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Abstract.  Although predation and starvation are
considered the prime causes of post-fledging mortality,
uncertainty exists about the importance and timing of
these two factors. Reproductive success in Florida
Scrub-Jays (Aphelocoma coerulescens) is positively
correlated with amount of oak scrub in a territory. Us-
ing ptilochronology, we assessed whether scrub-jay
fledglings in different territories differed in nutritional
condition, because differential nutritional condition
could be responsible directly (starvation) or indirectly
(depredation) for territory-specific mortality. We mea-
sured three indices of feather growth in young jays:
feather total length was significantly positively related
to proportion of a territory covered by open oak scrub,
whereas the relationship between amount of oak scrub
and feather mass or daily feather growth rate ap-
proached significance. These results suggest that nu-
tritional condition plays a role in survival of young
Florida Scrub-Jays and that relatively subtle differ-
ences in territory composition may contribute to vari-
ation in overall reproductive success.
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Population regulation remains a central issue in avian
ecology, with fledgling production and first-year sur-
vivorship currently considered the primary proximate
variables controlling population size (Arcese and
Smith 1988, Perrins 1991). An important component
of mortality in first-year birds comes in the weeks be-
tween fledging and trophic independence. Although
predation and starvation are considered the prime
causes of such mortality, uncertainty exists about the
importance and timing of these two factors during the
post-fledging period. For example, Sullivan (1989)
concluded that in Yellow-eyed Juncos (Junco phaeon-
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otus), predation predominated during the days just af-
ter fledging, whereas starvation became important sev-
eral weeks later during the first days after indepen-
dence from the parents. By contrast, Woolfenden and
Fitzpatrick (1990) and Mumme (1992) concluded that
predation was the dominant cause of mortality in
young Florida Scrub-Jays (Aphelocoma coerulescens)
throughout the period between hatching and trophic
independence. Although death by starvation is rare in
all age classes of Florida Scrub-Jays (McGowan and
Woolfenden 1990), a positive relationship exists be-
tween nestling size and fledgling survivorship (Mc-
Gowan 1987, Fitzpatrick et al. 1988), suggesting that
rate of food intake may indirectly affect predation-
caused mortality. Well-fed nestlings and fledglings
may beg less and remain motionless longer, thereby
attracting fewer predators (Mumme 1992).

Florida Scrub-Jay populations are most dense in
oak-shrub dominated, open scrubby flatwoods between
5 and 15 years post fire (Woolfenden and Fitzpatrick
1991, Breininger et al. 1995). Breininger et al. (1995)
found that reproductive success was positively corre-
lated with amount of oak scrub in the territory. If
fledgling mortality is caused by predation and is rela-
tively low in open oak scrub, then two complementary
mechanisms might be responsible. First, independent
of the nutritional condition of the fledglings, oak scrub
may reduce predation either by making the young
birds harder for predators to capture or, since the
ground cover is sparse under oaks, by making preda-
tors easier for jays to detect (Breininger et al. 1995).
Second, oak scrub might contain abundant food, per-
mitting high feeding rates of nestlings and fledglings
and therefore reducing the begging, thought to attract
predators (Mumme 1992). If mortality is lower in open
oak-dominated territories only because of lower pre-
dation, then nutritional condition should be indepen-
dent of amount of oak scrub in the territory. If mor-
tality is lower in open oak-dominated territories be-
cause either such territories contain more food or the
better-fed fledglings there are less conspicuous, or
both, then nutritional condition should be positively
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TABLE 1. Analysis of covariance (n = 89) for mean characteristics of the R6 rectrix of sibling Florida Scrub-
Jay fledglings. Shown are F-values for both covariates and factors, followed by the slope in parentheses for

covariates.
Covariates Factors
Mean tarsus
Number of Number of length of
Day of year fledglings helpers parents (mm) Year  Pairbond Territory

Growth-bar width (mm) 0.54 (0.00) 1.36 (—0.04) 0.28 (0.02) 0.05 (0.08) 021 077 1.79*
Total length (mm) 0.75 (-0.03) 0.89 (—0.49) 235 (—0.75) 0.48 (0.83) 3.00* 5.11% 2.76***
Mass (mg) 1.87 (—0.04) 2.85(-0.78) 222 (—0.64) 0.72 (1.10) 4.47* 4.57% 276***
df 1,37 1,37 1,37 1,37 4,37 1,37 43,37

*P < 0.05, ¥ p <0.00].

correlated with extent of oak cover. In order to test
these two predictions, we employed ptilochronology
(Grubb 1989, 1995) to index nutritional condition of
fledgling Florida Scrub-Jays in territories differing in
amount of open oak scrub. Ptilochronology rests on
the assumption that the wider a feather’s daily growth
bars, the better the bird’s nutritional condition while
the feather was being grown. This assumption has ex-
perimental support (Grubb 1990, Grubb and Cimprich
1990), and ptilochronology has been used to index
habitat quality in other systems (Grubb and Yosef
1994).

Our analysis addresses three questions: (1) is growth
bar width a valid measure of nutritional condition in
fledgling scrub-jays, (2) do factors other than territory
quality cause variation in nutritional condition among
fledglings in different territories, and (3) is nutritional
condition of fledglings positively related either to
amount of oak scrub or to its proportional representa-
tion in a territory?

METHODS

This report is part of a long-term demographic study
of the cooperatively breeding Florida Scrub-Jay at the
Archbold Biological Station, Lake Placid, Florida
(Woolfenden and Fitzpatrick 1984, 1991, 1996). The
on-going project routinely involves collecting data on
size, post-fire successional stage, and vegetational
composition of territories, number of helpers, breeding
phenology, and body mass of nestlings and fledglings.
Information on cover type and successional history
was recorded using a geographic information system
(ARC/INFO) at Archbold. We included in the present
analysis all territories for which > 80% of the area had
been mapped for cover type. Some tetritories meeting
this criterion included small unmapped areas outside
of the Archbold property that were unlikely to change
the overall proportional vegetational composition of a
territory.

In July 1990-1994, while measuring newly-inde-
pendent young-of-the-year birds about 80 days after
they fledged (Woolfenden 1978), Woolfenden plucked
and stored the fully grown outermost right (R6) rectrix
of each bird. This feather extends only 1-2 ¢cm beyond
the skin at the time a bird leaves the nest and growth
to 12-14 cm is completed before trophic independence
(Woolfenden 1978), therefore the feather’s rate of
growth in the interim can be taken as an index of fledg-
ling nutrition. Using methods detailed elsewhere

(Grubb 1989), Grubb calculated, in a “blind” fashion
for each collected rectrix, the average width (mm) of
10 growth bars centered on a point two-thirds of the
distance from the proximal end. Mass (mg) and total
length (mm) of each feather also were determined in
a blind fashion.

Brood sizes at time of plucking ranged from one to
four (x £ SD = 2.69 * 0.91; » = 113). For all anal-
yses, we averaged the feather measurements for all the
young jays surviving in each territory each year. We
considered such average values per territory to be the
primary sampling units for the analysis. Alpha was set
at 0.05. Except where stated otherwise, values pre-
sented are x * SE.

RESULTS

Is growth bar width a valid measure of nutritional con-
dition? We investigated this by regressing mean feather
measurements on the mean body mass (bm) of the
same brood when the nestlings were age 11 days post-
hatch (n = 113). The regressions were positive and
significant for both growth bar width (y = 2.87 +
0.01bm; P = 0.004) and feather mass (y = 40.75 +
0.15bm; P = 0.003).

The regression for total feather length also was pos-
itive, but not significant (y = 110.78 + 0.08bm; P =
0.104). From these results, we concluded that at least
growth bar width and total feather mass were valid
indices of nutritional condition of the young jays post-
fledging.

Does any factor other than territory quality cause
variation in nutritional condition among fledglings in
different territories? We used analysis of covariance
(Sokal and Rohlf 1981) to screen several potential
causal factors (Table 1): day of year is the first day of
incubation; number of fledglings is number of young
that departed from the nest; number of helpers is all
nonbreeding adult jays in the territory; mean tarsus
length is the average for the breeding male and female
in the territory; year varied from 1990 to 1994; the
pairbond between the breeding male and female in the
territory is classified as either new that year or con-
tinuing from one or more previous years; and territory
is the identity of the territory, which remained constant
over the five breeding seasons, thereby identifying the
habitat patches occupied by different fledglings.

Of the variables tested, only territory was signifi-
cantly related to growth bar width (Table 1). Year, pair-
bond, and territory were all significantly related to
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TABLE 2. Analysis of covariance (n = 98) for mean characteristics of the R6 rectrix of sibling Florida Scrub-
Jay fledglings in relation to their territories, year, and duration of the parents’ pairbond. Shown are F-values for
both covariates and factors, followed by the slope in parentheses for covariates.

Covariates

Factors

Area of territory in open

Proportion of territory

oak scrub (ha) in open oak scrub Year Pairbond
Growth-bar width (mm) 0.26 (—0.00) 2.88 (0.28) 1.12 0.64
Total length (mm) 2.71 (—0.15) 6.13 (6.64)* 0.11 343
Mass (mg) 0.32 (-0.04) 1.89 (3.03) 1.50 3.69
df 1,91 1,91 4,91 1,91

* P < 0.05.

both total length and mass of the rectrix. Rectrices of
fledglings were longest (115.1 * 1.0 mm; n = 12) in
1992 and shortest (114.4 + 0.7 mm, n = 28) in 1991,
whereas rectrices of fledglings in territories held by
new pairs were shorter (113.8 £ 0.5 mm, n = 54) than
those (115. 1%+ 0.5 mm, » = 65) of fledglings in ter-
ritories where the pair had bred together at least once
before. Rectrices grown in 1994 were heaviest (48.2
* 0.7 mg, n = 35), whereas those produced in 1991
were lightest (47.1 = 0.6 mg, n = 12). The young of
new pairs produced lighter weight rectrices (47.2 *
0.5 mg, n = 54) than did the young of continuing pairs
(48.3 £ 0.4 mg, n = 65) (Table 1).

We next inquired whether differences in the amount
of open oak scrub could be responsible for the signif-
icant variation among territories in nutritional condi-
tion of fledglings. We looked for relationships between
feather characteristics and both the total area of oak in
a territory and the proportion of a territory in oak cov-
er. Because of the apparent differences in feather
growth among years and with length of the parents’
pairbond (Table 1), we also included year and pairbond
in this second model.

No measure of feather growth was significantly re-
lated to either absolute area of open oak scrub or year
(Table 2). However, the relationships of all three feath-
er measures with proportion of oak cover were positive
when the absolute area of open oak had been con-
trolled statistically. The relationship between propor-
tion of open oak scrub and total length of feather was
significant (P = 0.02), whereas the relationship be-
tween proportion of open oak scrub and growth bar
width or feather mass was not (P = 0.09 and 0.14,
respectively). Both rectrix length (P = 0.07) and mass
(P = 0.06) were nearly significantly related to the
length of the parents’ pairbond.

DISCUSSION

We found that the heavier a young jay was as an 11-
day-old nestling, the better its feather growth during
the post-fledging interval. Thus, because body mass
reflects food intake rate, reason exists to consider
feather growth, particularly growth bar width, to be a
valid index of nutritional condition. The positive re-
lationships between body mass on day 11 and mea-
sures of feather growth also suggest that differences in
nutritional environment among territories during the
nestling stage persisted into the fledgling stage.

For the jays we sampled, no change was evident in

any of the three measures of feather growth with the
day of the year that incubation began. Feather mass,
but neither daily feather growth rate nor total length,
approached a significant negative relationship with the
number of fledglings in the territory. This result is dif-
ficult to interpret as it might be expected that daily
feather growth and feather length, as well as feather
mass, would be affected by the number of mouths to
be fed in a territory during the period of trophic de-
pendence. The lack of a correlation was not due to
small variation in the independent variable because the
standard deviation (0.91 fledglings per territory) was
large compared to the mean (2.70 fledglings; n = 113).

According to our three measures of feather growth,
the nutritional well-being of the dependent young
seemed unrelated to the number of helpers in the ter-
ritory. In a controlled experiment, Mumme (1992)
showed that removing helpers reduced the survivor-
ship of fledglings, but the mechanism of the reduction
was unknown. The insignificant relationship that we
found between number of helpers and nutritional con-
dition of fledglings suggests that the reduction in fledg-
ling survivorship in Mumme’s study may have been
caused principally by reduced group vigilance for
predators in the absence of helpers, a conclusion also
reached by McGowan and Woolfenden (1990).

No feather characteristic measured was related to the
mean tarsus length of the parents, suggesting that any
tendency for fledglings with structurally larger parents
to grow their feathers any faster, longer, or heavier than
fledglings with smaller parents was overwhelmed by
the influence of other factors.

There was a trend, significant in Table 1 and nearly
so in Table 2, for fledglings to grow longer, heavier
feathers if their parents had bred together for more than
one year. This result is consistent with recent findings
that enduring pairs of Florida Scrub-Jays have higher
reproductive success than first-time pairs (Marziuff et
al. 1996).

Feather length varied significantly with proportion
of territory in oak cover. Feather growth rate showed
a similar trend, but the relationship was not significant
(Table 2). These results lend some support to the idea
that even within the relatively uniform Florida oak
scrub, habitat composition of territories affects nutri-
tional condition of fledgling jays. Moreover, growth
rate as a young nestling is correlated with subsequent
survival (McGowan and Woolfenden 1990), and our
study showed that growth rate after fledging is corre-
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lated with nestling mass. Together, these results imply
that nutritional condition of both nestlings and fledg-
lings affects first year survival. As suggested by Mum-
me (1992), this effect could result from decreased pre-
dation rate owing to the quieter behavior of well-nour-
ished fledglings. It could also result from accelerated
achievement of the mobility required to escape from
predators. In any case, our findings show that subtle
differences in territory composition—specifically the
proportional representation of oak scrub within the ter-
ritory—may help determine overall reproductive suc-
cess.

Competition for the highest quality territories is hy-
pothesized as a pivotal force in the evolution of co-
operative breeding (review in Koenig et al. 1992), but
for most species it remains difficult to demonstrate ex-
actly what constitutes a high quality territory. Florida
Scrub-Jays strongly prefer to forage in open oak scrub
(Woolfenden and Fitzpatrick 1984), and Breininger et
al. (1995) showed that reproductive success varies with
amount of oak cover in the territory. The present study
complements Breininger et al.’s results by demonstrat-
ing proximate importance of territory configuration as
well as overall habitat. Territories having higher pro-
portions of oak cover conferred nutritional advantages
over those with lower proportions, whereas total area
of oak cover had virtually no nutritional effect (Table
2). We propose that territories containing a high pro-
portion of oak cover permit more efficient foraging and
reduce energetic cost of territorial patrolling compared
to those with lower proportions of oak.

We thank Archbold Biological Station for continu-
ing support of the long-term project on Florida Scrub-
Jays, and Jan Woolfenden and Bobbie Kittleson, vol-
unteer assistants, who helped collect the feathers. The
Ohio State University Behavioral Ecology Group gave
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(TCG), and BSR-8705443 and BSR-9021902 (JWE
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DIR-9115212.
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