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The nutritional requirements and physiological mech- 
anisms of avian molt and the relationship of molt to 
other ecological requirements in birds are poorly 
understood. Relative to other nutritionally costly events 
in the annual cycle (e.g., reproduction and migration), 
the efficiency of feather synthesis is extremely low (Ring 
198 1, Murphy and Ring 1984a). Gavrilov and Dolnik 
(1974) suggested that this inefficiency was caused by 
an aminostatic regulation of food intake which allows 
acquisition of sufficient cysteine and cystine for con- 
struction of feather keratins. Recent investigations failed 
to confirm this “aminostatic hypothesis,” however, and 
instead suggested that overall nitrogen retention (of the 
correct amino acid spectrum), not specific sulfur amino 
acid (SAA) concentrations, may be a more important 
constraint on feather synthesis, and that both protein 
and SAA requirements can be met through dietary 
intake without depleting tissue proteins (Murphy and 
Ring 1984a, 1984b, 198&, 1985). Also, studies ofwild 
Eurasian Bullfinches (Pyrrhula pyrrhulu) (Newton 
1968), the Canada Goose (Brunta cunadensis) (Rav- 
eling 1979, Mainguy and Thomas 1985) the Lesser 
Snow Goose (Chen caerulescens) (Ankney 1979) Brant 
(Branta bernicla) (Ankney 1984), and Mallard (Anas 
plutyrhynchos) (Heitmeyer 1985) indicate that molting 
birds typically obtain nrotein and SAA reauired for 
feather-synthesis from food. 

The actual protein intake needed to synthesize 
feathers is not known for any bird in the wild, and only 
White-crowned Sparrows (Zonotrichia leucoph ys) have 
been intensively studied in the laboratory in an attempt 
to calculate protein costs (Murphy and Ring 1982, 
1984a, 1984b). Studying molt with captive birds has 
been hampered, however, because captive birds often 
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do not undergo a typical molt if (1) photoperiod, tem- 
perature, food quantity and quality, and social settings 
are artificial, (2) birds are unnaturally constrained, or 
(3) locations are distant from the site where molt would 
occur naturally (West 1968, Blackmore 1969, Ring 
1974, Chilgren 1978). 

In contrast to laboratory investigations, studying the 
cost of molt in the wild is hampered because variables 
affecting the bird and its environment are not con- 
trolled, and the intake and output of nutrients are not 
measured. Despite these problems bioenergetic costs 
can be accurately estimated from birds collected in the 
wild if sufficient data exist on the pattern, timing, and 
duration of synthesis, and composition of the synthe- 
sized product (e.g., estimates of bioenergetic costs of 
renroduction. Ricklefs 1974. Drobnev 1980). Herein. 
I estimate the protein cost ofthe prebasic molt of adult 
female Mallards in late winter using birds collected in 
the wild. 

METHODS 

Adult female Mallards were collected from January 
through March 198 1 and October through March 198 1 
to 1982 and 1982 to 1983 in the Mingo Basin ofsouth- 
eastern Missouri (n = 175) and during March 198 1 
and 1983 at the Ted Shanks Wildlife Management Area 
in northeastern Missouri (n = 8). Similar-numbers of 
Mallards were collected each month (Heitmeyer 1987). 
Collected birds represented all stages (i.e., 0 to 100%) 
of molt completion and were representative of the pop- 
ulation present in the Mingo Basin (Heitmeyer 1985, 
in press). All feathers were plucked from each bird and 
the percentage completion of the prebasic molt in each 
of 18 feather areas determined as described in Heit- 
meyer (1987). The mass (g, dry weight) of all feathers 
replaced (via the prebasic molt) on each bird when 
collected was calculated by multiplying the percentage 
of each feather area that had molted into the basic 
plumage by the dry mass of the completely replaced 
basic plumage of each area and summing all areas. The 
dry mass of the basic plumage was determined by 
plucking and drying (80°C to a constant weight) all 
feathers from the 18 feather areas, plus the wing, from 
six adult female Mallards that had completed the pre- 
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FIGURE 2. Mean grams of protein required/day to 
synthesize feathers during each decile of the prebasic 
molt of adult female Mallards collected in Missouri, 
198 1 to 1983 assuming a 55% overall efficiency of 
protein utilization. Vertical bars indicate standard 
errors. 

DISCUSSION 

Protein costs of the prebasic molt of female Mallards 
were higher during the middle stages of molt because 
chest-center, chest-side, and belly feathers, which com- 
pose a large portion of the total feather mass, molt 
more rapidly at this time (Heitmeyer 1987). The pro- 
tein cost curve (Fig. 2) closely resembles the curves of 
net energy costs and nitrogen retention of molting 
White-crowned Sparrows (Murphy and King 1984a: 
319-320, 1984b:327) and the rate-intensity curve of 
feather replacement in female Mallards (Heitmeyer 
1987). 

The daily and total protein cost of the prebasic molt 
of female Mallards were substantial. The daily cost was 
especially high during the mid-portions of the molt 
when costs approach 3 g protein/day. This represents 
a significant increase above maintenance requirements 
(ca. 3.9 g/day for a 1,050-g female Mallard [using the 
equationofScotteta1. 1976:81,seealsoRobbins 19811) 
and in proportion to total body protein (total body 
protein = 160 to 174 g excluding feathers, Heitmeyer 
1985). 

For female Mallards, the protein cost of molt is prob- 
ably exceeded (as an annual event cost) only by protein 
requirements for reproduction. An average Mallard 
clutch of 11 eggs contains 69 g (dry weight) of protein 
with costs incurred over ca. 18 days (Krapu 1981). 
Similar to female Mallards engaged in the prebasic 
molt, female Mallards obtain most protein for egg lay- 
ing by increased consumption of invertebrates and not 
from labile protein reserves (Swanson et al. 1979, Kra- 
pu 1981); therefore, 125 g of exogenous protein are 
required to produce a clutch (assuming a 55% efficien- 
cy). In comparison, the prebasic molt deposits 46 g of 

TABLE 2. Mean mass (g) of feathers replaced during 
each decile (% molt completion) of the prebasic molt 
of adult female Mallards collected in Missouri, 198 1 
to 1983. 

Deck 
Cumulative 

n x + SE replacement 

O-10 
1 l-20 
21-30 
31-40 
41-50 
5 l-60 
61-70 
71-80 
81-90 
91-100 

86 5.32 + 0.07 
12 6.52 -+ 0.18 
9 6.63 f 0.24 
6 6.49 i 0.06 
8 6.04 i 0.21 

14 5.39 i- 0.13 
17 5.18 + 0.42 
19 4.82 f 0.31 
7 3.76 f 0.16 
5 3.50 i 0.07 

5.32 
11.84 
18.47 
24.96 
31.00 
36.39 
41.57 
46.39 
50.15 
53.65 

protein in feathers in 46 days and requires 84 g of 
exogenous protein for feather synthesis. Protein costs/ 
day in reproduction exceed 5 &day during early egg 
laiing (e&s 1 to 7) but decline to ;2 g/da; fro& e&i 
8 to 11 (see Ricklefs 1974. Drobnev 1980 for calcu- 
lation ofprotein cost/day). Therefore; the daily protein 
costs of feather synthesis during the prebasic molt may 
approach that of laying a clutch of eggs (at least com- 
pared to costs/day of laying the last 4 to 5 eggs). 

This study was funded by the Office of Migratory 
Bird Management, U.S. Fish-and Wildlife Service Con- 
tract # USDI 14- 16-009-80 l-029 and is a contribution 
from the Gaylord Memorial Laboratory (School of 
Forestry, Fisheries and Wildlife, University of Mis- 
souri-Columbia and Missouri Department of Conser- 
vation cooperating), Missouri Cooperative Fish and 
Wildlife Research &it (U.S. Fish and Wildlife Service, 
University of Missouri-Columbia. Missouri Denart- 
ment of Conservation, and Wildlife Management In- 
stitute cooperating), Edward K. Love Fellowship, and 
Missouri Agricultural Experiment Station, Project 183, 
Journal Series Number 10 166. The staffs of the Mingo 
National Wildlife Refuge (U.S. Fish and Wildlife Ser- 
vice) and the Duck Creek and Ted Shanks Wildlife 
Management Areas (Missouri Department of Conser- 
vation) provided access and assistance. J. C. Ware and 
F. A. Reid assisted with data collection and laboratorv 
work. D. J. Wielicki kindly provided unpublished data 
on protein content of Mallard feathers. D. W. Ander- 
son, L. H. Fredrickson, D. G. Raveling, M. Wayland, 
D. J. Wielicki, and three anonymous reviewers pro- 
vided many valuable suggestions on an earlier draft of 
the manuscript. 

LITERATURE CITED 

ANKNEY, C. D. 1979. Does the wing molt cause nu- 
tritional stress in Lesser Snow Geese? Auk 96:68- 
72. 

ANKNEY, C. D. 1984. Nutrient reserve dynamics of 
breeding and molting Brant. Auk 101:361-370. 

BLACKMORE, F. H. 1969. The effect of temperature, 
photoperiod and molt on the energy requirements 
of the house sparrow, Passer domesticus. Comp. 
Biochem. Physiol. 30:433-444. 



266 SHORT COMMUNICATIONS 

CHILGREN, J. D. 1978. Effects of photoperiod and 
temperature on the postnuptial molt in captive 
White-crowned Sparrows. Condor 80:222-229. 

DROBNEY, R. D. 1980. Reproductive bioenergetics 
of Wood Ducks. Auk 97:480-490. 

FISHER, C. 1980. Protein deposition in poultry, p. 
25 l-270. In P. J. Buttery and D. B. Lindsay [eds.], 
Protein deposition in animals. Butterworths, Lon- 
don. 

GAVRILOV, V. M., AND V. R. DOLNIK. 1974. (Bio- 
energetics and regulation of the postnuptial and 
postjuvenal molt in chaffinches [Fringillu coelebs 
coelebs].) Tr. Zool. Nauk SSSR 55: 14-6 1. (In Rus- 
sian.) 

HEITMEYER, M. E. 1985. Wintering strategies of fe- 
male mallards related to dynamics of lowland 
hardwood wetlands in the Upper Mississippi Del- 
ta. Ph.D.diss., Univ. of Missouri, Columbia. 

HEITMEYER, M. E. 1987. The prebasic moult and 
basic plumage of female mallards (Anas platy- 
rhynchos). Can. J. Zool. 65:2248-226 1. 

KING, J. R. 1974. Seasonal allocation of time and 
energy resources in birds, p. 4-70. In R. A. Payn- 
ter, Jr. [ed.], Avian energetics. Nuttall Omithol. 
Club, Cambridge, MA. 

KRAPu, G. L. 1981. The role of nutrient reserves in 
Mallard revroduction. Auk 98:29-38. 

KING, J. R. 1980. Energetics of avian molt. Proc. 
XVII Int. Omithol. Congr. (1978):3 12-3 17. 

Sparrow. 2. Nitrogen and sulfur balance in birds 
fed graded levels of sulfur-containing amino acids. 
Condor 86~324-332. 

MURPHY, M. E., AND J. R. EONG. 1984~. Dietary 
sulfur amino acid availability and molt dynamics 
in White-crowned Sparrows. Auk 101:164-167. 

MURPHY, M. E., AND J. R. KING. 1985. Diurnal vari- 
ation in liver and muscle glutathione pools of 
molting and nonmolting white-crowned sparrows. 
Physiol. Zool. 58:646-654. 

MURPHY, M. E., AND J. R. KING. 1986. Composition 
and quantity of feather sheaths produced by White- 
crowned Sparrows during the postnuptial molt. 
Auk 103:822-825. 

NEWTON, I. 1968. The temperature, weights, and body 
composition of molting bullfinches. Condor 70: 
323-332. 

RAVELING, D. G. 1979. The annual cycle of body 
composition of Canada Geese with special refer- 
ence to control of revroduction. Auk 961234-252. 

RICKLEFS, R. E. 1974. Energetics of reproduction in 
birds, p. 152-297. In R. A. Paynter, Jr. [ed.], Avi- 

Scorr, M. L., M. C. NESHEIM, AND R. J. YOUNG. 

an energetics. Nuttall Omithol. Club, Cambridge, 
MA. 

1976. 

ROBBINS, C. T. 

Nutrition of the chicken. 2nd ed. M. L. Scott and 

198 1. Estimation of the relative pro- 
tein cost of reproduction in birds. Condor 83: 177- 
179. 

MAINGUY, S. i., AND V. G. THOMAS. 1985. Com- Associates, Ithaca, NY. 
parisons ofbody reserve buildup and use in several 
arouvs of Canada aeese. Can. J. Zool. 63:1765- 
7772. 

MURPHY, M. E., AND J. R. KING. 1982. Amino acid 
composition of the plumage of the White-crowned 
Sparrow. Condor 84:435238. 

MURPHY. M. E.. AND J. R. KING. 1984a. Sulfur amino 
acid’nutrition during molt in the White-crowned 
Sparrow. 1. Does dietary sulfur amino acid con- 
centration affect the energetics of molt as assayed 
by metabolized energy? Condor 86:314-323. 

MURPHY, M. E., AND J. R. KING. 1984b. Sulfur amino 
acid nutrition during molt in the White-crowned 

SWANSON, G. A., G. L. KRAPu, AND J. R. SERIE. 1979. 
Foods of lavina female dabblina ducks on the 
breeding grounds, p. 47-57. In T. A. Bookhout 
[ed.], Waterfowl and wetlands-an integrated re- 
view. North Central Sect., The Wildl. Sot., Mad- 
ison, WI. 

WEST, G. C. 1968. Bioenergetics of captive willow 
ptarmigan under natural conditions. Ecology 49: 
1035-1045. 

WIELICKI, D. J. 1987. Aspects of mallard nutrition 
during molt. M.S.thesis, Univ. of Manitoba, Win- 
nipeg. 


