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Clutch size, longevity, and body mass data for 54 North American game birds were extracted from the literature to test the
hypothesis that a trade-off exists between fecundity and survival among avian species. Species with larger clutch sizes live
shorter lives than species with smaller clutch sizes (r = - 0.38, n = 54, P < 0.01). This relationship still holds when the effects

," of body mass are removed (r = -0.34,51 df, P < 0.05), indicating that the relationship is not simply a function of body mass.
This latter finding is inconsistent with previous life-history studies, perhaps because previous researchers did not attempt to
remove body mass effects from their life-history investigations. Results are similar (P < 0.05) when mean values of life-history
traits are examined at the generic level. However, no relationships (P > 0.05) among mean values of life-history traits occur at

'"' any taxonomic level higher than genus or when species are grouped with respect to feeding habits. This might be the result of low

sample size. I conclude that the evolution of clutch size is influenced by longevity, or vice versa, among species and genera of
North American game birds.

ZAMMUTO, R. M. 1986. Life histories of birds: clutch size, longevity, and body mass among North American game birds. Can. J.
Zool. 64: 2739-2749.

Des donnees sur 54 especes nord-americaines de gibier a plume ont ete reperees dans la litterature (nombre d' oeufs par couvee,
longevite et masse totale) afin de verifier I 'hypothese selon laquelle il s' etablit un equilibre entre al fecondite et la survie chez les
oiseux. Les especes qui pondent plus de petits ont une duree de vie plus courte que les especes qui pondent moins d'oeufs
(r = -0,38, n = 54, P < 0,01). Cette affirmation reste vraie lorsque les effets de lamasse totale sontelimines (r = -0,34,51 dl,
P < 0,05), ce qui demontre que cette relation n'est pas seulement une fonction de la masse totale. Cette conclusion vient a
I' encontre des etudes anterieures sur Ie developpement, peut-~tre parce que les chercheurs n' ont pas elimine les effets de la masse
du corps au cours de leurs investigations. Les resultats sont semblables (P < 0,05) lorsque les valeurs moyennes des parametres
du developpement sont examines au niveau generique. Cependant, il n'y a pas de relation (P > 0,05) entre les valeurs moyennes
de ces parametres a des niveaux taxonomiques superieurs au niveau generique ou lorsque les especes sont regroupees en fonction
de leurs habitudes alimentaires. II faut peut-~tre reconnaitre la l'effet de la taille trop faible de l'echantillon. Je conclus que
l'evolution du nombre d'oeufs par couvee est influencee par la longevite, ou vice versa, chez les especes ou les genres
nord-americains de gibier a plume.

[Traduit par la revue]

Introduction traits (Western and Ssemakula 1982; Peters 1983; Calder 1984;
Theoretical arguments suggest that costs of reproduction, Lindste~t et al. 1986). However, rec7nt e~idence from partial

such as the amount of energy used, predation risks, exposure to correl~nons sugges!s that the relationship between ag~ ~t I
elements, and accidents (see Ricklefs 1974), should adversely matunty and lon.gevity may not depend upon body mass within
affect survival rates in animals (Cody 1966' Williams 1966' and among species of mammals (Harvey and Zammuto 1985).
Chamov and Krebs 1974' Steams 1976' B~ll 1980 1984a' This raises the possibility that relationships observed among

. 1984b). For example, clutch size is a m;jor cost in r~produc: li!e-history traits of birds do not depend solely upon body mass
tion, so it should inversely covary with longevity in birds erther. .. .
(Haukioja and Hakala 1979; Stenseth 1984; Reznick 1985). . My purpose ,-:,as to examine th.e re!anonship between clutch

~ However, empirical studies of birds have not always provided Size and longevity, and to.determme rt~ depend~ncy upon body
convincing evidence of this relationship. Some instraspecific ~ass among North Am~ncan g~me bIrds. An. inverse correla-
studies have supported the expected inverse relationship be- non (P < 0.05) between clutch siz.e and l°.ngevity, corr~cted for
tween reproduction and survival (Goodman 1974' Askenmo body mass effects, would be consistent With the fecundrty-sur-
1979; Bryant 1979; Nur 1984; Ekman and Aske~mo 1986), vivaltr~de-offhypothesisandthebalancedmortalityhypothesis
whereas others have indicated either a positive or no relation- (~ee Pri.ce 1974; ~ell 1984a). .These hyp~theses propose t~at
ship between these traits (De Steven 1980; Hogstedt 1981; either hIgh. fecu.ndrty ac~ompames low survIval or low fe~undrty
Smith 1981; Roskaft 1985). Interspecific studies of mammals acco.mpanles high survIval ?eca~se c,osts of reprod~cnon are
have supported the predicted inverse relationship between litter mamfested as r~du~ed survIval mammals. Game bIrds were
size and survival (Tuomi 1980; Millar and Zammuto 1983), chosenf,orexammanonb.e~auselarge~ccuratesamplesofmean
whereas interspecific studies of birds on the subject are lacking. clut~h SIzes and 10ngevInes are avaIlable. To.o few data are

Life-history studies of birds and mammals indicate that lon- a~aIlablefor a comparable study on nongame b~rds.(se~ sample
gevity, clutch size, and litter size correlate highly with body mass Sizes of Clapp et al. 1982, ,clapp et al. 1983; KIImkIewIcz et al.
(Sacher 1959; Lindstedt and Calder 1976, 1981; Blueweiss-et al. 1983; compare changes with Kennard 1975).
1978; Western 1979; Tuomi 1980; Cabana et al. 1982; Western
and Ssemakula 1982; Millar and Zammuto 1983; Calder 1984). Methods
Body mass has been proposed to be the underlying variable Clutch size as completed clutches, longevity derived from banding
causing the relationships observed among many life-history records or life tables, and body mass of adult females were extracted
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TABLE 1. Clutch size, longevity, body mass, and ecological ~ategories for 36 North American waterfowl

Mean Female
clutch Longevityb body Ecological

size (n)a (years) massc (g) categoryd Referencese

Fulvous Whistling-Duck
(Dendrocygna bicolor) 9.6 (17) 6.5 710 I 1,2

Black-bellied Whistling-Duck
(Dendrocygna autumnalis) 13.4 (778) 8,.2 849 1 3

Greater White-fronted Goose
(Anser albifrons) 4.7 (378) 20.3 2587 1 2,4,5

Snow Goose
(Chencaerulescens) 3.6(1196) 26.6 25401 1 6-8

Ross' Goose (Chen rossii) 3.6 (906) 19.6 1588 1 9Emperor Goose .
(Chen canagica) 4.8 (791) 6.3 2750 1 4,10

Brant (Branta bernicla) 3.6 (2860) 19.6 1230 1 2,4,11
Canada Goose .

(Brantacanadensis) 4.7(17295)g 23.5 30331 1 4,8,12-29
Wood Duck (Au sponsa) 12.7(2844) 17.6 635 2 2,8,29-36
Green-winged Teal

(Anascrecca) 8.7 (126) 20.3 318 2 2,8,37,38
American Black Duck

(Anas rubripes) 9.3 (1182) 26.4 1100 2 2,8,29,39,40
Mottled Duck

(Anasfulvigula) 9.9 (1467) 13.4 968 2 2,29,41,42
Mallard (Anas platyrhynchos) 8.8 (1725) 23.4 1082 2 29,37,38,40,43-51
Northern Pintail

(Anas acuta) 7.7 (1668) 20.5 986 2 2,8,37,38,44,45,49,52
Blue-winged Teal

(Anasdiscors) 10.0(3197) 17.4 363 2 8,29,37,38,47,52-59
Cinnamon Teal

(Anas cyanoptera) 8.7 (1928) 12.9 363 2 2,29,44,45,47,49,60
Northern Shoveler

(Anas clypeata) 9.4 (861) 16.6 590 2 2,8,37,38,44,45,47,49
Gadwall (Anas strepera) 9.9 (4168) 17.7 849 2 2,8,37,38,42,44,45,49,53,85
American Wigeon

(Anas americana) 8.9 (144) 21.3 719 2 2,8,37,38,47
Canvasback

(Aythya valisineria) 7.5 (2193) 18.8 1190 3 2,37,58,61-63
Redhead

(Aythya americana) 10.6 (1772) 21.4 990 3 2,8,37,45,49,62,64,65
Ring-necked Duck

(Aythya collaris) 9.0 (487) 16.9 680 3 8,29,58,66
Greater Scaup

(Aythya marila) 9.6 (1551) 18.3 957 3 2,42,67 .
Lesser Scaup

(Aythya affinis) 9.2 (896) 18.3 790 3 2,8,37,45,58
Common Eider

.
(Somateria mollissima) 3.6 (9327) 14.8 1915 3 68- 74

King Eider
(Somateria spectabilis) 4.9 (53) 18.9 1567 3 2,75

Steller's Eider
(Polysticta stelleri) 7.7 (10) 12.3 842 3 2,76,77

Oldsquaw
(Clangulahyemalis) 7.5(307) 15.3 814 3 2,29,42,78

White-winged Scoter
(Melanittafusca) 8.8 (355) 15.5 1200 3 2,29,79,80,87

Common Goldeneye
(Bucephala clangula) 9.4 (148) 14.3 800 3 2,8,81,86

Barrow's Goldeneye
(Bucephala islandica) 10.2 (333) 15.3 730 3 2,42

Bufflehead
(Bucephala albeola) 8.8 (263) 12.5 334 3 82

Hooded Merganser
(Lophodytes cucullatus) 10.4 (218) 11.3 540 3 2,8,83
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TABLE 1. (concluded) r

Mean Female
clutch Longevityb body Ecological

size (n)a (years) massc (g) categoryd Referencese

Common Merganser
(Mergus merganser) 9.6 (87) 13.4 1232 3 8,29,79

Red-breasted Merganser
(Mergus serrator) 9.2 (342) 5.4 908 3 2,8,29,42,67,79

Ruddy Duck
(Oxyurajamaicensis) 7.9 (401) 13.6 499 3 2,8,37,44,45,49,64,65,84

"Weighted mean from listed references after adjustment for repeated data of review publications where possible. Sample size in parentheses.
bLongevity from banding records (Clapp et al. 1982; Clapp et aI. 1983; Houston and Brown 1983).. 'All body mass data were extracted from Dunning (1984). Some "female" masses are for both sexes combined where sexual dimorphism does not exist or study did

not differentiate.

dEcological category determined by feeding habits outlined in Martin et al. (1951): I, geese; 2, puddle ducks; 3, diving ducks.
'References: I, Cottam and Glazener 1959; 2, Bellrose 1976; 3, McCamant and Bolen 1979; 4, Mickelson 1975; 5, Lensink 1969; 6, Lemieux 1959; 7, Uspenskii

" 1965; 8, Peck and James 1983; 9, Ryder 1967; 10, Eisenhauer and Kirkpatrick 1977; II, Barry 1962; 12, Steel et al. 1957; 13, Kossack 1950; 14, Williams and
Marshall 1937; 15, Naylor 1953; 16, Miller and Collins 1953; 17, Naylor and Hunt 1954; 18, Geis 1956; 19, MacInnes etal. 1974; 20, Vermeer 1970; 21, Hanson and
Eberhardt 1971; 22, Dow 1943; 23, Dimmick 1968; 24. Lebeda and Ratti 1983; 25, Raveling 1977; 26, Raveling 1979; 27, Cooper 1978; 28, Krohn and Bizeau 1980;
29, Schemnitz 1980; 30, Beshears 1974; 31, Lacaillade 1958; 32, Lee 1954; 33, Leopold 1951; 34, McLaughlin and Grice 1952; 35, Heusmann 1975; 36, Wenner and
Marion 1981; 37, Keith 1961; 38, Duebbert and Lokemoen 1976; 39, Stotts and Davis 1960; 40, Coulter and Miller 1968;41, Stieglitz and Wilson 1968;42, Bengtson
1971; 43, Figley and Vandruff 1982; 44, Hunt and Naylor 1955; 45, Miller and Collins 1954; 46, Dzubin and Gollop 1972; 47, Girard 1941; 48, Earl 1950; 49,
Williams and Marshall 1938; 50, Anderson 1957; 51, Titman and Lowther 1975; 52, Sowls 1955; 53, Martz 1967; 54, Lee et al. 1964; 55, Glover 1956; 56, Dane
1966; 57, Bennett 1938; 58, Townsend 1966; 59, Miller and Johnson 1978; 60, Spencer 1953; 61, Sugden 1978; 62, Bouffard 1983; 63, Stoudt 1982; 64, Lokemoen
1966; 65, McKnight 1974; 66, Mendal11958; 67, Welleret aI. 1969; 68, Cooch 1965; 69, Freeman 1970; 70, Gross 1938; 71, Lewis 1939; 72, Paynter 1951; 73,
Korschgen 1977; 74, Johnsgard 1973; 75, Hanson et al. 1956; 76, Bent 1925; 77, Brandt 1943; 78, Alison 1975; 79, Hilden 1964; 80, Brown and Brown 1981; 81,
Moyle 1964; 82, Erskine 1972; 83, Morse et al. 1969; 84, Low 1941; 85, Duebbert 1966; 86, Grenquist 1963; 87, Houston and Brown 1983.

tWeighted mean among subspecies from Dunning (1984).
'Includes newly calculated weighted mean from Table 25 of Krohn and Bizeau (1980) without repeating data of references given in footnote e.

from the literature for 54 of the 70+ North American game birds the best available measure of longevity for these birds. Maximum
(waterfowl, shore and upland species; see Tables 1 and 2). Body mass longevity estimates should increase with time as the number of
data of adult females were from Dunning (1984), whereas most bandings and recaptures increase for a species and then they should
longevity data were from Clapp and co-workers (Clapp et al. 1982; become relatively stable once a large enough sample of each species
Clapp et al. 1983). Mean clutch size, weighted by the number of has been banded and recaptured. An F-testand a paired t-test were used
clutches per study, was calculated (Sokal and Rohlf 1981: p. 41) for to determine if there were any consistent biases of longevity estimates
each species using data from about 150 sources (see Tables 1 and 2). between the studies of Kennard (1975) and Clapp and co-workers

Analyses that use data from many compiled sources may be biased (Clapp et al. 1982; Clapp et al. 1983). Additionally, the relationship
by such factors as geographic or seasonal variation, effects of age or between longevity and clutch size was reexamined with partial
physical condition, renesting attempts, or phenology. Several tests correlation analysis, holding constant the effects of the number of
were made to consider some potential biases tor each variable to allow a recoveries (see Clapp et al. 1982; Clapp et al. 1983) for a species. This
better understanding of the strengths and weaknesses of the data set analysis ascertained if the relationship between clutch size and
used in the present study. longevity was biased by either inflated longevity estimates caused by

Body masses used in this study represent the largest sample available large sample sizes or by deflated longevity estimates caused by small
from single populations or studies, usually from North America sample sizes.
(Dunning 1984). Brough (1983) used an average of nine worldwide Mean clutch size estimates used in this study were calculated from

. sources for each species for his body mass estimates. Presumably, many known clutch sizes for the 54 species from about 150 sources (see
Brough's (1983) procedure should reduce directional biases towards Tables 1 and 2). Renesting attempts and the number of clutches per
larger or smaller masses that may be inherent in Dunning's (1984) season could not be estimated because they are unknown for most
procedure by averaging them over nine populations or studies. An species, so mean clutch size was weighted by the number of clutches

'! F-test and a paired t-test were used to determine if there were any per study (see Sokal and Rohlf 1981: p. 41) and was defined as the

consistent biases towards larger or smaller female body masses in either mean number of eggs per nest for each species. Further research may
Brough's (1983) or Dunning's (1984) studies. indicate better measures of reproductive effort for these birds but

Most longevity estimates used here are the current maximum ages presently mean clutch size for a species should provide the best
reached by known-age banded members of each species (Clapp et al. available index of reproductive Costs for these birds (Reznick 1985).
1982; Clapp et al. 1983). Mean longevity may be a more desirable Unlike body mass and longevity data, no comparable studies collected
measure of longevity since one individual may live longer than most clutch size data with the method used here and therefore comparisons
members of that species by chance, causing an inflated longevity with other studies cannot be made.
estimate for the species. However, mean longevity is available for Distributions for clutch size, longevity, and body mass data were
fewer than five of the species discussed here and cannot be calculated examined for normality with Kolmogorov-Smimov one-sample tests
from the published data. I examined the relationship between the among all species. The statistical relationships among the three
current maximum and mean longevity in mammals using data from life-history traits were examined among all species with simple,
Jones (1982) and Millar and Zamrnuto (1983); current maximum logistic (natural log), and (or) partial correlation analyses (Nie et al.
longevity was highly correlated (P < 0.001) with mean longevity. 1975).
Additionally, other investigators have found theoretical and empirical Large numbers of species within a genus (e. g., Anas) or ecological
support indicating that this relationship probably applies to other mam- type (e.g., puddle ducks) may swamp results in interspecific studies so
mals and other animals (Zachmann and Logan 1984; Harvey and that resulting conclusions become biased towards characteristics of the
Clutton-Brock 1985), so the current maximum longevity should provide over-represented genus or ecological type instead of being representative
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TABLE 2. Clutch size, longevity, body mass, and ecological categories for 18 North American upland game and shore birds

Mean Female
clutch Longevityb body Ecological

size (n)O (years) masse (g) categoif References'

Spruce Grouse
(Dendragapus canadensis) 6,1 (84) 5.3 456 4 1-3

Blue Grouse
(Dendragapus obscurus) 6.2 (221) 10.9 891 4 4-7

Ruffed Grouse
(Bonasa umbellus) 11.3 (1792) 7.6 532 4 3,8-10

Sharp-tailed Grouse
(Tympanuchusphasianellus) 11.3 (191) 6.3 817 4 10-13

Wild Turkey(Meleagris gallopavo) 11.7 (152) 12.5 4222 4 10,14-17 .

Northern Bobwhite
(Colinus virginianus) 13.1 (1928) 6.4 178 4 3,10,18-26

Scaled Quail \
(Callipeplasquamata) 13.4(81) 5.s! 177 4 27,28

Gambel's Quail
(Callipepla gambelii) 11.5 (42) 7.4 162 4 10,29

California Quail
(Callipepla californica) 13.7 (103) 6.9 170 4 10,30

Clapper Rail
(Rallus longirostris) 9.6 (270) 7.5 271 5 10,31-34

Common Moorhen
(Gallinula chloropus) 8.7 (552) 10.5 334 5 3,35-37

American Coot
(Fulica americana) 8.6 (1416) 19.5 560 5 3,36,38-45

Sandhill Crane
(Grus canadensis) 1.9 (249) 18.3 41038 5 3,46-50

Common Snipe
(Gallinago gallinago) 3.8 (119) 9.3 116 5 3,51

American Woodcock
(Scolopax minor) 3.9 (266) 9.3 219 5 3,10,52

Band-tailed Pigeon
(Columbafasciata) 1.0 (31)h 15.5 386 4 47,53,54

White-winged Dove
(Zenaida asiatica) 2.ofT 21.8 153 4 47

Mourning Dove
(Zenaida macroura) 2.0 (703)h 19.3 115 4 3,47,55,56

"Weighted mean from listed references after adjustment for repeated data of review publications where possible. Sample ~ize in parentheses
hLQngevity from banding records (Clapp et a1. 1982; Clapp et al. 1983).
cAlI body mass data were extracted from Dunning (1984). Some "female" masses are for both sexes combined where sexual dimorphism does not existorsttldy did

not differentiate.dEcological category determined by feeding habits outlined in Martin et al. (1951): 4, upland game birds; 5. shore birds. .
'References: 1, Ellison 1974; 2, Tufts 1961; 3. Peck and James 1983; 4, Zwickel and Bendell 1967; 5, Zwickel1975; 6, 8oag 1966; 7, 8endellandEI.liot 1967: 8,

Kupa 1966; 9, Bump et al. 1947; 10, Schemnitz 1980; 11, Hamerstrom 1939; 12, Hart et al. 1950; 13, Sisson 1976; 14, Dalke et al. 1946; 15, McDowell 1956; 16,
Porteretal. 1983; 17, Little and Varland 1981; 18, Dimmick 1974;19, Klimstra and Scott 1957;20, Parmalee 1955;21, Errington 1933;22, KlimstrIl1950;23,
Klimstra and Roseberry 1975; 24, Lehmann 1946; 25, Stoddard 1936; 26, Simpson 1973; 27, Schemnitz 1961; 28, Wallmo 1956; 29, Gorsuch 1934; 30, Wil.lillms .
1967; 31, Adams and Quay 1958; 32, Kozicky and Schmidt 1949; 33, Ztlcca 1954; 34, Stewart and Meanley 1960; 35, Causey et al. 1968; 36, Cottam and (illlZener
1959; 37, Fredrickson 1971; 38, Fredrickson 1970; 39, Fredrickson 1969; 40, Provost 1947; 41, KieI1955;42, Hunt and Naylor 1955;43. Anderson 1957;44,Miller
and Col.lins 1954; 45, Crawford 1980; 46, Valentine and Noble 1970; 47, Sanderson 1977; 48, Walkinshaw 1949; 49, Thompson 1970; 50, Littlefield and Ryder
1968; 51, Tuck 1972; 52, Mendall and Aldotls 1943; 53, Glover 1953; 54, MacGregor and Smith 1955; 55, Nice 1923; 56. Cowan 1952.

fLongevity from a life table (Campbell et al. 1973).
"Weighted mean among subspecies from Dunning (1984).
'Species-specific cltltch sizes with little variance exist for these and closely related species (see Sanderson 1977; Wiley IInd Wiley 1979).

of all species in the sample (see Clutton-Brock and Harvey 1984; Harvey Distributions for clutch size, longevity, and body mass data were
and Clutton.Brock 1985). Species were separated into taxonomical and examined for normality with Kolmogorov-Smirnov one-sample tests
ecological categories and relationships among traits were reexamined within each ecological or taxonomical category where sample sizes
to eliminate this possible bias. Iexaminedthesecategoriestod etermine permitted (Hull and Nie 1981: p. 224), and for heterogeneity of
the effects of feeding habits (after Martin et al. 1951) and taxonomic variance with Bartlett's (1937) F-tests among categories (Nie et al.
classification on the relationships among clutch size, longevity, and 1975: p. 422). A mean value of each life-history trait was calculated for
body mass. Geese (n ; 8), puddle ducks (n ~ 11), diving ducks (n ~ each ecological or taxonomical category by combining data of each
17), upland game birds (n == 12), and shore birds (n ~ 6) formed five species assigned to each category. Differences among means of cate-
ecological categories. Taxonomic categories were ordinal (n ~ 5), gories for each variable were examined with parametric ANOV A if data
familial (n "" 6), subfamilial (n '"' 9), tribal (n ~ 15), generic (n"" 29), were normally distributed and variances were homogeneous if > 0.05),
and specific (n ~ 54). Taxonomic classification of all species followed whereas means were examined with nonparametric Kruskal.-Wallis
the American Ornithologists' Union check.list (1983). ANOVA if data were not normally distributed or variances were hetero-
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geneous. These tests allowed me to determine if mean life-history - 29
differences existed among ecological or taxonomical categories. Such u> 27 r = -0.38
differences could indicate that food habits and (or) taxonomy playa a:: 25. . P < 0.01
role in life-history evolution. The statistical relationships among oCt . Y - 2018-category means of the three life-history traits were examined with W 23 . -. 0.68X

simple, logistic (natural log), and (or) partial correlation analyses (Nie >- 21. ... .
et al. 1975). - 19 . .

Results >- 17 .. .
Data were obtained for 36 waterfowl and 18 shore and upland I- 15 . . .

game birds (Tables 1 and 2). Clutch size and longevity were nor- 5 13 . .. ..: ~~-~--~,mally distributed among species whereas body mass required W II ...
log transformation (natural log) to be normally distributed (all ~ 9 - .
P > 0.05, Kolmogorov-Smirnov one-sample tests). Z 7 . .. .. Body mass variances (F = 1.05; 1,53 df; P > 0.50) and 9 . ... .
means (i = 984 vs. 966 g; t = 0.68, 53 df, P = 0.50) did not 5 ...
differ between Dunning's (1984) and Brough's (1983) studies 3
among all 54 species. These results suggest that geographical or 0 II 12 13 14 15

, seasonal variation, effects of age, physical condition, and CLUTCH SIZE
phenology probably do not significantly bias collective body . . . .
mass means among these species. They also suggest that the FIG. I. T~e relatIonshI.p between clutch SIze and longevIty among 54
body mass estimates used here are probably good estimates of North Amencan game bIrds.

each species' real mean mass.
Longevity variances (F = 1.24; 1,25 df; P > 0.50) did not Longevity was inversely correlated with clutch size (r =

differ between the studies of Kennard (1975) and Clapp and -0.38, n = 54, P<O.OI,Fig.l)andpositivelycorrelatedwith
co-workers (Clapp et al. 1982; Clapp et al. 1983) among the 26 logarithmic body mass (r = 0.38, n = 54, P < 0.01), whereas
game bird species common to both studies. These results clutch size was not correlated with logarithmic body mass (r =
indicate that variances of longevity have stabilized. However, -0.18, n = 54, P = 0.18) among all species. One could argue
overall means (i = 16.9 vs. 11.9 years, t = 4.5, 25 df, that longevity and clutch size were only secondarily correlated
P < 0.001) indicated that longevities among the same 26 because of the primary relationship between longevity and body
species increased between 1974 and 1982 (contrast Kennard mass. However, longevity remained inversely correlated with
1975 with Clapp et al. 1982; Clappet al. 1983). Kennard (1975) clutch size when the effects of body mass were controlled with
stated that he had poor longevity estimates for most game birds partial correlation analysis (r = -0.34, 51 df, P < 0.05).
(corrected by Clapp et al. 1982; Clapp et al. 1983); therefore These analyses indicate that the inverse relationship (P < 0.05)
Kennard's (1975) longevity estimates for game birds would be between clutch size and longevity among these birds is not
expected to be lower in 1974 than those of Clapp and co-workers simply a function of body mass. This finding is inconsistent
(Clapp et al. 1982; Clapp et al. 1983) solely from sampling with results of previous studies, perhaps because previous
error. Overall, only 28% of the longevity estimates for the 26 researchers did not remove body mass effects from their
species treated by Kennard (1975) and Clapp and co-workers life-history investigations (see Peters 1983; Calder 1984;
(Clapp et al. 1982; Clapp et al. 1983) increased from 1974 to Schmidt-Nielsen 1984).
1982 and 40% of these increases were for game birds used in the Clutch size, longevity, and logarithmic body mass were
present study. Additionally, the correlation between clutch size normally distributed within all ecological and taxonomical
and longevity remained significant (P < 0.05) and unchanged categories (all P > 0.05, Kolmogorov-Smirnov one-sample

" (z = 0.42, 93 df, P > 0.50; Zar 1984: p. 313) when the effects tests) allowing parametric correlation analysis among means.
of sample size of band recoveries used for longevity estimates However, heterogeneity of variance existed among most eco-
were held constant by partial correlation analysis. These results logical and taxonomical categories for raw and log-transformed

'! suggest that the longevities reported by Clapp and co-workers life-history data; nonparametric statistics were therefore re-
(Clapp et al. 1982; Clapp et al. 1983) and used in the present quired for detecting differences among means (Zar 1984).
study are relatively stabilized, that small increases in the current Differences among means of each life-history trait occurred
maximum longevity will be expected over time as sample sizes among most ecological and taxonomical categories (Table 3).
of band recoveries increase, and that these longevity increases These results indicate that differences exist for clutch size,
will probably not influence the relationship between clutch size longevity, and body mass among species with respect to
and longevity for these birds (see below). taxonomy and (or) feeding habits allowing one to test for

The clutch size estimates used here should be representative life-history patterns among the categories.
of each species and should not be only local estimates because Various degrees of relationships were found when means of
data were usually collected throughout each species range, ecological or taxonomical categories were examined with
usually from hundreds of nests, and were usually collected over correlation analysis (Table 4). Clutch size remained inversely
many years and (or) studies. Collecting clutch size data in this correlated with longevity (r = -0.50, n = 29, P < 0.01), lon-
way probably randomized the sample of clutches for each gevity remained positively correlated with body mass (r = 0.44,
species. Therefore, I expect the mean clutch sizes used here to n = 29, P < 0.05), and clutch size remained uncorrelated with
be as accurate as the mean body mass estimates because body mass (r = -0.11, n = 29, P = 0.57) when life-history
potential biases towards larger or smaller clutch sizes caused by values for each species were collapsed into mean values for each
physical condition of birds, geographic location, season, or genus. The inverse relationship between clutch size and
other factors are probably averaged over the studies I consulted. longevity remained for genera when the effects of body mass
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TABLE 3. Statistics depicting differences among means of each life-history trait among
ecological and taxonomical categories

Trait

Category Clutch size Longevity Body massa

Order W= 18.4;P<0.OOI Fb= 7.5;P<0.OOI F= 6.5;P<0.OOI
Family H = 20.4; P <0.001 F = 6.2; P<O.OOI F = 8.0; P<O.OOI
Subfamily H = 27.7; P<O.OOI H = 20.8; P<O.OI F = 18.9; P<O.OOI

Tribe H= 37.9;P<0.OOI H= 33.1;P<0.001 F= 14.0;P<0.001
Genus F = 20.6; P<O.OOI Hc= 39.6; P=0.07 F = 8.9; P<O.OOI
Ecology H= 7.8;P=0.10 F= 4.3;-P<0.01 H= 18.8;P<0.001

.Species values transfonned to natural logarithms before analyses."R indicates that heterogeneity of variance existed among categories so the statistic is from Kruskal-Wallis ~

ANOV A; F is the statistic from parametric ANOV A for samples in which heterogeneity of variance did not exist.

TABLE 4. Correlations among clutch size, longevity, and logarithmic body mass for "-

mean values of traits for ecological and taxonomical categories

Correlations among traits

;- Clutch size vs. Clutch size vs. Longevity vs.
Category (sample size) longevity body massa body massa

Order (n = 5) -0.51( -0.91)b 0.73(0.94) 0.14(0.88)

Family (n = 6) -0.63( -0.66) -0.09(0.27) 0.44(0.49)

Subfamily (n = 9) -0.63( -0.69) 0.02(0.38) 0.41(0.53)

Tribe (n = 15) -0.33( -0.40) 0.08(0.24) 0.41(0.46)

Genus (n = 29) -0.50**(-0.51)** -0.11(0.14) 0.44*(0.45)*

Ecology (n = 5) 0.23(0.59) -0.31( -0.61) 0.65(0.78)

.Species values transfonned to natural logarithms before analyses.
"Partial correlations holding the effects of the third trait constant are given in parentheses.
'P < 0.05.
"P < 0.01.

were controlled (r = -0.51, 26 df, P < 0.01). However, no eventually lead to perpetual population increase, unsupportable
other significant (all P > 0.05) simple or partial correlations by any environment, whereas small clutch size and short life
were found among mean values of life-history traits for higher should eventually cause extreme rarity. Perhaps few species
taxonomical categories (ordinal, familial, subfamilial, tribal), exist with either of these life-history patterns because both of
nor did any significant correlations exist for mean values of them easily lead to extinction (J. S. Millar, personal communi-
traits for ecological categories, perhaps because of low sample cation). I conclude that the evolution of clutch size is influenced
sizes within categories (Table 4; see Discussion). by longevity or that the evolution of longevity is influenced by .

clutch size, and that we cannot determine the cause or effect trait
Discussion at this time (see also Ekman and Askenmo 1986: p. 166).

Species and genera with larger clutch sizes live shorter lives The small influence of body mass on the relationship between.
than those with smaller clutch sizes, and body mass has an clutch size and longevity was not expected in light of previous
insignificant influence on this relationship. Thus, the evolution studies which indicated strong influences of body mass on avian
of longevity may be influenced by clutch size or the evolution of survival and reproduction (see Western and Ssemakula 1982;
clutch size may be influenced by longevity among these species. Peters 1983; Calder 1984). However, none of these studies
There is support for the hypotheses that the costs of reproduction attempted to remove the effects of body mass from their
are manifested as a reduction in survival and that mortality is life-history investigations, effects that could have biased their
balanced by clutch size among these birds. Thus, life histories conclusions. Alternatively, perhaps the dependency of life-
among game birds may have evolved in a fashion consistent history variables on body mass varies between the mostly
with the fecundity-survival trade-off and balanced mortality precocial (51 of the 54 species) game and most altricial
hypotheses. nongame birds. Unfortunately, previous studies relating body

It may be useful to consider why this pattern has emerged. mass to life-history traits seldom indicate which species were
First, birds with larger clutch sizes may use so much more studied to test this hypothesis (see Peters 1983). The inverse
energy than those with smaller clutch sizes that they forfeit relationship between clutch size and longevity reported here
energy needed to survive. Second, longer-lived individuals with may not hold for nongame species since they usually expend
smaller clutch sizes may achieve similar reproductive success proportionately less energy with respect to basal metabolic rate
during their lifetimes as shorter-lived individuals achieve with (191% vs. 45%) for clutch production and therefore may have
larger clutch sizes. Third, large clutch size and long life should lower reproductive costs and a different dependency on body
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mass than waterfowl, shore, or gallinaceous birds (Ricklefs 1984a). However, these aspects deal with the direct costs of
1974: p. 191). This consideration could also explain the reproduction to specific individuals which the present inter-
discrepancy between the present and previous studies. specific study cannot examine. The intent here was to study the

The inverse relationship between clutch size and longevity overall relationship between clutch size and longevity among
and the positive relationship between longevity and body mass bird species. This relationship was found to be inverse when
disappear (P > 0.05) for mean life-history traits among higher many species or genera are considered, uninfluenced by body
taxonomic levels and among ecological categories even though mass, and therefore perhaps important in the evolution of avian
differences exist among mean life-history traits (Tables 3 and 4). life histories (see De Steven (1980) for an alternative view).
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seem to influence mean life-history traits among these birds Acknowledgements
(Table 3), the influence does not produce definable patterns. F. S. Dobson, J. Dunning, J. S. Millar, and anonymous re-
However, these results may simply be due to the low sample viewers improved this paper with their comments. J. Zammuto
sizes among higher taxonomic levels and ecological categories assisted with references, and T. Harrison, G. LeBel, and J.
or to the relatively small amount of variance in common among Lancaster provided secretarial and graphical assistance. Early
the three life-history variables (range of ~ = 3.2-14.3%). work on the paper was executed while I held a Canadian
Further study with more species may be necessary to determine National Sportsmen's Fund postdoctoral fellowship and some
whether patterns among clutch size, longevity, and body mass subsequent synthesis was executed while I held a postdoctoral

'- are prevalent at taxonomic levels above genus and for ecological position under D. Parkinson at the University of Calgary. The

categories. Results presented here indicate that no patterns exist University of Calgary provided space and facilities throughout
(P > 0.05) even though some correlation coefficients are very the study.
large and most signs of those coefficients are in the same
direction as signs among species and genera (see Table 4). For ADAMS, D. A., and T. L. QUAY. 1958. Ecology of the Clapper rail in
example, large partial correlation coefficients are found at the southeastern North Carolina. J. Wildl. Manage. 22: 149-156.
ordinal level but they are insignificant (P > 0.05) with a sample ALISON, R. M. 1975. Breeding biology and behavior of the oldsquaw
size of only five orders and 2 degrees of freedom. (Clangula hyemalis L.). Ornithol. Monogr. No. 18.

Almost all intraspecific studies on birds have examined the AMERIC~N O~NITHOLOGISTS' l!NION. .1983. .Ch,eck-!ist of N?rth
fecundity-survival trade-off hypothesis in hole nesters (Kluyver Amencan bIrds. 6th ed. Amencan OrnIthologIsts UnIon, Washmg-
1963, 1971; Askenmo 1979; Bryant 1979; De Steven 1980; ton, D.C. "
H tdt1981 Ek dAk 1986) Th I . ANDERSON,W.1957.AwaterfowlnestmgstudymtheSacramentoogs e ; man ~ s enmo . eon y prev!~us Valley, California, 1955. Calif. Fish Game, 43: 71-90.
study on natural populatIons of open nesters found a poSItIve ASKENMO C. 1979. Reproductive effort and return rate of male pied
relationship between clutch size and survival in song sparrows, flycatchers. Am. Nat. 114: 748-752.
Melospiza melodia (Smith 1981). While most species in the BARRY, T. W. 1962. Effect of late seasons on Atlantic brant
present study were open-nesters, the data do not confmn Smith's reproduction. J. Wildl. Manage. 26: 19-26.
(1981) observation. However, patterns between reproduction BARTLETT, M. S. 1937. Properties of sufficiency and statistical tests.
and survival within species may be different from patterns Proc. R. Soc. London A, 160: 268-282.
among species. A few individuals within a population may be BELL, G. 1980. The costs of reproduction and their consequences. Am.
able to exhibit phenotypic plasticity of increased clutch size, Nat. 116: 45-76. . . .
longevity, and body mass simultaneously, whereas consistent - 1984a. M~asunng the cost of reprO?Uction. I. ~e correlatIon
. ., th tr .t " II ' d. .d al f . . structure of the hfe table of a plankton rotIfer. EvolutIon (Lawrence,
mc~eases lor ~se ~I s lor a m IVI. u. so a specIes requ~re Kans.), 38: 300-313.
major cha~ges m desIgn and (or) ~nhmIted resources. c:onsI~- -1984b. Measuring the cost of reproduction. II. The correlation
tent selectIon for larger clutch SIze and greater survIval IS structure of the life tables of five freshwater invertebrates. Evolution
probably impossible for any population to maintain without (Lawrence, Kans.), 38: 314-326.

. environmental deterioration because more and more individuals BELLROSE, F. C. 1976. Ducks, geese and swans of North America.
are born while more and more survive longer, causing overpopu- Stackpole Books, Harrisburg, PA.
lation. However, some individuals of a population could BENDELL, J. F., and P. W. ELLIOT. 1967. Behavior and the regulation

~ maintain both variables at high values at the expense of other of numbers in blue grous~. ~an. .Wildl. Se.rv. .Rep. Se~. No. ~.
individuals (i.e., through territoriality, dominance, locally BENGTSON, S. A. 197!. VanatIons m clutch size m ducks mrelatIon to
abundant resources, etc.; see Fretwell 1969), and thus a positive the food supply. Ibis, 113: 523-526.. .
relat' h. b t 1 t h . d . I b .bl BENNETT, L. J. 1938. The blue-wInged teal, ItS ecology and

. ~ons lp e ,,:,een c u c Size an survlva ecomes pOSSl e management. Collegiate Press, Menasha, WI.
withIn a population. BENT, A. C. 1925. Life histories of North American wild fowl. Order:

Although the fecundity-survival hypothesis is studied for Anseres (Part II). U.S. Natl. Mus. Bull. No. 130.
many more species in the present study than in all previous BESHEARS, W. W. 1974. Wood ducks in Alabama. Ala. Dep. Conserv.
studies combined, results presented here must be viewed in Nat. Resour. Spec. Rep. No.4.
context. The relationship between reproduction and survival BLUEWEISS, L., H. Fox, V. KUDZMA, D. NAKASHIMA, R. PETERS, and
among species may be radically different from the relationship S: SAMS. 1978. Relationsh~ps between body size and some life
within species (Bell 1984b). Where clutch size increases with hIStOry parameters. Oecologla, 37: 257-272.
age, large clutch size and increased survival could occur as a BOAG, D. A. 1966. Population attributes of blue grouse in southwest-
by-product of an older age structure within a population em Alberta. Can. J. Zool. 44: 799-814.. .
(C I d Wh 't 1958 ' P k 1980 1983 ' P k d BOUFFARD, S. H. 1983. Redhead egg paraSItIsm of canvasback nests.

.ou son an 1 e , ~gese .' , ug.ese an J. Wildl. Manage. 47: 213-216.

Dlem 1983), whereas cl~tch Size and ~urvlval may be Inversely BRANDT, H. 1943. Alaska bird trails: an expedition by dog sled to the
correlated among species. Indeed, It has been argued that delta of the Yukon River at Hooper Bay. Bird Research Foundationinterspecific studies should not be used to study some aspects of Cleveland, OH. '

the fecundity-survival trade-off hypothesis (see Bell 1980, BROUGH, T. 1983. Average weights of birds. Aviation Bird Unit,



2746 CAN. J. ZOOL. YOLo 64, 1986

Ministry of Agriculture, Fisheries and Food, Guildford Surrey, DUEBBERT,H.F.1966.IslandnestingofthegadwallinNorthDakota.
U.K. Wilson Bull. 78: 12-25.

BROWN, P. W., and M. A. BROWN. 1981. Nesting biology of the DUEBBERT, H. F., and J. T. LOKEMOEN. 1976. Duck nesting in fields
white-winged scoter. J. Wildl. Manage. 45: 38-45. of undisturbed grass-legume cover. J. Wildl. Manage. 40: 39-49.

BRYANT, D. M. 1979. Reproductive costs in the house martin DUNNING,J.B.1984.Bodyweightsof686speciesofNorthAmerican
(Delichon urbica). J. Anim. Ecol. 48: 655-675. birds. West. Bird Banding Assoc. Monogr. No. I. Eldon Publish-

BuMP, G., R. W. DARROW, F. C. EDMINSTER, and W. F. CRISSEY. ing, Cave Creek, AZ.
1947. The ruffed grouse: life history, propagation, management. DZUBIN, A., and J. B. GOLLOP. 1972. Aspects of mallard breeding
New York State Conservation Department, Albany, NY. ecology in Canadian parkland and grassland. In Population ecology

CABANA, G., A. FREWIN, R. H. PETERS, and L. RANDALL. 1982. The of migratory birds. U.S. Bur. Sport Fish. Wildl. Res. Rep. No.2.
effect of sexual size dimorphism on variations in reproductive effort EARL, J. P. 1950. Production of mallards in irrigated land in the
of birds and mammals. Am. Nat. 120: 17-25. Sacramento Valley, California. J. Wildl. Manage. 14: 332-342.

CALDER, W. A. 1984. Size, function, and life history. Harvard EISENHAUER, D. I., and C. M. KIRKPATRICK. 1977. Ecology of the
University Press, Cambridge, MA. Emperor goose in Alaska. Wildl. Monogr. No. 57.

CAMPBELL, H., D. K. MARTIN, P. E. FERKOYICH, and B. K. HARRIS. EKMAN, J., and C. ASKENMO. 1986. Reproductive cost, age-specific
1973. Effects. of hunting and some other environmental factors on survival and a comparison of the reproductive strategy in two ~

scaled quail in New Mexico. Wildl. Monogr. No. 34. European tits (Genus Parus). Evolution (Lawrence, Kans.), 40:
CAUSEY, M. K., F. L. BONNER, and J. B. GRAVES. 1968. Dieldrin 159-168.

residues in the gallinules Porphyrula martinica L. and Gallinula ELLISON, L. N. 1974. Population characteristics of Alaskan spruce,
chloropus L. and its effect on clutch size and hatchability. Bull. grouse. J. Wildl. Manage. 38: 383-395.
Environ. Contam. Toxicol. 3: 274-283. ERRINGTON, P. L. 1933. The nesting and life equation of the Wisconsin

CHARNOV, E. L., and J. R. KREBS. 1974. On clutch size and fitness. bobwhite. Wilson Bull. 45: 122-132.
Ibis, 116: 217-219. ERSKINE, A. J. 1972. Buffleheads. Can. Wildl. Servo Monogr. Ser.

CLAPP, R. B., M. K. KLIMKIEWICZ, and A. G. FUTCHER. 1983. No.4.
Longevity records of North American birds: Co1umbidae through FIGLEY, W. K., and L. W. V ANDRUFF. 1982. The ecology of urban
Paridae. J. FieldOrnithol. 54: 123-137. mallards. Wildl. Monogr. No. 81.

CLAPP, R. B., M. K. KLIMKIEWICZ, and J. H. KENNARD. 1982. FREDRICKSON,L.H.1969.Anexperimentalstudyofclutchsizeofthe
Longevity records of North American birds: Gaviidae through American coot. Auk, 86: 541-550.
Alcidae. J. Field Ornithol. 53: 81-124. - 1970. Breeding biology of American coots in Iowa. Wilson

CLUTTON-BROCK, T. H., and P. H. HARVEY. 1984. Comparative Bull. 82: 445-457.
approaches to investigating adaptation. In Behavioural ecology: an -1971. Common gallinule breeding biology and development.
evolutionary approach. Edited by J. R. Krebs and N. B. Davies. Auk, 88: 914-919.
Sinauer Associates, Sunderland, MA. pp;7-29. FREEMAN, M. M. R. 1970. Observations on the seasonal behaviour of

,CoDy,M.1966.Ageneraltheoryofclutchsize.Evolution(Lawrence the Hudson Bay eider (Somateria mollissima sedentaria). Can.
Kans.), 20: 174-184. Field-Nat.84: 145-153.

COOCH, F. G. 1965. The breeding biology and management of the FRETWELL, S. D. 1969. The adjustment of birth rate to mortality in
Northern eider (Somateria mollissima borealis) in the Cape Dorset birds. Ibis, 111: 624-627.
area, Northwest Territories. Wildl. Manage. Bull. (Ottawa) Ser. 2, GElS, M. B. 1956. Productivity of Canada geese in the Flathead
No. 10. Valley, Montana. J. Wildl. Manage. 20: 409-419.

COOPER,J. A.1978. The history and breeding biology of the Canada GIRARD, G. L. 1941. The mallard: its management in western
geese of Marshy Point, Manitoba. Wildl. Monogr. No. 61. Montana. J. Wildl. Manage. 5: 233-259.

COTTAM,C., andW. C. GLAZENER. 1959. Late nesting of water birds GLOVER, F. A. 1953. A nesting study of the Band-tailed pigeon
in south Texas. Trans. North Am. Wildl. Conf. 24: 382-395. (Columbaf.fasciata) in northwestern California. Calif. Fish Game,

COULSON, J. C., and E. WHITE. 1958. The effect of age on the 39: 397-407.
breeding biology of the Kittiwake, Rissa tridactyla. Ibis, 100: - 1956. Nesting and production of the blue-winged teal (Anas
40-51. discors L.) in northwest Iowa. J. Wildl. Manage. 20: 28-46.

COULTER, M. W., andW. R. MILLER. 1968. Nesting biology of black GoODMAN, D. 1974. Natural selection and a cost ceiling on reproduc- .
ducks and mallards in northern New England. Vt. Fish Game Dep. tive effort. Am. Nat. 108: 247-268.
Bull. No. 68-2. GORSUCH, D. M. 1934. Life history of the Gambel quail in Arizona.

COWAN, J. B. 1952. Life history and productivity of a population of Univ. Ariz. BioI. Sci. Bull. No.2.
western mourning doves in California. Calif. Fish Game, 38: GRENQUIST, P. 1963. Hatching losses of common goldeneye. Proc. ~
505-521. Int. Ornithol. Congr. 13: 685-689.

CRAWFORD, R. D. 1980. Effects of age on reproduction in American GROSS, A. O. 1938. Eider ducks of Kent's Island. Auk, 55: 387-400.
coots. J. Wildl. Manage. 44: 183-189. HAMERSTROM, F. N. 1939. A study of Wisconsin prairie chicken and

DALKE, P. D., A. S. LEOPOLD, andD. L. SPENCER. 1946. The ecology sharp-tailed grouse. Wilson Bull. 51: 105-120.
and management of the wild turkey in Missouri. Mo. Conserv. HANSON, H. C., P. QUENEAU, and P. SCOTT. 1956. The geography,
Comm. Tech. Bull. No.1. birds, and mammals of the Perry River Region. Acct. Inst. North

DANE, C. W. 1966. Some aspects of breeding biology of the Am. Spec. Publ. No.3.
blue-winged teal. Auk, 83: 389-402. HANSON, W. C., and L. L. EBERHARDt. 1971. A Columbia River

DE STEVEN, D. 1980. Clutch size, breeding success, and parental Canada goose population, 1950-1970. Wildl. Monogr. No. 28.
survival in the tree swallow (Iridoprocne bicolor). Evolution HART,C.M.,O.S.LEE,andJ.B.Low.1950.Thesharp-tailedgrouse
(Lawrence, Kans.), 34: 278-291. in Utah. Utah State Dep. Fish Game Publ. No.3.

DIMMICK, R. W. 1968. Canada geese of Jackson Hole, their ecology HARVEY, P. H., and T. H. CLUTTON-BROCK. 1985. Life history
and management. Wyo. Game Fish Comm. Bull. No. II. variation in primates. Evolution (Lawrence, Kans.), 39: 559-581.

-1974. Populations and reproductive effort among bobwhites in HARVEY, P. H., and R. M. ZAMMUTO. 1985. Patterns of mortality and
western Tennessee. Proc. Southeast. Assoc. Game Fish Comm. 28: age at first reproduction in natural populations of mammals. Nature
594-602. (London), 315: 319-320.

Dow, J. S. 1943. A study of nesting Canada geese in Honey Lake HAUKIOJA, E., and T. HAKALA. 1979. On the relationship between
Valley, California. Calif. Fish Game, 29: 3-18. avian clutch size and lifespan. Ornis Fenn. 56: 45-55.



ZAMMUTO 2747

HEUSMANN, H. W. 1975. Several aspects of the nesting biology of LEHMANN, V. W. 1946. Bobwhite quail reproduction in southwestern
yearling wood ducks. J. Wildl. Manage. 39: 503-507. Texas. J. Wildl. Manage. 10: 111-123.

HILDEN, O. 1964. Ecology of duck populations in the island group of LEMIEUX, L. 1959. The breeding biology of the greater snow goose on
Valassaret, Gulf of Bothnia. Ann. Zool. Fenn. 1: 1-279. Bylot Island, Northwest Territories. Can. Field-Nat. 73: 117-128.

HOGSTEDT,G.1981. Should there be a positive or negative correlation LENSINK, C. J. 1969. The distributions of recoveries from white-
between survival of adults in a bird population and their clutch size? fronted geese (Anser albifrons frontalis) banded in North America.
Am. Nat. 118: 568-571. U.S. Fish & Wildl. Serv., Bur. Sport Fish Wildl., preliminary draft,

HOUSTON, C. S., and P. W. BROWN. 1983. Recoveries of Saskatchewan- Bethel, AK.
banded white-winged scorers, Melanittajusca. Can. Field-Nat. 97: LEOPOLD, F. 1951. A study of nesting wood ducks in Iowa. Condor,
454-455. 53: 209-220.

HULL, C. H., and N. H. NIE. 1981. SPSS update 7-9: new procedures LEWIS, H. F. 1939. Size of sets of eggs of the American eider. J. Wildl.
and facilities for releases 7-9. McGraw-Hill Book Co., New York. Manage. 3: 70-73.

HUNT, E. G., and A. E. NAYLOR. 1955. Nesting studies of ducks and LINDSTEDT, S. L., and W. A. CALDER. 1976. Body size and longevity
coots in Honey Lake Valley. Calif. Fish Game, 41: 295-314. in birds. Condor, 78: 91-94.

JOHNSGARD, P. A. 1973. Proximate and ultimate determinants of - 1981. Body size, physiological time, and longevity of
. clutch size in Anatidae. Wildfowl, 24: 144-149. homeothermic animals. Q. Rev. BioI. 56: 1-16.

JONES, M. L.1982. Longevity of captive mammals. Zool. Garten, 52: LINDSTEDT, S. L., B. J. MILLER, and S. W. BUSKIRK. 1986. Home
113-128. range, time, and body size in mammals. Ecology, 67: 413-418.

~ KEITH, L. B. 1961. A study of waterfowl ecology on small impound- LITTLE, T. W., andK. L. V ARLAND. 1981. Reproduction and dispersal
ments in southeastern Alberta. Wildl. Monogr. No.6. of transplanted wild turkeys in Iowa. J. Wildl. Manage. 45:

KENNARD, J. H. 1975. Longevity records of North American birds. 419-427.
Bird-Banding, 46: 55-73. LITTLEFIELD, C. D., and R. A. RYDER. 1968. Breeding biology of the

KIEL, W. H. 1955. Nesting studies of the coot in southwestern greater sandhill crane on Malheur National Wildlife Refuge,
Manitoba. J. Wildl. Manage. 19: 189-198. Oregon. Trans. NorthAm. Wildl. Nat. Resour. Conf. 33: 444-454.

KLIMKIEWICZ, M. K., R. B. CLAPP, and A. G. FUTCHER. 1983. LOKEMOEN, J. T. 1966. Breeding ecology of the redhead duck in
Longevity records of North American birds: Remizidae through western Montana. J. Wildl. Manage. 30: 668-681.
Parulinae. J. Field Omithol. 54: 287-294. Low, J. B. 1941. Nesting of the ruddy duck in Iowa. Auk, 58:

KLIMSTRA, W. D. 1950. Bobwhite quail nesting and production in 506-517.
southeastern Iowa. Iowa State CoIl. J. Sci. 24: 385-395. MACGREGOR, W. G., and W. M. SMITH. 1955. Nesting and

KLIMSTRA, W. D., andJ. L. ROSEBERRY. 1975. Nesting ecology of the reproduction of the band-tailed pigeon in California. Calif. Fish
bobwhite in southern Illinois. Wildl. Monogr. No. 41. Game, 41: 315-326.

KLIMSTRA, W. D., and T. G. SCOTT. 1957. Progress report on MACINNES,C.D.,R.A.DAVls,R.N.JoNES,B.C.LIEFF,andA.J.
bobwhite nesting in southern Illinois. Proc. Southeast. Assoc. Game PAKULAK. 1974. Reproductive efficiency of McConnell River small
Fish Comm. 11: 351-355. Canada geese. J. Wildl. Manage. 38: 686-707.

KLUYVER, H. N. 1963. The determination of reproductive rates in MARTIN, A. C., H. S. ZIM, and A. L. NELSON. 1951. American
Paridae. Proc. Int. Ornithol. Congr. 13: 706-716. wildlife and plants. Dover, New York.

-1971. Regulation of numbers in populations of great tits (Parus MARTZ, G. F. 1967. Effects of nesting cover removal on breeding
m. major). In Dynamics of Populations: Proceedings of the Advanced puddle ducks. J. Wildl. Manage. 31: 236-247.
Study Institute on Dynamics of Numbers in Populations, Oosterbeek, MCCAMANT, R. E., andE. G. BOLEN. 1979. A 12-year study of nest
The Netherlands, 7-18 September 1970. Edited by P. J. Den Boer box utilization by black-bellied whistling ducks. J. Wildl. Manage.
and G. R. Gradwell. Pudoc, Wageningen, The Netherlands. pp. 43: 936-943.
507-523. McDoWELL, R. D. 1956. Productivity of the wild turkey in Virginia.

KORSCHGEN, C. E. 1977. Breeding stress of female eiders in Maine. J. Va. Comm. Game Inland Fish. Tech. Bull. No.1.
Wildl. Manage. 41: 360-373. McKNIGHT, D. E. 1974. Dry-land nesting by redheads and ruddy

KOSSACK, C. W. 1950. Breeding habits of Canada geese under refuge ducks. J. Wildl. Manage. 38: 112-119.
conditions. Am. Midi. Nat. 43: 627-649. McLAUGHLIN,C. L., and D. GRICE. 1952. The effectiveness of large

. KOZICKY, E. L., and F. V. SCHMIDT. 1949. Nesting habits of the scale erection of wood duck boxes as a management procedure.. clapper rail in New Jersey. Auk, 66: 355-364. Trans. North Am. Wildl. Conf. 17: 242-259.

KROHN, W. B., and E. G. BIZEAU. 1980. The Rocky Mountain MENDALL, H. L. 1958. The ring-necked duck in the northeast. Univ.
population of the western Canada goose: its distribution habitats, and Maine Bull. 60: 1-317.

. management. U.S. Fish Wildl. Servo Spec. Sci. Rep. Wildl. No. MENDALL, H. L., and C. M. ALDOUS. 1943. The ecology and
229. management of the American woodcock. University of Maine, Co-

KUPA, J. J. 1966. Ecological studies of the female ruffed grouse operative Wildlife Research Unit, Orono, ME.
(Bonasa umbellus L.) at the Cloquet Forest Research Center, MICKELSON, P. G. 1975. Breeding biology of cackling geese (Branta
Minnesota. Ph.D. dissertation, University of Minnesota, Minne- canadensis minima Ridgeway) and associated species on the
apolis. Yukon-Kuskokwim Delta, Alaska. Wild!. Mongr. No. 45.

LACAILLADE, H. C. 1958. Wood duck breeding studies. New MILLAR,J.S.,andR.M.ZAMMUTO.1983.Lifehistoriesofmammals:
Hampshire Job Completion Rep. , Proj. No. W-7-R-13, Job No. I-D. an analysis of life tables. Ecology, 64: 631-635.
Fish and Game Department, 34 Bridge St., Concord, NH. MILLER, A. W., and B. D. COLLINS. 1953. A nesting study of Canada

LEBEDA, C. S., and J. T. RATTI. 1983. Reproductive biology of geese on Tule Lake and Lower Klamath National Wildlife Refuges,
Vancouver Canada geese on Admiralty Island, Alaska. J. Wildl. Siskiyou County, California. Calif. Fish Game, 39: 385-396.
Manage. 47: 297-306. - 1954. A nesting study of ducks and coots on Tule Lake and

LEE, F. B., R. L. JESSEN, N. J. ORDAL, R. I. BENSON, J. P. lower Klamath National Wildlife Refuges. Calif. Fish Game, 40:
LINDMEIER, L. L. JOHNSON, and J. B. MOYLE. (Editors). 1964. 17-37.
Waterfowl in Minnesota. Minn. Dep. Conserv. Tech. Bull. No. MILLER, H. W., andD. H. JOHNSON. 1978. Interpreting the results of
7. nesting studies. J. Wildl. Manage. 42: 471-476.

LEE, J. A. 1954. Wood duck research investigations. New Hampshire MORSE, T. E., J. L. JAKABOSKY, and V. P. McCRow. 1969. Some
Job Completion Rep., Proj. No. W-7-R-IO, Job No. II-B. Fish and aspects of the breeding biology of the hooded merganser. J. Wildl.
Game Department, 34 Bridge St., Concord, NH. Manage. 33: 596-604.



I 11- --

2748 CAN. J. ZOOL. VOL. 64, 1986

MOYLE, J. B. (Editor). 1964. Ducks and land use in Minnesota. SIMPSON, R. C. 1973. A study of bobwhite quail nest initiation dates,
Minn. Dep. Conserv. Tech. Bull. No.8. clutch sizes, and hatch sizes in southwest Georgia. In Proceedings of

NAYLOR,A.E.1953.ProductionoftheCanadagooseonHoneyLake the First National Bobwhite Quail Symposium. Edited by J. A.
Refuge, Lassen County, California. Calif. Fish Game, 39: 83-94. Morrison and J. C. Lewis. Oklahoma State University Press,

NAYLOR, A. E., and E. G. HUNT. 1954. A nesting study and Stillwater, OK. pp. 199-204.
population survey of Canada geese on the Susan River, Lassen SISSON, L. 1976. The sharp-tailed grouse in Nebraska. P-R Project
County, California. Calif. Fish Game, 40: 5-16. Rep. W-33-R and W-38-R, Nebraska Game and Parks Commission,

NICE, M. M. 1923. A study of the nesting of mourning doves. Auk, 40: 2200 N. 33rd St., Lincoln, NE.
37-58. SMITH, J. N. M. 1981. Does high fecundity reduce survival in song

NIE, N. H., C. H. HULL, J. G. JENKINS, K. STEINBRENNER, andD. H. sparrows? Evolution (Lawrence, Kans.), 35: 1142-1148.
BENT. 1975. Statistical package for the social sciences. 2nd ed. SaKAL, R. R., and F. J. ROHLF. 1981. Biometry: The principles and
McGraw-HilI Book Co., New York. practice of statistics in biological research. 2nd ed. W. H. Freeman

NUR, N. 1984. The consequences of brood size for breeding blue tits I. and Co., San Francisco, CA.
Adult survival, weight change and the cost of reproduction. J. Anim. SOWLS, L. K. 1955. Prairie ducks: a study of their behavior, ecology,
Ecol. 53: 479-496. and management. Wildlife Management Institute, Washington, DC.

PARMALEE, P. W. 1955. Some factors affecting nesting success of the SPENCER,H. E. 1953. The cinnamon teal (Anas cyanoptera Vieillot): "-

bobwhite quail in east-central Texas. Am. MidI. Nat. 53: 45-55. its life history, ecology, and management. M. S. thesis, Utah State
PAYNTER, R. A. 1951. Clutch-size and egg mortality of Kent Island University, Logan.

eiders. Ecology, 32: 497-507. STEARNS, S. C. 1976. Life history tactics: a review of the ideas. Q. .
PECK, G. K., and R. D. JAMES. 1983. Breeding birds of Ontario: Rev. BioI. 51: 3-47.

nidiology and distribution. Vol. 1. Non-passerines. R. Onto Mus. STEEL, P. E., P. D. DALKE, and E. G. BIZEAU. 1957. Canada goose
Life Sci. Misc. Publ. production at Gray's Lake, Idaho, 1949-1951. J. Wildl. Manage.

PETERS, R. H. 1983. The ecological implications of body size. 21: 38-41.
Cambridge University Press, Cambridge. STENSETH, N. C. 1984. Optimal reproductive success in animals with

PORTER, W. F., G. C. NELSON, and K. MAnsoN. 1983. Effects of parental care. Oikos, 43: 251-253.
winter conditions on reproduction in a northern wild turkey STEWART, R. E., and B. MEANLEY. 1960. Clutch size of the clapper
population. J. Wildl. Manage. 47: 281-290. rail. Auk, 77: 221-222.

PRICE, P. W. 1974. Strategies for egg production. Evolution (Law- STIEGLITZ, W.O., and C. T. WILSON. 1968. Breeding biology of the
rence, Kans.), 28: 76-84. Florida duck. J. Wildl. Manage. 32: 921-934.

PRovOST, M. W. 1947. Nesting of birds in the marshes of northeast STODDARD, H. L. 1936. The bobwhite quail-its habits, preservation
Iowa. Am. MidI. Nat. 38: 485-503. and increase. Charles Scribner's Sons, New York.

PuGESEK, B. H. 1980. Increased reproductive effort with age in the STOTTS, V. D., and D. E. DAVIS. 1960. The black duck in the
California gull (Larus californicus). Science (Washington, D.C.), Chesapeake Bay of Maryland: breeding behavior and biology.
212: 822-823. Chesapeake Sci. 1: 127-154.

-1983. The relationship between parental age and reproductive STOUDT, J. H. 1982. Habitat use and productivity of canvasbacks in
effort in the California gull (Larus californicus). Behav. Ecol. southwestern Manitoba, 1961-72. U.S. Fish Wildl. Servo Spec.
Sociobiol. 13: 161-171. Sci. Rep. Wildl. No. 248.

PuGESEK, B. H., and K. L. DIEM. 1983. A multivariate study of the SUGDEN, L. G. 1978. Canvasback habitat use and production in
relationship of parental age to reproductive success in California Saskatchewan parklands. Can. Wildl. Serv. Occas. Pap. No. 34.
gulls. Ecology, 64: 829-839. THOMPSON, R. L. 1970. Florida sandhill crane nesting on the

RAVELING, D. G. 1977. Canada geese of the Churchill River Basin in Loxahatchee National Wildlife Refuge. Auk, 87: 492-502.
north-central Manitoba. J. Wildl. Mange. 41: 35-47. TITMAN,R. D., andJ. K. LOWTHER. 1975. Thebreedingbehaviorofa

- 1979. The annual cycle of body composition of Canada geese crowded population of mallards. Can. J. Zool. 53: 1270-1283.
with special reference to control of reproduction. Auk,96:234-252. TOWNSEND, G. H. 1966. A study of waterfowl nesting on the

REZNICK, D. 1985. Costs of reproduction: an evaluation of the Saskatchewan River delta. Can. Field-Nat. 80: 74-88. "empirical evidence. Oikos 44: 257-267. TUCK, L. M. 1972. The snipes: a study of the genus Capella. Can. ""

RICKLEFS, R. E. 1974. Energetics of reproduction in birds. In Avian Wildl. Servo Monogr. Ser. No.5.
energetics. Edited by R. A. Paynter. Mus. Compo Zool., Harvard TuFTs, R. W. 1961. The birds of Nova Scotia. Halifax Museum, r
Univ., Nuttall Ornithol. Club Bull. No. 15. Halifax, N.S. i

ROSKAFT, E. 1985. The effect of enlarged brood size on the future TUOMI, J. 1980. Mammalian reproductive strategies: a generalized ,.",;
reproductive potential of the rook. J. Anim. Ecol. 54: 255-260. relation of litter size to body size. Oecologia, 45: 39-44. ,

RYDER, J. P. 1967. The breeding biology of Ross' goose in the Perry USPENSKII, S. M. 1965. Geese of Wrangel Island. Wildfowl Trust
River region, Northwest Territories. Can. Wildl. Servo Rep. Ser. Annu. Rep. 16: 126-129.
No.3. V ALENllNE, J. M., and R. E. NOBLE. 1970. A colony of sandhill cranes

SACHER, G. A. 1959. Relation of lifespan to brain weight and body in Mississippi. J. Wildl. Manage. 34: 761-768.
weight in mammals. In The lifespan of animals. Edited by G. E. W. VERMEER, K. 1970. A study of Canada geese, Branta canadensis,
Wolstenholme and M. O'Connor. Little, Brown and Co., Boston, nesting on islands in southeastern Alberta. Can. J. Zool. 48:

MA. pp. 115-141. 235-240.
SANDERSON, G. C. (Editor). 1977. Management of migratory shore WALKINSHAW, L. H. 1949. The sandhill crane. Cranbrook Inst. Sci.,

and upland game birds in North America. International Association Bull. No. 29.
of Fish and Wildlife Agencies, 1416 16th St., NW, Washington, WALLMO, O. C. 1956. Ecology of scaled quail in west Texas. Texas
DC. Game and Fish Commission Report, Parks and Wildlife Depart-

SCHEMNITZ, S. D. 1961. Ecology of the scaled quail in the Oklahoma ment, 4200 Smith School Rd., Austin, TX.
panhandle. Wildl. Mongr. No.8. WELLER, M. W., D. L. TRAUGER, andG. L. KRAPU. 1969. Breeding

- (Editor). 1980. Wildlife management techniques manual. 4th birds of the West Mirage Islands, Great Slave Lake, Northwest
ed. Wildlife Society, Washington, DC. Territories. Can. Field-Nat. 83: 344-360.

SCHMIDT-NIELSEN, K. 1984. Scaling: Why is animal size so impor- WENNER, K. C., andW. R. MARION. 1981. Wood duck production on a
tant? Cambridge University Press, New York. northern Florida phosphate mine. J. Wildl. Manage. 45: 1037-1042.

-- -



ZAMMUTO 2749

WESTERN, D. 1978. Size, life history and ecology in mammals. Afr. J. WILLIAMS, G. R. 1967. The breeding biology of California quail in
Ecol. 17: 185-204. New Zealand. Proc. N.Z. Ecol. Soc. 14: 88-99.

WESTERN, D., and J. SSEMAKULA. 1982. Life history patterns in birds ZACHMANN, D. W., and J. A. LOGAN. 1984. Mathematical stability
and mammals and their evolutionary interpretation. Oecologia, 54: analysis for an age-structured population with finite life span. J.
281-290. Theor. Bioi. 111: 131-148.

WILEY, J. W., and B. N. WILEY. 1979. The biology of the ZAR,J.H.1984.Biostatisticalanalysis.2nded.Prentice-Hall,Engle-
white-crowned pigeon. Wildl. Monogr. No. 64. wood Cliffs, NJ.

WILLIAMS, C. S., and W. H. MARSHALL. 1937. Goose nesting studies ZUCCA, J. J. 1954. A study of the California clapper rail. Wasmann J.
on Bear River Migratory Waterfowl Refuge. J. Wildl. Manage. 1: Bioi. 12: 135-153.
77-86. ZWICKEL, F. C. 1975. Nesting parameters of blue grouse and their

- 1938. Duck nesting studies, Bear River Migratory Bird relevance to populations. Condor, 77: 423-430.
Refuge, Utah, 1937. J. Wildl. Manage. 2: 29-48. ZWICKEL, F. C., and J. F. BENDELL. 1967. Early mortality and the

WILLIAMS, G. C. 1966. Natural selection, the costs of reproduction, regulation of numbers in blue grouse. Can. J. Zool. 45: 817-851.
and a refinement of Lack's principle. Am. Nat. 100: 687-690.

.

.

-'

.


