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WHY DO NORTHERN MOCKINGBIRDS FEED 
FRUIT TO THEIR NESTLINGS? 

RANDALL BREITWISCH 
PETER G. MERRITT 
AND 

GEORGE H. WHITESIDES 

ABSTRACT.-We tested two predictions of Morton’s (1973) hypothesis that 
nestling fi-ugivory becomes profitable as nestlings develop endothermy. Parent 
Northern Mockingbirds (Mimus polyglot&s) fed nestlings a mixed diet of animal 
prey and fruit, mainly arthropods, throughout the 12-day nestling period. Fruit 
was brought infrequently to nestlings before the seventh day after hatching, by 
which time the young were largely endothermic. By 10 to 12 days after hatching, 
nestling diet comprised 30 to 35% fruit. Both predictions, (1) fruit should be fed 
to nestlings primarily after development of endothermy and (2) the amount of 
fruit fed should satisfy thermoregulatory needs of older nestlings, were supported. 
Older nestlings received enough fruit to fulfill most of their thermoregulatory, 
maintenance, and activity costs. Parent mockingbirds may feed nestlings an op- 
timal mixture of animal protein, for growth, and fruit carbohydrates, for other 
energetic needs. 

The time an altricial passerine spends as a de- 
pendent nestling is a dangerous period in its 
life. Eggs and nestlings often die, owing pri- 
marily to predation, starvation, desertion, 
hatching failure, and adverse weather (Ricklefs 
1969) and selection favors brevity of nestling 
vulnerability (Dawson and Evans 1957, Lack 
1968). Nestling diet should reflect selection for 
a rapid growth rate within developmental con- 
straints and parental foraging abilities. Foods 
of dependent young characteristically have high 
protein content: even many birds that are pri- 
marily fmgivorous as adults typically feed large 
quantities of insects or other animals to their 
young(Skutch 1954,1960,1969; Morton 1973; 
Ricklefs 1974; Snow 1976; Wheelwright 1983). 
The relatively low protein content of fruits 
(Jenkins 1969, Morton 1973, White 1974) has 
been thought to be the main reason why they 
are not the primary food of nestlings (Snow 
1962, Snow 1970, Morton 1973). Recent work 
has challenged this view, suggesting that the 
low protein content of fruits may nonetheless 
sustain nestling growth rates; relatively low 
protein-to-calorie ratios of fruits and the con- 
sequent need to deal with these extra calories, 
rather than the absolute protein content of 
fruits, may account for the rarity of total fiu- 
givory in nestlings (Ricklefs 1976, Foster 1978). 

Morton (1973) argued that parent birds have 
advantages in feeding fruit to nestlings: fruit 
is often abundant and easy to procure. Further- 
more, fruiting by particular species of plants 
may be highly predictable in certain habitats. 
He hypothesized that frugivory by altricial 

nestlings becomes profitable as nestlings de- 
velop endothermy within several days after 
hatching, because as a nestling becomes en- 
dothermic, energy derived from carbohydrate- 
rich fruit can be used for temperature main- 
tenance. In addition, energy costs of general 
body maintenance and activity increase con- 
comitantly with the development of nestling 
endothermy, and carbohydrate and lipid-de- 
rived energy may be used to help meet these 
needs (Foster 1978), leaving protein-rich foods 
(e.g., arthropods) to support rapid structural 
growth. 

The temporal feeding pattern of nestlings 
which receive a mixed diet of animals and fruits 
has been little studied (however, see Bolles 1890 
and Wheelwright 1983). Beyond the common 
observation that fruits are seldom fed to young 
until a few days after hatching (e.g., Morton 
1973, Skutch 1976), few detailed data have 
been published on the relative and absolute 
amounts of fruits and animals fed to nestlings 
in relation to nestling age. 

Adult Northern Mockingbirds (Minus 
polyglottos) eat a mixed diet of animals and 
fruit (Beal et al. 19 16, Howell 1932, Bent 1948). 
During the 1980 breeding season, Merritt and 
J. H. Marden noted that parent mockingbirds 
breeding in southern Florida also fed nestlings 
a mixed diet. Adult mockingbirds often were 
seen leaving their territories for several min- 
utes to forage in fruiting trees as far away as a 
few hundred meters (Merritt 1980). Parent 
birds often carried fruit to their nestlings. We 
studied these mockingbirds in order to test two 
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TABLE 1. Feeding schedule of nestling mockingbirds on the University of Miami campus, 198 1. 

Day of age Date TUI. Nestb Brood size 
Animal 
tripsc 

Per nestling per hour 
Fruit Animal 
trips volume 

Fruit 
volume 

1 
1 
2 
2 
3 
3 
4 
4 
5 

z 
7 

: 
8 
9 
9 

10 
10 
10 
11 
11 
11 
12 
12 

l/O1 
6/23 
5105 
l/O3 
5/30 
7/09 
6/26 
7105 
5/12 
5/08 
5/09 
5/26 
6/29 
5121 
6/04 
5/16 
5128 
6/06 
4/19 
4105 
5124 
5/01 
5/14 
5/19 
6109 

10 
31 
30 
7 

28 
10 
31 
7 

:: 
30 

:: 
6 

28 
10 
27 
28 
6 

13 
6 

21 
30 
10 
13 

1 
1 
1 
1 
1 
1 
1 
2 
1 
1 
1 
1 
1 

1 
2 
2 
3 
4 
1 
2 
3 
2 
2 

: 
2 
3 
4 
2 
3 
4 
2 
2 
3 
3 

: 
2 

2.25 0.08 
3.00 0.00 
2.67 0.08 
2.72 0.19 
3.21 0.00 
3.33 0.08 
4.88 0.58 
2.50 0.22 
3.62 0.50 
3.54 0.33 
4.96 0.25 
3.39 0.44 
4.08 1.67 
3.56 1.14 
2.21 1.17 
3.04 0.96 
3.69 
3.29 
4.08 
5.92 
3.81 
3.17 
3.54 
3.00 
3.38 

0.83 
0.85 
1.42 
2.54 
0.78 
0.86 
1.75 
1.58 
1.17 

7.71 0.42 
9.35 0.00 

12.05 0.28 
12.05 0.76 
16.44 0.00 
15.47 0.42 
26.94 2.19 
12.34 0.85 
22.83 2.57 
25.04 1.84 
31.50 1.46 
17.98 2.06 
22.24 7.25 
25.49 6.67 
17.57 7.51 
18.83 5.76 
24.40 5.19 
21.26 4.42 
27.63 7.48 
39.80 12.15 
22.49 4.76 
19.77 5.16 
20.26 9.67 
21.83 10.39 
20.73 6.43 

‘Trips/nestling/h calculated by dividing total trips in that feeding category by (12 
apportionment of unknown food items. 

x brood size); volume/nestling/h calculated similarly but includes 

b Number of nests observed on that territory (broods in two successive nests observed on three territories). 
r Total number of animal trips = 2,501 (2,462 + 3 + I3 + 23); total number of fruit trips = 568 (545 + 23). Invertebrate and fruit tnps (23) are counted 

twice, once in each food category (see Table 2). 

predictions of Morton’s hypothesis: (1) fruit 
should be fed to nestlings primarily after the 
development of endothermy, and (2) the 
amount of fruit fed should satisfy the ther- 
moregulatory needs of older nestlings. Finally, 
we asked whether the amount of fruit fed to 
older nestlings met their maintenance, activ- 
ity, and thermoregulatory energy costs. 

STUDY AREA AND METHODS 

We conducted our study on the main campus 
of the University of Miami, Dade Co., Florida. 
The mockingbird population was individually 
color-banded as part of research by Merritt 
(1984). The data were collected during 300 h 
apportioned as 25 12-h observation periods 
(06:00-l 8:00) on 12 broods of 9 pairs of birds 
from 5 April to 9 July 1981 (23 of 25 periods 
between 1 May and 9 July). Because feeding 
rates varied throughout the day, we observed 
nests continuously for 12-h periods. Often, we 
watched birds from a blind 4 to 10 m from 
the nest. Four broods were monitored for one 
day each, four broods for two days, three broods 
for three days, and one brood for four days. 
Broods sampled two or more days were ob- 
served on nonconsecutive days, with one ex- 
ception. The sample includes observations on 
broods from 1 to 12 days old (nestlings fledge 

at about 12 days of age). The distribution of 
broods studied was one brood 6 days old (= 
day 6), three broods each at days 10 and 11, 
and two broods at each of the 9 remaining 
days. We knew the age of the young from 
hatching observations and parental behavior 
or estimated + 1 day from nestling body size 
and feather development. The age of nestlings 
sampled was significantly correlated with time 
in the breeding season; more young broods 
were sampled later in the season (rs = -0.44; 
P < 0.05; n = 25). Mean brood size was 2.4 
(n = 12; see Table 1). 

During each 12-h observation period, we re- 
corded every trip to the nest by either parent 
to the nearest second. Lag times between ar- 
rivals and feedings were noted in order to re- 
cord feeding times accurately. One or more 
food items were usually delivered to the nest- 
lings on each trip. Food items were identified 
with the aid of binoculars to general kind (e.g., 
fruit, insect, spider, lizard) and to particular 
kind when possible (e.g., species of fruit or 
taxonomic order of insect). Invertebrate and 
vertebrate prey lengths were estimated (~0.5, 
0.5-1, 1-2, 2-3, 3-4, 4-5, 5-6, 6-7, 7-8, 28 
cm; borderline cases were arbitrarily assigned 
to the higher class). Length estimates were de- 
sirable because of the diversity of insect larvae 
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fed that differed in cross-sectional area and 
length. Food could be identified only because 
mockingbirds in the study area (1) usually nest 
within 5 m of the ground, (2) often build their 
nests in sparse foliage, (3) habitually pause one 
to several seconds on an exposed twig or branch 
near the nest before feeding, (4) bring food in 
their bills rather than regurgitate food items to 
nestlings, and (5) seem nearly oblivious to ob- 
servers beyond several meters from the nest 
(however, see Merritt, in press). 

Relative volumes of food items were esti- 
mated on a scale of 1 to 5 within fruit, inver- 
tebrate, and vertebrate prey categories. For an- 
imal prey, volume was estimated per unit 
length. Using volume and length estimates for 
animal prey and volume estimates for fruit, we 
calculated total volume of animal prey and 
fruit fed per nestling per day. We then divided 
these totals by (12 x brood size) to yield val- 
ues of food volume per nestling per hour. We 
apportioned unknown food items between an- 
imal and fruit categories based upon each par- 
ent’s percentages of known food items deliv- 
ered. Then, for each parent, unknown food 
items were assigned the mean relative volumes 
of known animal and fruit items fed by each 
parental sex to young at that age (i.e., broods 
were pooled by parental sex for each day of 
nestling age). We were frequently unable to 
observe feedings to individual nestlings and 
for analyses assumed equal feeding, dividing 
total feedings equally among all brood mem- 
bers. 

Nestling growth and cloaca1 temperatures 
were recorded in the field each morning from 
15 May to 4 July 1980 by Y. Oniki and Merritt 
(unpubl.). The growth constant, K (Ricklefs 
1967), was calculated using the mean growth 
rate of 20 nestlings that were seen on or near 
their natal territories at least 13 days after 
fledging. We used K to estimate the age of 
physiological endothermy (Dunn 1975). Clo- 
acal temperatures were obtained from 14 of 
these nestlings. Temperatures were measured 
to 0. 1°C with a Bailey temperature probe with- 
in 2 min after the nestlings were removed from 
the nest. We follow Ricklefs and Hainsworth 
(1968) and Dunn (1976) in converting these 
data via the equation: endothermic response 
of nestling = ((T, - T,,)/(T, - T,,,,))( loo), 
where T, = nestling cloacal temperature, T, = 
ambient temperature, and T,, = adult body 
temperature (42°C). The converted tempera- 
ture data were used as a second measure of the 
development of endothermy. In addition, we 
recorded all brooding bouts in the 198 1 study, 
and these data were used as a third measure. 

We employed the Spearman rank correla- 
tion coefficient in our analyses (Sokal and Rohlf 

TABLE 2. Total number of trips to the nest by parent 
mockingbirds. 

Food stem 

Invertebratesa 
Invertebrates and fruits 
Invertebrates and limestone 

bits or snail shells 
Reptilesb 

Subtotal 

Fruitsc 
Subtotal 

Limestone bits or snail 
shells 

Unidentified food 
Food brought but not fed 

Subtotal 

Trip without food 
Total 

Number Percent of 
of trips all tnps 

2,462 61.5 
23 0.6 

3 0.1 
13 0.4 

2,501 68.6 

545 14.9 
3,046 83.5 

4 0.1 
524 14.4 

14 0.4 
3,588 98.4 

58 1.6 
3.646 100.0 

* Primarily arthropods @pp. of Odonata, Orthoptera, Coleoptera, Lepidop- 
tera, Hymenoptera; spiders). 

b Anolrs carolinens~s, dislichus and/or sagrer. 
r Bischojia javanica, Clusia mea. Eugema unijlora, Ficus spp., Guaiacum 

sanctum, Mandkara zqola, palm spp., among others. 

1981:607). Number of broods observed for 
each day of nestling age was small, and this 
statistic efficiently yet conservatively uses these 
data. 

RESULTS 

COMPOSITION OF NESTLING DIET 

We observed parent mockingbirds making a 
total of 3,646 trips to the nest (Table 2). In 
3,588 trips, the birds carried material in their 
bills. Overall, 82.1% of all feeding trips with 
identified food items (2,50 1 of 3,046) brought 
animal matter, and 99.5% of this subtotal 
(2,488 of 2,501) were trips with invertebrates. 
These figures were not independent of nestling 
age. Nestlings one to six days old were fed 
almost exclusively animal matter, predomi- 
nantly insects and spiders. The amount of fruit 
fed increased dramatically in the mid-nestling 
period and leveled off at 30-35% of total trips/ 
nestling/h for days 10 to 12 (Fig. 1, Table 1). 

Trip totals alone were not the best indicators 
of total volume of animal matter fed to nest- 
lings (Fig. 1); parents sometimes carried more 
than one food item. Also, larger animal items 
were fed to older nestlings, as is reflected in 
the animal volume data in Figure 1 B. The rap- 
id increase from days 1 to 6 in volume of an- 
imal matter is not as apparent from animal 
trip data (Fig. 1A). Also, the difference in an- 
imal volume fed to very young nestlings versus 
nestlings within a few days of fledging is not 
reflected in the corresponding trip data. Ani- 
mal volume/nestling/h was correlated with 
nestling age (Spearman rank correlation: r, = 
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0.5 1; P -C 0.05; n = 25). The correlation ofan- 
imal trips/nestling/h with nestling age was 
nearly significant (rs = 0.32; P > 0.05; iz = 25). 

The amount of fruit fed to nestlings also 
increased markedly during the latter half of the 
nestling period, both as the number of trips 
with fruit and fruit volume/nestling/h (Spear- 
man rank correlations for trips: r, = 0.83; P < 
0.05; II = 25 broods; volume: r, = 0.83; P < 
0.05; y1 = 25). Number of fruit trips/nestling/ 
h was positively correlated with hour of day 
from 06:OO to 18:00 (rs = 0.70; P < 0.05; n = 
12). The number of trips with animal matter/ 
nestling/h was negatively correlated with hour 
of day (rs = -0.61; P < 0.05; n = 12), but 
total number of trips/nestling/h was not (r, = 
-0.05; P > 0.05; 12 = 12). Neither animal 
volume nor fruit volume/nestling/h was cor- 
related with brood size (rs = 0.02 for animal 
volume and r, = 0.04 for fruit volume; for 
each, P > 0.05; n = 25). 

NESTLING TEMPERATURES AND 
BROODING SCHEDULE 

Using Oniki and Merritt’s (unpubl.) value of 
0.492 for the growth constant K, we estimated 
the age of physiological endothermy as 7.0 days 
via Dunn’s (1975) correlation between K and 
the age of physiological endothermy for 22 al- 
tricial species. Cloaca1 temperatures indicated 
an increase in endothermic capability during 
the first several days after hatching. Nestlings 
five days old appeared as able to maintain tem- 
peratures as older nestlings (Fig. 2). 

Young were brooded almost entirely by fe- 
males (97.1%, y1= 3 10 bouts). The mean num- 
ber of brooding bouts/h was negatively cor- 
related with nestling age (r, = -0.82; P < 0.05; 
n = 25) and decreased sharply after day 6 (Fig. 
3). This finding supports the relationship be- 
tween total time spent brooding/day and age 
of nestlings in indicating that young of that age 
have a greater endothermic capability than be- 
fore. 

DISCUSSION 

Our data supported the first prediction from 
Morton’s hypothesis, since mockingbirds fed 
almost no fruit until after their young were 
largely endothermic. Most fruit was fed after 
day 6, increasing markedly over days 7-9. 
Foster (1978) suggested that nestlings of fi-u- 
givorous birds are not fed fruit for the first few 
days after hatching because parents may lack 
the behavioral flexibility to feed smaller fruits 
than they themselves consume. Adult mock- 
ingbirds eat very small fruits and pulp from 
large fruits, so the question of behavioral flex- 
ibility and fruit size is irrelevant here. Size of 
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FIGURE 1. Food delivery to nestling mockingbirds: A) 
trips with food, and B) food volume units delivered to 
nestlings in relation to nestling age. Solid circles = animal 
prey, open circles = fruits. 

fruits did not preclude parents feeding fruits 
to young nestlings. Small fruits and small bits 
of pulp from large fallen ripe fruits were avail- 
abile throughout the study and were fed to 
nestlings. Furthermore, some frugivorous 
species which feed their young mixed diets in- 
deed feed fruit to very young nestlings; Wheel- 
wright (1983) found that young Resplendent 
Quetzals (Pharomachrus mocinno) were fed 
large whole fruits as early as the second day 
after hatching. 

We did not measure the abundance of fruits 
or insects during this study. Questions of sea- 
sonal abundance of food supplies remain, in 
view of the significant correlation between time 
in breeding season and age of nestlings ob- 
served. A wide variety of ripe fruits is common 
in southern Florida suburban habitats 
throughout spring and summer months (Breit- 
wisch 1977: 188-190) and this was true for 
the university campus in 198 1; we think that 
the seasonal availability of fruit was unlikely 
to change markedly during this study. We have 
no information on the abundance of insects 
from April to July. Our interpretation of re- 
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FIGURE 2. Endothermic response of nestling mocking- 
birds in relation to nestling age (see text for calculation). 
The mean, standard deviation and range are shown. 

sults could be confounded by increased insect 
availability with time, yet we observed nest- 
lings six days old or younger as early as the 
first week of May, and arthropods were almost 
their sole food. 

Growth rate, nestling cloaca1 temperatures, 
and brooding times suggest that mockingbirds 
attain a well-developed endothermic capabil- 
ity by the midpoint of nestling life, consistent 
with other altricial passerines of their size 
(Ricklefs 1974, Dunn 1975). Most investiga- 
tions of the development of physiological en- 
dothermy in altricial nestlings are based on 
laboratory studies of solitary nestlings (how- 
ever, see Dunn 1976, Marsh 1979, Clark and 
Balda 198 1). Laboratory studies indicate an 
inability to maintain high body temperatures 
at early ages. Dunn (1975) distinguished be- 
tween “physiological” and “effective” endo- 
thermy. Nestlings of species whose broods are 
typically greater than one probably are effec- 
tively endothermic earlier than these labora- 
tory data suggest (Royama 1966; Ricklefs 1974, 
Dunn 1975, 1976; Marsh 1979; ClarkandBal- 
da 198 1). Similarly, mockingbird nestling tem- 
peratures and brooding times suggest effective 
endothermy perhaps one to two days earlier 
than indicated by our calculation of physio- 
logical endothermy based upon the growth 
constant. Development of endothermy and 
cessation of brooding have also been found 
associated in Bank Swallows (Riparia riparia; 
Beyer 1938, Marsh 1979) Rufous-winged 
Sparrows (Aimophila carpalis; Austin and 
Ricklefs 1977) and White-crowned Sparrows 
(Zonotrichia leucophrys; Morton and Carey 
1971). 

Our data also support the prediction that the 
amount of fruit fed to older nestlings is suffi- 
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FIGURE 3. Brooding schedule of parent mockingbirds 
in relation to nestling age. Two of the three nests sampled 
at day 11 showed no brooding. 

cient to satisfy their maintenance energy needs. 
Thermoregulatory costs for altricial nestlings 
are relatively low compared with energy used 
in general body maintenance (=existence en- 
ergy) and activity energy (Westerterp 1973; 
Dunn 1975, 1980). Ricklefs (1974:252) pro- 
vided a pair of metabolic cost curves for a 
“hypothetical” starling-sized (Sturnus vulgar- 
is) altricial passerine. Since adult mocking- 
birds weigh about 70% of the adult weight of 
starlings (ca. 50 vs. 70 g), the following cal- 
culation is conservative. The costs of main- 
tenance energy for Ricklefs’ hypothetical nest- 
lings at about 75% of adult weight (the 
proportion of adult weight at which mocking- 
birds fledge) were approximately 63 kJ/day. 
The estimate of maintenance energy costs for 
a 37.5-g passerine (75% of adult mockingbird 
weight) using King’s (1974) equation is 66.5 
kJ/day. Nestling mockingbirds between 10 and 
12 days old received about 75 volume units 
of fruit daily (Fig. 1B). Figs (Ficus spp.) were 
the most commonly fed fruits (45.3% of all 
trips with fruit). In our assignment of relative 
volumes of fruit, a Ficus aurea or F. benja- 
mina fruit received a value of 5. Thus, 75 vol- 
ume units are equivalent to 15 fig fruits, each 
of which weighs ca. 2 g. The energetic contents 
per 100 g fresh weight of five other species of 
fig fruits were 218 kJ (Ficus carica, Leung 
1968) 234 kJ (F. platyphylla, Leung 1968), 
335 kJ (F. insipida, Morrison 1980), 209 kJ 
(F. ovalis, Herbst 1983) and 377 kJ (F. con- 
tinifolia, Jordan0 1983). Using the mean of 
these values (275 kJ/lOO g fresh wt.) as an 
estimate of the energetic content of figs eaten 
in southern Florida, 30 g of fig fruits fed to an 
older nestling mockingbird contained 82 kJ, 
15.5-19 kJ more than the nestling’s mainte- 
nance needs. Not all of the energy contained 
in fruit is available to nestlings: some is tied 
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up in structural carbohydrate (e.g., exocarp, 
pulp fiber, seeds), that is not metabolized. 
Nonetheless, our data suggest that older nest- 
lings received enough fruit to meet most or all 
of their maintenance energy needs. 

Nestling activity costs additional energy, 
some of which may be supplied by fruit carbo- 
hydrates. Older starling nestlings expend ca. 
25 Id/day for activity and between 4 and 8 kJ/ 
day for thermoregulation (Westerterp 1973) 
for a total expenditure for maintenance, activ- 
ity and thermoregulation of 92 to 96 kJ/day. 
This total should be less for mockingbirds be- 
cause they weigh less than starlings, and again, 
fruit provides enough energy to meet most of 
these costs. Newly hatched mockingbirds, 
however, have lower maintenance costs and 
these must be met by energy derived from an- 
imal foods in the first several days after hatch- 
ing. 

Energy could also be supplied by the break- 
down of lipids, which yield more than twice 
as much energy as carbohydrates per unit 
weight (Paine 1971) but lipids and carbohy- 
drates are undoubtedly digested, absorbed, 
transported, and metabolized at different rates. 
Some insects, e.g., many larval forms and or- 
thopterans, contain large amounts of lipids. 
Some fruits, e.g., palms and lauraceous species, 
likewise are rich in fats (Leung 1968). In gen- 
eral, however, fruits contain about as little fat 
as insects (both ~5% wet weight), but higher 
percentages of carbohydrates and water (Leung 
1968). If insects high in lipids and water are 
easy to find and capture, there may be fewer 
advantages in supplying fruits to young, al- 
though it is not clear that the young would 
necessarily benefit directly from an increased 
supply of protein (Ricklefs 1976, Foster 1978). 
Would mockingbirds offer their nestlings sub- 
stantially fewer fruits when large insects (e.g., 
beetle larvae) are markedly more available? 

Fruit may also supply the water needs of 
nestlings. Midday ambient temperatures dur- 
ing the study period were as high as 32-34°C 
and nestlings probably were under some heat 
stress. If fruit is important as a source of water, 
it should be fed in increasingly greater quan- 
tities as temperature rises during the day. The 
significant correlation between time of day and 
fruit trips/nestling/h agrees with this predic- 
tion. The same prediction arises, however, if 
carbohydrates from fruit are used for ther- 
moregulatory maintenance primarily through 
the night and early morning hours. 

If fruits were fed to nestlings primarily to 
supply water, fleshy fruits should be preferred 
to oily, less fleshy species. Some parents never- 
theless fed both fleshy and oily fruits to their 
nestlings. Our data do not enable us to con- 

vincingly distinguish the relative importance 
of water, lipid, and carbohydrate content of 
fruits. 

Fruits fed by parent mockingbirds may also 
provide necessary vitamins and minerals. Some 
fruits contain large amounts of these nutrients; 
figs, for instance, contain high levels of calcium 
(Jenkins 1969). Little is yet known about these 
aspects of the nutritional needs of wild birds 
(Ricklefs 1976, Robbins 1983) or the nutri- 
tional contents of non-cultivated fruits (Foster 
1978). 

The amount of fruit fed to nestling birds is 
thought to be limited in part by the increased 
predation resulting from retarded growth and 
protraction of the nestling period (Snow 1970, 
Morton 1973, White 1974). Oilbirds (Steutor- 
nis caripensis), Bearded Bellbirds (Procnias 
averano), and euphonias (Euphonia spp.) are 
wholly fi-ugivorous; their young are fed only 
fruit and have exceedingly long nestling pe- 
riods for altricial birds of their size (Snow 1962, 
Snow 1970, Morton 1973, White 1974). Yet, 
a mixed diet for nestlings in which fruits largely 
supply maintenance energy does not necessar- 
ily lengthen the nestling period (Foster 1978). 
Ricklefs (1976) found that nestlings of a va- 
riety of species fed mixed diets did not grow 
more slowly than comparable species fed only 
animal matter. 

We conclude that parent mockingbirds may 
feed their nestlings an optimal mixture of an- 
imal protein for growth and fruit carbohy- 
drates for maintenance. Any markedly differ- 
ent mixture of fruits and animals might 
lengthen the nestling period or result in fewer 
nestlings being raised. 
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