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Abstract. Blue Jays (Cyanocitta cristata) are important consumers and dispersers of the 
nuts of oaks and other fagaceous trees in eastern North America. Acorns comprise much of 
the jay diet, especially during the autumn when jays may spend considerable time harvesting 
and consuming or caching acorns. However, jays do not appear to possess physiological 
adaptations for countering the protein-binding properties of secondary compounds (tannins) 
found in acorns. We tested whether simulated overwinter caching would reduce tannin levels 
in northern red oak (Quercus rubra) and bur oak (Q. macrocalpa) acorns, enabling jays to 
subsist on a cached acorn diet by circumventing the negative effects of high tannin levels 
in the acorns. After overwinter storage, acorns in simulated caches did not differ significantly 
in tannin level from uncached acorns, and jays lost weight rapidly on both cached and 
uncached acorn diets. Thus, simulated caching did not appear to significantly reduce tannin 
protein-binding activity of acorns, nor enable jays to better subsist on an all-acorn diet. 
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INTRODUCTION 

The Blue Jay (Cyanocittu cristutu) may be a 
keystone species for recruittnent of oaks and 
other nut-bearing trees in eastern North Ameri- 
ca, functioning both as a seed predator and an 
important long-distance disperser of nuts (Dar- 
ley-Hill and Johnson 1981, Johnson and Adkis- 
son 1985, Johnson and Webb 1989). Jays use the 
temporarily abundant, high-energy food source 
that acorns provide by storing many for use dur- 
ing winter and spring when other sources of 
food may be scarce (Bossema 1979, Vander 
Wall 1990). 

Although the bulk of the fall and early winter 
jay diet often consists of acorns (Beal 1896, 
Martin et al. 1951), Johnson et al. (1993) found 
that Blue Jays were unable to subsist for even a 
short time on an all-acorn diet in the laboratory. 
Koenig and Heck (1988) found a similar inabil- 
ity of Western Scrub-Jays (Aphelocoma califor- 
nica) to subsist on an all-acorn diet. In both ex- 
periments, the inability of jays to subsist solely 
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on acorns was attributed to the relatively high 
concentration of secondary compounds called 
tannins found in acorns. Tannins bind with di- 
etary proteins and/or digestive enzymes, thereby 
inhibiting protein digestion (Butler et al. 1986, 
Robbins et al. 1987), and possibly have direct 
toxic effects on herbivores (Bemays et al. 1989). 

The absence of apparent physiological adap- 
tation to high tannin levels suggests that wild 
jays must circumvent the effects of tannins be- 
haviorally. Possible foraging strategies include: 
(1) dietary mixing to dilute or negate the effects 
of tannins (Bemays et al. 1989), (2) consump- 
tion of high-protein foods, such as insects (Se- 
me1 and Andersen 1988, Bell 1990, Johnson et 
al. 1993), to overcome protein deficits in the diet 
(Izhaki and Safriel 1989, 1990, Fleck and Tom- 
back 1996) and perhaps to inhibit protein-bind- 
ing effectiveness of the tannins (Hagerman and 
Robbins 1987), (3) manipulation of acorn chem- 
istry via storage (Fleck 1988, Chung-Mac- 
Coubrey 1993), and (4) selective consumption 
of only lower-tannin acorns or lower-tannin por- 
tions of acorns (Steele et al. 1993). 

Several studies suggest that caching behavior 
may help animals manage the chemistry and 
palatability of stored food (Reichman et al. 
1986, Roy and Bergeron 1990), and some have 
speculated that overwinter weathering may 
cause acorns to undergo changes in tannin levels 
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(Koenig and Heck 1988, Scarlett and Smith 
1991) through leaching or oxidation. Freeze- 
thaw cycles, snow-melt, fungal attack, and pre- 
or post-germination chemical changes in the 
acorn may influence tannin levels. 

Studies of the impact of storage on acorn 
chemistry have had equivocal results (Fleck 
1988, Chung-MacCoubrey 1993). The objec- 
tives of our study were to determine whether 
acorns cached in the field undergo changes in 
tannin levels (as measured by protein-binding 
activity) during winter storage, and whether 
such changes enable jays to better subsist on 
acorns. Specifically, we compared tannin levels 
between acorns overwintered in the field in sim- 
ulated “caches” and those stored in a laboratory 
freezer. Secondly, we compared mass gain/loss 
of birds fed cached (i.e., weathered) or uncached 
(frozen) acorns. 

METHODS 

MATERIALS 

Northern red oak (Quercus ncbru) and bur oak 
(Q. macrocurpa) acorns were used in simulated 
caches, tannin assays, and dietary trials. Our 
source of northern red oak acorns was the State 
Nursery of Iowa in Ames. Bur oak acorns were 
collected from the ground and from trees at the 
Northern Plains Biological Field Station and at 
Oakwood State Park (both in Brookings Co., 
South Dakota) during September 1992. Flotation 
tests and visual examination of nuts ensured that 
most acorns used in simulated caches were 
sound and not infested by acorn weevil larvae 
(Coleoptera: Curculionidae). Approximately 
90% of the northern red oak and 85% of the bur 
oak acorns used in caches were uninfested. 

ACORN TREATMENTS 

We cached acorns in the field to expose them to 
ambient conditions similar to those that would 
occur in actual jay caches. In early November 
1992, we artificially cached 960 northern red 
oak and 960 bur oak acorns by placing them 
under leaf litter and/or by pushing them into the 
ground. In the field, jays have been observed to 
cache nuts in either way (Darley-Hill and John- 
son 1981). Most caching activity by jays prob- 
ably occurred somewhat earlier in the fall, in 
September and October (Johnson et al., unpubl. 
data), although jays were observed foraging into 
November on acorns (mostly fallen ones) on the 
study site. 

The artificially cached nuts, in lots of 320 
(160 of each species), were covered by screens 
(one per lot) to prevent predation by small mam- 
mals. Seven more exclosures, containing 110 
northern red oak acorns each, were put out in 
late November. All exclosures were placed in 
old-field/prairie and wooded habitats at the 
Northern Plains Biological Field Station at Oak 
Lake. 

The first six exclosures were rectangular 
frames of sheet steel (61 X 61 cm, or 46 X 61 
cm), with a wooden sliding top covered with 0.6 
cm (v4 inch) hardware cloth. The sheet steel 
sides were 15 cm high and were buried approx- 
imately lo-13 cm into the ground to prevent 
burrowing. The other seven exclosures were 
made of 0.6 cm hardware cloth only, folded into 
a 46 X 46 X 15 cm box with an open bottom. 
The sides were fastened together at the comers 
with metal clips. 

Seven hundred bur oak and 1,500 northern 
red oak acorns were kept indoors at low tem- 
peratures to serve as a control against potential 
tannin loss due to weathering of caches in the 
field. Laboratory-stored acorns were kept at 4°C 
from November to mid-January in sealed plastic 
freezer bags. Some acorns (the PRE treatment) 
were ground and freeze-dried in mid-January, 
and then stored at -80°C to serve as a control 
against possible chemical changes of acorns dur- 
ing further storage in the laboratory. Freeze-dry- 
ing may be the most effective means to prevent 
chemical changes in plant material during stor- 
age and processing (Martin and Martin 1983, 
Serve110 et al. 1987, Hagerman 1988). The rest 
of the acorns stored in the laboratory (LAB 
treatment) were left intact (not ground and not 
freeze-dried) in order to be used for jay dietary 
trials the next summer. These also were trans- 
ferred to a freezer and stored at -80°C in mid- 
January. A summary of the three acorn storage 
treatments is shown in Table 1. 

Because samples were not freeze-dried until 
mid-January, the tannin levels of laboratory- 
stored acorns freeze-dried in mid-January (PRE) 
served as “initial conditions,” or the standard 
against which to compare chemical change due 
to weathering in the field (CACHE) or due to 
continued storage in the laboratory (LAB). Dif- 
ferences between the LAB and PRE treatments 
were expected to be minimal, because both were 
stored at -80°C. Some changes in tannin level 
during the initial storage period (at 4°C) were 
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TABLE 1. Timeline and summary of acorn treatments. 

Date 

September 1992 

November 1992 
mid-January 1993 

late May 1993 

June 1993 

Pre 

collected, air-dried, 
stored at 4°C 

kept at 4°C 
freeze-dried, stored at 

-80°C 
kept at -80°C 

tannin assays 

Acorn treatments 

Lab 

collected, air-dried, 
stored at 4°C 

kept at 4°C 
stored at -80°C 

kept at -80°C 

tannin assays, dietary tri- 
als 

Cache 

collected, air-dried, 
stored at 4°C 

cached in the field 
caches remain in the 

field 
recovered from field, 

stored at room temp. 
tannin assays, dietary tri- 

als 

possible (Serve110 et al. 1987), but we believe 
that these changes were minimal due to the rel- 
atively low, constant temperatures. Acorns from 
all three groups may have changed chemically 
during ripening (see Fleck and Lane 1990) and 
air-drying prior to storage in the laboratory or 
field. 

In late May of 1993, acorns previously cached 
in exclosures were recovered and stored at room 
temperature. Actual timing and frequency of 
cache recovery by Blue Jays in the wild is poor- 
ly documented, but observations suggest that 
utilization of cached acorns occurs in the spring 
(Laskey 1943, Johnson, pers. observ.) and per- 
haps may coincide with the commencement of 
nesting (K. G. Smith, pers. comm.). Relatively 
frequent occurrence of mast during May and 
June in the diets of birds sampled by Beal 
(1896) also suggests that some caches are being 
utilized in middle to late spring. Eurasian Jays 
(Garrulus glarzdarius) apparently recover caches 
from winter to early summer, and even provision 
fledglings partially with stored acorns (Bossema 
1979). 

ACORN CHEMISTRY 

In June, samples of endosperm from LAB and 
CACHE acorns were ground in a mortar and 
pestle over liquid nitrogen and then freeze-dried. 
Freeze-dried samples were then kept at -80°C 
prior to extraction and tannin assays. 

Endosperm samples were extracted in a 70% 
acetone solution (70% acetone, 30% water) for 
6-10 hr in microcentrifuge tubes, with 200 mg 
(dry weight) of acorn per 1 ml of solvent. Sam- 
ples were vortexed for 30 set at the beginning, 
midway, and at the end of extraction, and were 
then spun at high speed in a microcentrifuge for 
10 min. 

We used the radial diffusion method of Hag- 
erman (1987) to quantify tannin levels. This as- 
say has been widely used because it is relatively 
simple, fast, and does not require expensive 
equipment or reagents. Also, as a protein-pre- 
cipitating technique, it comes closer to measur- 
ing the potential biological effects of unknown 
phenolic compounds than do conventional 
chemical assays which simply quantify total tan- 
nin levels (Mole and Waterman 1987, Wisdom 
et al. 1987, Hagerman and Butler 1989). In this 
tannin assay, the relative protein-binding capac- 
ity of an extract of plant tissue is correlated with 
the diameter or area of a ring of precipitated 
protein formed as the tannin diffuses radially 
through a protein-laden agarose gel. Tannin lev- 
els in different extracts can be compared relative 
to each other, or to known standards from com- 
mercially-available tannin, such as tannic acid (a 
hydrolyzable tannin) or quebracho (a condensed 
tannin). 

Our methods followed those of Hagerman 
(1987), except that we used a 5% concentration 
of bovine serum albumin (BSA, fatty acid-free 
fraction V, 0.05 g BSA g-l of gel) in the agarose 
gel instead of 10%. The lower protein concen- 
tration was used in order to generate larger, more 
easily-measured rings in the gel. 

We applied aliquots of the acorn extracts to 4 
mm diameter wells in the gel using a 10 ~1 
Hamilton microsyringe. Except for some early 
tannin assays for red oak in which only 16 pJ 
were applied, we used 24 ~1 of extract per well 
(three installments of 8 (~1). Wells were pro- 
duced with a biopsy punch and were placed as 
far apart as possible, with six per plate. Each 
plate had three samples of red oak and three of 
bur oak, with one sample per species of 
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CACHE, LAB, and PRE acorns. A total of 39 
plates was assayed. 

After incubating the gels at 30°C for four 
days, we measured the ring diameters using Vi- 
deoplan (Zeiss) software with a 4X magnifica- 
tion. We took three measurements of ring di- 
ameter per sample by picking points on opposite 
sides of the ring and digitizing a line between 
them, with the program automatically measuring 
the diameter. Measurements were taken to the 
nearest 0.1 mm. When rings were misshapen 
(due to proximity to each other or to the edge 
of the gel) and complete diameters could not be 
measured, we estimated the ring diameter by 
measuring the radius on parts of the ring that 
did not appear misshapen and then multiplying 
by two. 

The protein-precipitating ability of an extract 
was expressed in tanmc acid equivalents (mg 
tannic acid needed to precipitate as much BSA 
as 1 mg dry weight of acorn endosperm). We 
used linear regression to calculate standard 
curves relating ring size (diameter squared) to 
different levels of purified tannic acid. To correct 
for differences among individual batches of gel, 
we ran tannic acid standards in triplicate and cal- 
culated a separate standard curve for each batch. 
Each batch yielded 9-18 plates of gel. The tan- 
nit acid equivalent was calculated for each 
acorn sample by taking the mean of the three 
measured diameters, squaring it, and entering it 
into the standard curve regression equation for 
that batch. 

JAY PERFORMANCE ON ALL-ACORN DIETS 

Dietary trials to examine the ability of jays to 
subsist on cached (CACHE) or uncached (LAB) 
all-acorn diets were conducted at Virginia Poly- 
technic Institute and State University because of 
the availability of aviary and laboratory facili- 
ties. Both bur oakand northern red oak occur in 
Virginia, and we assumed that Virginia jays 
would respond similarly to acorns from Iowa 
and South Dakota as to local sources (but see 
Briggs and Smith 1989). We captured eighteen 
jays near Blacksburg, Virginia in April 1993 for 
use in the dietary trials. Jays were housed in an 
outdoor aviary and kept on a diet of high-protein 
dog food, sunflower seeds, and acorns previous 
to trials. In addition to offering acorns as a part 
of the control diet over a several week period 
before and between trials, we attempted to ac- 
climate the birds to the all-acorn diets by sub- 

jecting them to several short pre-experiment pe- 
riods of all-acorn diets. This included a IO-day 
period, just prior to the red oak trials, during 
which all food except for acorns was removed 
for 4-8 hr each day. 

Dietary trials were conducted as in Johnson 
et al. (1993) with birds housed in 0.5 m3 wire 
cages in an indoor experimental room and kept 
on a 14-hr light:lO-hr dark photoperiod. Jays 
were given an ad libitum diet of CACHE acorns, 
LAB acorns, or a control diet of lab chow (dog 
food and sunflower seeds) and acorns. Acorns 
were halved to ensure that none contained insect 
larvae. All food was removed just before dark 
each night and fresh food was offered each 
morning after the birds were weighed. Trials 
were ended after three days or sooner if a par- 
ticular bird lost as much as 20% of its body 
weight or showed other signs of severe stress. 

Diet experiments were conducted separately 
for the two acorn species, with the northern red 
oak trial preceding the bur oak trial by three 
weeks. Birds were kept on control diets between 
trials until they had regained pre-trial body 
weight. Five birds were used per treatment in 
the red oak trial and four in the bur oak trial. In 
the bur oak trial, one bird from each of the red 
oak acorn diets, plus two birds that had previ- 
ously been on a control diet, were assigned to 
each dietary treatment so that effects of prior 
exposure to the red oak treatment could be as- 
sessed. 

STATISTICAL ANALYSES 

We compared tannin activity levels (tannic acid 
equivalents) across acorn species and storage 
types (CACHE, LAB, PRE) using analysis of 
variance (ANOVA). The ANOVA model incor- 
porated the effects of acorn species, storage, 
batch of gel, and individual plate, with acorn 
species and storage considered fixed effects, and 
the rest considered random effects. When sig- 
nificant ANOVA results were obtained (P < 
0.05) multiple comparisons were made using 
least-squares means (SAS Institute Inc. 1989). 

Cumulative weight changes by the third 
morning (i.e., after two full days on the diet) for 
birds on different diets also were compared by 
ANOVA, with least-squares means used for 
multiple comparisons. Analysis of variance was 
conducted with the two trials lumped, so that jay 
performance could be compared across acorn 
species and diets. The analysis was run as a 
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TABLE 2. Means (2 SE) of cumulative jay mass changes (g) after two full days in a dietary trial. For each diet 
treatment, n = 4 for bur oak and n = 5 for red oak. Means followed by different letters differ significantly (P < 
0.05). 

Diet 

TlX31 COlltIOl 
Weathered Unweathered 

(Cache) (Lab) 

Bur oak -0.70 t 0.68* A -13.30 2 1.68B -12.73 ? 1.41 B 
Red oak -0.46 2 0.31* A -12.94 2 1.36 B -12.20 % 2.74 B 

* Means do not differ significantly from zero. 

model I, fixed effects, two-way ANOVA (Zar 
1984). 

All analyses were run using the General Lin- 
ear Models (GLM) procedure (SAS Institute Inc. 
1989). Multiple comparisons were performed 
only after significant ANOVA results, but P-val- 
ues were based on each individual comparison, 
with no attempt to control for an overall exper- 
iment-wise error level. Means + SE for acorn 
tannin levels and bird weight loss are reported 
below. 

RESULTS 

Acorns from the two oak species differed sig- 
nificantly in tannin activity (F,> = 3,276.6, P < 
O.OOl), with northern red oak acorns approxi- 
mately three times higher in mean tannin level 
(mg tanmc acid/mg dry weight of acorn endo- 
sperm) than bur oak acorns (2 = 0.072 ? 0.001 
and 0.024 k 0.001, respectively, n = 117 for 
each). Tannin levels did not differ significantly 
among storage types (F2,r0 = 1.7, P = 0.23; 
least-squares means across species: CACHE = 
0.044 + 0.002, LAB = 0.048 t 0.002, PRE = 
0.050 + 0.002). 

Jay weight loss also did not differ signifi- 
cantly between the diets of CACHE (weathered) 
and LAB (unweathered) acorns (Table 2). Birds 
did equally poorly on all of the all-acorn diets, 
losing an average of 12.2-13.3 g (approximately 
14-15% of body weight) by the third morning 
of the trials (Table 2, Fig. 1). Weight changes of 
birds on the control diets did not differ signifi- 
cantly from zero, and birds on the all-acorn diets 
lost significantly more weight than the controls. 
In the bur oak trial, no significant differences 
occurred in weight loss among birds that had 
been on an all-acorn diet in the previous red oak 
trial and those that had been on a control diet 
(Fig. 1, P > 0.50). 

5 

(a) RED OAK 1 

o CONTROL ‘\\ 

\ _ 

t 1 , 

0 1 2 3 

DAY OF TRIAL 
5 

(b) BUR OAK 

q  CONTROL 
o UNCACHED 

0 1 2 3 

DAY OF TRIAL 

FIGURE 1. Weight change of individual jays in (a) 
red oak and (b) bur oak trials with control, cached 
acorn, and uncached acorn diets. Control diets are rep- 
resented by solid lines, uncached acorn diets by long 
dashes, and cached acorn diets by short dashes. In (b), 
“acorn before” denotes birds that had been on all- 
acorn (cached or uncached) diets in previous (red oak) 
trials. Trials were discontinued for many birds prior to 
day three. 
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DISCUSSION 

TANNIN ASSAYS 

We found no significant effect of storage on tan- 
nin activity levels. Other studies have shown 
mixed results, with tannin declines in some 
acorn species, but not in others (Fleck 1988, 
Chung-MacCoubrey 1993). Our results were 
similar to those of Chung-MacCoubrey (1993), 
in that northern red oak showed no significant 
decline in tannin levels, but differed in that our 
Lepidobalanus species (bur oak) also showed no 
significant tannin declines. Fleck (1988) found 
large decreases in tannin level during storage in 
three of four acorn species examined, including 
species of both the Erythrobalanus and Lepi- 
dobalanus subgenera. 

Our results may differ from Fleck (1988) and 
Chung-MacCoubrey (1993) because of the use 
of different species of acorns, differences in how 
acorns were cached, and large differences in cli- 
mate and soil conditions between our study site 
(in South Dakota) and the study sites of 
Chung-MacCoubrey (in southwestern Virginia) 
and Fleck (in southern Florida). Additionally, it 
is possible that tannin changes occurred in our 
acorns during ripening (Fleck and Layne 1990) 
or during initial storage prior to freeze-drying 
(Serve110 et al. 1987), so that our uncached 
acorns did not accurately reflect tannin levels in 
fresh acorns. 

DIET TRIALS 

Regardless of whether or not acorns declined in 
tannin level during storage, tannin levels follow- 
ing overwinter storage were apparently still high 
enough to greatly inhibit performance of the 
birds on the all-acorn diets. The fact that weight 
loss of birds did not differ between storage types 
(CACHE and LAB) was not surprising, because 
tannin levels between these two groups did not 
differ significantly. However, no differences in 
weight loss occurred between groups of birds 
fed different acorn species, despite a three-fold 
difference in tannin levels. Johnson et al. (1993) 
also found similar results across trials with 
northern red, pin (Quercus palustris) and white 
oak (Q. alba), and even with diets supplemented 
with 1.5 g of weevil larvae (but not with 5.0 g 
of larvae). Similarly, Koenig and Heck (1988) 
found that weight loss of Western Scrub-Jays did 
not differ between diets of high- and low-tannin 
acorns. 

The lack of a correlation of acorn tannin con- 
tent with magnitude of jay weight loss raises the 
question whether weight losses are a direct re- 
sponse to tannins, to nutritional deficiencies in 
the acorns, or to some unknown factor. Acorns 
are typically rather low in protein and phospho- 
ms, although many acorns species in the Ery- 
throbalanus subgenus (including northern red 
oak and pin oak), are relatively high in lipids 
(Ofcarcik and Bums 1971, Short 1976, Short 
and Epps 1976). 

The work of Fleck and Tomback (1996) sup- 
ports the hypothesis that tannins, in concert with 
inherently low protein levels in acorns, are the 
cause of weight loss. In their experiments, West- 
em Scrub-Jays were unable to maintain body 
weight on artificial diets comparable in protein 
and lipid content to Lepidobalanus (Q. gambelii) 
acorns, even at low tannin levels. However, the 
addition of higher tannin levels doubled the rate 
of weight loss (from around 2 to 4.5 g day-‘), 
suggesting a significant effect of tannins. No sig- 
nificant weight loss occurred on the high tannin 
diet when sufficient protein was provided. 

Rates of weight loss in our study (around 6 g 
day-l) and in Johnson et al. (1993) are slightly 
higher than the range found in the high-tannin, 
low-protein diets of Fleck and Tomback (1996), 
and did not differ between the high- and low- 
tannin groups. However, as Fleck and Tomback 
point out, the natural mix of tannins in acorns 
may be more toxic to jays than the commercially 
available tannic acid used in their artificial diets. 
Acorns contain both hydrolyzable and con- 
densed tannins (Koenig and Heck 1988), where- 
as tannic acid is a mix of only hydrolyzable tan- 
nins. Koenig (1991) found that both types of 
tannins adversely affected digestion of acorns by 
Acorn Woodpeckers, with condensed tannins 
having the stronger effect. The greater range of 
tannin types and molecular weights in real 
acorns (as compared to the artificial diets) may 
result in more complete binding of dietary pro- 
tein and deactivation of enzymes, particularly if 
tannins and proteins interact with the specificity 
envisioned by Haslam (1988). 

Besides the effect of tannins and protein de- 
ficiencies, it is possible that the shift from the 
control diet to the all-acorn diets severely 
stressed the birds or caused them to drastically 
reduce food consumption, thus contributing to 
weight loss. However, birds were subjected to 
several short intervals of all-acorn diets prior to 
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experiments and also were offered acorns as a ilar to those of Fleck and Tomback (1996) and 
part of their diet both before and between trials, Serve110 and Kirkpatrick (1989), in which diets 
and thus should have been accustomed to han- with different levels of protein and tannin (or 
dling and eating acorns. Although we were not acorn content) are presented to the birds. 
able to directly measure intake rates, jays on the Our results, and those of Johnson et al. (1993) 
all-acorn diets were observed vigorously han- and Fleck and Tomback (1996), suggest the po- 
dling and attempting to open and eat whole or tential importance of consumption of high-pro- 
half acorns. tein foods for jays in conjunction with acorn 

CONCLUSIONS 
consumption. Access to some sources of extra 
protein may be important for jays to benefit from 

The hypotheses that jays manage the chemical acorn stores even during crucial times when oth- 
composition of their acorn stores to reduce tan- er sources of food are scarce. Without sufficient 
nin levels, and that reduced tannin levels enable mixing of high-protein foods with tannin con- 
jays to better subsist on an all- or high-acorn diet sumption, dietary protein from acorns and per- 
were not supported by our experimental find- haps the digestive enzymes in the bird may be 
ings. Tannin levels were not significantly lower effectively bound, resulting in the near negation 
in experimental caches than in acorns kept in of nutritional benefit. Consumption of at least a 
cold storage in the laboratory, and birds did threshold amount of protein may be necessary 
equally poorly on diets of cached or uncached to overwhelm the effects of tannin and to benefit 
acorns, and on both low- and high-tannin species from the high caloric content found in many 
of acorns. acorn species (Ofcarcik and Bums 1971, Short 

Because our control for tannin change in and Epps 1976), make up for deficiencies in pro- 
cached acorns may not have reflected tannin lev- tein from both the tannins and the inherently low 
els at the time jays were caching nuts, and be- protein levels in acorns, and prevent damage to 
cause of the high variability of individual acorn the gut wall and absorption of soluble products 
species and ambient conditions to which they of tannin hydrolysis into the blood stream (Lin- 
might be exposed in jay caches, our conclusions droth and Batzli 1984, Bemays et al. 1989). 
on acorn tannin change during winter storage 
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