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SEASONAL FRUIT PREFERENCES FOR LIPIDS AND SUGARS BY 
AMERICAN ROBINS 
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ABSTRACT.--Fruit preference by birds is a complex process based upon the morphology 
and spatial arrangement of fruits and on the physiological needs and capabilities of birds. 
In North America, most fruits can be divided into two groups based on nutritional content: 
those rich in sugars relative to lipids, and those rich in lipids relative to sugars. To investigate 
how fruit preference may change seasonally and to determine if it is correlated with phys- 
iological state, we designed a simple laboratory experiment using American Robins (Turdus 
migratorius) and artificial fruits. During summer and autumn, we offered eight robins a 
choice between synthetic sugar-rich and lipid-rich fruits of equal caloric value and then mea- 
sured food intake and assimilation efficiency for each fruit type. Overall, robins preferred 
sugar-rich to lipid-rich fruits during both seasons. Robins had a higher assimilation effi- 
ciency for sugars than for lipids during both seasons, although assimilation efficiency of 
lipids increased significantly from summer to autumn. During experiments, robins con- 
sumed significantly more sugar-rich than lipid-rich fruits in summer but not in autumn. 
Coupling fruit intake with assimilation efficiency indicates that in summer, robins had a 
higher rate of energy gain from sugars than from lipids, but by autumn the rate of energy 
gain from lipids increased to nearly the same level as that from sugars. Our results suggest 
that robins prefer sugar-rich fruits because of their simple and fast rate of digestion, enabling 
higher rates of energy gain, but that lipid-rich fruits become important with the onset of 
autumn. Received 5 February 1999, accepted 14 December 1999. 

ONE MECHANISM used by plants to disperse 
their seeds is the reward of fleshy fruit pulp to 
frugivorous animals (Howe 1986). In turn, this 
reward provides a primary source of energy for 
the frugivore. Hence, frugivory has concomi- 
tant consequences for plant and animal. Be- 
cause of these consequences, the question of 
what determines fruit preference and selection 
by frugivores has long been a central question 
of foraging ecology. 

Most studies of fruit selection by frugivorous 
birds have approached the question as an op- 
timal foraging problem. Frugivores are expect- 
ed to choose the most profitable fruits, and 
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studies have found preferences based on caloric 
content (Sorensen 1984, Johnson et al. 1985, Mc- 
Pherson 1987), concentration of major nutrients 
(Denslow 1987, Levey 1987, Jung 1992), pulp- 
to-seed ratio (Howe and Vande Kerckhove 1980, 
Herrera 1982, Murray et al. 1993), fruit size 
(Paszkowski 1982), seed-passage rates (Soren- 
sen 1984, Levey and Grajal 1991), fruit color 
(Tur•ek 1963, Wheelwright and Janson 1985, 
Willson et al. 1990), secondary chemicals (Sor- 
ensen 1983, Cipollini and Levey 1997, Levey 
and Cipollini 1998), microbial infection (Buch- 
holz and Levey 1990), abundance/crop size 
(Snow 1971, Howe and Estabrook 1977, Murray 
1987, Sallabanks 1992), and accessibility (Den- 
slow and Moermond 1982, Moermond and 
Denslow 1983). Furthermore, fruit selection is 
not based solely on characteristics of the fruit 
itself, but also on the bird's ability to digest the 
fruit (Levey and Karasov 1989, Martinez del 
Rio and Karasov 1990). Thus, fruit selection is 
a complex process that is based on interactions 
among the morphology and spatial arrange- 
ment of fruits and the physiological needs and 
capabilities of birds. 

As seasons change, corresponding changes 
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occur in the physiological needs of frugivorous 
birds (Terrill 1990). One notable change occurs 
in late summer and early autumn when migra- 
tory birds build energy reserves to prepare for 
departure (Bairlein and Gwinner 1994). How- 
ever, just as the physiological needs of the birds 
change seasonally, so do the fruits themselves. 
Specifically, fruits in North America can be di- 
vided into two broad groups based on nutri- 
tional content: those that are high in sugar rel- 
ative to lipids, and those that are high in lipids 
relative to sugars (Stiles 1980, Herrera 1982). 
These two classes of fruits have a slight tem- 
poral difference in their occurrence, with sug- 
ar-rich fruits being common throughout the 
fruiting season (i.e. summer through early win- 
ter) and lipid-rich fruits being common pri- 
marily in late summer through early winter 
(Stiles 1980, Herrera 1982). Notably, the lipid- 
rich fruiting season is most prominent during 
the time when autumn migration occurs, sug- 
gesting a potential mutualistic relationship. Be- 
cause most migratory birds depend on inter- 
nally stored fat for fuel, they must accumulate 
large reserves prior to migration (Bairlein and 
Gwinner 1994). As such, a dietary preference 
may exist for lipid-rich fruits in the weeks or 
days before migration. Moreover, because lip- 
ids (ca. 39 kJ/g) contain more energy per unit 
mass than sugars (ca. 17 kJ/g; Guyton 1986), 
foraging theory predicts that lipid-rich fruits 
would be preferred to sugar-rich fruits, all else 
being equal, during all seasons. However, the 
efficiency with which lipids and sugars are di- 
gested and assimilated may differ. Thus, the 
question of which nutrients migratory birds se- 
lect is of key interest in terms of foraging the- 
ory and bird physiology. 

To investigate if fruit preferences change sea- 
sonally and are related to digestibility, we de- 
signed a simple laboratory experiment using 
migratory American Robins (Turdus migrato- 
rius). Because fruit choice may result from the 
combined effects of nutritional and non-nutri- 

tional factors (Baird 1980, Foster 1990), we 
eliminated as many extrinsic factors as possible 
by constructing synthetic fruits of equal caloric 
value that differed only in the relative amounts 
of sugars and lipids. We predicted that robins 
would choose the fruits that were most profit- 
able (i.e. producing the highest rate of energy 
gain) during each season, and that during au- 

tumn the most profitable fruits would be the 
lipid-rich ones. 

METHODS 

Study site.--We captured nine adult American 
Robins in mist nets between 7 and 30 April 1992 near 
Holland, Michigan, and maintained them in walk-in 
aviaries on the Hope College campus. All birds ex- 
hibited some mass loss after capture, but body mass 
leveled off within two weeks. When birds were not 

being tested, they were maintained on a synthetic 
diet of bananas and soy protein (Denslow et al. 1987) 
and provided water ad libitum. Birds were exposed 
to the natural light-dark cycle. Housing and care of 
birds was done with the approval of the Hope Col- 
lege Institutional Animal Care and Use Committee 
and under proper state and federal permits. 

Artificial fruits.--To test for lipid and sugar pref- 
erences in robins, we developed two synthetic fruits 
of equal caloric value (on a fresh matter basis) that 
were either rich in lipids or in sugars. To maintain 
equal caloric values, the recipes for synthetic sugar- 
rich and lipid-rich fruits were based on a mass-per- 
cent method, with the total wet mass equaling 100 g 
(excluding an emulsifier of polyoxyethylensorbatan 
monooleate [tween 80] that prevented separation of 
lipid and aqueous components). The percentage of 
reducing sugars (i.e. glucose and fructose) and lipids 
in the two fruit types was based on the dry-mass 
composition of wild sugar-rich (3.3 to 53.1%, median 
11.35%) and lipid-rich fruits (0.36 to 39.86%, median 
0.77%) in eastern North America (see Stiles 1980, 
Johnson et al. 1985). We chose corn oil for our lipid 
component because it has a very similar fatty acid 
profile (ca. 50% oleic acid and 34% linoleic acid) to 
wild fruits (Zurovchak 1997). Sugar-rich fruits (40% 
sugar, 5% lipid) were prepared by boiling 51 mL of 
H20 and adding in the following order: 40 g sugar 
(20 g glucose, 20 g fructose), 5 g corn oil, 0.5 mL 
tween 80, 2 g agar, and 2 g (30 drops) of food col- 
oring. Fruits were colored red for the first set of pref- 
erence experiments and purple (2:1 red:blue food 
coloring) for the reciprocal preference experiments. 
The hot solution was then injected into the wells of 
ELISA microplates (each well = 0.3 mL; total wells/ 
batch = 225) and cooled in an ice bath. Lipid-rich 
fruits (20% lipid, 6% sugar) were prepared by boiling 
70 mL of H20 and adding 6 g sugar (3 g glucose, 3 g 
fructose), 20 g corn oil, 0.5 mL tween 80, 2 g agar, 
and 2 g of food coloring (purple for the first set of 
experiments and red for the reciprocals). The mix- 
ture was then treated in the same manner as the sug- 
ar-rich fruits. Both artificial fruits had similar tex- 

tural consistencies and held their shape. 
Fruit-preference experiments.--Because fruit avail- 

ability affects fruit consumption by birds (Sallabanks 
1992), we chose to eliminate differential availability 
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LIPID-RICH FRUITS = PURPLE LIPID-RICH FRUITS = RED 
SUGAR-RICH FRUITS = RED SUGAR-RICH FRUITS = PURPLE 

F•c. 1. Experimental design of fruit-preference experiments for individual American Robins during one 
season. Lipid-rich and sugar-rich fruits are depicted as filled and empty circles, respectively. 

by designing preference experiments in which birds 
were always offered the same number of fruits. Thus, 
our experiments were designed to assess fruit pref- 
erence (the likelihood of a fruit being chosen if of- 
fered on an equal basis with others) and not fruit se- 
lection (if a fruit is chosen disproportionately to its 
availability; Johnson 1980). The fruit preference and 
assimilation-efficiency experiments were conducted 
in small (50 X 30 X 46 cm) cages that contained one- 
way mirrors and an attached feeding dish. Summer 
experiments were conducted from 16 June to 24 July 
1992. Birds were without food for one-half hour be- 

fore each trial. Each bird was given at least 8 two- 
hour trials (two trials per day) with 20 fruits (10 lipid 
rich and 10 sugar-rich) to "learn" (Willson 1994) the 
composition of the two fruit types (Fig. 1). For the 
first set (->8) of learning trials, lipid-rich fruits were 
colored purple and sugar-rich ones were colored red. 
The number of each fruit type eaten and the number 
dropped was recorded every 15 to 20 min during 
each two-hour trial. Between learning trials, birds 
were fed the maintenance (banana) diet. Following 
the last day of learning trials, we performed two sets 
of 15 pairwise tests (in which each bird had to choose 
between one fruit of each type) on each bird, one 
starting at 0930 EST and the second starting one hour 
after the 0930 test was completed (Fig. 1). The pair- 
wise tests lasted between 1.5 and 3.5 h, depending 
on how long it took an individual to consume all 15 
fruits. Beginning the week following completion of 
the first set of experiments, we performed at least 
eight reciprocal learning trials in which the color of 
lipid-rich and sugar-rich fruits was switched to at- 
tempt to remove color as a variable. After the recip- 
rocal learning trials, each bird was again subjected 
to two sets of 15 pairwise tests, this time with the 
new color x nutrient combinations (Fig. 1). Prefer- 
ence experiments were repeated from 13 to 23 Sep- 
tember 1992 (i.e. autumn experiments) using the 
same nine individuals from the summer experi- 
ments. Learning trials and pairwise preference tests 
with reciprocal color x nutrient combinations were 
performed in the same manner as in summer. 

Assimilation efficiencies.--We measured assimila- 
tion efficiency (i.e. percent of ingested nutrient that 
did not appear in the fecal material during steady- 
state feeding) on 29 July, 6 August, 1 October, and 8 
October 1992. Fruits were sugar-rich for experiments 
on 29 July and 1 October and lipid-rich for those on 
6 August and 8 October. Food was removed 2 h be- 
fore the start of experiments, which began at 1000 
and lasted for 6 h. All nine birds were given 20 fruits 
(always colored red) in petri dishes. At hourly inter- 
vals, the number of fruits eaten was recorded, all fe- 
cal remains were scraped off the plastic lining at the 
bottom of the cages, and consumed fruits were re- 
placed. Fetal remains were placed in marked alu- 
minum weighing boats with several milliliters of 
70% ethanol to kill any bacteria. Samples were then 
dried to constant mass at 55øC. 

We analyzed concentrations of glucose and fruc- 
tose with a colorimetric method (Snell and Snell 
1937). Briefly, dried fecal samples were diluted with 
10 mL distilled water, homogenized, heated in a 
warm water bath to allow solids to dissolve, and cen- 
trifuged. A 0.5-mL aliquot was then taken and mixed 
with 1.5 mL of reagent solution (2,4-dinitrophenolate 
and sodium potassium tartrate). The mixture was 
then heated in a boiling water bath for 6 min, fol- 
lowed by 3 min of cooling to room temperature. Af- 
ter cooling, samples were read in a spectrophotom- 
eter (Hewlett-Packard 8452A) at a wavelength of 515 
nm to measure absorbency, from which sugar con- 
centration was estimated (see Snell and Snell 1937). 
If an aliquot was too concentrated to measure absor- 
bance, the original sample was further diluted with 
known quantities of distilled water and the process 
repeated. Lipids were extracted from dried fecal 
samples with a hexane:isopropanol (3:2) solvent 
(with 0.5% HC1 to facilitate recovery of free fatty ac- 
ids; Radin 1981). After a first extraction with 10 mL 
of solvent, solids were removed by centrifugation. 
Solids were then resuspended in 5 mL solvent and 
centrifuged again. The solvent was then allowed to 
evaporate (at 25øC) until the remaining residue (lip- 
id) reached constant mass (modified from Radin 
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1981). Assimilation efficiency (%) was then calculat- 
ed separately for sugar- and lipid-rich fruits using 
[(slope of cumulative dry mass consumed - slope of 
cumulative dry mass voided) / slope of cumulative 
dry mass consumed] x 100, where the slopes were 
calculated on the cumulative masses each hour. We 

chose this method of calculating assimilation effi- 
ciency over the conventional method of measure- 
ment [i.e. (total dry matter consumed - total dry 
matter voided)/total dry matter consumed] because 
we were interested in measuring assimilation effi- 
ciency during steady-state feeding, which is not pos- 
sible without using a marker (e.g. dye or radioiso- 
tope) and interrupting the feeding schedule. 

The assimilable energy in kJ derived from each 
fruit type consumed during an experiment was cal- 
culated as [(no. of fruits) x (g lipid assimilated/ 
fruit) x (kJ/g lipid) + (no. of fruits) x (g sugar as- 
similated/fruit) x (kJ/g sugar)]. The rate of energy 
gain was then calculated as the assimilable energy 
gain per 6 h (i.e. length of assimilation-efficiency ex- 
periment). Because both fruit types consisted of sug- 
ars and lipids and were consumed simultaneously, 
the assimilable energy was not based on the instan- 
taneous rate of assimilation (i.e. the rate of assimi- 
lation of a single nutrient). Hence, assimilable energy 
simply indicates how much energy was assimilated 
from each fruit type. Only seven individuals were 
analyzed for assimilation efficiency, and six individ- 
uals for rate of energy gain, because the other indi- 
viduals had been excluded from at least one of the 

experiments. Individuals were excluded from anal- 
ysis if they failed to eat any of the artificial fruits dur- 
ing any of the experiments. 

Data analysis.--To investigate overall bird behav- 
ior, we analyzed fruits taken as a function of color, 
nutrient, and time of year using a saturated hierar- 
chical log-linear model (Bishop et al. 1975). This 
model produces a multiway contingency table in 
which significance tests are based on the marginal 
totals for each factor. We used a chi-square test to de- 
termine if individual robins preferentially selected 
one type of fruit based on nutrient versus color. Chi- 
square tests were run on each individual as well as 
on the combined data set for all birds. P-values • 

0.05 indicated a preference for a nutrient or color and 
are reported simply as "preferred." 

We used a one-factor repeated-measures ANOVA 
to analyze changes in assimilation efficiencies for a 
given nutrient over the two time periods. We used 
paired t-tests to compare rates of fruit consumption 
during assimilation-efficiency experiments and rates 
of assimilable energy gain from the two fruit types 
within a season and two-sample t-tests to compare 
across seasons within a fruit type. All t-tests were 
two-tailed, except in the case of assimilable energy 
gain across seasons for lipid-rich fruits, in which we 
used a one-tailed test because of the a priori predic- 
tion that the rate would increase during autumn. All 

analyses were performed with SYSTAT (Wilkinson 
1992). 

RESULTS 

Fruit preferences.--Nine robins were used for 
preference experiments in both seasons, but 
one bird failed to feed during some experi- 
ments and was excluded from analysis. During 
the summer test period, four birds preferred 
sugar-rich to lipid-rich fruits, and four showed 
no significant preference (Fig. 2). In the autumn 
test, five birds preferred sugar-rich to lipid-rich 
fruits, and three showed no significant prefer- 
ence (Fig. 2). Only three individuals showed a 
consistent preference from summer to autumn 
(Fig. 2). On average, robins preferred sugar- 
rich fruits to lipid-rich fruits during summer 
and autumn (Fig. 2). 

Individuals that showed no preference based 
on nutrient content showed a distinct prefer- 
ence for color (Fig. 2). During the summer test, 
three birds preferred red fruits, one preferred 
purple fruits, and the remaining four showed 
no preference for color (Fig. 2). During the au- 
tumn test, two birds preferred red fruits, one 
preferred purple fruits, and five showed no 
preference (Fig. 2). Of the individuals that se- 
lected fruits based on color, only one bird 
showed a consistent preference during both 
time periods. On average, robins preferred red 
fruits to purple fruits in summer but showed 
no overall preference in autumn (Fig. 2). 

The saturated log-linear model indicated that 
nutrient (X 2 = 260.48, df = 1, P < 0.00005) and 
color (X 2 = 39.30, df = 1, P < 0.00005) had a 
significant effect on fruit preference. The only 
significant interactions between factors were 
color x season (X 2 = 18.75, df = 1, P < 0.00005) 
and color x nutrient (X 2 = 9.12, df = 1, P = 
0.0025). Overall, season had no significant ef- 
fect on preference (X 2 = 0.28, df = 1, P = 0.598) 
except for the loss of a preference for red fruit 
from summer to autumn. The color x nutrient 

interaction indicated that the preference for 
sugar-rich fruits was stronger when fruits were 
red than when they were purple. Furthermore, 
the interaction suggested that color preferences 
overrode nutrient preferences in some individ- 
uals. 

Assimilation efficiencies and total energy gain.- 
During summer, mean assimilation efficiency 
was 97.8% __+ SE of 0.28 for sugars and 76.6 ___ 
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FIG. 2. Fruit preferences based on major nutrient (top row) and color (bottom row) for individual Amer- 
ican Robins during summer and autumn. AV is the average number of fruits consumed by all individuals. 
Asterisks denote significant preference for a fruit type (P < 0.05). 

3.85 for lipids. Autumn assimilation efficiency 
was 96.6% + 0.44 for sugars and 90.7% ___ 1.24 
for lipids. The decrease in assimilation efficien- 
cy for sugars and the increase for lipids from 
summer to fall were statistically significant 
(sugar, F = 21.4, df = 1 and 6, P = 0.0036; lipid, 
F = 25.0, df = 1 and 6, P = 0.0025). 

Consumption rates were significantly higher 
for sugar-rich fruits than for lipid-rich ones 
during summer assimilation-efficiency experi- 
ments (œ = 26.5 +__ 3.22 vs. 15.3 ___ 2.11 fruits per 
6 h; t = 2.9, df = 10, P = 0.016). During the au- 
tumn experiments, however, differences in con- 
sumption rates of sugar-rich and lipid-rich 
fruits were not statistically different (œ = 28.0 
_ 2.83 vs. 22.3 +__ 2.93 fruits per 6 h, respec- 
tively; t = 1.39, df = 10, P = 0.194). Robins in- 
creased consumption rates of sugar-rich fruits 
from summer to fall only slightly (6%; t = 0.35, 
df = 10, P = 0.704), but increased consumption 
of lipid-rich ones more substantially (46%; t = 

1.94, df = 10, P = 0.081). In neither case were 
the increases statistically significant, however 

During summer, the rate of assimilable en- 
ergy gain from sugar-rich fruits was signifi- 
cantly higher than that from lipid-rich ones (œ 
= 13.9 _+ 1.64 vs. 6.8 --- 0.86 kJ/h; t = 3.84, df 
= 10, P = 0.003). In autumn, however, the rate 
of energy gain was only marginally (but not 
significantly) higher from sugar-rich fruits (œ = 
13.1 --- 1.16 vs. 9.8 ___ 1.17 kJ/h; t = 2.03, df = 
10, P = 0.07). Within fruit types, the rate of as- 
similable energy gain showed no seasonal 
change for sugar-rich fruits (t = 0.39, df = 10, 
P = 0.70) but increased significantly for lipid- 
rich fruits from summer to autumn (one-tailed 
t = 2.07, df = 10, P = 0.033). 

DISCUSSION 

Although the fruits used in this study were 
of equal caloric value, all robins that showed a 
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preference chose sugar-rich fruits over lipid- 
rich fruits during both seasons. Moreover, the 
preference for sugar-rich fruits was significant 
when averaged across all birds (Fig. 2). All in- 
dividuals that did not show a preference based 
on nutritional content exhibited a color pref- 
erence. During summer, the color preference 
was strong enough to yield an overall prefer- 
ence for red fruits across individuals (Fig. 2). 
However, by autumn fewer birds selected fruits 
based on color, and one actually switched pref- 
erences from red to purple. This strong initial 
preference for red during summer followed by 
a decrease in color preference during autumn 
is very similar to that found in Cedar Wax- 
wings (Bombycilla cedrorum; McPherson 1988). 
Such strong color preferences may have had the 
effect of overriding nutrient preferences. No- 
tably, all of the robins showed a distinct pref- 
erence based on either nutritional content or 

color during each season (Fig. 2). 
Although the role of color was not the focus 

of this study, color proved to play an important 
role in fruit selection. In previous studies in- 
vestigating color in fruit selection, no single 
color was preferred absolutely to all others 
(Willson et al. 1990), but some were definitely 
avoided (e.g. yellow and green fruits). In the 
wild, the most common colors for ripe fruits 
are dark purple and red (Janson 1983, Wheel- 
wright and Janson 1985, Willson 1986). Given 
that we used purple and red fruits, color pref- 
erences may have developed based on experi- 
ences with fruits in each individual's natal 

home range, or preferences simply may be a be- 
havioral or genetic factor that is not related to 
fruit quality. In a previous study with the same 
local population of robins, we found similar 
distinct color preferences and color switching 
(Murray et al. 1993). 

We expected robins to show a strong pref- 
erence for lipid-rich fruits during summer or 
autumn because of the greater energy density 
per unit mass and as a source for premigratory 
fattening. In fact exactly the opposite was true, 
because more robins preferred sugar-rich fruits 
in autumn than in summer. Similarly, Whelan 
and Willson (1994) found no preference for lip- 
id-rich fruits during autumn migration. How- 
ever, robins had a marked increase in the as- 
similation efficiency of lipids from summer to 
autumn as well as in the overall assimilable en- 

ergy gain from lipids. The change in energetic 

8O 
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FIG. 3. Average monthly body mass (_+ SE) of nine 
(seven for June) captive American Robins. No masses 
were recorded during August. 

gain across seasons can be attributed to a 
change in the intake rate of lipid-rich fruits and 
to an increase in assimilation efficiency. Specif- 
ically, an increase in intake during the autumn 
assimilation-efficiency experiments, coupled 
with a significant increase in assimilation effi- 
ciency of lipids, resulted in a similar total as- 
similable energy gain from lipid-rich and sug- 
ar-rich fruits during the assimilation-efficiency 
experiments. Moreover, although robins showed 
an increase in assimilation efficiency of lipids 
across seasons, they showed no preference for 
lipid-rich fruit, irrespective of the color cue 
used. The lack of preference for lipid-rich fruits 
may have resulted from several factors. First, 
robins may use sweetness as the primary in- 
dicator of fruit quality. Previous studies have 
shown that birds can differentiate fruits based 

on sweetness (Levey 1987) and can distinguish 
between types of sugars and agar cubes with 
and without sugar (Martinez del Rio et al. 
1989). Thus, if robins used sweetness as a pri- 
mary indicator of quality, they might not be 
readily influenced by lipids, which agrees with 
previous observations (Borowicz 1987). Second, 
our preference experiments were conducted af- 
ter the birds had experienced their autumn in- 
crease in body mass (Fig. 3). As a result, robins 
may not have chosen lipid-rich fruits because 
they had already completed premigratory fat- 
tening. Third, carbohydrates and lipids are di- 
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gested through very different pathways. Lipids 
require a multistep biochemical process of 
emulsification, hydrolysis, and absorption 
(Griminger 1986, Karasov 1988, Afik and Kar- 
asov 1995), which tends to increase the reten- 
tion time of digesta in the gut, whereas simple 
sugars are absorbed immediately via active 
transport and passive absorption (Caviedes-Vi- 
dal and Karasov 1996, Levey and Cipollini 
1996, Afik et al. 1997), resulting in shorter re- 
tention times. Although the exact reason for the 
lack of preference for lipids is unknown, the 
most plausible explanation is that lipids are 
more energetically expensive to process and re- 
quire more time than simple sugars, resulting 
in fewer fruits being consumed in any given 
period of time. 

Although the robins in our study did not pre- 
fer lipid-rich fruits, they exhibited a marked in- 
crease in assimilation efficiency of lipids dur- 
ing autumn. Because digestion represents a 
tradeoff between the length of time digesta 
(e.g. fruit pulp) are in the gut and the thor- 
oughness of digestion (Robbins 1993), such an 
increase in assimilation efficiency of lipids 
could result from a reduction in intake of lipid- 
rich fruits, as has been demonstrated in Amer- 
ican Robins and other thrushes (Witmer and 
Van Soest 1998). In other words, because fewer 
fruits are consumed, they may reside in the gut 
longer, allowing for more complete digestion. 
Indeed, Zurovchak (1997) recently found that 
American Robins increased retention time of 

digesta and decreased consumption rate with 
increasing dietary lipid content, resulting in a 
constant assimilation efficiency for lipids of ap- 
proximately 75%. Although our measure of lip- 
id assimilation efficiency in summer mirrors 
that of Zurovchak, our autumn measures clear- 
ly do not. Furthermore, robins consumed 46% 
more fruit during the autumn assimilation-ef- 
ficiency experiments than during the summer 
experiments, which arguably could have de- 
creased retention times. Thus, given that the in- 
take of lipid-rich fruits increased, the finding 
that 91% of lipids were assimilated during au- 
tumn seems counter to the constant lipid as- 
similation efficiency found by Zurovchak 
(1997). 

Witmer and Van Soest (1998) found similar 
assimilation efficiencies in American Robins 

that were maintained on lipid-rich Viburnum 
dentatum fruits (86%) or were conditioned to'a 

fatty diet (87%). Concordant with the increase 
in assimilation efficiency in our study was the 
impending autumn migration; robins gained 
body mass from summer to autumn (Fig. 3), 
suggesting that they underwent premigratory 
fattening. Because the birds were eating only 
synthetic banana mash but were exposed to 
natural light and temperature regimes in their 
aviaries, the increase in lipid assimilation effi- 
ciency could not have been induced by changes 
in composition of wild fruit. Furthermore, Her- 
rera (1998) recently found that the percent of 
fruit in the diet and nutritional characteristics 

of the fruit had no significant effect on depo- 
sition of body fat in autumn. Thus, although 
the increase in lipid assimilation efficiency may 
be essential to building and maintaining fat 
stores in autumn, it appears to be decoupled 
from diet. Therefore, the change in lipid assim- 
ilation efficiency appears to be based on an ex- 
trinsic cue (e.g. photoperiod or temperature) 
that signals the need to build fat in preparation 
for migration. One caveat is that because the in- 
dividuals in our experiments were long-term 
captives, we did not directly examine the pref- 
erences of premigratory or migrating birds that 
would have been faced with the need to build 

energy reserves quickly. 
Our results suggest that American Robins 

preferred fruits that were the easiest to digest 
and that conferred the greatest rate of energy 
gain. Although the rate of energy gain from lip- 
id-rich fruits increased significantly from our 
summer to autumn experiments, the mean en- 
ergy gain was slightly greater from sugar-rich 
fruits. Robins predominantly selected sugar- 
rich fruits, but their assimilation efficiency of 
lipids increased significantly in autumn, indi- 
cating a potential seasonal shift in preparation 
for migration. We also note that preference for 
sugar-rich fruits may have consequences for 
fruit-producing plants. Specifically, plants that 
produce sugar-rich fruits and depend on avian 
dispersal of their seeds may experience higher 
rates of fruit removal by robins than do plants 
that produced lipid-rich or sugar-poor fruits. 
Thus, our results have important ramifications 
not only for foraging theory, but for plant pop- 
ulation dynamics. 
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