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Patterns of growth (reviewed by Ricklefs 1968, 1969; 
O'Connor 1984) and the development of endother- 
my (reviewed by Dawson and Hudson 1970, Dunn 
1975, Hill and Beaver 1982) have been well-studied 
in altricial wild birds, especially passerines. But few 
studies compare growth and thermogenesis in separate 
populations of the same species. Results of such studies 
with emberizids varied among species. King and Hub- 
bard (1981), for example, found that nestlings from 
subarctic, subalpine, and low-altitude montane pop- 
ulations of White-crowned Sparrows (Zonotrichia leu- 
cophrys gambelii) grew at similar rates. In contrast, 
Rogers (1985) reported that the growth rates of nest- 
lings in different populations of Savannah Sparrows 
(Passerculus sandwichensis) varied in response to the 
different environmental constraints of the localities in 
which they were reared. Nice (1937) and Smith et al. 
(1982) documented patterns of nestling growth in 
mainland (Ohio) and insular (Mandarte Island, British 
Columbia, Canada) populations of Song Sparrows 

(Melospiza melodia), respectively, and found that they 
were similar to those reported for most other passerines 
by Ricklefs (1968, 1969) and O'Connor (1984). 

In 1985-1986, we had the opportunity to examine 
the growth of nestlings from a third race of Song Spar- 
rows, M. m. micronyx, which is endemic to San Mi- 
guel Island near Santa Barbara, California. We also 
studied the development of endothermy in these young 
birds, a process not hitherto described for nestling Song 
Sparrows. We report both in this paper. 

STUDY AREA AND METHODS 
San Miguel Island (120'W, 340N) is the northwestern- 
most of the California Channel Islands and lies 42 km 
from the southern California coastline, almost due south 
of Point Conception. It is 37 km2 in area and has a 
maximum elevation of 253 m. It supports four major 
types of vegetation: coastal bluff, coastal sage scrub, 
foothill and valley grassland, and southern coastal dune 
(Philbrick and Haller 1977); and has large unstable 
sand dunes. Strong northwesterly winds are a dominant 
part of the island's Mediterranean climate, which fea- 
tures warm, dry summers and cool, wet winters. 

Our study area was a 9.2-ha plot of grassland bisected 
by two large gullies on the north-central plateau of San 
Miguel Island. The gullies were more or less filled with 
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FIGURE 1. Appearance and changes in feather tracts of nestling San Miguel Island Song Sparrows. 

shrubs, in particular bush lupine (Lupinus albifrons), 
coyote brush (Baccharis pilularis), and goldenbush 
(Haplopappus venetus). 

We studied resident Song Sparrows here between 
February-June 1985 and 1986. For the part of the field 
study reported in this paper, we visited 15 nests con- 
taining marked nestlings on a daily basis. To determine 
the growth rates of chicks in these nests, we measured 
their mass (with a Pesola balance) and the length of 
the tarsus and wing chord (with calipers) at approxi- 

mately 24-hr intervals throughout the 11-day nestling 
period. To determine the thermoregulatory capacity of 
nestlings, we daily measured the cloacal temperature 
of one or two chicks per nest with a flexible thermistor 
attached to a tele-thermometer (Yellow Springs In- 
strument, model 43 TD). This initial temperature read- 
ing was made within 1-3 min after arriving at the nest. 
We then put each chick in a small metal can with a 
styrofoam bottom (in such a way that the chick did 
not rest directly against the metal) and put the can 

TABLE 1. The change in mass, tarsal length, wing chord length, and development of shivering in nestling Song 
Sparrows on San Miguel Island. Values given are the means, one standard deviation, and sample size (n). 

Day of nestling Mass (in grams) Tarsal length (in mm) Wing chord length (in mm) Chicks shivering 

period Mean SD n Mean SD n Mean SD n Percent n 

0 2.4 0.4 33 8.8 0.8 19 6.9 0.7 12 0 7 
1 3.7 0.6 31 10.9 0.7 19 8.1 0.9 12 0 9 
2 5.5 0.8 30 13.0 1.0 20 9.6 0.8 13 0 11 
3 7.8 0.9 32 15.5 1.1 22 11.9 1.1 13 0 11 
4 10.4 1.0 32 17.8 1.3 25 15.7 1.6 13 0 11 
5 13.0 0.9 29 20.1 1.0 28 19.7 1.6 16 9 11 
6 14.7 1.3 32 22.1 0.9 27 23.8 1.7 15 85 12 
7 15.9 1.0 26 23.5 0.7 25 28.0 1.9 15 85 14 
8 16.7 1.0 28 24.3 0.6 25 31.7 1.7 15 100 14 
9 17.4 1.0 23 24.9 0.5 20 35.2 1.4 11 100 13 

10 18.4 0.7 14 25.4 0.4 10 37.8 1.5 7 100 7 
11 18.8 0.7 6 25.7 0.2 4 39.8 0.2 3 100 3 
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inside a larger styrofoam container, packed with ice, 
in which air temperature averaged 90C (range = 2- 
150C). After 5 min of cooling, we removed the chick, 
remeasured its internal temperature, and looked for 
shivering behavior. The difference between internal 
body temperature before and after cooling was used as 
an index of the chick's ability to thermoregulate. 

RESULTS 
Growth in body mass of nestling San Miguel Island 
Song Sparrows occurred rapidly (Table 1). Between 
days 0 and 9 posthatch, the overall growth rate was 
1.8 g day-'. Ricklefs' logistic growth constant K = 0.52. 
Nestlings fledged on day 11 posthatch at an average of 
18.8 g, only 87% of adult weight. Changes in the length 
of the tarsus and wing chord averaged 1.9 and 3.4 mm 
day-', respectively (Table 1). Tarsus and wing chord 
were 97 and 66%, respectively, of adult length at fledg- 
ing. Mean mass and length of the tarsus and wing chord 
were all strongly correlated with nestlings age (r2 values 
all exceed 0.95; P < 0.001). There were no differences 
between the growth rate of nestlings from 2- (n = 7 
nests) and 3- (n = 8 nests) chick nests (Student's t-test, 
P > 0.05), or between chicks which were cooled (n = 
13) and others for which only mass was measured (n 
= 13; P > 0.05). 

Nestlings hatched with only sparse down, but pin 
feathers were evident under the skin by day 2 and 
erupted through the skin on day 3. Feathers began 
unsheathing rapidly starting on day 5 (Fig. 1) and cov- 
ered most of the nestling's surface by day 8. 

The internal temperature of the chicks before they 
were subjected to a cold challenge (Te) varied consid- 
erably during the first 6-7 days after hatch, but in- 
creased steadily through day 7 and then leveled off at 
approximately 370C (Fig. 2A). Internal temperature af- 
ter cooling (Tac) behaved similarly. The change in body 
temperature during cold stress (T, - Tac) was approx- 
imately 60C on days 0-4 posthatch, then dropped 
sharply until day 8, after which it was only about 1.80C 
(Fig. 2B). Some chicks, (9%) began to shiver as early 
as day 5 posthatch when exposed to cold stress. The 
number increased to 67% on day 6 and 100% by day 
9 (Table 1). 

Nestling temperature was never as high as adult body 
temperature, even on the day of fledging. Mean body 
temperature of five adults was 40.3 ? 1.1 C, while that 
of four 11-day-old nestlings was only 37.2 ? 1.80C. 

DISCUSSION 
The pattern of growth in nestling San Miguel Island 
Song Sparrows is similar to those of most passerines 
that have been studied (for example, see Ricklefs 1968, 
King and Hubbard 1981, O'Connor 1984, Rogers 1985). 
The pattern and rate of nestling growth is similar be- 
tween the two insular populations of Song Sparrows 
that have now been studied: for days 0-6 posthatch 
(for which comparable data are available), 2.1 g day-' 
on San Miguel Island, and ca. 2.2 g day-' on Mandarte 
Island (Smith et al. 1982). Both insular populations 
had slightly faster growth rates than Song Sparrows in 
Ohio (1.8 g day-'; Nice 1937). Statistical comparisons 
between populations were not possible due to avail- 
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FIGURE 2. A-Average cloacal temperature (oC) of 
15 nestling Song Sparrows as a function of age. B- 
Average difference between the cloacal temperature of 
these 15 nestlings before (Te) and after (Tac) they were 
cooled as a function of age. In both A and B, closed 
circles are means and vertical lines ? 1 SD. 

ability of only summary data for Mandarte Island and 
Ohio. 

The endothermic capacity of individual nestling Song 
Sparrows developed gradually and in three successive 
phases, similar to that described for several other em- 
berizids (for example, see Dawson and Evans 1957, 
1960; Morton and Carey 1971). During phase 1 (days 
0-4 posthatch), the chicks were small, naked, did not 
shiver, and apparently neither produced nor conserved 
heat effectively (Figs. 1, 2). They responded to thermal 
challenges like poikilotherms: as ambient temperature 
decreased, so did their body temperature. 

During phase 2 (days 5-7 posthatch), endothermy 
began to develop. Brushes appeared in all major feather 
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tracts (Fig. 1). Chicks were larger and better filled the 
nest cup, shivered, and huddled together, all of which 
aid in thermoregulation (Hill and Beaver 1982). Based 
on data from other species (Hill and Beaver 1982), 
Song Sparrow broods probably maintained higher body 
temperatures than individual nestlings at this stage of 
development. 

During phase 3 (days 8-11 posthatch), the chick's 
internal temperature was high and stable before and 
after cold stress test; in fact it only declined about 20C 
during the cold-stress period (Fig. 2). The nestlings 
were now large and crowded together in the nest. Song 
Sparrow nestlings were virtually covered with feathers 
(Fig. 1) and all of them shivered in the cold (Table .). 
This combination of increased mass coupled with in- 
ternal metabolic processes and shivering apparently 
enabled the young birds to regulate their body tem- 
peratures near adult levels (Marsh 1979, Hill and Beaver 
1982). 

As occurs in many ground-foraging emberizids 
(Dawson and Evans 1960, Morton and Carey 1971, 
O'Connor 1984, Rogers 1985), nestling Song Sparrows 
fledged before they reached adult mass, before they 
could fly (Sogge and van Riper 1988), and before their 
ability to thermoregulate was as well developed as that 
of adult birds. 
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script. Dr. Martin Morton, Dr. Raymond J. O'Connor, 
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for sabbatical leave. 

LITERATURE CITED 

DAWSON, W. R., AND F. C. EvANS. 1957. Relation of 
growth and development to temperature regula- 
tion in nestling Field and Chipping Sparrows. 
Physiol. Zool. 30:315-327. 

DAWSON, W. R., AND F. C. EVANS. 1960. Relation of 
growth and development to temperature regula- 
tion in nestling Vesper Sparrows. Condor 62:329- 
340. 

DAWSON, W. R., AND J. W. HUDSON. 1970. Ontogeny 
of thermoregulation in birds, p. 223-310. In G. 
C. Whittow [ed.], Comparative physiology ofther- 
moregulation. Vol. II. Academic Press, New York. 

DUNN, E. H. 1975. The timing of endothermy in the 
development of altricial birds. Condor 77:288- 
293. 

HILL, R. W., AND D. L. BEAVER. 1982. Inertial ther- 
mostability and thermoregulation in broods of 
Redwing Blackbirds. Physiol. Zool. 55:250-266. 

KING, J. R., AND J. D. HUBBARD. 1981. Comparative 
patterns of nestling growth in white-crowned spar- 
rows. Condor 83:362-369. 

MARSH, R. L. 1979. Development of endothermy in 
nestling Bank Swallows (Riparia riparia). Physiol. 
Zool. 52:340-353. 

MORTON, M. L., AND C. CAREY. 1971. Growth and 
the development of endothermy in the mountain 
white-crowned sparrow (Zonotricia leucophrys 
oriantha). Physiol. Zool. 44:177-189. 

NICE, M. M. 1937. Studies in the life history of the 
Song Sparrow. Vol. I: a population study of the 
Song Sparrow and other passerines. Trans. Linn. 
Soc. N.Y. 4:1-246. 

O'CONNOR, R. J. 1984. The growth and development 
of birds. John Wiley & Sons, New York. 

PHILBRICK, R. N., AND J. R. HALLER. 1977. The 
southern California islands. In M. G. Barbour and 
J. Major [eds.], Terrestrial vegetation of Califor- 
nia. John Wiley & Sons, New York. 

RICKLEFS, R. E. 1968. Patterns of growth in birds. 
Ibis 110:419-451. 

RICKLEFS, R.E. 1969. Preliminary models for growth 
rates in altricial birds. Ecology 50:1031-1039. 

ROGERS, C. M. 1985. Growth rate and determinants 
of fledging weight in Michigan-breeding savannah 
sparrows. Condor 87:302-303. 

SMITH, J. N. M., YOM-Tov, Y., AND R. MOSES. 1982. 
Polygyny, male parental care, and sex ratio in song 
sparrows: an experimental study. Auk 99:555-564. 

SOGGE, M. K., AND C. VAN RIPER III. 1988. Breeding 
biology and population dynamics of the San Mi- 
guel Island Song Sparrow (Melospiza melodia mi- 
cronyx). Tech. Rep. 26, Coop. National Park Re- 
sources Stud. Unit, Univ. of California, Davis. 


	Article Contents
	p. 773
	p. 774
	p. 775
	p. 776

	Issue Table of Contents
	The Condor, Vol. 93, No. 3 (Aug., 1991), pp. 473-791
	Front Matter
	Use of Quaking Aspen Flower Buds by Ruffed Grouse: Its Relationship to Grouse Densities and Bud Chemical Composition [pp.  473 - 485]
	Embryo Metabolism and Egg Neglect in Cassin's Auklets [pp.  486 - 495]
	Adaptive Loss of Mass in Thick-Billed Murres [pp.  496 - 502]
	Optimal Foraging and Intraspecific Competition in the Tufted Puffin [pp.  503 - 515]
	Persistent Summer Mortalities of Common Murres along the Oregon Central Coast [pp.  516 - 525]
	Seasonal Differences in the Response of Rufous Hummingbirds to Food Restriction: Body Mass and the Use of Torpor [pp.  526 - 537]
	Seasonal Adjustments in Metabolism and Insulation in the Dark-Eyed Junco [pp.  538 - 545]
	Flight Performance, Energetics and Water Turnover of Tippler Pigeons with a Harness and Dorsal Load [pp.  546 - 554]
	Nest Spacing and Breeding Success in the Lesser Frigatebird (Fregata ariel) [pp.  555 - 562]
	Nest-Site Characteristics of Hammond's and Pacific-Slope Flycatchers in Northwestern California [pp.  563 - 574]
	Nest-Site Selection and the Importance of Nest Concealment in the Black-Throated Blue Warbler [pp.  575 - 581]
	Feeding Ecology of Waterfowl Wintering on Evaporation Ponds in California [pp.  582 - 590]
	Flexible Growth Rates in Nestling White-Fronted Bee-Eaters: A Possible Adaptation to Short-Term Food Shortage [pp.  591 - 597]
	Daily Allocation of Time and Energy of Western Bluebirds Feeding Nestlings [pp.  598 - 611]
	An Analysis of Hatchling Resting Metabolism: In Search of Ecological Correlates That Explain Deviations from Allometric Relations [pp.  612 - 629]
	Experimental Evidence for the Function of Mate Replacement and Infanticide by Males in a North-Temperate Population of House Wrens [pp.  630 - 636]
	Distress Calls in the Acorn Woodpecker [pp.  637 - 643]
	Variation in Duration and Frequency Characters in the Song of the Rufous-Collared Sparrow, Zonotrichia capensis, with Respect to Habitat, Trill Dialects and Body Size [pp.  644 - 658]
	Vocalizations of Cooper's Hawks during the Pre-Incubation Stage [pp.  659 - 665]
	Coloniality and Breeding Biology of Purple Martins (Progne subis hesperia) in Saguaro Cacti [pp.  666 - 675]
	Point Counts from Clustered Populations: Lessons from an Experiment with Hawaiian Crows [pp.  676 - 682]
	Intraseasonal Costs of Reproduction in Starlings [pp.  683 - 693]
	Winter Distribution of Age and Sex Classes in an Irruptive Migrant, the Evening Grosbeak (Coccothraustes vespertinus) [pp.  694 - 700]
	Female Feeding and Male Vigilance during Nesting in Greater Snow Geese [pp.  701 - 711]
	Geographical Morphology of Male Yellow Warblers [pp.  712 - 723]
	Primary Molt and Transequatorial Migration of the Sooty Shearwater [pp.  724 - 730]
	Sex-Specific Differences in Molt Strategy in Relation to Breeding in the Wandering Albatross [pp.  731 - 737]
	Phylogeny and Biogeography of the Ptiloris riflebirds (Aves: Paradisaeidae) [pp.  738 - 745]
	Sampling Blood from Birds: A Technique and an Assessment of Its Effect [pp.  746 - 752]
	Short Communications
	Survival Rates of Artificial Piping Plover Nests in American Avocet Colonies [pp.  753 - 755]
	Observations of Ravens Preying on Adult Kittiwakes [pp.  755 - 757]
	The Role of Egg-Capping in the Evolution of Eggshell Removal [pp.  757 - 759]
	Hatching Success in Roof and Ground Colonies of Least Terns [pp.  759 - 762]
	Breeding Distribution and Habitat of Prairie Falcons in Northern Mexico [pp.  762 - 765]
	Demography of the Pigeon Guillemot on Southeast Farallon Island, California [pp.  765 - 768]
	Short-Term Variations in Water-Vapor Pressure in Nests of Common Canaries [pp.  768 - 773]
	Growth and Development of Thermoregulation in Nestling San Miguel Island Song Sparrows [pp.  773 - 776]
	An Effect of Instrument Attachment on Foraging Trip Duration in Chinstrap Penguins [pp.  777 - 779]
	Orphaned Mallard Brood Travels Alone from Nest to Water [pp.  779 - 781]
	The Loss of Avian Cavities by Injury Compartmentalization [pp.  781 - 783]
	Effect of Nest-Site Supplementation on Polygynous Behavior in the House Wren (Troglodytes aedon) [pp.  784 - 787]

	Book Reviews
	untitled [pp.  788 - 789]
	untitled [pp.  789 - 790]

	News and Notes [p.  791]
	Back Matter



