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TABLE 3. Power equations of the form Y = aX" and statistics describing variation in breeding traits in the Mimidae.
The dependent variable (Y) in each regression is given under Variable, followed by the independent variable (X) in
parentheses as follows: BW = adult weight, EW = egg weight, AW = asymptotic nestling weight, WT = rate of weight
gain, and TR = rate of tarsus growth. Weights are all in g except for adult body weight under incubation length, which

is in kg.
Variable n a b(95% CI) ¥(95% CI) £ P P

Egg weight (BW) 13 0.436 0.613 5.56 64.0 0.872 0.001
(0.456-0.770) (5.34-5.78)

Incubation (EW) 8 11.06 0.121 13.62 5.59 0.563 0.035
(0.018-0.224) (13.35-13.89)

Incubation (BW) 8 17.26 0.087 13.62 0.065 0.605 0.025
(0.019-0.154) (13.37-13.87)

Weight gain (AW) 9 2.90 0.306 9.24 44.1 0.477 0.040
(0.027-0.585) (8.63-9.90)

Weight gain (BW) 9 3.29 0.253 9.24 59.3 0.477 0.040
(0.022-0.484) (8.63-9.90)

Tarsus growth (BW) 6 3.52 0.268 10.30 55.3 0.631 0.062
(0.005-0.531) (9.48-11.19)

Nestling period (WT) 7 2.75 0.675 12.10 9.01 0.549 0.059
(0.006-1.344) (11.41-12.84)

Nestling period (TR) 6 2.43 0.689 12.12 10.3 0.722 0.036

(0.139-1.239)

(11.43-12.85)

Column headings starting with # are: sample size, Y-intercept, regression coefficient (95% confidence limits below), mean of the dependent variable (95%
confidence limits below), mean of the independent variable, coefficient of determination, probability level.

indicating that nestling mimids grew faster than
expected based on size.

Tarsus growth rate also scaled to adult body
weight with about the same exponent (b =
0.270; Table 3). The relationship only ap-
proached significance (r = 0.796, P = 0.062,
n = 6). The larger coeflicient for tarsus growth
indicates relatively slower growth compared to
weight, despite the fact that the young fledged
with their tarsi at about adult size (Table 4).
Presumably, this reflects the fact that the tarsi
were relatively much closer to adult size at
hatching than was weight (e.g., Table 1).

Relative weights at fledging (R,) were all
fairly low (Table 4; compare to Ricklefs 1968).

R, appeared to vary inversely with adult
weight. A test of association between R,, and
adult weight using Kendall’s coefficient of rank
correlation indicated that R, varied signifi-
cantly with adult weight (tau = 0.61, P < 0.05).
Nestlings of large mimids (i.e., >60 g adult
weight) thus fledged relatively lighter than
nestlings of the small species (<50 g). This was
not true of R,, the ratio of asymptotic to adult
tarsus length. R, was at or near 1.0 in all species
by the time of fledging (Table 4).

Hatching patterns, starvation, and nest suc-
cess. Data on hatching asynchrony and the oc-
currence of nestling starvation were not avail-
able for all species (Table 5). Of the 9 species

TABLE 4. Growth rates (K, t,,,), asymptotic sizes (4) and the ratios (R) of nestling size at fledging to adult size for
weight (g) and tarsus length (mm) in nestling mimids. Nestling period length is given in days. Values for weight gain
are above and outside of parentheses, whereas those for tarsus growth are below and within the parentheses.

. Nestling
Species Adult size A K tioso R period Source
Dumetella carolinensis 36.2 28.0 0.549 8.0 0.77 11 1
(24.0) (23.0) (0.468) (9.6) (0.96) 1
Oreoscoptes montanus 40.1 34.1 0.543 8.0 0.85 12 2
(30.5) (33.2) (0.468) 9.4) (1.0) 2
Mimus polyglottos 47.7 39.1 0.452 9.7 0.82 12 3
50.0 37.5 0.492 8.9 0.75 4
(33.3) (32.2) (0.452) 9.7 0.97)* 3
M. saturninus 78.7 61.6 0.476 9.2 0.78 12 5
Toxostoma longirostre 67.7 49.9 0.443 9.9 0.73 13 3
(36.5) (35.2) (0.408) (10.8) (0.96)* 3
T. rufum 72.2 479 0.512 8.6 0.66 11 6
(35.0) (34.9) (0.444) 9.9) (1.0) 6
T. curvirostre 79.7 55.0 0.384 11.5 0.69 - 7
84.5 55.6 0.444 9.9 0.65 14 3
(34.5) (33.5) (0.344) (12.8) (0.97)* 3

* Fischer (1983) obtained lower values for R, 8resumably because of slight differences in our technique for measuring tarsus length.

Sources: 1 —Zimmerman 1963; 2—Killpack 1

70; 3—Fischer 1983; 4 —Breitwisch et al. 1984; 5—Fraga 1985; 6—this study; 7—Ricklefs 1965.
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FIGURE 3. The rate of nestling weight gain (t,,_5,; Rick-
lefs 1967) plotted against asymptotic nestling weight of
temperate-zone breeding mimids. The lower, heavy line
describes the relationship in mimids (Rate,,), whereas the
upper line represents the “average” pattern for birds with
altricial young (Rate,; Ricklefs 1968). The shaded region
represents the 95% confidence region around the mimid
relationship. Numbers 1 through 9, respectively, indicate
Dumetella carolinensis, Oreoscoptes montanus, Mimus
polyglottos (from Texas), M. polyglottos (from Florida),
Toxostoma rufum, T. longirostre, T. curvirostre (Arizona),
T. curvirostre (Texas), M. saturninus.

for which information on hatching patterns was
found, 7 reported asynchrony to be common,
especially in large clutches. Starvation was not
as well documented. For the seven species with
data, starvation occurred frequently in three,
was absent in two others, and in both the Gray
Catbird (Dumetella carolinensis) and Curve-
billed Thrasher was reported to be common
in one study yet essentially absent in another
(Table 5). When starvation was reported, about
25% of all nests were affected (Table 5).

MICHAEL T. MURPHY anp ROBERT C. FLEISCHER

The percentage of nests which successfully
fledged young varied from 26% to 70%. To
compare species for differences in the rate of
nest loss we calculated the average proportion
(unweighted) of successful nests for each
species, and converted it to average daily nest
mortality rate (Ricklefs 1969b). A regression
of average daily nest mortality rate (NMR) on
the logarithm of adult weight yielded a signif-
icant positive relationship (r = 0.727, n= 8,
P = 0.04; NMR = —0.069 + 0.0559[log-
WEIGHT]. To our knowledge, these are the
first data for any passerine family demonstrat-
ing a correlation between body size and repro-
ductive success.

DISCUSSION

Breeding patterns of Brown Thrashers in Ten-
nessee and Kansas were very similar. The only
apparent differences between Erwin’s (1935)
study and ours were that incubation was sig-
nificantly shorter in Tennessee, and that clutch
size declined seasonally in Tennessee but not
in Kansas. The difference in incubation length
seemed likely to have arisen from method-
ological differences in the determination of
length. Whereas we counted incubation from
the end of egg-laying to hatching of the last
egg, Erwin probably counted to the hatching
of the first egg. The difference in seasonal vari-
ation in clutch size was probably artifactual
since a definite trend existed for late clutches
to be smaller in Kansas. Small sample size
rather than intrinsic population differences
probably account for this discrepancy.
Breeding patterns among temperate-zone
mimids were also quite uniform. Our empha-
sis on relating reproductive traits to body size
clearly showed that much of the observed in-
terspecific variability in certain traits was due
to differences in body size. However, our

TABLE 5. Hatching patterns, observations on nestling starvation, and nest success for mimids breeding in temperate-
zone regions. Asyn and Syn refer to asynchronous and synchronous hatching, respectively. Percentages under starvation
refer to the percentage of nests with nestlings that experienced starvation. Under nest success, the numbers indicate
the percentage of nests that fledged at least one nestling. Numbers in parentheses following data indicate sources.

Nestling starvation Nest success

Species Hatch pattern
Dumetella carolinensis Asyn (1, 2)
Mimus polyglottos Unknown
M. saturninus Asyn (8)
Oreoscoptes montanus Syn (9)
Toxostoma rufum Asyn (10)
T. longirostre Syn (7)

T. curvirostre Asyn (7)
Asyn (13)

T. dorsale Asyn (2, 14)

T. lecontii Asyn (15)

Very low (3) 58 (1), 70 (4),
Present (15.1%; 4)* 69 (5), 44 (6)
Absent (7) 56 (7)
Present (20.0%; 8) 27 (8)
Present (~30%; 9) 45(9)
Present (27.3%; 10) 44 (10), 37 (11)
Absent (7) 26 (12)
Absent (7) 37(12)
Present (2; 13) Unknown
Unknown 48 (14)
Unknown Unknown

* The figure of 15.1% refers to percentage of nestlings that starved. A higher value would occur if expressed in relation to number of nests.

Sources: 1 —Johnson and Best 1

980; 2—Bent 1948; 3—Johnson and Best 1982; 4—Kendeigh 1942; 5—Slack 1976; 6 —Best and Stauffer 1980; 7—Fischer

1983; 8—Fraga 1985; 9—Reynolds 1981; 10—this study; 11 —Erwin 1935; 12—Fischer 1981; 13—Ricklefs 1965; 14—Finch 1982; 15—Sheppard 1970.



method of analysis also highlighted a number
of unambiguous trends in the data indicating
that ecological factors have significantly influ-
enced the evolution of life histories in the
Mimidae.

Clutch size, for example, was independent
of body size yet did vary with geographic dis-
tribution. All species were multibrooded, and
laid normally 3 to 4 eggs per clutch. Mimids
of the arid southwestern U.S. and Mexico,
however, produced smaller clutches than
species breeding elsewhere. This was evident
even within Curve-billed Thrashers (Table 2).
Nestling Curve-billed Thrashers from Arizona
also showed the slowest relative growth rate
of all species in the sample (Fig. 3). The small
average clutch size of these species, and the
heavy nestling starvation in Curve-billed
Thrashers from Arizona (Ricklefs 1965), but
not Texas (Fischer 1983), suggest that the rate
at which offspring can be supplied with food
is limited in desert environments. This may
be due either to low habitat productivity (Ro-
senzweig 1968) or limitation of adult activity
by thermal stresses (e.g., Calder 1968, Ricklefs
and Hainsworth 1968, Austin 1976, 1978).

The strongest pattern, however, was the con-
sistent trend for rapid development of both
embryos and nestlings, and the generally short
periods of nest occupancy. Incubation length
did not scale closely to body size in our sample,
due mainly to the long incubation period of
Sage Thrashers. In all species, however, in-
cubation was shorter than expected based on
either adult size or egg weight. Relative incu-
bation length also decreased significantly as
body size increased, hence, the large species
had the shortest relative lengths of incubation.
Nestling growth rate was dependent on body
size, but nestlings nonetheless grew signifi-
cantly faster than expected. Growth patterns
were such that young fledged at only 60% to
80% of adult weight, but with the tarsi always
near adult size. Relative weight at fledging also
decreased as adult body size increased, indi-
cating that the young of the large species fledged
atrelatively earlier stages of development than
the offspring of small species.

These data, and the finding that daily nest
mortality rate rose significantly as adult body
size increased, suggest strongly that minimi-
zation of the time spent in the nest exposed to
predators as vulnerable eggs or nestlings is ex-
tremely important for mimid reproductive
success. In accordance, predation was the ma-
jor cause of nest failure in all the studies cited
in Table 5 (see also Biedenweig 1983), except
for Arizona Curve-billed Thashers (Ricklefs
1965). Our findings are therefore in agreement
with Fischer’s (1983) proposal that heavy nest
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predation in mimids favors short nest occu-
pancy and completion of growth outside of the
nest. Emphasis on leg growth and the attain-
ment of functional maturity of the legs of nest-
lings ensures that early fledging is possible, es-
pecially in ground-foraging birds. Chalk-
browed Mockingbird nestlings, for example,
can successfully fledge at 9 days of age if dis-
turbed by predators, though nest departure
normally occurs 3 to 5 days later (Fraga 1985).
Dark-eyed Juncos (Junco hyemalis) also ex-
perience heavy nest predation, and exhibit very
similar growth patterns (Smith and Andersen
1982; see also Austin and Ricklefs 1977).

We suspect, however, that other factors have
also contributed to the evolution of nestling
mimid growth patterns. For example, hatching
asynchrony is typical of most mimids, and
along with rapid nestling growth, comprise the
essential components of the brood reduction
strategy (O’Connor 1977). This paradigm pro-
poses that when parents are faced with poor
food supplies that are temporally stable, starv-
ing nestlings should be eliminated rapidly to
avoid feeding young that are destined to die
(O’Connor 1977). Hatching asynchrony pro-
duces size differences that are quickly accen-
tuated by rapid growth. In this regard, rapid
growth is critical because it increases nestling
energy demands (Ricklefs 1984) and maxi-
mizes intrabrood competition, which even-
tually kills the starving offspring. Patterns of
nestling starvation that conform to the brood
reduction model have been observed in Curve-
billed Thrashers (Ricklefs 1965), Chalk-browed
Mockingbirds (Fraga 1985) and Brown
Thrashers (this study). Gabrielson’s (1912) ob-
servations on the distribution of food to four
nestling Brown Thrashers also match predic-
tions of the brood reduction model in that the
smallest nestling received significantly fewer
feeds than expected by chance (n = 878 feed-
ings, G = 11.7,df = 3, P < 0.01).

Thus, rapid nestling growth (and hatching
asynchrony) in Brown Thrashers, and possibly
other mimids, may also function in brood re-
duction. Though nestling starvation is less
common than nest predation among mimids,
the variable occurrence of starvation may itself
reflect the temporally and/or spatially variable
nature of food supplies. At present, we cannot
identify which, if either, of these models (nest
predation vs. brood reduction) is primarily re-
sponsible for the pattern of rapid embryo and
nestling growth that we have detected. We feel
it is likely that both have contributed to the
evolution of nestling mimid growth patterns.
This conclusion, though unsatisfying from the
standpoint of clean hypothesis testing, perhaps
more realistically reflects the multiple selective
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pressures impinging on individual reproduc-
tive success. We suspect that many ground-
foraging birds (which nest close to the ground
and frequently experience heavy nest preda-
tion), face similar selection pressures, and ex-
hibit patterns similar to those found in th¢=
Mimidae.

Clearly, more data and experimental tests of
these ideas are necessary. Information is need-
ed on hatching patterns, nestling growth, and
rates of starvation in all species, but especially
for mimids of the deserts of southwestern North
America. It would be instructive also to de-
termine whether food supplies, hatching pat-
terns, the frequency of nestling starvation, and
predator activity covary on either an annual
or seasonal basis (Mead and Morton 1985, this
study). Such information may allow discrim-
ination between the several hypotheses tha —
have been proposed to account for the evo-
lution of hatching asynchrony and nestling
growth rates in passerine birds.

SUMMARY

Our analysis of reproduction in Browr
Thrashers and other temperate-zone breeding
mimids leads us to conclude that (1) body size
accounts for much of the interspecific vari-
ability in certain reproductive traits, but that
(2) ecological pressures have selected for dis-
tinct patterns, including rapid development of
embryos and nestlings. We suggest that both
frequent loss of nests to predators, and unpre-
dictable (but stable) food supplies have fa-
vored the evolution of the rapid develop-
mental rates that characterize temperate-zone
Mimidae. Hatching asynchrony is also com-
mon in mimids, and appears to function in
brood reduction. Further data, and tests of these
hypotheses are necessary, particularly in deseri—
species.

-
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