BEHAVIOR

Red-naped Sapsuckers feeding at willows:
possible keystone herbivores

Paul R. Ehrlich and Gretchen C. Daily

species that are critical to the sup-

port of pollinators and seed dis-
persers and thus to the persistence of
other plant species (Gilbert 1980). An-
1mal species may play similar roles by
making food resources accessible to
other species. For example, grazing ze-
bras and wildebeests on the Serengeti
Plain of East Africa mow the drying
grasses at the end of the wet season,
thereby exposing protein-rich non-grass
herbs to the small Thomson’s gazelles,
whose slender muzzles permit them to
eat selectively (Sinclair and Norton-
Griffiths 1979). Lorikeets in New
Guinea also prepare the way for other
herbivores; they use their strong, short
bills to bite holes in tough fruits, allow-
ing honeyeaters, which are important
pollinators, to feed in them with their
longer, more delicate bills (Terborgh and
Diamond 1970).

Sapsuckers, which create “wells” in
the bark of trees and shrubs from which
sap flows (Tate 1973), similarly provide
other herbivores with access to a re-
source. The sap is an important com-
ponent of the diet of sapsuckers, and
the use of the wells as a source of nour-
ishment by insects, mammals, and
other birds is well known (e.g., Bolles
1891; Batts 1953; Kilham 1953; Kilham
1958; Foster and Tate 1966; Miller and
Nero 1983). Much of the literature on
sapsucker foraging behavior and inter-
actions with guests has been based on
Yellow-bellied Sapsuckers (Sphyrapicus
varius) and on the use of trees as a sap
source. Here we describe the behavior
of Red-naped Sapsuckers (S. nuchalis}y  Figure 1. Well 3 on August 6. The bark between the active well (major excavation) and the
drilling wells in shrubby willows, their adjacent excavation has been pulled loose (see unfused excavations in Figures 3-5). Note also
impact on the willows, and their rela- the exploratory drillings below the main excavation and on the adjacent branch.
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tionships with the other orgamisms that
feed at the wells. Our observations in-
dicate, among other things, that visitors
to those wells compete with the sap-
suckers for sap, rather than being com-
mensals as is often suggested, and that
the sapsuckers do major damage to local
willow populations.

Materials and methods

On July 18, 1987, we discovered a
Red-naped Sapsucker excavating one of
a series of flowing wells in a willow (Sa-
lix subcoerulea) clump. The clump was
located in a moist meadow roughly six
hectares in extent, at an elevation of
3000 meters, 0.7 kilometers north of the
Rocky Mountain Biological Laboratory
(RMBL) at Gothic, Gunnison County,
Colorado. The meadow was largely sur-
rounded by groves of Quaking Aspen
(Populus tremuloides) and scattered
Engelmann Spruce (Picea engelman-
nii), and approximately one-half of its
surface was occupied by dense patches
of shrubby willows, Salix subcoerulea,
S. pseudocordata, and S. brachycarpa,
from two to three meters in height.

Our primary study site (Clump A)
consisted of a single willow bush (S.
subcoerulea), roughly five meters X six
meters and about three meters high, sit-
uated near the center of the meadow.
Approximately 90 percent of its
branches bore sapsucker wells. Most of
the flowing wells were visible at a dis-
tance of three meters from the willow,
permitting detailed observations of for-
aging behavior without any apparent
disturbance of visitors.

A secondary study site (Clump B),
similar in many respects to Clump A,
consisted also of a single S. subcoerulea
bush containing numerous active sap-
sucker wells. Clumps A and B were lo-
cated 27 meters apart. A third S. sub-
coerulea bush (Clump E), situated about
20 meters from both Clumps A and B,
was excavated late in the study period.
Each of these sites was exploited by the
same family of four sapsuckers.

A total of 54 hours between July 18
and August 8 was spent watching activ-
ity at Clump A, mostly with two ob-
servers (101 person-hours). Since this
entire study started on the basis of a
serendipitous observation, our tech-
niques evolved as we became more fa-
miliar with the system. For each session
which ranged between 30 minutes and
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Figure 2. Close-up of top of Well 3 showing “bearding” of inner bark and phloem caused by

L

the sapsuckers’ efforts to keep sap flowing, and the vespid wasp Dolichovespula arenaria feeding.

4 hours 20 minutes (average 95 min-
utes), general records were kept of all
activities in the clump—presence or
absence of feeding birds, mammals, or
insects, feeding behavior, interactions,
etc. Times of arrival and departure of
all visitors were recorded. Notes were
also made on general weather condi-
tions.

In addition, four stems bearing active
wells (hereafter, Wells 1—4) were tagged
and records were kept of the identity
and number of visitors at those wells
per five minute interval for a total of 39
of the 54 hours of observation. Many
(542) individual visits were timed, a visit
being defined as the period of time be-
ginning when an individual first arrived
at a well and began to feed and ending
when it departed. We also kept record
of the number of visits individuals made
to all wells during a single visit to the
clump. While the four sapsuckers ob-

served could be identified individually,
it was not possible to keep track of in-
dividuals of other species except during
a single foraging bout in the clump.

Most observations were made be-
tween 0515 hrs. and 2100 hrs. Some
night observations were made with the
use of a flashlight, but no visitors were
detected in the clump during the hours
of darkness.

In order to get a measure of the qual-
ity of the resource available to the vis-
itors, the percent sugar content of the
sap present in the four tagged wells in
Clump A and of three tagged wells in
Clump B was monitored. Measure-
ments were made with a Kyowa tem-
perature-compensated hand refrac-
tometer which could detect sugar con-
centrations from 0 to 92 percent
(weight/weight, expressed as sucrose).
The sap measurements were made
weekly at 0600 hrs., before any feeding
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occurred at the wells, and more fre-
quently at other times of day. The sap,
presumably sieve tube exudate, was
transferred on a finger tip from the area
of the well where it was most abundant
(usually the top) to the refractometer.
In some cases this procedure probably
led to overestimates of the sugar con-
centration in the phloem sieve tubes,
since some concentration by evapora-
tion doubtless occurred over the course
of a day. The amount of sap available
at each well was recorded qualitatively.
Artificial wells were cut in willows
with a penknife in an attempt to sim-
ulate sapsucker activity. Both small and
shallow cuts resembling exploratory
wells, and large, rectangular, deeper cuts
resembling major wells were made.
While the only active sapsucker wells
we found in the meadow initially were
mm Clumps A and B, damage from past
sapsucker activity was visible in many
other clumps. This damage was assayed
along three 50 meter transects running
parallel across the meadow. The per-
centage of willow limbs showing char-
acteristic sapsucker damage within a
quadrat one meter square, located one
meter into the bush, was estimated at
20 places (determined from a table of
random numbers) along each transect.
The percentage of the damaged limbs
which were dead was also recorded.
Willows in the vicinity of RMBL and
1n other areas of Gunnison County were
surveyed for signs of sapsucker activity.
In clumps currently being exploited by
sapsuckers, a count of the number of
active wells was made.
All appropriate statistical tests have
been done; the details are available from
the authors.

Results
Wells in willows

The creation of wells in willows by
the Red-naped Sapsucker is apparently
an old but previously uninvestigated
practice in the vicinity of RMBL. While
we and many others were conscious of
the extensive scarring of aspen caused
by sapsucker drilling early in the season,
the extensive use of shrubby willows had
not attracted the attention of biologists
working at the lab. In the meadow
where most observations were made, 72
percent of the willow bushes assayed
bore severely damaged stems. Within a
bush, 28 percent of the stems were
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Figure 3. Top: Adult male Red-naped Sapsucker visiting Well 3 on July 29. Bottom: Same

individual enfarging top of well.

damaged on average and 98 percent of
the damaged stems were dead. All of
the recent damage was clearly the result
of sapsucker excavation—the well cav-
ities were still sharply defined. However,
some dead stems, estimated to be at
least five years old, had decayed to a
point where the agent of the damage
could not be determined for certain,

It appears that sapsucker exploitation
of a willow bush involves the following
sequence. First, the birds drill small ex-
ploratory wells (about 2 mm X 5 mm
X 1 mm deep), which just penetrate the
bark, and in off-set rows completely
girdle the branch (Fig. 1). Some of the
exploratory wells, drilled into stems of

all sizes, exude sap that runs down the
branch. Sapsuckers remove the outer,
corky bark and the inner bark (phloem)
as far in as the cambium or the outer
surface of the xylem, enlarging a num-
ber of exploratory wells until they form
a single major well (Fig. 1, 3-5). A fully
excavated stem typically bears numer-
ous (20 to 80) exploratory wells and
several (two to 15) major wells, Foraging
was observed only at major wells,

As the season progresses, the major
wells are enlarged from the top by ham-
mering at the bark and peeling it back.
Eventually these wells may achieve
considerable size (up to about 100 mm
X 15 mm X 3 mm). While remaining
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apparently healthy dunng the season 1n
which damage is inflicted, in the fol-
lowing spring the buds on the damaged
branches do not expand, presumably
because destruction of the cambium
prevents formation of necessary new
transport systems (xylem and phloem),
and these branches die. It thus appears
that new wells are drilled into healthy,
previously unused branches, each
season.

Clump A had apparently been ex-
ploited by sapsuckers and possibly by
the same adult pair, for several consec-
utive years. The wells in the bush be-
came progressively older from the ex-
posed side (consisting of 32 stems bear-
ing active wells) which was under
current excavation to the opposite side
(consisting of at least 50 well-bearing
stems) where the scars from sapsucker
activity appeared to be several years old.
Virtually all of the stems (over 100) of
another active clump used by a different
sapsucker family, however, were com-
pletely girdled by recently drilled wells.
It seems unlikely that this clump will
recover sufficiently to be used in the
next few years.

Active sapsucker wells were even-
tually located in six willow clumps in
the immediate vicinity of RMBL. Both
old sapsucker damage and active wells
in willows were also found near Peanut
Lake, nine kilometers south of RMBL,
at an elevation of 2680 meters, at the
end of the Virginia Mine Road (about
two kilometers north of RMBL) at 3230
meters elevation, and at the second

crossing of Copper Creek, about four
kilometers northeast of RMBL, at 3200
meters elevation. In each case the sur-
rounding habitat included aspen trees
and a source of water. No signs of sap-
sucker activity were noted in extensive
willow stands in the vicinity of Blue
Mesa reservoir, 60 kilometers south of
RMBL, at 2380 meters elevation.
Where we assayed, only two willow
species, Salix subcoerulea and S. pseu-
docordata, were used by sapsuckers.

Sap

We made 97 successful sap measure-
ments (there was not enough sap to get
a reading in 22 attempts). The sugar
content of the sap, expressed as sucrose,
ranged from 7.0 (diluted by rain) to 48.5
percent (weight/weight) with a mean of
29.0 percent. The sugar concentration
of the sap was consistently about 20
percent at each well in the early morn-
ing (before 0900 hrs.), as is typical of
sieve tube exudate (Crafts and Crisp
1971). The concentration increased
throughout the day as evaporation took
place. Wells 1, 2, and 4 were highly cor-
related (P < 0.05 in each case) in sap
concentration. Well 3 did not correlate
significantly with any other well. We
found no significant difference between
the mean sap concentration at the wells
on mostly sunny versus mostly cloudy
days. We also found that the amount
of sap varied independently of cloud
cover (mostly sunny versus mostly
cloudy).

bottom right.
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Figure 5. Juvenile female Red-naped Sapsucker visiting Well 3 on July 29. Adult male at

Figure 4. Juvenile male Red-naped Sapsucker
visiting Well 3 about August 6. Note enlarge-
ment of the well from its size roughly a week
before shown in Figure 5.

Continuous sap flow seemed to re-
quire daily maintenance and excavation
at the top of the wells by sapsuckers,
where the cambium is shredded to a
bearded state (Fig. 2). Our artificial
wells, which were not continuously
worked, never yielded any sap. Natural
wells unattended by sapsuckers rapidly
dried up.

Sapsucker foraging activity

The sapsucker family that worked
Clump A consisted of an adult male
(Fig. 3) and female and a juvenile male
{Fig. 4) and female (Fig. 5). Only the
adult sapsuckers created, maintained,
and enlarged the wells. The juveniles
foraged upon the sap thus provided and
were also fed adult stoneflies, crane flies,
and sap-soaked willow fibers procured
by their parents. The average duration
of the 80 timed visits to monitored wells
by the adult male sapsucker was 49 sec-
onds, while the adult female, timed on
43 occasions, spent an average of 51
seconds at monitored wells. The adults
divided this time between feeding and
hammering at the tops of the wells. The
juvenile female, which spent most of its
visit time feeding, averaged 52 seconds
on 42 timed visits. No times were ob-
tained for the juvenile male.
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Use of the wells in Clump A by the
sapsucker family declined over the
study period. Initially (through July 27),
sapsuckers were present during 57 per-
cent of the observation time, but in the
latter part of the study period they were
seen there only 13 percent of the time.
This decline coincided both with an in-
crease in activity at Clump B and with
the initial excavation of a nearby bush,
Clump E. In addition, the sapsuckers
were frequently seen flying toward and
from one direction, suggesting that they
may have been developing other wells
which we did not locate.

On six occasions we observed an
adult sapsucker arrive at Clump A with
a stonefly or crane fly, at least one of
which was then soaked in sap from the
wells. We never saw the adult eat the
mnsect. Twice we observed it fed to a
juvenile, and four times the adult flew
with it toward the presumed location of
a juvenile (we heard the juvenile give
the usual begging call on two of these
latter occasions).

Throughout the study period the
sapsuckers were rarely unaccompanied
mm Clump A (22 percent of the time
alone); in fact, during 84 percent of the
total observation time, other species
were feeding on sap from the wells (this
includes substantial periods when the
sapsuckers were absent).

Avian visitors

Orange-crowned Warblers (Vermi-
vora celata) were the most frequent vis-
1tors to the sapsucker wells (Fig. 6). The
individuals were either first-fall imma-
tures or molting adults (or a mix of the
two). It was not possible to determine
which without having the birds in hand.
On two occasions we caught a glimpse
of a female or immature Wilson’s War-
bler (Wilsonia pusilla) in the clump, but
not feeding.

Warblers were observed in the clump
during 94 percent of our observation
sessions. At least one individual was
present 42 percent of the total obser-
vation time. The average visit length of
284 timed warbler visits to monitored
wells was 18 seconds. Virtually all of
this time was spent feeding where sap
was most abundant—either from the
top or from accumulations at the bot-
tom of major wells. Warblers were
found at the wells at virtually all times
of day between 0545 hrs. and 2020 hrs.
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Figure 6. Orange-crowned Warbler visiting Well 2 on August 5.

The warblers did not enlarge or main-
tain the sapsucker wells.

The visiting warblers were thoroughly
familiar with the location and produc-
tivity of wells in Clump A. They typi-
cally arrived directly at an active well
and proceeded to forage at the most
productive wells in a stereotyped se-
quence, spending no time searching
for wells and avoiding those which
were dry.

Very rarely were two warblers ob-
served feeding from the same well si-
multaneously, though frequently up to
four foraged in the clump together.
Dominance clearly existed, allowing
one warbler to consistently displace an-
other from a well. Often the displace-
ments involved chasing and fighting
(the clashing of wings).

Female and juvenile male hum-
mingbirds were the next most common
visitors to the wells in Clump A and
were present 19 percent of the time, al-
though often resting, rather than for-
aging. Their visits occurred during 22
of our 32 observation periods at all
times of day between 0545 hrs. and
2020 hrs. Both Rufous Hummingbirds
(Selasphorus rufus, Fig. 7) and Broad-
tailed Hummingbirds (8. platycercus)
were positively identified on several oc-
casions. The data for all species of
hummingbird are lumped, since in most
cases positive determinations of the
species could not be made.

The average length of 74 timed hum-
mingbird visits to monitored wells was
8 seconds. Usually the hummingbirds

hovered beside the well to feed and then
perched nearby for several minutes be-
fore feeding again or flying off. The
hummingbirds also moved only among
the most productive wells. Considerable
chasing occurred among foraging fe-
male and juvenile male hummingbirds.
No adult males ever visited the wells
though they commonly flew to within
a meter of them and displayed to for-
aging females.

Mammalian visitors

Chipmunks, identified without trap-
ping as Eutamius minimus, were ob-
served in Clump A on 16 occasions, at
various times of day between 0645 hrs.
and 1830 hrs. They quickly and fur-
tively licked the sap only from the active
wells, sometimes feeding along a length
of stem below wells where sap had dried
and was not exploited by the birds. They
clearly knew the positions of flowing
wells precisely. On one occasion two
chipmunks fed simultaneously in the
clump without interacting.

The average length of 19 timed chip-
munk visits to a well was 26 seconds.
Their visits to the clump were often cut
short by sapsuckers, which sometimes
chased the chipmunks out even before
feeding had taken place.

A Red Squirrel (Tamiasciurus hud-
sonicus, Fig. 8) was observed feeding at
the sapsucker wells on four occasions.
Foraging bouts which involved visiting
several productive wells lasted on av-
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Figure 7. Juvenile male Rufous Hummingbird visiting Well 2 about July 28.

erage 20 minutes. The squirrel licked
sap from the wells and stems in a man-
ner similar to that of the chipmunks.

Insect visitors

Yellow-and-black (hereafter, ‘“yel-
low”) vespid wasps (Dolichovespula ar-
enaria Fabricius, Fig. 2) frequented the
wells in Clump A with increasing reg-
ularity as sapsucker activity declined
toward the end of the season. Both the
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numbers of these vespids and the
amount of time they were present in-
creased dramatically at the end of the
study period. Initially the wasps were
present only 16 percent of the obser-
vation time, and at most a few were in
the clump simultaneously. In the last
days of the study (August ! to 8), yellow
wasps foraged at the wells 81 percent of
the observation time and one or two
dozen were usually present.

The yellow vespids fed almost exclu-
sively from the small area at the top of

wells. The wasps fought with each other
a great deal, and the turnover of indi-
viduals on a well was very high. On Au-
gust 7, over a two-minute period, we
observed 58 battles in which pairs of
wasps fell together in combat from a
single well. During about 95 percent of
that period, there was more than one
wasp at the well, and an additional one
or more arriving and trying to displace
the occupant.

Largely black vespids (Vespula? sp.)
and sarcophagid flies were also seen at
the wells a few times, usually individ-
ually. Only occasionally were other in-
sect species seen visiting. Ants were
never seen at the wells during the day,
and night observations revealed neither
ants nor moths taking sap. On two oc-
casions an adult sapsucker made half-
hearted, unsuccessful attempts to catch
bumblebees (Bombus sp.), and once one
ate an insect gleaned from a willow
branch. A warbler was once observed
catching and eating an insect from a
well. No other predation by any of the
birds on insects feeding at the wells was
observed.

Interspecific interactions

The foraging behavior of each visitor
to the sapsucker wells was determined
to a large degree by which other visitors
were present at the same time. The sap-
suckers aggressively chased humming-
birds, warblers, and chipmunks from
the wells, with only momentary success.
Usually the uninvited guest would
move to the next nearest well and con-
tinue feeding there until chased again.
Sometimes a sapsucker pursued war-
blers along a circuit of many wells and
then gave up and tolerated their pres-
ence. By the end of the observation pe-
riod, the juvenile sapsuckers were as ag-
gressive and effective as the adults. After
a chase, the sapsucker resumed working
or feeding at the nearest active well, not
at the one it had originally occupied.

Although the visiting squirrel ap-
peared to cause great distress to the sap-
suckers, it was never chased. On one
occasion it fed continuously for 33
minutes; all the while, the adult male
sapsucker called loudly and followed the
squirrel from well to well, but never got
within striking distance. Twice the
squirrel chased a juvenile sapsucker to
gain access to another well.

The warblers assumed dominance
over the hummingbirds and chipmunks
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1n the absence of sapsuckers and squir-
rels. They did not lunge after them as
the sapsuckers did in an attempt to
guard the wells, but when a warbler
landed on an occupied well, the original
resident quickly and quietly departed.
The chipmunks were the most nervous
of the vertebrates and usually left the
clump at the slightest disturbance.

The yellow-and-black vespid wasps
were very attuned to the presence of
birds and mammals at the wells and
rarely fed when they were there. Vir-
tually all of the wasps vanished imme-
diately when a vertebrate entered the
clump, only to return just as quickly
upon its departure.

Figure 8. Red squirrel feeding at Well 4.
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Discussion

Although our observations cover only
a segment of a season in one locality,
we suspect that many of our conclusions
about the biology of Red-naped Sap-
suckers and associated species in Gun-
nison County will apply in a much
broader geographic area, and to other
species of sapsuckers as well. For ex-
ample, the classic work of McAtee
(1911) on the impact of woodpeckers
on trees suggests that the Red-naped
Sapsucker also depends heavily on
shrubby willows in other areas. Use of
numerous species of willows is recorded,
and damage very similar to that we ob-

W

served 1s pictured (Plate V, Figs. 4,5).
The almost completely debarked
branch shown on McAtee’s Plate V, Fig.
5, was collected in the Black Hills of
South Dakota, where Red-naped Sap-
suckers apparently damage willows
heavily just as they do in Colorado.

Similar use of shrubby willow appears
to occur in populations of the Red-
breasted Sapsucker (S. ruber), which has
(under the name S. varius) been re-
ported to feed extensively on willows in
the Grizzly Creek drainage of north-
western California (Sutherland er al.
1982). The Red-breasted Sapsuckers
there maintained wells in dense thickets
of alders and willows at about 1900 me-
ters in late July and early August in a
manner that appears to be entirely
analogous to the behavior of the Gun-
nison County Red-naped Sapsuckers.
“Flocks of immature warblers™ (mostly
Nashville, Vermivora ruficapilla, Or-
ange-crowned, and Wilson’s), visit these
wells, which also form the resource base
of feeding territories of Rufous Hum-
mingbirds. Sutherland and his col-
leagues were, however, studying the
system from the point of view of the
hummingbirds, so a detailed compari-
son of the behavior of the two sapsucker
species is not possible. Damage by Red-
breasted Sapsuckers (McAtee 1911) on
a rather large willow in California looks
(Plate VI, labeled S. varius daggetti) and
is described (p. 28) as similar to that
figured and described here for the Red-
naped Sapsucker.

The degree to which Yellow-bellied
Sapsuckers and Williamson’s Sapsuck-
ers (S. thyroideus) may use shrubby
willows is not clear. Damage to willows
is listed by McAtee within the range of
both, but no details are given. Crocket
(1975) reported Williamson’s Sapsuck-
ers taking sap and sapwood exclusively
from conifers on the breeding grounds.

The impact of the Red-naped Sap-
suckers on willow populations in the
vicinity of Gothic is severe, probably
greater than that of any other herbivore
that feeds on the willows in the summer,
but we have not been able to evaluate
mammalian browsing in other seasons.
Indeed, damage is so extensive that it
might influence the longevity and di-
mensions of individual willow clumps.
The willows do not appear to have
evolved any chemical defenses against
the sapsuckers, in spite of what appears
to be a potentially strong selective pres-
sure to do so. Perhaps the sapsuckers
are able simply to avoid eating the por-
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tion of the bark that contains unpalat-
able or potentially toxic compounds,
the best known of which is salicylic acid.
Typical plant defensive compounds re-
main in place in structures such as
leaves, flowers, fruits, and bark. To de-
fend the phloem sap with toxins, how-
ever, the plant would have to add poi-
sons continuously at the leaves and then
detoxify the sap at its destinations.
Evolution of such a defensive strategy
would involve high metabolic costs, but
these might be compensated by reduced
sapsucker activity.

The sapsucker-willow association
may, however, be too recent evolution-
arily for the willows to have been able
to respond to the sapsucker attack. The
willows probably exist as large clones,
are slow-growing at high altitude, and
only suffer from sapsucker attack when
quite large. Therefore, the time required
for the sapsuckers to cause significant
differential reproduction among the
clones might be very long. Nonetheless,
detailed investigations of the chemical
defenses of willow stems such as those
done on toxic phenolglucosides of wil-
low leaves (e.g., Rowell-Rahier er al.
1987) would be desirable.

One of the more interesting findings
was the necessity for the sapsuckers to
work assiduously at the upper end of
the wells to keep the sap flowing, pre-
sumably by repeatedly injuring the
phloem sieve tubes, circumventing their
sieve plate plugging mechanisms. Al-
though in many plants sieve tube exu-
dation ceases within minutes after an
injury, the sieve tubes in certain plants
will continue to exude sap for up to sev-
eral hours (Crafts and Crisp 1971). The
sieve-plate plugging time for the willows
appeared to be in the latter range, since
we often saw warblers feeding hours af-
ter the most recently recorded sapsucker
visit and, as noted above, warblers did
not work to maintain sap flow or en-
large the wells. We could not, of course,
determine the extent to which the war-
blers were just taking residual sap that
had been exuded earlier. The girdling
or near-girdling of the stems by the sap-
suckers probably caused nutrients to
accumulate just above the wells (Kil-
ham 1964), where they could be tapped
by further drilling. The “beard” of
phloem fibers at the well’s upper edge,
created by the sapsuckers’ drilling ac-
tivities, appeared to act as a wick, mak-
ing the flow more accessible to the birds.

The sap of Salix subcoerulea was a
rich resource in comparison with that
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of Salix commutata at the California
site (Sutherland et al. 1982), which av-
eraged only 15.3 percent sugar. Also, in
contrast, there was no significant vari-
ation in sap flow during the day in S.
commutata, although detailed studies of
the sugar content of the sieve tube ex-
udate of oak (Huber et al. 1937) and
white ash (Zimmermann, 1958) both
showed peak concentrations at night
and lower concentrations in the morn-
ing. Our measurements of sugar con-
centration in the sap are also higher
than those reported by Southwick and
Southwick (1980) for the yield from
Yellow-bellied Sapsucker wells in Paper
Birch (Betula papyrifera) in Michigan
(16 percent) but well within the “nor-
mal” range of 15-25 percent for angio-
sperms (Huber 1958) if we consider our
higher readings to be a result of con-
centration by evaporation on the stem.
Baker (1975) found the nectar of aver-
age hummingbird flowers to average
somewhat over 20 percent sugar. That
is generally less concentrated than the
nectar of bee flowers (30-50 percent),
possibly because higher concentrations
would involve higher viscosity and in-
crease the hover time required to “fill
up”, and possibly because of the need
of hummingbirds for water as well as
sugar. In any case, willow phloem sap
may be most suitable for hummingbirds
when it has not been concentrated by
evaporation.

The persistently aggressive behavior
of the sapsuckers toward the smaller
vertebrate visitors certainly suggests that
the other birds and mammals are seri-
ous competitors for the resource. The
sapsuckers were more than “dominant”
to the visitors; sapsuckers did not simply
displace “commensals” from wells, but
often actively pursued the visitors in
obvious attempts to chase them out of
the clump. The Yellow-bellied Sap-
sucker shows similar behavior, chasing
all visitors except for Red Squirrels that,
as at RMBL, would feed for almost 30
minutes while the birds “appeared to
be annoyed” at being driven from their
wells (Kilham 1958). It seems safe to
conclude, since the wells are defended
against all smaller vertebrate visitors,
that for both species the visitors are not
“commensal” feeders (Freer and Mur-
ray 1935; Kilham 1958; Kilham 1964;
Foster and Tate 1966; Miller and Nero
1983). By definition commensals do not
cause harm to their partners, and there
would be no reason for the aggressive
behavior of the sapsuckers if the re-

source were superabundant. The origi-
nal description of Bolles (1891) of “nu-
merous parasitical Hummingbirds”
visiting the wells appears to be more ac-
curate. In addition, both warblers and
wasps showed evidence of competing
for the sap resource. Much of their ag-
gressive activity was at periods when
flow in the wells was far from copious
and many wells were dry, suggesting
that the supply of sap was then severely
limited.

It was not clear why the sapsuckers
partly shifted their activities from
Clump A to Clumps B and E (and pos-
sibly others) toward the end of the sea-
son. It may have become more difficult
to keep the large wells in clump A flow-
ing, although the leaves above them
showed no signs of wilting. Or it is pos-
sible that the vertebrate competitors for
the sap were becoming too efficient at
robbing the wells? Shifting to a new
clump may reduce competition from
chipmunks and squirrels, which could
have difficulty locating the new site.

Our results confirm the results of
others (e.g., Bolles 1891; Kilham 1964)
that any taking of insects near the wells
is coincidental, and that the sap from
the wells does not function primarily as
an attractant for insect prey. Indeed, 1n
contrast to reports for Yellow-bellied
Sapsucker wells (e.g. Nickell 1956;
Nickell 1965; Foster and Tate 1966),
the scarcity of insects other than the
wasps was striking at all times. Fur-
thermore, on the few occasions when
stoneflies were brought by adults to the
clump, the insects were not always
worked into the sap. The frequency of
this behavior may be lower in the Red-
naped than in the Yellow-bellied Sap-
sucker (Foster and Tate 1966). Further
observations on parental feeding earhier
in the season, when the juveniles are
younger, are needed.

It appears that the sapsuckers are
making a key resource available to other
species. Evidence is building, for ex-
ample, that the dates of spring arrival
and the northern breeding range of
Ruby-throated Hummingbirds and,
possibly, of Rufous Hummingbirds, are
determined by the availability of sap
from the wells of Yellow-bellied Sap-
suckers (Bertin 1982; Miller and Nero
1983). The heavy warbler-humming-
bird use of the RMBL area wells sug-
gests that the wells could provide a vital
late-season dietary supplement at a time
when both insects and floral nectar are
becoming less available.
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That only juvenile and female hum-
mingbirds visited the wells 1s especially
intriguing—and follows the pattern re-
ported by Sutherland ez al. (1982) at the
Red-breasted Sapsucker wells in Cali-
forma. Is the sap resource in some way
inferior, so that male hummingbirds do
not use it? If adults need higher protein
to rebound from the rigors of repro-
duction it is difficult to explain the use
of sap by female hummingbirds.

Many other questions need answer-
1ng. For instance, do the warblers also
visit flowers for nectar? Do individual
warblers or hummingbirds trapline
among wells and other points of re-
source concentration as do some trop-
ical bees and butterflies (¢f Janzen,
1971)? What proportion of the sap-
suckers’ and visitors’ diets is actually
supplied by the willow wells? Does a
decline in bird feeding activity permit
the late-season build-up of wasp visi-
tors? Why are there no nocturnal visits
from ants or moths?

Much, of course, could be learned by
nvestigating the foraging of sapsuckers
and their associates during the rest of
the season in the RMBL area. For in-
stance, do any of the visitors to the wil-
low wells also use sap from sapsucker
wells drilled into aspen earlier in the
season? Does the carbohydrate content
of different plants change seasonally and
influence sapsucker and visitor feeding
patterns? What limited the array of
avian visitors during our observations?
Based on visitors to Yellow-bellied and
Willlamson’s sapsucker wells reported
by Foster and Tate (1966), Batts (1953),
and Crockett (1975), at least Downy
and Hairy woodpeckers (Picoides pu-
bescens and P. villosus), White-breasted
Nuthatches (Sitta carolinensis), House
Wrens (Troglodytes aedon), Mountain
Chickadees (Parus gambeli), Ruby-
crowned Kinglets (Regulus calendula),
Yellow-rumped Warblers (Dendroica
coronata), and Pine Siskins (Carduelis
pinus), amix of residents and migrants,
would seem to be potential users.

Answers to several of the questions
posed above will help to test our pre-
himinary hypothesis that the sapsuckers
serve as keystone species by providing
access to food. They could, of course,
also play a keystone role by excavating
tree holes that are later used by second-
ary cavity-nesters. If we are correct,
however, they would not be “keystone
mutualists” in the strict sense of Gilbert
(1980). First of all, although some of
the animals the sapsuckers help to sup-
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port are involved in pollination or seed
dispersal, the visitors to the wells do not
constitute a “large complex of mobile
links”—that is, of animals that are sig-
nificant to the support of several plant
species. Playing a central role in the
maintenance of such a complex is the
defining characteristic of a keystone
mutualist (Gilbert 1980). In addition,
the sapsuckers are not mutualists. They
are probably harmed by the species that
take sap from the wells, are not bene-
fited by species that may subsequently
nest in their cavities, and do consider-
able damage to willows. It would thus
seem best to describe them simply as
“keystone herbivores.”
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