
FEEDING-SITE SELECTION AND FORAGING 

STRATEGIES OF AMERICAN WOODCOCK 

DALE L. RABE, 1'2 HAROLD H. PRINCE, 1 AND DONALD L. BEAVER 3 
•Department of Fisheries and Wildlife, Michigan State University, East Lansing, Michigan 48824 USA, and 

3Department of Zoology, Michigan State University, East Lansing, Michigan 48824 USA 

ABSTRACT.--Live-trapped, adult American Woodcock (Scolopax minor) were tested in a se- 
ries of laboratory experiments designed to evaluate the role of soil as a proximal cue for 
selecting feeding sites and to investigate foraging strategies for capturing earthworms (Lum- 
bricidae). Foraging trials were conducted in a circular arena and showed that color, which 
tends to be correlated with the soil types and moisture regimes preferred by earthworms, 
was an important proximal cue for selecting feeding sites. Woodcock captured earthworms 
most efficiently in areas of relatively high prey density, because they used a nonrandom 
search pattern following an initial capture. Received 17 November 1981, resubmitted 4 August 
1982, accepted 8 February 1983. 

WOODCOCK (Scolopax minor) obtain most of 
their food by probing subterraneanly (Sheldon 
1971, Liscinsky 1972). This method of foraging 
does not permit birds to assess prey abundance 
visually at a site. Thus, woodcock are likely to 
expend time and energy searching in unprof- 
itable areas unless they use some proximal cue 
to the habitat to improve their chance of se- 
lecting profitable sites. Food-habits studies in 
Maine have shown that woodcock consume a 

variety of soil invertebrates but depend largely 
on earthworms, primarily the species Aporrec- 
todea tuberculata and Dendrobaena octaedra 

(Reynolds 1977). Because of their highly spe- 
cialized diet, it seems likely that woodcock use 
environmental parameters that affect earth- 
worm availability as a means of locating them. 

The availability of earthworms at a particular 
site is a function of both their horizontal and 

vertical distribution because of limitations on 

the depth woodcock are able to probe. Vertical 
distribution is influenced by a species' ecolog- 
ical preferences and by moisture and temper- 
ature conditions; horizontal distribution is 

largely related to soil type (Edwards and Lofty 
1977). A. tuberculata and D. octaedra have been 
found to occur in soils ranging from gravelly 
sand to clay, but their highest densities are 
consistently associated with light loam soils 
(Guild 1948). Reynolds (1977) reported that 
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these species prefer temperature ranges of 10- 
18øC and moisture ranges of 15-80%. 

The objectives of this study were to deter- 
mine: (1) whether or not woodcock use physi- 
cal properties of soil as proximal cues for lo- 
cating feeding sites, and, if so, which 
characteristics are important, and (2) the strat- 
egies woodcock use to increase their foraging 
efficiency for earthworms. 

METHODS 

The birds.--The same six adult woodcock were used 

in all four experiments. Due to injuries to two birds, 
however, only four were tested in the soil-color and 
prey-density experiments. 

Upon capture, woodcock were wing-clipped and 
placed in individual holding cages (0.6 X 1.0 X 1.0 m) 
constructed of 2.5-cm woven-wire mesh with cloth 

ceilings. The birds were kept indoors under natural 
light and maintained on an ad libitum diet of live 
earthworms (Lumbricus terrestris) and water. Earth- 
worms fed to woodcock in holding cages were cov- 
ered with moistened sphagnum moss (Sphagnum sp.). 
This was necessary to prevent rapid dehydration. The 
use of moss also eliminated any potential bias that 
might have occurred from the use of soil. Woodcock 
were allowed at least 10 days to adapt to captivity 
before being used in any experiments. 

The testing arena.--Foraging experiments were con- 
ducted in a 1.5-m circular arena (Fig. 1) having a 0.5- 
m woven-wire sidewall, a plywood floor, and an open 
top. Eight plastic soil trays (23 X 33 X 10 cm) were 
symmetrically positioned around the perimeter of the 
arena, recessed flush with the floor, and filled with 

firmly packed soil. Soil depth in the trays was shal- 
low enough that woodcock could probe to the bot- 
tom. 
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I 1.5m (60 in.) 

Fig. 1. 
ing trials. 

Observation Window 

Design of testing arena used for the feed- 

The arena was isolated in a 2.4-m 2 room with sound 

absorbing walls. This was necessary because extra- 
neous noise and motion tended to interrupt the for- 
aging activity of birds during a trial. Observations 
were made from outside the room through a 20-cm 2 
one-way glass window. To stimulate foraging activ- 
ity, room lighting was adjusted to approximate the 
crepuscular periods when woodcock normally feed. 

Testing procedures.--Before being used in any ex- 
periment, birds were familiarized with the arena and 
tested for movement patterns. In this test, soil con- 
ditions were identical in each tray. One woodcock 
that did not exhibit a random probing pattern (equiv- 
alent probing in each tray) under these conditions 
was excluded from further testing. 

Standardized test procedures were used for all sub- 
sequent experiments. Experimental treatments were 
randomly assigned tray locations within the arena 
and remained at that location for the duration of an 

experiment. Each experiment consisted of three rep- 

licate trials for each bird on different days. Woodcock 
were deprived of food for a 12-h period before each 
trial. To start a trial, birds were released by hand at 
the center of the arena. During a trial, a bird was 
allowed to forage for a 10-min period, while an ob- 
server recorded its movements, the number of probes, 
and, when relevant, earthworm captures in each tray. 
At the end of a trial, the bird was returned to its 

holding cage and fed. 
Experimental conditions.--In the first experiment, 

woodcock were given a choice of four soil types: sand, 
sandy loam, loam, and clay loam (Table 1). These 
represent a wide range of soil textures associated with 
woodcock habitats in northern Michigan (where this 
study took place) and were collected from habitats 
located in the same general geographic area as the 
birds being tested. Earthworm sampling at the col- 
lection sites indicated that all soils except sand were 
supporting earthworm populations (Table 1). Soils 
were air-dried to standardize moisture content and 

screened to remove large debris. Each soil type was 
then placed in two of the trays in the testing arena. 
In the second experiment, loam soil was used in all 
eight trays and moisture content was varied by add- 
ing water to each of two trays to achieve 10, 25, or 
50% moisture by weight. The remaining two soil trays 
were left in the air-dried condition. Earthworms were 

not used in either of these experiments. 
To test the role of soil color it was necessary to 

modify natural soil conditions in order to dissociate 
color from moisture content and soil texture. This 

was accomplished by coloring sand with fabric dye. 
The colors selected for this experiment ranged from 
light to dark and included a yellow (which closely 
matched the natural color of sand), a medium green 
and brown, and black. Water was then added to pro- 
duce the following color-moisture combinations: yel- 
low, 50%; green and brown, 25%; and black, air-dry. 
In this way, we held soil texture constant among the 
trays while creating opposing gradients of color and 
moisture. This made it possible to separate the effects 
of color, moisture, and texture. If woodcock cue pri- 
marily on texture, we would expect to see equal prob- 
ing in all the trays, whereas primary reliance on col- 
or or moisture would result in concentrated probing 
activity in the darkest or wettest soils, respectively. 

TABLE 1. Classification, texture analysis, and associated earthworm populations of the four soil types used 
in the experiments. 

Sand Sandy loam Loam Clay loam 

Texture analysis • 
Percentage of sand 94 58 42 32 
Percentage of silt 2 32 36 32 
Percentage of clay 4 10 22 36 

Earthworm density b (number/m 2) 0 78 _+ 21 108 _+ 32 69 _+ 22 
Based on hydrometric determination (Foth and Turk 1972). 
Samples taken at site where soils were collected using a formalin extraction technique (Reynolds et al. 1977). 
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Fig. 2. The average (-SE) percentage of probing 
activity by six woodcock among the four soil types 
tested. 
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Fig. 3. The average (ñSE) percentage of probing 
activity by six woodcock in loam soils of varying 
moisture content. 

To test woodcock foraging efficiency in relation to 
prey density, we used loam soil with 40% moisture 
in all the trays. Live L. terrestris were used as prey 
and were randomly placed 2-6 cm below the soil 
surface just before each trial. All earthworms were 
equivalent in size. Each of two trays was assigned 
either 0, 2, 4, or 8 earthworms. 

Analysis.--Data in this paper are presented as per- 
centages of total probing activity during a trial. We 
performed the statistical analysis, however, on the 
actual number of probes per tray and used a two- 
factor mixed-model analysis of variance (ANOVA), 
in which experimental treatments (moisture, texture, 
color, or prey density) and individual birds were 
considered main effects. The first-order interaction 

was used to evaluate the consistency of treatment 
response between individual birds. Data were trans- 
formed with 1og•0(:• + 1.0) to improve among-group 
heterogeneity. Tukey's HSD test (Gill 1978) was used 
to make all pair-wise comparisons of treatment means. 
In all cases, statistical significance was set at the 0.05 
probability level. 

RESULTS 

Woodcock exhibited pronounced prefer- 
ences among the four soil types tested (F = 
81.49; df= 3,15; P < 0.001), with loam and 
sandy loam receiving 94% of all probing activ- 
ity (Fig. 2). Pair-wise comparisons of individual 
treatment means showed that probing activity 
was significantly different between each of the 
soil types except sand and clay loam. Exami- 

nation of the treatment-bird interaction term 

(F = 1.69; df = 15,120; 0.10 > P > 0.05) sug- 
gests that there was some individual variability 
in the degree of preference for the four soil 
types. Individually, however, all six birds did 
far more probing in loam and sandy loam soils 
than in sand and clay loam. These results show 
that woodcock do discriminate between soil 

types, but it is not clear which physical char- 
acteristic of the soil they are cuing on. There 
were obvious differences in texture between the 

soils tested, but there were also noticeable col- 

or differences; the sand and clay loam were 
much lighter in color than the loam and sandy 
loam. 

There were some striking similarities be- 
tween the relative amount of woodcock prob- 
ing activity in the laboratory and correspond- 
ing earthworm densities at the soil collection 
sites (Table 1). Of the four soil types, loam was 
most preferred by the birds, and it supported 
the greatest earthworm density. Likewise, birds 
spent the least effort (5%) probing in sand, 
which supported no earthworms. The differ- 
ences in probing activity between clay loam 
and sandy loam, however, were much greater 
than the corresponding observed earthworm 
densities. 

In response to soil-moisture content, wood- 
cock again showed significant overall prefer- 
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Fig. 4. The average (ñSE) percentage of probing 
activity by four woodcock in color-dyed sandy soil 
with varying moisture content. 

ences (F = 13.67; df = 3,15; P < 0.001), with 51% 
of all probing taking place in the wettest soil 
trays (Fig. 3). Although differences between the 
three drier soils are not statistically significant, 
there is a trend of increased probing activity 
with increasing moisture content. In this ex- 
periment, the treatment-bird interaction 
showed that all six birds exhibited equivalent 
patterns of preference (F = 1.20; df = 15,120; 
P > 0.25). These results suggest that the birds 
are able to detect differences in soil-moisture 

conditions. This interpretation, however, is 
confounded by the fact that soils become dark- 
er in appearance as moisture content increases. 

When the same birds were tested using col- 
or-dyed sand, they exhibited significant pref- 
erences (F = 60.50; df = 3,15; P < 0.001) for the 
darkest soil conditions. Of all probing activity, 
70% occurred in the air-dry black soil, while 

only 4% took place in the yellow soil with 50% 
moisture (Fig. 4). Nearly equal amounts of 
probing took place in the green and brown 
soils. As in the first two experiments, all six 
birds showed equivalent patterns of preference 
(F = 0.57; df = 9,80; P > 0.50) among the var- 
ious color-moisture combinations. The nearly 
equal probing activity in the green and brown 
soils suggests that woodcock depend more on 
color value (the brilliance of a color, Foth and 
Turk 1972: 59) than hue (color wavelength) as 
a basis for discriminating soil conditions. This 
is probably related to the fact that woodcock 
eyes are adapted to conditions of dim light and 
have a higher rod-to-cone ratio than diurnally 
active birds (Dyer 1976). 

Significant differences in probing activity also 
occurred relative to variations in prey density 
(F = 10.39; df = 3,9; P < 0.01), with the greatest 
amount of probing in trays containing the larg- 
est number of earthworms (Table 2). A pair- 
wise comparison of treatment means showed 
that significantly less probing took place in trays 
containing no prey, significantly more oc- 
curred in trays with 8 prey, and there was no 
difference between trays containing 2 and 4 
earthworms. As reflected by the similarity of 
capture-efficiency data, numbers of prey cap- 
tured in a tray during a trial were approxi- 
mately proportional to the initial prey density. 
The number of probes per capture declined sig- 
nificantly, however, as the number of earth- 
worms in a tray increased. On the average, 
woodcock caught 48% of the available prey in 
each tray during a trial. Again, individual birds 
exhibited equivalent patterns of selectivity 
(F = 0.25; df = 9,80; P > 0.50). 

During this experiment, we observed wood- 
cock using two distinct types of probing while 
foraging: exploratory and pursuit. Exploratory 
probes were used only to detect the presence 
of earthworms, while pursuit probes were used 

TABLE 2. Summary of probing activity and capture success (œ _+ SE) of four woodcock in response to various 
densities of equal-sized prey. 

Prey density 

0 2 4 8 

Percentage probing activity 17 ñ 1 25 ñ 1 24 _+ 2 37 _+ 1 
Total captures 0 7 12 17 
Capture efficiency a 45 _+ 11 43 _+ 12 56 _+ 21 
Number probes/capture 22 _+ 3 12 _+ 2 9 -+ 3 

Capture efficiency is the percentage of prey caught out of the total number available. 
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to capture prey. Exploratory probes were char- 
acteristically shallow (less than half the bill 
length), and birds paused momentarily follow- 
ing insertion of the bill into the soil. Explor- 
atory probes were generally several cm apart. 
In contrast, pursuit probes were deeper (often 
the full length of the bill), occurred in rapid 
succession, and were concentrated in a very 
small area. 

Woodcock foraged by probing from side to 
side as they walked through an area (in the 
experimental arena this tended to be a circular 
path around the perimeter). When an earth- 
worm was detected with an exploratory probe, 
birds quickly followed with one or more pur- 
suit probes. If unsuccessful in capturing an 
earthworm, birds simply continued moving 
along their original search path. When suc- 
cessful, however, they nearly always concen- 
trated further exploratory probing in the same 
general area as the previous capture. Only after 
extensive searching without additional success 
did birds once again begin searching in new 
areas. 

DISCUSSION 

The results of these experiments show that 
woodcock employ specific strategies both for 
locating good feeding sites and for increasing 
their efficiency at capturing earthworms. When 
selecting feeding sites, woodcock use soil color 
as an indicator of site quality, even though it 
has no direct affect on earthworm densities. In 

so doing, the birds apparently depend on the 
fact that soil color correlates with the soil con- 

ditions (soil types and moisture) that directly 
influence earthworm abundance. Organic mat- 
ter content is known to be an important deter- 
mining factor of soil color (Foth and Turk 1972) 
and is also an important food source for earth- 
worms (Edwards and Lofty 1977). Soils associ- 
ated with woodcock habitat in northern Mich- 

igan are predominately sand to sandy loam 
types (Veatch and Schoenmann 1924). Conse- 
quently, in this part of the bird's range, darker 
soils generally contain greater amounts of or- 
ganic matter and support higher densities of 
earthworms. 

There is evidence to suggest that under cer- 
tain conditions the strong reliance on color as 
an indicator of site quality may cause birds to 
overlook potentially good sites. This appears to 
be the case in the first experiment (testing four 

soil types) where woodcock probed very little 
in the lighter-colored clay loam soil. Field sam- 
pling for earthworms indicated that densities 
in this soil type were nearly equal to those in 
the darker sandy loam soil, where birds did 
concentrate searching effort. 

Likewise, color may also lead woodcock to 
forage in unproductive areas. Birds have been 
observed (Rabe unpubl. obs.) probing in dark 
mud-puddle basins along sandy trail roads and 
were apparently misled by the thin layer of 
dark silt accumulation. Sampling showed that 
no earthworms existed at these sites. 

It is also possible that the use of color could 
stimulate birds to select feeding sites with sub- 
optimal moisture conditions for earthworms. 
Assuming that soil continues to darken as 
moisture levels approach saturation, then levels 
beyond the preferred range (> 80%) for earth- 
worms would appear very dark and be per- 
ceived as good feeding sites. We suspect, how- 
ever, that birds rarely encounter this problem, 
because the coarse-textured soils in our study 
area drain rapidly and generally are saturated 
for only a short period during the spring. Also, 
it has been shown that earthworms are much 

more tolerant of saturated soils than of dry soil 
conditions (Edwards and Lofty 1977). 

Even though there are potential shortcom- 
ings from using color as a proximal cue, there 
are several advantages as well. First, it means 
that birds need monitor only one soil charac- 
teristic to improve their chances of selecting 
good feeding sites. Otherwise, it would be nec- 
essary for birds to monitor at least two soil pa- 
rameters (soil type and moisture) in order to 
assess site quality and seasonal variation in 
earthworm availability. Second, woodcock can 
visually evaluate soil coloration more rapidly 
than perform the extensive probing required 
for direct monitoring of soil conditions. It is 
even conceivable that woodcock using color 
could make cursory site evaluations from the 
air. 

Relative preferences of soil types during the 
first two experiments lead us to believe that 
birds use soil color to evaluate habitat quality 
at different levels. In the first experiment, when 
birds chose between four different soil types, 
the majority of probing (57%, Fig. 2) was in the 
air-dry loam soil. In the second experiment, 
when all trays contained loam soil, the least 
amount of probing (only 13%, Fig. 3) was in 
the air-dry trays. The immediate and dramatic 
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shift in preference for the same soil conditions 
indicates that birds are continually making 
comparative evaluations of foraging sites and 
are not using a fixed "color-search-image." It 
seems likely, then, that birds use color to make 
gross comparisons of soil types between var- 
ious habitats, and again on a much finer scale 
to select the best soil moisture conditions with- 

in a soil type. 
In the last experiment, woodcock concen- 

trated their searching effort in areas of rela- 
tively high prey density. There is no evidence 
to suggest, however, that birds are able to eval- 
uate prey density from their exploratory prob- 
ing. Rather, the concentration of searching ef- 
fort seems to be a function of the nonrandom 

foraging pattern used following an initial prey 
capture. This type of strategy is adaptive when 
prey occur in aggregated groups' or are at very 
high densities, because woodcock can use lo- 
cational information from one capture to im- 
prove their chances of finding additional prey. 
On the other hand, if prey are randomly dis- 
tributed, this type of strategy would actually 
be less productive than completely random 
probing. Edwards and Lofty (1977) and Satch- 
eil (1955) found that earthworm reproduction, 
as well as local variations in moisture and food 

supply, frequently result in aggregations of 
earthworms even within relatively homoge- 
neous soil types. It appears, therefore, that 
woodcock have evolved the nonrandom for- 

aging strategy in response to a nonrandom dis- 
tribution of its primary prey. 
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