3.0978485 and 
3.0532237 for perihelion and aphelion 
captures, respectively. This gives a 
value of 0.01475 in dimensionless units 
for the semimajor axis of the direct 
capture orbits when Jupiter is at peri- 
helion. When a value of 5.203 astro- 
nomical units '(A.U.) for the semimajor 
axis of Jupiter is assumed, this corre- 
sponds to semimajor axes of 11.48 X 
106 km for the direct capture orbits. 
Similarly, a value of 21.71 X 106 km 
is obtained for the retrograde orbits 
when Jupiter is at aphelion. 

The 12 satellites of Jupiter are listed 
in Table 1, with values for the 'approxi- 
mate diameters of the satellites and the 
semimajor axes, eccentricities, and in- 
clinations of the orbits. It can be seen 
that the outer group, Jupiter VI, VII, 
and X, in direct orbits of considerable 
eccentricity and inclination and with 
semimajor axes of 11.47, 11.74, and 
11.85 X 106 km, respectively, corre- 
spond closely to the predicted value of 
11.48 X 106 km for capture into direct 
orbits while Jupiter is at perihelion. 

The second group of outer satellites, 
Jupiter VIII, IX, XI, and XII, are in 
retrograde orbits of high eccentricity 
and inclination at distances of 23.5, 
23.7, 22.5, and 21.2 X 106 km from 
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the planet; this group probably repre- 
sents satellites captured at aphelion, for 
which retrograde orbits having semi- 
major axes of 21.7 X 106 km are pre- 
dicted. 

The heliocentric coordinates neces- 
sary for an object to be captured by 
Jupiter may be derived by utilizing the 
criterion that the object must enter the 
inner Lagrangian point at perihelion or 
aphelion with zero velocity. It is found 
that the direct capture orbits at Jupiter 
perihelion correspond to bodies that 
had semimajor axes of 2.7836 A.U. and 
eccentricity of 0.5989. Similarly, the 
retrograde capture orbits are related to 
objects that had eccentricities close to 
0.4972 and semimajor axes of 3.1517 
A.U. Since this range of orbital param- 
eters encompasses that corresponding 
to the asteroid belt, it seems that the 
seven outer satellites are probably cap- 
tured asteroids. 
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except where they are related to broad- 
scale, seismically defined changes in 
sediment patterns (2). Antarctic bottom 
water, which is produced under glaci- 
ated Antarctic conditions, plays an im- 
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Antarctic Bottom Water: Major Change in Velocity during 
the Late Cenozoic between Australia and Antarctica 

Abstract. Paleomagnetic and micropaleontological studies of deep-sea sedimen- 
tary cores between Australia and Antarctica define an extensive area centered in 
the south Tasman Basin, where sediment as old as Early Pliocene has been syste- 
matically eroded by bottom currents. This major sedimentary disconformity has 
been produced by a substantial increase in velocity of Antarctic bottom water, pos- 
sibly associated with late Cenozoic climatic cooling and corresponding increased 
glaciation of Antarctica. 
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portant role in oceanic circulation, 
since its formation creates transporta- 
tion of new, oxygen-rich waters to 
the deep ocean basins in the world, thus 
inhibiting stagnation (3). 

As water velocity is related to grain 
size, structures, and erosional and depo- 
sitional history of sediments (4), esti- 
mates can be made of variations among 
these parameters. Until recently, only 
surface sediments were amenable to 
regional comparisons of current veloci- 
ties because of the unique, apparently 
isochronous plane of observation pro- 
vided (4). Paleomagnetic dating with 
micropaleontological control now en- 
ables such studies to be extended to 
subsurface isochronous planes, or to 
fine definition of possible diachronous 
relations of such planes. In this report 
we examine a series of deep-sea sedi- 
mentary cores from the Southern Ocean 
between Australia and Antarctica (Fig. 
1) for evidence of past changes in the 
velocity of Antarctic bottom water. 
This represents an ideal area for such 
an examination because of the strong 
regional topographic control of bottom 
waters. 

The cores used were collected dur- 
ing cruises 27 to 39 of U.S.N.S. Eltanin 
(Table 1 and Figs. 1 and 2). These form 
less than 20 percent of the total number 
of cores from the southwest Pacific, 
which are included in a more compre- 
hensive analysis to be published else- 
where (5). The relevant shipboard oper- 
ations and the paleomagnetic and 

micropaleontological methods have been 
described previously (6). 

Sediment type in the cores varies 
greatly. It includes lutite, siliceous and 
carbonate ooze, and glacial marine ma- 
terial. Each core was sampled at 10-cm 
intervals. All specimens were demagnet- 
ized in alternating magnetic fields prior 
to measurement of remanent magnetism. 
The resulting paleomagnetic data for 
each core are shown in Fig. 2 as a func- 
tion of age, which has been micropale- 
ontologically verified. Actual core 
lengths, from which sedimentation rates 
can be calculated, are given in Table 1. 
Clearly, the known polarity history for 
the past few million years (7) is not 

ideally recorded in any cores, a fact 
that emphasizes the critical role of mi- 
cropaleontological control of the ages 
defined. Material as old as Gilbert 
epoch is identified. Both planktonic 
Foraminifera and Radiolaria were ex- 
amined to provide the micropaleonto- 
logical control. The correlation lines for 
the major polarity boundaries have been 
placed by applying the radiolarian zona- 
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tion established by Opdyke et al. (8) 
and Hays and Opdyke (9), and the 
foraminiferal zonation of Kennett (10). 

The radiolarian species that were 

particularly valuable in our correlations 
were Triceraspyris sp. and Lychno- 
canium grande in the early and middle 

150o 160o 

Fig. 1. Map showing location of core 
traverses G-G' and H-H'. For cruise and 
core numbers, see data in Fig. 2 and Table 
1. Latitude is in degrees south; longitude 
is in degrees east. The 1000- and 2000- 
fathom bathymetric contours are shown. 
Fine dashed lines indicate the approxi- 
mate positions of the ridge axis. Bold, 
hachured lines show the limits of the 
central zone of definite sediment removal 
by bottom currents. 

Gilbert; Desmospyris spongiosa (the ex- 
tinction of which coincides approxi- 
mately with the Gauss-Matuyama boun- 

dary); Eucyrtidium calvertense and 
Clathrocyclas bicornis (the extinction 
of which occurs in the middle Matu- 

yama); and Saturnulus planetes, which 
in sub-Antarctic waters disappeared 
near the Brunhes-Matuyama boundary 
(t = 0.69 million years). The foraminif- 
eral species that were particularly valu- 
able in our correlations were Globoro- 
talia inflata and G. crassaformis, whose 

appearance in sub-Antarctic waters is 

closely associated with the Brunhes- 

Matuyama boundary. Paleontological 
control for the shorter duration mag- 
netic polarity events (Fig. 2) is often 
not available, especially for the events 
within the Gilbert epoch, where detailed 

paleontological control has yet to be 
established. Correlations of events are 
therefore made subjectively with use of 
the magnetic data alone, by comparison 
with the established geomagnetic polar- 
ity scale (7). In many of the cores, micro- 

paleontological samples from near the 
top, middle, and bottom were sufficient 
to confirm paleomagnetic dating. In 
others, samples were examined at closer 
intervals for adequate dating, or for 
defining the position of disconformities. 

It is clear from Fig. 1 that discon- 
formities defined both paleomagneti- 
cally and micropaleontologically have 
been detected in many cores. Moreover, 
about 35 percent of the cores from the 
two traverses contain no Recent or 
Brunhes sediment, whereas at least 
four cores contain two disconformities. 
Furthermore, the major break in sedi- 
mentation in the Brunhes and Matu- 
yama (Fig. 2) is not a random or local 
effect but is centered in the southern 
part of the Tasman Basin and northern 
flank of the Indian-Pacific Rise (Fig. 1). 
Uninterrupted sedimentary sequences 
are present to the north of the traverses 
on the south Tasman Ridge and within 
the central Tasman Basin, and to the 
south of the traverses nearer Antarctica. 
Hiatuses in sedimentation have previ- 
ously been detected paleomagnetically 
in isolated cores (11) but have not been 
previously defined regionally in deep- 
sea areas. 

Disconformities in deep-sea regions 
can result from three main processes: 
slumping, lack of sediment deposition, 
or submarine erosion. The disconform- 
ity is far too extensive (12) to have 
resulted from slumping and, further- 
more, is centered in a basinal area 
rather than being confined to ridges. 
The formation of the disconformity 
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entirely through lack of sedimentation 
is also untenable, because the area is 
in latitudes characterized by high bio- 

genic productivity throughout the late 
Cenozoic. 

There is strong evidence to indicate 
that deep-sea erosion has produced the 
disconformity. For instance, the upper 
few centimeters of numerous cores 
lacking Recent-Brunhes sediments are 
coarse residual sands or coarse accre- 
tionary sands (4) commonly made up 

of a mixture of micromanganese nod- 
ules, ice-rafted debris, fish teeth, robust 
Radiolaria and Foraminifera, and clay 
aggregates. Several cores in these sur- 
face sands contain reworked Radio- 
laria older than the underlying hori- 
zons. Clearly, these surface sands have 
been formed either by winnowing or 
reworking of coarse debris, or by both. 
According to the data of Gordon (13), 
topographic control has made the south 
Tasman Basin a major junction area of 

bottom currents from the South Austra- 
lian Basin, the northern and central 
Tasman Basin, and the South Indian 
Basin (Fig. 3). It is not surprising, there- 
fore, that high-velocity bottom currents 
(greater than 15 cm sec-1) have been 
noted 'by Gordon in this general area. 
Such velocities are sufficient to remove 
material finer than fine sand size (< 0.2 
mm) (4), and possibly even coarser 
sand-sized sedimentary fractions (14). 
The only important flow of bottom 
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water from the South Indian Basin to 
the Tasman Basin is across the Austra- 
lian-Antarctic Rise immediately south 
of the Tasman Basin. 

Sea-bottom features observable in 
bottom photographs (15) also provide 
substantial evidence of current activity 
in the region (Fig. 3). Sea-bottom 
photographs from the south Tasman 
Basin consistently show .common to 
abundant manganese nodules and con- 
spicuous ripple marks. In the central 
basinal region some scouring is evident. 
The photographs yield conspicuous evi- 
dence for bottom currents east and 
south of Macquarie Ridge (Fig. 3), 
where high-velocity currents have been 
measured directly (16). Other areas be- 
tween Australia and Antarctica show 
evidence of much lower velocity bottom 
currents (Fig. 3). If 5 m of sedi- 
ment is taken to represent the average 
amount of sediment removed over the 
area of the disconformity (approxi- 

mately 3 X 106 km2), then 1.5 X 1019 
cm3 of sediment has been removed. We 
speculate that the bulk of this vast 
volume of sediment 'has Ibeen trans- 
ported by eastward-flowing bottom 
currents into the Emerald Basin of the 
southwest Pacific (Fig. 3). This specu- 
lation is clearly testable. Evidence of 
the scouring effect of the circumpolar 
current exists in the Bellingshausen 
Basin far to the east: Goodell and Wat- 
kins (17) have defined a west-to-east 
zone of low deposition rates by paleo- 
magnetic means. 

Despite the widespread nature of the 
sedimentary hiatus so defined, no sedi- 
ments older than approximately 6 mil- 
lion years were found, and widespread 
sediments of Pliocene age, which ac- 
cumulated at reasonable rates, lare evi- 
dent (Fig. 2). It is important to note 
that despite its vast areal extent, the 

disconformity represents the removal of 
only a few meters of sediment, most of 

Table 1. Number, location, length, and water depth of cores used in this study. 

Cruise Core Latitude Longitude aterh lre 
No. No. (S) (E) depth length No. No. (S) (E) (m) (m) 

Traverse G-G' 
36 35 62044' 154058' 3493 584 
36 36 60023' 157?32' 2817 572 
36 34 59059' 155?02' 2795 452 
27 23 59?37.1' 155?14.3' 3182 955 
36 33 5745' 154053' 3433 503 
36 31 55?000 15500' 4271 461 
36 30 54?04' 155?00' 4088 551 
36 29 53?00' 155010' 3905 500 
36 28 51?35' 155009' 4426 584 
36 27 49040' 155? 4536 1153 
36 26 47?51' 155008' 4691 1224 
36 24 4400' 155"00' 4549 569 
39 70 42023.8' 153010' 4664 1673 

Traverse H-H' 
37 5 65?31' 147?26.3' 2990 684 
37 4 64049' 150030' 3274 584 
38 4 64013.9' 150? 3.8' 3658 731 
38 3 64014.5' 150001.3' 3493 943 
38 6 64017.5' 150 11' 3457 559 
38 8 61?48.6' 149054.2' 3292 544 
38 7 61049.3' 149053' 3658 599 
36 12 61045' 149033' 4057 603 
36 14 58?06' 150010' 3054 601 
38 9 57027.7' 150006.3' 3173 610 
36 15 56034' 150?15' 3517 207 
36 16 55007' 150?00' 3823 590 
38 2 54?14.1' 149057.7' 4060 423 
36 17 54002' 150005' 3951 612 
36 18 53?00' 150000' 3877 582 
36 20 51047' 150027' 3863 541 
.36 21 49027' 149008' 3846 493 
36 22 47032' 148?01' 1103 422 
39 62 46056.8' 149032.6' 3219 284 
39 64 4533.6' 150?21' 4653 453 
34 10 44031.6' 149031.6' 2853 1186 
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which is of Brunhes and Matuyama 
epoch (t = 0 to 2.43 million years). We 
propose that only one explanation is 
possible for this situation: at some time 
in the latest Cenozoic, Antarctic bottom 
water has increased substantially in ve- 
locity. Studies of current velocities for 
erosion, transportation, and deposition 
(4) show that only particles larger than 
approximately 0.2 mm would remain 
deposited if current velocities are even 
only spasmodically greater than 20 cm 
sec-1. A current system almost invari- 
ably less than 10 cm sec-l is required 
for relatively continuous deposition of 
fine sediments. We therefore believe 
that there was an increase in bottom 
current velocities in this area from 
dominantly less than 10 cm sec-1 to 
dominantly more than 10 cm sec-1 
during the latest Cenozoic, although it 
is highly probable that velocities have 
been spasmodically much greater during 
the period, to account for transporta- 
tion of the coarsest sediments from the 
area. 

A major factor contributing to preser- 
vation of sediment of Matuyama and 
older age but loss of much sediment of 
Brunhes age is, in our opinion, the 
change of cohesiveness of sediment with 
depth of burial. The older, more co- 
hesive material would resist erosion by 
higher current velocities, which would 
nevertheless be effective in removing 
the younger, less cohesive material; a 
model of rapid sediment removal fol- 
lowed by marked slowing of the process 
is envisaged. Another factor contrib- 
uting to the preservation of the older 
material is the creation of a manganese 
nodule pavement in the areas of non- 
deposition, which in turn would even- 
tually in'hibit erosion substantially. 
This factor is effective only in part of 
the area involved (Fig. 3) and must, 
therefore, be secondary. Core pene- 
tration is substantially less in the older 
sediment areas than in areas of Brunhes 
sedimentation (Fig. 1 and Table 1), 
and thus our concept of a critical in- 
crease in cohesiveness (and therefore 
resistance to erosion with depth) is sup- 
ported. It appears that this critical in- 
crease must occur within 8 m of 
the surface in the cores under exami- 
nation. 

At this time insufficient evidence is 
available to determine with accuracy 
the time of initiation of the high 
bottom-current velocities that created 
the Recent disconformity. Variation 
in age of cores and disconformities 
throughout the region indicates that the 
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history of bottom-current activity is not 
simple and is difficult to determine in 
detail because the minimum ages of 
most cores are a function of the de- 
gree of sediment erosion rather than a 
reflection of the initiation of current 
activities. Presence of disconformities 
with associated winnowed sediment ho- 
rizons within the Gilbert epoch indi- 
cates that increased current activity did 
not commence suddenly but was active 
at times during the Gilbert, and that 
these periods of erosion were separated 
by periods of apparently normal bio- 
genic sedimentation. 

Based on ,the number of cores in the 
traverses containing normal biogenic 
and fine-grained sediments of Gilbert 
age (Fig. 2), the major late Cenozoic 
change in Antarctic bottom water prob- 
ably took place during the post-Gilbert 
(since t =3.32 million years) and pos- 
sibly post-Gauss time (since t = 2.43 
million years). Normal fine-grained bio- 
genic sedimentation occurred during 
the Matuyama epoch on parts of the 
Australian-Antarctic Rise (cores E36- 
14, E38-9, and E36-34 in Fig. 2). This 
area, being more remote from the 
basinal areas, has been less affected by 
the bottom-current activities. Pockets 
of reworked Brunhes sediments occur 
within the basin but in some cases (for 
example, core E38-2, Fig. 2) consist 
of clays and robust reworked Radio- 
laria and Foraminifera of Brunhes age. 
Such cores indicate that high-velocity 
bottom currents have occurred during 
the Brunhes and that sediments con- 
taining Brunhes biogenic components 
have accumulated in isolated pockets. 
It appears, therefore, that Antarctic 
bottom water currents were active 'at 
times during the Gilbert epoch, became 
highly active at some time during post- 
Gilbert times, and have lasted until 
the Recent. Sedimentological analyses 
will undoubtedly refine this suggested 
history. 

The major question posed by the 
inferred increase in velocities of Ant- 
arctic bottom water in the late Ceno- 
zoic is the cause of the change. Despite 
the obvious relation between topog- 
raphy and current systems, insufficient 
time has elapsed since deposition for 
changes in currents to result from sub- 
stantial changes in submarine topog- 
raphy. Instead we propose that this in- 
crease in average current velocity is 
associated with a large change in the 
production of Antarctic bottom water 
from Antarctic ice. There is strong evi- 
dence for extensive glaciation of Ant- 
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Fig. 3. Map of Southern Ocean between Australia-New Zealand and Antarctica 
showing circulation patterns of bottom waters and bottom-photograph (15) charac- 
teristics. Arrows represent bottom-water directions [from Gordon (13)]. Submarine 
ridge system is stippled. Symbols represent bottom-photograph characteristics as fol- 
lows: E, abundant bioturbation; 0, bioturbation uncommon or absent; A, manganese 
nodules common; U, manganese nodules abundant; 0, ripples and scour marks. 

arctica in the late Cenozoic since at 
least the beginning of the Gilbert epoch 
(t - 0 to 5.0 million years) and for 
worldwide pre-Pleistocene cool climatic 
cycles' assumed to be associated with 
increased glaciation of Antarctica (18). 
Periods of nonglaciation or partial gla- 
ciation of Antarctica result in decreased 
circulation of Antarctic waters, includ- 
ing decrease in magnitude of bottom 
circulation (3). It is, therefore, possible 
that ice development on the Antarctic 
continent reached a critical level during 
post-Gilbert or Gauss time. It is con- 
ceivable, for instance, that extensive, 
floating ice shelves developed at this 
time, and such shelves are likely to be 
important producers of Antarctic bot- 
tom water (3). It also follows that deep 
circulation may 'have experienced pe- 
riods of even more highly intensified 
flow in response to more extreme cli- 
matic conditions associated with glacial 
periods and that deep circulation is 
now relatively quiescent (19). We sus- 
pect that the number of factors in- 
volved in our postulated change in cur- 
rent velocity is likely to be large: 
changes in latitudinal temperature gra- 
dients (20) and corresponding wind 
systems (21) would be substantial con- 
tributors to difference in current veloc- 
ity with time. 

We consider that, in addition to the 
observed late Cenozoic disconformities, 
other disconformities certainly must 
exist in older parts of the sedimentary 
basins between Australia and Antarc- 
tica. The sediments of that part of the 
Southern Ocean between Antarctica 
and Australia are highly susceptible to 
changes in bottom-current velocity 
because of the general circulation and 
bottom topography. Australia and Ant- 
arctica separated perhaps as recently 
as 45 to 50 million years ago (22). 
Therefore, for much of the lower and 
middle Cenozoic, circumpolar currents 
including bottom waters were restricted 
to a relatively narrow channel and, 
hence, must have had very high cur- 
rent velocities. As Antarctica was gla- 
ciated during this same interval (17), 
circulation was probably vigorous, and 
the prospects of high current velocities 
in the area were therefore even more 
enhanced. Sediments recovered in any 
future deep-sea drilling operations will, 
in our opinion, include much coarse 
material, including concentrations of 
manganese nodules, in addition to nu- 
merous and widespread disconformities. 

N. D. WATKINS 
J. P. KENNETT 

Graduate School of Oceanography, 
University of Rhode Island, Kingston 
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bolic costs of various activities of a 
wild bird, a nonbreeding male Anna 
Hummingbird (Calypte anna). My ob- 
jective in this report is to extend this 
analysis to other times of year and 
other ecological contexts, in order to 
determine the effects of reproduction 
and territoriality on the time and 
energy budget of the male Anna 
Hummingbird. 

The bird observed by Pearson was 
holding a feeding territory; defense of 
flowers by male Anna Hummingbirds is 
common during the nonbreeding season 
(2). The size of the feeding territory 
varies with the density and nectar pro- 
duction of the flowers, and the level of 
competition (3). Most feeding terri- 
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tories are only a few square meters in 
extent; the surrounding area is not de- 
fended, and intruders are seldom pur- 
sued far beyond the bounds of the ter- 
ritory (2). During the breeding season 
male C. anna hold breeding territories 
consisting of a central "core area" of 
about 0.1 ha, and a surrounding "buffer 
zone" of up to 4 to 6 ha (2, 4). In 
breeding territories the area itself is 
defended rather than a food source, 
although the distribution of flowers is 

apparently important in the choice of 
a territory site by male C. anna. Breed- 
ing males engage in advertising flights, 
display dives, and frequent long chases 
in defense of their territories (4). In 

energetic terms, breeding territories 
thus appear to be much more expen- 
sive to defend than feeding territories. 

Field observations were made in the 
Santa Monica Mountains, Los An- 

geles County, California. Breeding 
males were studied in February and 
March 1967, January through April 
1968, and March 1969; males on feed- 

ing territories were observed in Oc- 
tober 1968 (5). The basic method was 
continuous observation of wild birds 
for periods of from several hours up 
to a full day. The time of day and the 

length and nature of all bouts of ac- 

tivity were recorded. Activities were 
classified as perching (P), feeding at 
flowers (F), insect-catching by glean- 
ing or hawking (ic), territorial aggres- 
sion (A), miscellaneous flying (f), and 
out of contact (ooc). This last cate- 

gory includes time that the bird was 
out of my sight, hearing, or both, and 
almost always involved long flights 
beyond the bounds of the territory. 
Data on ambient (TA) and black-bulb 

(TBB) temperatures (6) and weather 
conditions were taken every 15 minutes 
in the field. 

To obtain an accurate and meaning- 
ful time budget, one must study a bird 
whose activities are highly localized 
and visible, and all of whose territory 
and the surrounding area can be effi- 
ciently scanned. The abundances of 
flowers present in the territories of in- 
dividual male C. anna differ greatly, 
and hence there are differences in the 
amount of time the birds must spend 
feeding elsewhere, often at consider- 
able distances (2). I was unable to 
evaluate feeding activity for most 
males that fed to any considerable ex- 
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amount of time the birds must spend 
feeding elsewhere, often at consider- 
able distances (2). I was unable to 
evaluate feeding activity for most 
males that fed to any considerable ex- 
tent outside of their territories. Of nec- 
essity, I was restricted to intensive ob- 
servation of those few individuals that 
met all these requirements. I obtained 
69 hours of observations, including 
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Time, Energy, and Territoriality of the 

Anna Hummingbird (Calypte anna) 

Abstract. The male Anna Hummingbird accommodates seasonal changes in 
energy demands by varying its allocation of time and energy among different 
activities; total energy expenditures change relatively little. Augmented terri- 
torial defense during the breeding season is made possible by increased feeding 
efficiency due to the availability at this time of very nectar-rich flowers. 

Time, Energy, and Territoriality of the 

Anna Hummingbird (Calypte anna) 

Abstract. The male Anna Hummingbird accommodates seasonal changes in 
energy demands by varying its allocation of time and energy among different 
activities; total energy expenditures change relatively little. Augmented terri- 
torial defense during the breeding season is made possible by increased feeding 
efficiency due to the availability at this time of very nectar-rich flowers. 


