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Good to the last drop: feeding behavior of the nectar bat Leptonycteris yerbabuenae
(Chiroptera, Phyllostomidae) at hummingbird feeders in Tucson, Arizona
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Many individuals of the nectar-feeding phyllostomid bat, Leptonycteris yerbabuenae, visit hummingbird feeders in southern Arizona
for nearly three months each year prior to migrating back to Mexico. We monitored bat activity at four feeders with trail cameras or
security cameras all night for 19-57 nights during the 2021 ‘nectar bat season’. As in previous years, peak visits occurred in mid-
September. Detailed analysis of data from one feeder on 22 nights indicated that non-adults (juveniles and yearlings) were visiting
it and that visitation patterns were highly variable from night to night. Statistical analysis of these patterns revealed that clusters of
bats were visiting this feeder more often than expected by chance, suggesting that bats are foraging in groups. Surprisingly, bats did
not leave feeders once they were drained but continued to visit them for up to five hours each night. Energetic calculations suggest
that some bats are potentially expending half of their foraging energy visiting empty feeders. Studies of individually tagged bats are

needed to begin to understand this behavior.
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INTRODUCTION

Before migrating back to Mexico, the nectar-
feeding bat Lepronycteris yerbabuenae (Chiroptera,
Phyllostomidae) is a common visitor to humming-
bird feeders in southern Arizona between late
August and late October each year (Fleming et al.,
2021). During this time, a handful to dozens of bats
can be seen visiting feeders each night in September,
the peak month of the ‘nectar bat season’. Since
2011, most of these bats have been juvenile or year-
ling females. Relatively few are adult females, and
fewer still are adult males although adult bats were
apparently common visitors to feeders prior to 2011
(Lowery et al., 2009).

Fleming et al. (2021) was based on an ongoing
community science project in which data were col-
lected by 50 to > 100 households each year, begin-
ning in 2007. While providing important data on bat
numbers and duration of the ‘nectar bat season’,
most participants in this project get only fleeting
glimpses of bats visiting their feeders, and no effort
has been made to systematically record visitation
patterns using trail cameras or other recording de-
vices. As a result, we currently do not know how
long and how many bats continue to visit particular

feeders each night. We also do not know whether
these patterns are consistent or highly variable from
night to night. Nor do we know how quickly bats
drain particular feeders and what happens after feed-
ers are drained. Do bats continue to visit feeders
after they have been drained or do they leave them?
Finally, do bats consistently visit feeders in groups
or as single individuals? Answers to these questions
are important for understanding the foraging behav-
ior of this nectar bat, which is an important pollina-
tor of columnar cacti and paniculate agaves in south-
ern Arizona and northwestern Mexico (e.g., Fleming
et al., 1996; Ober et al., 2005).

My goal here was to provide preliminary an-
swers to these questions by systematically recording
bat visitations to several feeders all night throughout
one season in Tucson, Arizona. None of the bats in
this study were tagged, so we cannot easily infer in-
dividual behaviors from these data. But they do
allow us to begin to answer most of the questions
posed above. And these observations produced
a surprising result. Many bats did not abandon feed-
ers once they had been drained. Instead, they often
continued to visit them for several hours, apparently
lapping up the remaining few molecules of sugar
water in them before returning to their day roosts.
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MATERIALS AND METHODS

The Study Area and Bat Netting

This study was conducted in five backyards in and around
Tucson, Arizona (latitude 32.3°N, longitude 110.9°W), from 16
August to 5 November 2021. I collected most of the detailed
data in this paper at one of two saucer style feeders with trans-
parent nectar wells in my yard; these feeders contained a total of
0.47 L of 22% (wt/wt) sugar water. Depth of the feeder well
from the top of an opening to the bottom was 40 mm, which in-
dicates the minimum tongue length bats need to touch the
feeder’s bottom. For comparison, the operational tongue length
(i.e., the length of a bat’s extended tongue when its snout is in-
serted into a 9—15 mm diameter feeding tube) of L. yerbabuenae
is 53-70 mm (Winter and von Helversen, 2003), suggesting that
bats should be able to empty these feeders completely. These
feeders were located about 12 m apart and hung from shepherd
crooks about 1.8 m above ground. Many years of observation
indicated that one feeder was always visited more often and was
drained faster than the other one, so this is the one that was mon-
itored during this study.

My colleagues and I have mist-netted bats in this yard on six
occasions between 2009 and 2021. All captures were L. yerba-
buenae, and 67 of 68 (98.5%) were non-adult bats (juveniles
and yearlings). Mean mass (+ SE) of 19 bats captured in two
6-m mist nets between 19:10-21:00 h on 23 September 2021
was 22.5 £ 0.6 g; captures included 13 females and 6 males (all
non-adults). Therefore I assume that all of the bats visiting these
feeders in 2021 were non-adult L. yerbabuenae, and video clips
confirmed this based on size and fur color (light in non-adults
vs. darker in adults). When handling bats, we followed the
guidelines of the American Society of Mammalogists (Sikes et
al., 2016).

Additional data were provided by four volunteers from the
community science project (Fleming ef al., 2021). At the begin-
ning of the 2021 ‘nectar bat season’, an email announcement
was sent to the volunteer community asking for people to mon-
itor bat activity at their feeders with trail cameras or other
recording devices. A data sheet requesting the following infor-
mation was included: type of recording device, number and type
of feeders being monitored, and a table with the following
columns: date, time of first and last visits, time feeder(s) was
drained, approximate number of bats visiting feeders following
the ordinal scale used by Fleming et al. (2021), and general ob-
servations. Three people responded and provided a complete
record for the nectar bat season; a fourth person submitted data
from only the months of October and November.

The Recording and Data Summary Protocol

To record bat visits for detailed analysis, I used a Browning
Strike Force Max HD Trailcamera® (model BTC-5HD-MAX)
powered by six Energizer Lithium® batteries (as recommended
by the manufacturer) and mounted on a light stand 1.5 m above
ground and placed about 2.8 m from the feeder. The motion-
activated camera recorded 21 sec clips on a 32 GB SD card with
a 5 sec delay between clips. I obtained most of the data for this
report by surveying video clips on 22 nights between 28 August
and 25 October after which neither feeder was completely
drained. [ usually viewed and scored only one clip every two
minutes to avoid data redundancy and scored a mean (+ SE) of

49.7% £ 2.9% (n = 21 nights; an incomplete recording occurred
on one night) of the clips each night. For each clip I recorded the
number of feeding visits, being careful not to score approaches
to the feeder but with no feeding as a visit, and the minimum
number of bats seen in it. With practice I could usually identify
new visits vs. revisits by bats in the same clip based on the tim-
ing of visits. I also scored the level of sugar water as percent re-
maining in the feeder throughout each night and noted when
a group of bats was visiting the feeder. Bat behavior as well as
the apparent absence of liquid in the feeder indicated when it
was drained. After the feeder was drained, many bats continued
to visit the feeder and attempted to acquire some liquid. During
these visits it was often possible to see a bat’s tongue ‘search-
ing’ for droplets from the bottom of the feeder when it was
empty. Finally, to document the intensity of use of the two feed-
ers by bats throughout the season, I recorded the total percent
liquid remaining in them early each morning before refilling
them. .

The four volunteers used either a trail camera (# = 2) or se-
curity camera (n = 2) to monitor their feeders. Recording de-
vices were located within 3 m of a feeder. Methods used to de-
termine time the feeder(s) was drained included visual
inspection (n = 1) or video images (n = 3).

Data Summary

For each of 22 nights between 16 August and 5 November
2021, I recorded the total number of video clips recorded; num-
ber of video clips scored; and number of feeding visits and min-
imum number of bats seen in each clip. For each of these nights,
I also determined the total time in min between first and last vis-
its; the time between first visit and peak visits (see below) and
when the feeder was drained; and the time between when the
feeder was empty and last visits. For the volunteers’ datasets,
I determined the time between when the feeder was drained and
last visits each night and calculated an average for each ob-
server’s data. Their other data regarding time of first and last
visits each night and length of the ‘nectar bat season’ were very
similar to mine.

Statistical Analysis

I used PSI-Plot v. 8 software (www.polysoftware.com) to
summarize and analyze my nightly video data. I first calculated
the overall mean £ SE number of feeding visits and minimum
number of bats per clip on 22 nights. On the 19 nights when the
feeder was drained, I divided these data into two sets — one be-
fore the feeder was drained and one after it was drained — and
recalculated mean number of visits and minimum number of
bats for each set. [ used a -test to determine the probability that
the means before and after the feeder was drained were the same
each night. ] also used this software to generate smooth curves
based on 4th-order polynomial regression for data on feeding
visits and minimum number of bats per clip for 22 nights.
In these curves the independent variable was clip sequence
number as a proxy for time and the dependent variables were
numbers of feeder visits and bats per clip. The greatest number
of bats per clip in the regression data was used to identify the
time of peak bat visitation each night. [ also used polynomial
regression to summarize data on the mean number of bats per
clip on 22 nights and the amount of liquid remaining in the
two feeders combined each morning for the entire ‘nectar bat
season’.
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From reviewing the clips and the temporal pattern of visits,
it appeared that groups of bats were visiting the feeder. I used
two methods to document this using data from 21 nights (19 in
which the feeder was drained and two in which the feeder
wasn’t completely drained) between 28 August and 25 October.
In the first method, I compared the number of bats recorded dur-
ing successive time blocks of 10, 20, or 30 minutes to the num-
ber that would be expected based on a Poisson (random) distri-
bution using the same mean value as that of the real
observations. All 21 nights were combined in this analysis.
[ then compared the observed and expected distributions using
x* after pooling the data into six blocks: 0, 1-5, 6-10, 11-15,
16-20, and > 20 bats per 20 min period. Results using time
blocks of 10 or 30 mins were similar.

In the second method, I examined each of the 21 complete
night’s data file to identify clusters of clips containing a higher
than average number of bats for that night. For example, on 29
August between 01:00-01:08 h a series of consecutive clips
contained the following number of bats: 2, 2, 5, 4,4, 2, 2.  con-
sidered this string to represent the presence of a group of bats at
the feeder between 01:04 h and 01:05 h. Using this method, it
was relatively easy to identify most putative group visits each
night. Comments in the ‘Observations’ column of these files
that explicitly identified group activity usually supported this
conclusion. Nonetheless, on a few occasions when more than
one cluster of bats occurred close together in time, I had to de-
cide whether these clusters represented the same or a different
group. For example, on 12 September between 22:12 h and 23:10
h, the string of consecutive clips was 5, 5, 5,6, 5,5,2,4,7, 3,
2,4,7,6,and 7 bats. [ scored this as two group visits: one at the
feeder from 22:12 h to 22:46 h (the first nine clips) and another
from 23:04 h to 23:10 h (the last three clips). [ was generally
conservative when this occurred and scored clusters of bats that
occurred close in time as a single group rather than as separate
groups. Because no individuals were tagged or otherwise recog-
nizable, these data do not tell us whether the same or different
group of individuals was visiting the feeder each night. In addi-
tion to tentatively identifying group visits each night, I also used
the survey data to determine the length of time putative groups
stayed at the feeder. I tallied each group visit on 21 nights as
lasting < 10 min (a short visit) or > 10 min (a longer visit).

RESULTS

Nectar Bat Season

In 2021, nectar bats visited one or both of the two
feeders from 16 August to 5 November (80 days).
As in previous years, this curve was unimodal with
a peak on 12 September in 2021 (Fig. 1). Both feed-
ers were totally drained every night from 24 August
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FiG. 1. Smoothed polynomial curve showing the proportion of

liquid removed by L. yerbabuenae from two feeders containing

a total of 0.47 L each night during the 2021 nectar bat season.

Correlation coefficient for this curve and the raw data is
r=0.74,df =64, P<<0.01

to 6 October. The feeder I monitored was last
drained completely on 24 October and was only par-
tially drained each night from then until 5 Novem-
ber. Three of the four volunteers reported a similar
length of the nectar bat season.

Nightly Visitation Patterns

On many nights, particularly from early Septem-
ber on, bats began visiting this feeder shortly after
sunset, which varied from 19:08 h MST on 15 Au-
gust to 17:35 h MST on 31 October. Time of first
visits each night varied from 20:33 h (about 1.5 h
after sunset on 28 August) to 18:44 h (about 1 h after
sunset on 21 October); time of last visits to the
feeder ranged from 24:20 h (on 6 September) to
05:10 h (on 26 October). Data on mean length of
time bats visited this feeder each night, the time be-
tween first visits to peak visits and when the feeder
was drained, and the time from when the feeder was
empty until bats left for the night are summarized in
Table 1. Bats visited the feeder for about 7.2 h each
night; peak visits occurred about 2.4 h after first
visits; the feeder was drained about 3.7 h after first
visits; and bats left the yard about 3.1 h after the
feeder was drained. Three volunteers reported that

TaBLE 1. Drain and duration statistics (in mins) for data recorded at one feeder on 22 nights between 28 August and 25 October 2021.
Non-adults of L. yerbabuenae were visiting this feeder. » = number of nights

Statistic n x +SE Median Range
Time between first and last visits (mins) 22 429.3 £26.6 387 259-667
Time from first visits to peak visits (mins) 21 141.6 £ 30.4 130 0-572
Time from first visits to feeder drained (mins) 18 222.0+20.5 232 82-462
Time from feeder drained to last visits (mins) 19 188.9 £24.3 171 18-351
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the average time elapsed from when their feeders
were drained to the last bat visit each night ranged
from 3.5 h to 5.5 h (Table 2).

Data on average number of feeding visits and
minimum number of bats per 21 sec video clip on 22
nights between 28 August and 25 October are sum-
marized in Supplementary Table S1. Number of feed-
er visits and number of bats per clip were highly cor-
related, so I report only number of bats here. The
greatest number of bats per clip (4.35+0.31, n = 62)
occurred on 18-19 September (near the middle of
the season), and the lowest number (1.76 + 0.12,
n = 74) occurred on 21-22 October (near the end of
the season). After a peak in the first half of Septem-
ber, average number of bats visiting this feeder each
night remained more or less constant for a month
until they gradually declined from 18 October on
(Fig. 2).

The overall pattern of feeder visits and number of
bats per clip was highly variable from night to night
(see three examples of this variation in Fig. 3). Peak
numbers of bats occurred before 22:30 h (about mid-
way between periods of major bat visitations each
night) on 13 of 21 nights (62%), but the feeder was
drained before 22:30 h on only five of 18 nights
(28%). Therefore, peak bat visits usually occurred
well before the feeder was drained; but, notably,
peak visits and when the feeder was drained both oc-
curred after 22:30 h on eight of 18 nights (44%).

Additional evidence for this variation can be
seen by dividing each night into two ‘halves’: early
evening < 22:30 h and late evening > 22:30 h.
Similarly, the entire season can be divided into two
‘halves’: early = before 21 September (near the mid-
point of the season) and late = 21 September and
later. Of the 12 nights with early peak bat numbers
(i.e., those occurring at or before 2230 h), five
(42%) occurred in the first half of the season and
seven (58%) occurred in the second half (Table 3).
Of nine nights with late peaks (i.e., those occurring
after 22:30 h), three (33%) occurred in the first haif
of the season and six (67%) occurred in the second
half. A similar tally of the occurrence of the time of
feeder draining revealed that four of five early
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FiG. 2. Smoothed polynomial curve showing the mean + 2 SE
number of L. yerbabuenae per video clip visiting one of feeder
on 22 nights between 28 August and 25 October 2021. The
figure indicates days in which the number of bats is significantly
greater or less than the overall mean. Correlation coefficient for
this curve and the raw data is r = 0.57, d.f. = 20, P = 0.01

evening drains (80%) occurred in the first half of the
season whereas nine of 13 late evening drains (69%)
occurred in the second half of the season (Table 2).
These data indicate that peak bat numbers some-
times occurred early in the evening throughout sea-
son whereas late evening peak numbers occurred
mostly in the second half of the season. Bats were
visiting the feeder later at night as the season pro-
gressed. Similarly, feeder drains in the early evening
occurred mostly early in the season whereas late
evening feeder drains were more common in the
second half of the season, again indicating that bats
were visiting this feeder later at night in the latter
half of the season.

Response to Drained Feeders

Bats did not stop visiting the feeder once it was
drained. Data summarizing the number of feeder
visits and number of bats per clip before and
after the feeder was drained are in Supplementary
Table S2. On seven of 13 nights (54%), both num-
ber of feeder visits and number of bats per clip were
significantly greater (P < 0.01) before rather than
after the feeder was drained. On one night visits

TaBLE 2. Times of occurrence of peak visitation by non-adults of L. yerbabuenae and when one feeder was drained on up to 21 nights

between 28 August and 25 October, 2021

Dates of visitation peaks and feeder drained

Time of visitation peaks and feeder drained Totals
At or before 20 September After 20 September
Peaks at or before 22:30 h 7 12
Peaks after 22:30 h 6 9
Drained occurs at or before 22:30 h 1 S
Drained occurs after 22:30 h 9 13
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of variation in the number of feeder visits by L. yerbabuenae
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September; B — 18 September; C — 10 October. Correlation
coefficients for these data range from » = 0.27 to 0.57
with d.f of 60-134; all correlations are significant at P of
0.05> P> 0.01 to P << 0.01

were significantly greater after the feeder was
drained, and on three nights number of bats per clip
was significantly greater after the feeder was
drained. On five and three nights, respectively,
differences between number of visits and number of
bats before and after the feeder was drained were not

significant. On no nights did bats stop visiting the
feeder shortly after it was drained. As indicated
above, some bats continued to visit feeders for up to
5.5 h or more after they were drained each night.

Occurrence of Groups at the Feeder

On most nights it was obvious that groups of nec-
tar bats were visiting the feeder. Reflecting this,
video clips would suddenly become filled with sev-
eral bats flying around and visiting the feeder in
rapid succession. Statistical support for the hypoth-
esis that bats forage in groups comes with a compar-
ison with a Poisson distribution which models inde-
pendent events (visits). The observed number of
bats recorded in 20 min time blocks (bins) differed
greatly from a Poisson distribution with the same
mean number of visits each night (y?> = 237.7,
d.f =5, P<<0.001 — Fig. 4). Many more time bins
contained either zero or many bats than expected by
chance. Results using time bins of 10 or 30 mins
were similar. Results also remained the same when
the last hour before the feeder was drained was re-
moved, showing that group visits were not solely the
result of nectar levels.

On 19 nights in which the feeder was drained,
average number of group visits was 6.37 + 0.77.
Number of group visits before the feeder was
drained each night was significantly greater than the
number after it was drained (before: X £ SE = 4.47
+ 0.49; after: 1.89 = 0.33; ¢t = 4.34, df = 36,
P <0.001). Again, these results are notable because
groups continued to visit the feeder after it was
drained, often well into the early morning.

Duration of most group visits was short, and fre-
quency of visits differed by time in the season. For
example, out of a total of 131 group visits identified
by this method, 92 (70.2%) lasted 10 min or less
and 39 (29.7%) lasted more than 10 min. Only 32
(24.4%) of these visits occurred on or before 21
September, and 99 (75.6%) occurred after 21 Sep-
tember. Therefore, while most group visits were
short throughout the season, group visits werc over
twice as common in the second half of the season as
in the first half.

TABLE 3. Time between when feeders were drained and final
departures of L. yerbabuenae each night as reported by three
community science volunteers in Tucson, Arizona

Site n nights % + SE (min.) Range (min.)
1 22 296.5 +£29.7 12-473
2 19 208.3 = 16.5 49-314
3 57 3274 +£13.1 4-455
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DiscUSSION

This study has revealed that bats visit a particular
feeder for up to seven hours a night, including five
hours or more after a feeder has been drained; that
visitation patterns are variable from night to night;
and that groups of bats are likely to be visiting
feeders. Results of previous studies of radio- or
GPS-tagged individuals of L. yerbabuenae can help
us interpret these data. Studies conducted in south-
ern Arizona and northern Sonora, Mexico, indi-
cate that individuals of this cave- or mine-roosting
bat travel substantial distances from their day roosts
to their feeding areas (Table 4). For example,
Lowery et al. (2009) reported that radio-tagged
bats visiting hummingbird feeders in Tucson were
commuting 2—40 km each night to feed. Average
commuting distances reported in several studies
ranged from 19 to 54 km (Table 4). Data from these
studies indicate that flight speeds of commuting
bats ranged from 15.5-32.8 kph (Buecher and Sid-
ner, 2013).

Radio-tracking studies of L. yerbabuenae (Table
4) also report that the estimated size of their forag-
ing areas are large. In these relatively short-term
studies, these areas ranged from 0.4 km? to 3.2 km?.
Although Buechner and Sidner (2013) did not report
size of foraging areas of bats visiting feeders in
southern Arizona, their foraging maps also suggest
that they had large foraging areas. In addition, these
short-term tracking studies report that bats return to
the same feeding areas on successive nights, that
they forage for up to seven hours/night, and that
they spend 17-37% of their time while foraging
resting and digesting their food. Finally, group for-
aging in L. yerbabuenae has been reported in bats
visiting Agave inflorescences in southeastern
Arizona, hummingbird feeders in southern Arizona,
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FiG. 4. Frequency distributions of the observed and expected
number of L. yerbabuenae recorded in 21 sec video clips at one
feeder in consecutive time periods of 20 mins on 21 nights
combined. The expected distribution is based on a Poisson
(random) process based on the overall mean number of bats
during these time periods. All values > 1-5 bats are observed
(not expected) values. The two distributions are significantly
different (y* = 237.7, df = 5, P < 0.001)

and flowers of columnar cacti in Sonora, Mexico
(Howell, 1979; Horner et al., 1998; Buecher and
Sidner, 2013). In contrast, group foraging was not
reported to occur in bats feeding at saguaro flowers
in northern Sonora (Egert-Berg et al., 2018; Gold-
shtein et al., 2020).

Given the variation in time of arrival of bats to
the feeders in my yard each night, it is likely that
they were coming from several different roosts.
Previous studies of radio-tagged L. yerbabuenae
and other observations indicate that time of arrival
at feeding areas is positively correlated with dis-
tance from their day roost (studies cited in Table 4
and Fleming ef al., 1998). Thus, bats arriving shortly
after sunset were coming from a relatively close
roost that was likely located < 10 km from
this yard whereas later arriving bats were possibly

TABLE 4. Examples of commuting distances from day roosts to feeding areas and size of foraging areas of radio- or GPS-tagged

L. yerbabuenae. Modified from Buecher and Sidner (2013)

Average commuting

Study area Food resource distance (km) Size of foraging areas (km?) Source
Pima Co., AZ Sugar water 28.8 0.40-0.50 Lowery et al. (2009)
Pima Co., AZ Sugar water 354 Not reported but large Buecher and Sidner (2013)
Cochise Co., AZ Paniculate agaves 19.2 - Ober and Steidl (2004)
Cochise Co., AZ Paniculate agaves 27.4 - Sidner (1996)
Sonora, MX Columnar cacti 325 1.3-3.22 Hormner et al. (1998)
Sonora, MX Columnar cacti 44.5! - Medellin et al. (2018)
Sonora, MX Columnar cacti 53.5 Ca. 0.50° Goldshtein ez al. (2020)

! — Determined using fluorescent dyes
2 — Composite over three days
3 — As determined from Fig. 2A
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commuting from more distant roosts located in the
Santa Catalina and Rincon mountains north and east
of Tucson, respectively (Lowery et al., 2009). Also,
given that these bats have large foraging areas, the
feeders in this yard are likely to be just one stop
within their feeding areas. The high degree of varia-
tion in the timing and pattern of feeding visits each
night suggests that bats were feeding in different
parts of their foraging areas on different nights.

Howell (1979) reported that after ingesting about
4 g of nectar when feeding at inflorescences of Agave
palmeri in southeastern Arizona, individuals of
L. yerbabuenae rested for about 20 mins before feed-
ing again. We presume bats visiting feeders in this
study also took breaks to digest their meals. The oc-
currence of these breaks probably accounts for much
of the ebb and flow of bats at feeders each night.

Contrary to the report by Egert-Berg et al. (2018)
and Goldshtein et al. (2020), which concluded that
L. yerbabuenae does not forage in groups when it
visits flowers of saguaro (Carnegiea gigantea)
based on acoustic and video evidence, several stud-
ies, including this one, report that group foraging oc-
curs in this species (see studies cited in Table 4).
Groups of these bats also visit flowers of cardon
cactus (Pachycereus pringlei) in Baja California Sur
(Winifred Frick, pers. comm.). Hence, most studies
support the idea that L. yerbabuenae often forages in
groups at the northern end of its geographic range.
Since L. yerbabuenae appears to be a group forager
that feeds on spatio-temporally predictable re-
sources (i.e., flowering plants and hummingbird
feeders), its behavior does not support the conclu-
sion of Egert-Berg et al. (2018) that group foraging
in bats, including L. yerbabuenae, occurs in species
feeding on resources that have low spatio-temporal
predictability. Whether their food resources are
flowers of columnar cacti and agaves, fruits of
columnar cacti, or sugar water in hummingbird
feeders, groups of these bats are feeding on re-
sources of relatively high nightly spatio-temporal
predictability.

An alternate explanation for the temporally
clumped arrival patterns of L. yerbabuenae at hum-
mingbird feeders in the Tucson area is that bats are
attracted to feeders based on detecting the feeding
activity of other bats (Y. Yovel, personal communca-
tion), as occurs in insect-eating bats and gulls feed-
ing on swarms of prey (Gotmark et al., 1986;
Boonman et al., 2019). Based on the results of pre-
vious studies and this study, however, this expla-
nation seems less likely than the hypothesis of
group foraging. The rapid and usually short-lived

appearance of groups of bats at feeders does not sug-
gest that they are the result of feeding attraction.
Nonetheless, a study of the behavior of tagged indi-
viduals is needed to determine which of these two
hypotheses is correct.

The most novel result from this study is that in-
dividuals and groups of L. yerbabuenae visit feeders
long after they are drained. In my yard, one possible
reason for this is that the second, less popular, feeder
remained undrained after the first feeder was
drained, giving bats a reason to prolong their stays.
But when liquid levels in the two feeders were mon-
itored simultaneously on 22 September, although
bats drained the monitored feeder faster, both feed-
ers were drained by 23:30 h and yet bats continued
to visit the monitored feeder until 04:13 h (Supple-
mentary Table S1 and author’s unpublished data).
Thus, it is unlikely that the second feeder continued
to contain liquid much after the first feeder was
drained each night. Bats probably continued to visit
both empty feeders for an average of about 3 h after
they were drained every night.

This behavior contrasts strongly with the forag-
ing behavior of this bat at flowers of cardon cacti in
Sonora, Mexico, and inflorescences of a paniculate
agave (Agave palmeri) in southeastern Arizona. In
both species, L. yerbabuenae did not completely
drain individual flowers or inflorescences each night
(Howell, 1979; Horner et al., 1998; Slauson, 2000).
However, they do drain and visit empty flowers of
saguaro cacti in northern Sonora (Y. Yovel, personal
communication). Nonetheless, it is striking that in-
dividuals and groups of L. yerbabuenae attempt to
harvest the last dregs long after hummingbird feed-
ers have been drained in Tucson.

A preliminary estimate of the foraging energetics
of L. yerbabuenae and what visiting empty hum-
mingbird feeders might cost them can be made using
data from Sonora found in Fleming et al. (1996) and
Horner et al. (1998). These studies describe nectar
production in three species of columnar cacti (see
below) and the foraging behavior of this bat while
visiting their flowers. In the present study, my hum-
mingbird feeders each contain 0.24 L of 22% w/w
sugar solution (a similar nectar concentration as in
saguaro flowers) for a total of about 915 kJ/feeder or
1,829 kJ in both feeders each night. Bats remove
about 0.1 mL of nectar (= 0.41 kJ) per visit to cardén
flowers (Fleming et al., 1996), and I assume this
holds for bats visiting hummingbird feeders. Based
on a time-energy budget analysis, Homer er al.
(1998) estimated that a 23 g non-reproductive
L. yerbabuenae requires about 40.2 kJ/day to meet
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its energetic needs. This value is similar to two other
estimates (Howell, 1979; Nagy, 1987), and this
value was used for my energetic calculations. In
Sonora, a total of about 19.3 kJ of this daily budget
is spent away from the day roost commuting (6.6
kJ), foraging (11.1 kJ), and night roosting (0.4 kJ).

In 7.2 h of foraging and night roosting each
night, about 3.7 h (51%) occurs from first visits until
the feeder is drained and an additional 3.1 h (49%)
occurs between the time the feeder is drained and
bats leave these feeders (Table 1). Of course, these
values are global ones that do not necessarily reflect
the times that individual bats are foraging; they are
maximum values across all bats visiting these feed-
ers. Nonetheless, they suggest that some bats could
be expending nearly half of their foraging time (pos-
sibly about 5.6 kJ or 14% of their daily energetic
needs) visiting feeders without obtaining an appre-
ciable energetic reward.

These calculations suggest that attempting to ob-
tain the last dregs at hummingbird feeders can be en-
ergetically expensive for L. yerbabuenae. The ques-
tion then becomes, Why not leave empty feeders in
search of other feeders or return to the day roost?
Why do these bats continue to fly around expending
energy and visiting feeders long after they are
empty, especially at a time of year when they need
to increase their fat reserves prior to migrating
(Ceballos et al., 1997)? While I cannot give a defin-
itive answer to these questions, I can speculate about
a possible reason for this behavior. Hummingbird
feeders are obviously new food sources for these
bats (especially non-adults) and in visiting them,
they bring with them their experience with nectar
production in flowers they have encountered in their
current and past evolutionary history. When they
visit flowers of columnar cacti and paniculate
agaves, for example, they encounter relatively small
amounts (1-2 mL) of 22-30% nectar per flower.
Nectar production in these flowers occurs through-
out the night, but it responds slowly to nectar re-
moval by pollinators (Fleming et al., 1996). Flowers
can therefore be depleted each night, although bats
do not necessarily do this before moving to another
flower.

Given these flower characteristics, perhaps
L. yerbabuenae considers feeders to be giant flowers
and continues to visit empty feeders with the expec-
tation that they will begin to produce more ‘nectar’
each night. But it seems likely that these bats (even
relatively inexperienced non-adults) should learn
quickly that once feeders are empty, they will not
begin to refill later that night. They should also

learn quickly that feeders usually do refill com-
pletely the next day, so perhaps this reinforces their
tendency to continue visiting them after they’ve been
drained. My data indicate that fewer bats appear to
be visiting the feeder after it has been drained on
most (but not all) nights, so it is possible that only
a subset of the bat population persists in visiting
empty feeders. Some bats probably move elsewhere
once feeders are drained. Nonetheless, those that
stay or arrive at empty feeders are burning a lot of
energy with no apparent energetic reward. This im-
plies that these bats must have plenty of energy to
burn when feeding at hummingbird feeders. If this
weren’t the case, this energetically non-optimal be-
havior should be strongly selected against.

Answering these questions ultimately depends
on a better understanding of the foraging behavior of
tagged individuals that visit hummingbird feeders.
Do individuals consistently visit particular feeders
throughout the season? How many feeders and dif-
ferent locations do they visit each night? Do groups
of individuals consistently forage together night
after night? Finally, how long do individuals con-
tinue to visit empty feeders each night and is this be-
havior consistent from night to night? Sandy Wolf
and David Dalton have been pit-tagging L. yerba-
buenae captured at hummingbird feeders in south-
ern Arizona. Their preliminary results seem to indi-
cate that the behavior of individual bats is highly
variable. Some individuals spend long periods each
night visiting a feeder whereas others visit it for
a short time before leaving and sometimes returning
later that night; some individuals return to feeders
night after night whereas others do not (S. Wolf, per-
sonal communication). These results and data from
the present study tell us that we still have much to
learn about the foraging behavior of this relatively
well-studied nectar bat.

SUPPLEMENTARY INFORMATION

Contents: Supplementary Tables: Table S1. Summary of the
feeder data at the main feeder that was monitored in Tucson,
Arizona, in 2021. Mean number of feeder visits and minimum
number of bats seen are for 21 sec video clips. Data from 22-23
September come from the second feeder in this yard; Table S2.
Summary of visits by L. yerbabuenae before and after one
feeder was drained on 13 nights in 2021. Data come from 21 sec
video clips. Supplementary Information is available exclusively
on BioOne.
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