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Introduction

The waterfowl species of the world have very differ-
ent reproductive strategies. The mean clutch size
varies from 2 to 14 eggs, and the relation of clutch
mass to female weight from 16 up to 100% (Lack
1967, Johnsgard 1973). What are the ultimate eco-
logical factors behind the evolution of such different
strategies?

Most theories of the ultimate factors in waterfowl
have concentrated on clutch size determination. Lack
(1967, 1968) proposed that the waterfowl clutch size
is limited by the food resources available to the fe-
male around the time of laying, and that these limited
resources could be used to form either a few large
eggs or a greater number of smaller ones . He sug-
gested that large eggs were advantageous in certain
conditions because they either allowed the newly
hatched duckling to have a greater fat reserve or to
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hatch at a more advanced stage. Klomp (1970) sup-
ported this view, while Johnsgard (1973) did not be-
lieve that the food hypothesis applied to other water-
fowl than geese nesting in the arctic. He suggested
that the waterfowl clutch size is generally limited by
the amount of young the parents can care for, a de-
creased available optimum breeding period and an in-
creased probability of nest predation.

Winkler& Walters (1983) reviewed the problem
of clutch size determination in precocial birds, relat-
ing reproductive effort to the birds' life history . They
tookinto account the fact that long-lived birds can af-
ford to have smallerclutches (Charnov &Krebs 1974,
Goodman 1974), as individuals try to maximize their
reproductive effort over their lifetimes rather than
within a single breeding attempt (Williams 1966,
Schaffer 1974).

None of these theories, however, considered the
possibility that the reproductive traits of waterfowl
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species with different ecology reflect the body size or
phylogenetic relationships rather than ecological fac-
tors . In other groups of birds, as well as in mammals,
reproductive traits have been shown to scale allo-
metrically with body size (Rahn et al . 1975, Blue-
weiss et al . 1978, Western & Ssemakula 1982,
Stearns 1983, Saether 1985 and 1987) so that larger
species tend to have smaller clutches than smaller
species.

Also, all traits do not reflect optimal adaptations
to the environment but rather common ancestors
(Wanntorp 1983, Elgar & Harvey 1987). A species
can evolve only within the constraint set by the taxo-
nomic unit in which it belongs (e .g . Tuomi et al .
1983). For example, if all northern species belong to
related taxonomic units, their small clutches could be
due to the phylogenetic relationship and not to the
geographic distribution .

The aim of my study was to investigate the pos-
sible ultimate factors contributing to the evolution of
the different reproductive strategies in waterfowl,
taking into account the effect of body size and phy-
logeny . As the previous theories in waterfowl focused
on clutch size, I wanted to examine if the reasons for
evolving a small clutch could be the same for
different species.

Material and methods

Data were gathered from various handbooks (De-
lacour 1954-1959, Johnsgard 1965, 1978, Bauer &
Glutz von Blotzheim 1968-1969, Kolbe 1972,
Palmer 1976, Cramp 1977, Fjeldså 1977, Brown et al.
1982, Frith 1983, Bezzel 1985). The systematic order
follows Johnsgard (1978) . When a species had
subspecies, I used the information on the nominate
race only. I preferred most recent information as a
rule, but when information in recent handbooks dif-
fered considerably, the mean of the reported values
was taken. The great variation in the reported values
is due to the fact that, for example, age at fledging is
difficult to determine in ducks (Lack 1968), and the
values of different populations, or captive versus wild
birds, vary considerably . If the habits of the species
were not known or nothing special was reported about
them, I usually assumed that they followed the pattern
of the genus or tribe. This may have caused some
mistakes . Errors also arise because some species are
well studied, whereas the information on others may
stem from a single reference. However, to put it in
Lack's words (1968), "manyofthe trends broughtout
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are so striking that they would not be appreciably
affected by minor changes of this sort" . Only very
scanty information was available for seven species, so
I excluded them from the analyses (Table 2) . Data
were thus obtained for 142 out of the total of 149
waterfowl species. The data are available from the
author upon request.

Dependent variables

The average female weight (g), mean wing length for
both sexes (mm), clutch size, -egg weight (g), clutch
mass (egg weight x clutch size (g)), incubation period
(d), age at fledging (d) and the time required for
breeding (clutch size + incubation period + age at
fledging (d)) were considered to reflect the size and
reproductive effort of the species and were used as
dependent variables in the analyses .

Female weight was preferred to the mean weight
of the sexes because some species had a marked size
dimorphism and only females lay eggs . For the few
species for which the incubation period was un-
known, it was estimated by simple linear regression
from wing length . The extremely long incubation pe-
riod of 43 days for the Torrent Duck (Merganetta ar-
mata), reported by Moffet (1970), would have been a
statistical outlier and was therefore not used in the
statistical analyses but replaced by the values pre-
dicted by the regression from wing length (25 days).

Independent variables

Other information of the species was used as inde-
pendent variables . I coded these as follows:

Breeding range (the range, in latitudes, where breed-
ing occurs regularly ; introduced populations were not
taken into account) .

1. Restricted (2-20)
2. Intermediate (21-40)
3. Wide (41-115)

Distance from the equator (the northernmost, or
southernmost - for southern hemisphere species,
limit of the breeding range, in latitudes).

1. Tropical (0-30)

	

'
2. Temperate (31-60)
3. Arctic (61-90)

Mating system
1. Monogamous, permanent pair-bond
2. Monogamous, seasonal pair-bond
3. Polygamous
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Feeding type
1 . Feeding mainly by grazing
2. Feeding mainly by dabbling
3. Feeding mainly by diving
4. Feeding mainly by diving and grazing
For theANOVAs these were recoded as follows:
1 . Feeding mainly by diving (code 3)
2. Feeding mainly by dabbling or grazing (codes
1,2)

Age at maturity
1 . Mature in the first year oflife
2. Mature in the second year of life
3. Mature in the third or in a later year of life

Nest concealment
1 . Neston the ground, usually not concealed from
above
2. Nest on the ground, usually concealed from
above
3 . Nest in a hole or cavity

Paternal care
1 . No male guarding
2. Male leaves female after laying
3. Male stays for some time after laying
4. Male helps in brooding
5. Male defends a territory and helps in brooding
6. Male defends a territory, incubates and helps in
brooding
FortheANOVAs these were recorded as follows:
1. Male helps in brooding (codes 4-6)
2. Male leaves female before hatching of the
young (codes 1-3)

Independence of the young
1. Young independent after fledging
2. Young independent at fledging
3. Young independent before fledging
4. Yound independent soon after hatching
As the whole material comprised only one family

I used species as the taxonomic unit for comparisons .

Statistical methods

Statistical models require that the sampling of indi-
viduals is done at random . Taxonomic data cause
some difficulties in statistical analyses as they are not
sampled randomly. Species belonging to the same
taxonomic unit resemble each other more than
species belonging to different units. Nonrandomness
of sample selection may be reflected in lack of
independence of the items, nonnormal distribution or
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a correlation between the means and the variances,
which in their turn affect the validity of the tests
(Sokal & Rohlf 1981). In order to minimize these
difficulties, dependent variables were transformed
with logarithms prior to the statistical analyses.

Dependent variables were adjusted for the effect
of female weight as follows: simple linear regression
for weight and each dependent variable was com-
puted and the weight for the species multiplied by the
appropriate regression coefficient (Table 3) . This sum
was subtracted from the actual value of each de-
pendent variable for the species in question (see
Stearns 1983).

Correlation coefficients were computed using
product-moment correlations (r) for dependent (con-
tinuous) variables and Spearman rank-correlations
(rs) for independent (ranked) variables or when one
ranked variable was correlated with weight . In order
to find out if the correlation of any two independent
variables depended on causes other than correlation
with weight, partial correlations (rp ) were computed
from the rank correlations (Sokal & Rohlf 1981).

The effect ofindependent variables on weight and
reproductive traits, and the differences between
tribes, were studied with one-way analysis of vari-
ance . The effect ofindependent variables was studied

Table 1. Means, standard deviations (SD), ranges and coeffi-
cients of variation (CV) for traits reflecting size and reproduc-
tive output in Anatidae (n = number of species. All variables
untransformed) .

Trait n Mean SD Range

CV
between
tribes

Mean
CV
within
tribes

Female
weight, g 142 1449 1614 200-10500 111 48
Egg
weight, g 142 81 61 23-340 75 33
Clutch
mass, g 141 568 316 174-2040 56 39
Wing
length, mm 142 273 104 130-617 38 16
Age at
fledging, d 104 61 18 35--160 30 21
Clutch size 141 8 2 2-14 28 22
Time required
forbreeding, d 104 96 21 66-207 22 14
Incubation
period, d 142 28 3 22-43 12 8
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Table 2 . Means and standard deviations (SD) for the studied traits, and variation in the independent variables in the nine tribes of
Anatidae, consisting of more than one species (n = number of species . All variables untransformed) . Mating system: MP =
monogamous, permanent pair-bond, MS = monogamous, seasonal pair-bond, P = polygamous . Feeding type: DG = dabbling or
grazing, DIV = diving. Paternal care: P = present, A= absent. Nest concealment: NC = not concealed from above, C = concealed
from above, H = in holes or cavities . Independence of young: AF = after fledging,F = at fledging, BF= before fledging, AH = after
hatching .

¢ Tadorna cristata, Camptorhynchus labradorius, Mergus squamatus, Mergus octosetaceus, Mergus australis, Anas bernieri, Anas

melleri are not included, due to scanty information

Levels of significance *(P50 .05), **(P50.01), ***(P50.001), ns = nonsignificant

Trait Anserini
swans and
true geese

Tachyerini
steamer
ducks

Tadornini
sheldgeese
and -ducks

Cairinini
perching
ducks

Mergini
sea ducks

Aythyini
pochards

Dendro-
cygnini
whistling
ducks

Oxyurini Anatini P
stiff- dabbling
tailed ducks
ducks

Female n 22 3 10 13 0 16 9 8 376
weight, g mean 3870 3367 1724 1159 986 824 764 694 620 ***

SD 2571 850 713 1295 458 219 184 326 239

Wing length, mean 447 278 354 262 231 215 214 161 221 ***
mm SD 78 15 43 105 35 24 28 21 35

Clutch size mean 5 7 8 10 8 9 10 5 8 ***
SD 1 0 2 2 2 1 2 2 2

Egg weight, mean 181 143 93 53 67 56 49 85 45 ***
g SD 87 26 23 32 19 9 15 24 14

Clutch mass, mean 934 1001 755 506 514 498 483 442 358 ***
g SD 481 184 175 312 167 112 117 160 100

Incubation mean 30 31 30 29 28 26 29 25 26 ***
period, d SD 5 0 1 3 3 1 2 1 2

Age at fled- mean 66 84 70 67 57 58 59 56 53 ns
ging, d SD 34 0 14 9 10 8 15 3 10

Time required mean 100 122 109 107 93 93 98 87 88 ns
for breeding, d SD 39 0 13 9 12 9 16 3 11

Age at matur- mean 3 2 2 1 2 2 1 1 1
ity, yr SD 0.5 0 0 .2 0.2 0 .4 0.5 0 0 .4 0 .2

Distance from mean 67 54 42 34 74 54 29 45 52
the equator, lat- SD 14 2 15 11 7 15 9 10 15
itudes

Breeding range, mean 20 11 24 39 27 24 41 42 39
latitudes SD 9 8 15 16 10 11 20 34 23

Mating system MP MP MP MP,MS MS MS MP MS MP,MS
(P)

Feeding type DG DIV DG DG DIV DIV DIV,DG DIV DG(DIV)

Paternal care P P P P,A A A P A P,A

Nest conceal- NC C H H H C C C C
ment (NC,C) (C) (NC,C) (NCH)

Independence AF ? AF AF BF BF AF AH F
of young (F) (F) (BF)
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both priorto and after adjusting the traits for the effect
ofweight. Differences between the means were tested
with F-tests.

Principal component analysis was used in order to
reveal the main factors behind the variation in the
dependent variables. Analysis was performed of cor-
relation matrix. Unrotated factor loadings were used
to estimate the percent of variation in each trait, ex-
plained by the principal components .

Results

Variability ofthe traits

"Average waterfowl" weighted about 1.5 kg, matured
in its second year, laid eight eggs weighing about 80
grams each, incubated them for 28 days, and the
young fledged after 60 days . The average time
required for breeding was about three months. There
was, however, considerable variation in most traits
(Table 1) .

If the whole family Anatidae is studied, the traits
reflecting size varied most (had largest CVs), where-
as those reflecting the rate of development and clutch
size varied less (Table 1). This trend was also the
same within the tribes, although the amount of var-
iation in all traits, except clutch size, was approxi-
mately halved . Clutch size varied almost as much
within the tribes as between them (Table 1) .

However, the amount of variation was not uni-
form within the different tribes. Some tribes consistof
species of largely varying size and reproductive
effort, whereas the species of others vary remarkably
little (Table 2) . Tribes were even more conservative
with respect to ecological factors. Rate of indepen-
dence in the young varied only negligibly within the
tribes, and the type of feeding and degree of paternal
care varied very little . The mating system and degree
of nest concealment varied in some tribes but not in
others (Table 2) .

The effect ofbody size

Female weight scaled allometrically with all repro-
ductive traits . Increased body size was accompanied
by decreasing clutch size, and an increasing trend in
all other dependent variables . Wing length and egg
weight were the traits most connected with female
weight, while clutch size and the time required for
breeding varied more independently (Table 3).

Table 3. Regressions (b) and 95% confidence limits (CL) for the
regression coefficient of each dependent variable with female
weight in Anatidae (R2= coefficientof determination) .

Correlations between the variables
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Levels of significance * (P<_0.05), ** (P<_0.01), *** (P<_0.001)

Female weight correlated significantly (P:_0.05 in
all cases) with the independent variables as well.
Large waterfowl species tended to have restricted
(rg=-0.30), northern (rs=0.21) breeding ranges, late
age at maturity (r,=0.70), grazing habits (r,=0.34),
permanent pair-bonds (ra=-0.35), poorly-concealed
nests (rs=-0.48), extended paternal care (r,=0.24) and
young that spend a long time with their parents
(re=-0.61) .

All dependent variables covaried with body size.
Indeed, most correlations between the reproductive
traits were due to this covariation ; when dependent
variables were adjusted for the effect of female
weight, only a few significant (P_:0.05 in all cases)
correlations remained . Irrespective of body size,
species with small clutches tended to have large eggs
(r--0.58), species with long incubation periods also
had long fledging periods (r=0.53), and species with
large clutch masses had a slow rate of development
(clutch mass vs . incubation period, r=0.35, vs . age at
fledging, r=0.34) and vice versa.

Independent variables were also intercorrelated.
Most of these correlations also arise from the covari-
ation of both traits with weight, When the effect of
weight was taken into account the following signifi-
cant (P:50.01 in all cases) correlations remained:
species with wide breeding ranges tended to mature
early (r 0.28) ; late age at maturity, decreasing nest
concealment and little paternal care were associated
with northern breeding ranges (distance from the
equator vs. age at maturity, rP0.40, vs . nest con-
cealment, rp=-0.33, vs . paternal care, r =0.23);
permanent pair-bonds were associated with increas-

Trait b CL P R2

Egg weight 0.661 ±0 .025 *** 83
Wing length 0.393 ±0 .016 *** 82
Clutch mass 0.518 ±0 .026 *** 74
Incubation period 0.074 ±0 .012 *** 25
Age at fledging 0.104 ±0 .022 *** 14
Time required forbreeding 0.074 ±0 .016 *** 13
Clutch size -0.143 ±0 .031 *** 13
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Table 4. Means and limits for mean ± standard deviation (L) for the dependent variables in
tropical, temperateand arctic waterfowl species, prior to accounting for the effect ofbody weight
(n = number of species . Analyses performed on logarithmically transformed variables) .

ing paternal care (r =0.81) and late independence of
young (r =0.78) ; diving species tended to have more
independent young than grazing or dabbling species
(rp0.74) .

The effect ofindependentfactors
on reproductive traits

Distancefrom the equator. Waterfowl species breed-
ing in the arctic were significantly heavier than tropi-
cal or temperate species (Table 4). When the effect of
weight was accounted for, arctic species had signifi-
cantly shorter incubation and fledging periods, and
required less time for breeding than more southern
species (Table 4) . Tropical species had significantly
smaller eggs for their size, than temperate or arctic
species. Arctic species did not have significantly
smaller clutches than other species, in relation to their
size, so it seems that the small clutches ofmany arctic

Levels of significance * (P<_0.05), ** (P<_0.01), *** (P-0 .001), ns = nonsignificant.
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waterfowl species can be attributed to other causes,
rather than solely to the breeding latitude (Table 4) .

Age at maturity . Late-maturing species were sig-
nificantly heavier than species maturing earlier
(Table 5) . After adjusting the traits for the effect of
weight, late-maturing species had significantly
smaller clutches and clutch masses, as well as shorter
incubation and fledging periods, and total required
breeding time, than earlier maturing species (Table
5) . As late age at maturity accompanied northern
breeding ranges (Table 6), the faster rate of develop-
ment in the young of late-maturing species is proba-
bly due to their northern breeding ranges and not to
the age at maturity .

Nest concealment . Species with nests that were
not concealed from above were significantly heavier
than either hole-nesters or species with well-con-
cealed nests (Table 7) . After accounting for the effect
of weight, they also had significantly smaller

Trait Northernmost
tropical

range of breeding
temperate antic

Significance
prior/after
acc.for weight

Female weight, g n 18 76 48
mean 994 866 1269
L 550-1797 397-1891 541-2975

Wing length, mm n 18 76 48
mean 263 238 285 * ns
L 200-347 170-335 200-408

Clutch size n 18 75 48
mean 8.4 7.6 6.9 ns ns
L 6.0-11.6 5.6-10.3 5.1-9 .4

Egg weight, g n 18 76 48
mean 59 64 77 ns
L 39-89 37-111 40--147

Clutch mass, g n 18 75 48
mean 493 485 534 ns ns
L 317-765 294-802 332-859

Incubation period, d n 18 76 48
mean 29 28 27 ** ***
L 27-32 25-31 24-30

Age at fledging, d n 10 48 46
mean 67 63 52 *** ***

L 55-83 50-79 40-67
Time required for n 10 48 46
breeding, d mean 106 100 86 *** ***

L 92-121 85-119 71-105
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Table 5 . Means and limits for mean ± standard deviation (L) for the dependent variables in
waterfowl species mature in their first, second or third (or later) year, prior to accounting for the
effect ofbody weight (n = number of species . Analyses performed on logarithmically transformed
variables).

Levels of significance as in Table 4 .

Table 6. Number of species belonging to different ecological groups in tropical, temperate and
arctic regions .

Ecological factor

Tropical

Region

Temperate Arctic

Paternal care
present 12 (16%) 44 (60%) 17 (18%)
absent 5 (8%) 31 (46%) 31 (46%)

Nest concealment
not concealed from above 3 (9%) 9 (27%) 21 (ó4%)
concealed from above 7 (11%) 36 (56%) 21 (33%)
in holes or cavities 7 (25%) 15 (54%) 6 (21%)

Age at maturity
mature in the first year of life 9 (13%) 49 (68%) 14 (19%)

second 3 (7%) 21 (52%) 17 (41%)
third or later 1 (5%) 2 (10%) 17 (85%)

Mating system
monogamy, permanent pair-bond 11 (18%) 34 (55%) 17 (27%)
monogamy, seasonal pair-bond 2 (3%) 38 (54%) 31 (43%)
polygamy 4 (57%) 3 (43%) 0 (0%)

Trait Age
1

at maturity
2 3

Significance
prior/after
acc. for weight

Female weight, g n 72 41 20
mean 598 1253 3044
L 397-900 643-2441 1559-5943

Wing length, mm n 72 41 20
mean 207 274 424 *~r ns
L 171-251 205-365 330-545

Clutch size n 71 41 20
mean 8 .2 7 .4 5.2
L 6.2-10 .7 5 .4-10 .2 4.3-6 .3

Egg weight, g n 72 41 20
mean 47 83 149 s** ns
L 33-65 51-133 90-245

Clutch mass, g n 71 41 20
mean 380 612 773
L 273-531 393-951 476-1254

Incubation period, n 72 41 20
mean 27 29 28
L 24-29 26-32 25-33

Age at fledging, d n 47 33 19
mean 55 63 56
L 46Ø 48-84 40-80

Time required for n 47 33 19
breeding, d mean 90 101 91

L 79-103 82-124 70-117
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Table 7. Means and limits for mean ± standard deviation (L) for the dependent variables in
waterfowl species with varying degrees of nest concealment, prior to accounting for the effect of
body weight (n = number of species . Analyses performed on logarithmically transformed
variables) .

Levels of significance as in Table 4.

clutches, whereas the clutch size of hole-nesting
species and species with well-concealed nests did not
differ from each other (Table 7) . Hole-nesters had
significantly longer incubation periods and larger
clutch masses than other species (Table 7) . These
trends might be due to the breeding latitude, as hole-
nesters are fewer in the arctic (Table 6), but the trends
were actually the same, irrespective of the latitude .

Paternal care . Species where males shared in
brood rearing were significantly heavier than those
where they did not (Table 8) . When traits were ad
justed for the effect of weight, species with paternal
care had significantly smaller clutches and longer in-
cubation periods than species where males did not
care for the young (Table 8). As the latter species
tended to have anorthern distribution as well (Table
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6), the trend in the incubation period may be due to
the breeding latitude .

Independence of young. Species with late inde-
pendence of young were significantly heavier than
species with more independent young (Table 9) .
When the effect ofweight was accounted for, species
with very precocial young had significantly shorter
wings, smaller clutches and larger eggs than other
species (Table 9) .

Breeding range, mating system andfeeding type .
The reproductive traits of species with different
breeding ranges, mating systems and feeding types
did not differ significantly from each other, after the
effectof body size was taken into account. Therefore,
the results of these analyses are not shown in separate
tables.

Trait

Nest
on ground

not conc . concealed
in holes
or cavities

Significance
prior/after
acc. for weight

Female weight, g n 33 64 28
mean 2477 805 760
L 1186-5177 441-1470 402-1435

Wing length, mm n 33 64 28
mean 388 223 246
L 291-516 175-285 183-331

Clutch size n 33 64 28
mean 5.5 8.0 9.0
L 4.5-6.8 6.2-10.2 7.0-11.6

Egg weight, g n 33 64 28
mean 127 57 56 ns
L 70-230 37-88 37-84

Clutch mass, g n 33 64 28
mean 701 453 505
L 406-1211 301-682 322-790

Incubation period, d n 33 64 28
mean 28 27 30
L 24-33 25-30 27-33

Age at fledging, d n 29 45 20
mean 60 56 62 ns ns
L 41-88 46-69 54-71

Time requiredfor n 29 45 20
breeding, d mean 94 92 102 ns

L 70-127 79-106 94-111
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Table 8. Means and limits for mean ± standard deviation (L) for the dependent variables in
waterfowl species with varying degrees of paternal care, prior to accounting for the effect of body
weight (n = number of species. Analyses performed on logarithmically transformed variables).

Levels of significance as in Table 4.

In short: As age at maturity reflects longevity
(Western & Ssemakula 1982) and nest concealment
the rate of predation (Perrins 1977), the factors com-
bined with : (a) the rate of development in the water-
fowl young, were distance from the equator and nest
predation; (b) large eggs, were distance from the
equator and precociality of the young; and (c) small
clutches, were a long-life span, increased paternal
care, increased nest predation and extremely
precocial young.

The relative importance offactors affecting
dependent variables

As both independent and dependent factors were
more or less correlated, it might be more informative

57

to group the factors affecting reproductive traits .
Principal component analysis revealed three main
components that together explained 55 to 95% of the
variation in dependent variables (Table 11).

The first principal component had strong positive
loadings on age at maturity, female weight, egg
weight and wing length, and negative loadings on
nest concealment and clutch size (Table 10). So the
first principal component arranges the species from
small, early-maturing and highly fecund to the oppo-
site. One might therefore call the first principal com-
ponent a "size" factor .

The second principal componenthad the strongest
positive loadings on the time required for breeding,
age at fledging, incubation period and clutch mass,
and the strongest negative loading on the distance
from the equator (Table 10). The principal component

Trait

Paternal
Present

care
Absent

Significance
prior/after
acc . for weight

Female weight, g n 73 67
mean 1297 766
L 513-3281 455-1289

Wing length, mm n 73 67
mean 294 222
L 199-434 178-277

Clutch size n 73 66
mean 6.8 8.2
L 5.0-9 .4 6.1-10.9

Egg weight, g n 73 67
mean 82 55 ns
L 42-160 38--80

Clutch mass, g n 73 66
mean 562 449 ns
L 321-982 314-642

Incubation period, d n 73 67
mean 29 27
L 26-33 24-29

Age at fledging, d n 52 52
mean 62 55 * ns
L 45-84 46Ø

Time required for n 52 52
breeding, d mean 98 91 * ns

L 78-124 79-104
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Table 9. Means andlimits for mean ±standard deviation (L) for the dependent variables in waterfowl species with
varying degrees ofindependence in the young, prior to accounting for the effect of body weight (n = number of
species. Analyses performed on logarithmically transformed variables) .

Levels of significance as in Table 4 .

Table 10. Rotated factor loadings of the traits on the first three
principal components (PCA) . Loadings <I0 .31 are not shown.

Table 11 . Percent variance in the dependent variables explained
by the first three principal components (PCA) (analysis per-
formed on logarithimically transformed variables) .

Trait
after
fledging

Young
at
fledging

independent
before
fledging

after
hatching

Significance
prior/after
acc . for weight

Female weight, g n 39 19 36 7
mean 2237 704 792 574 *** -
L 1012-4944 427-1161 515-1216 444-742

Wing length,mm n 39 19 36 7
mean 379 238 222 154 *** ***
L 280-513 185-306 193-254 141-169

Clutch size n 39 19 36 6
mean 6.2 8.4 8 .3 5 .7 *** **
L 4.6-8 .3 5.5-12.7 6.7-10 .3 4 .4-7 .3

Egg weight, g n 39 19 36 7
mean 116 52 56 76 *** ***
L 62-217 33-80 42-76 59-98

Clutch mass, g n 39 19 36 7
mean 713 434 465 451 *** ns
L 437-1163 281-670 339Ø0 381-640

Incubation period, d n 39 19 36 7
mean 29 27 27 25 ** ns
L 26-33 23-32 25-29 24-26

Age at flcdging, d n 31 15 29 4
mean 64 52 56 55 ns ns
L 44-92 44-03 46-08 53-58

Time required for n 31 15 29 4
breeding, d mean 100 89 91 87 ns ns

L 76-132 77-102 80-105 84-91

Trait PCA 1 PCA 2 PCA 3

Age at maturity 0.82
Female weight 0.78 0.45 -0.36
Nest concealment -0.74
Egg weight 0.74 0.50 -0.30
Wing length 0.72 -0.54
Distance from the equator 0.67 -0.38 0.44
Clutch size -0.59
Clutch mass 0.55 0.70
Feeding type -0.37 0.70
Tribe 0.90
Mating system 0.80
Incubation period 0.86
Paternal care -0.91
Timerequired for breeding 0.96
Age at fledging 0.93

Trait
Percent
PCA 1

variance
PCA 2

explained by
PCA 3 Total

Female weight 87 3 5 95
Time required for breeding 27 57 9 93
Egg weight 83 1 8 92
Wing length 83 5 0 88
Age at fledging 29 47 11 87
Incubation period 40 36 5 81
Clutch mass 66 4 9 79
Clutch size 29 25 1 55



Laurila: Reproductive strategies in waterfowl

arranges species from those with a slow rate of devel-
opment, large clutch masses and southern ranges to
the opposite, and might be called the "northernness"
factor.

The third principal component had the strongest
positive loadings on tribe, mating system and feeding
type, and negative loadings on degree ofpaternal care
(Table 10). It thus arranges species from those with
permanentpair-bonds, grazing or dabbling habits and
extended paternal care to the opposite . As all these
traits vary very little within the tribes but greatly be-
tween them, and because of the strong loading on
tribe, one might call the third principal component a
"tribe" or "phylogeny" factor.

The first principal component explained more
than 80% of the variation in female weight, egg
weight and wing length, and the least (about 30%) of
the variation in age at fledging and clutch size (Table
11). The second principal component explained
mostly the variation in traits reflecting the rate of de-
velopment and clutch size, whereas the third principal
component explained mostly the variation in age at
fledging, time required for breeding, clutch mass and
egg weight (Table 11). Together the three principal
components explained 80%, or more, of the variation
in all other traits but only 55% of the clutch size vari-
ation (Table 11).

Discussion

The effect ofbody size

In this study most of the differences in reproductive
traits between different waterfowl species were due to
differences in size. Increased body size has been
accompanied by a large offspring weight, few off-
spring and a slow rate of development in other groups
of birds, as well as in mammals (Steams 1983,
Saether 1987). The absolute values ofthe correlations
between weight and reproductive traits are smaller in
this study because of the smaller taxonomic unit
studied.

Judging by the extent of the breeding range, it
would seem that small species are more successful
than large. Why then have some species evolved a
weight of 4 or 10 kg? Most of the large species are
northern and have poorly concealed nests, prone to
predation. Their large body size may have evolved as
a defence against predators. Also, the costs of tem-
perature regulation are relatively smaller for large
birds (Kendeigh 1969).

The effect ofphylogeny and ecological factors
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The correlations between body size and
ecological factors such as age at maturity, paternal
care, nest concealment and the degree of in-
dependence in the young, illustrate that body size is
an integrated part of an animal's life history, as has
been argued (Saether 1987) and its effect on
reproductive traits cannot actually be "removed".
However, one is usually not so interested in the
general trend, which seems to be fairly similarin most
groups of animals, as in the exceptions . In order to
study whether the reproductive traits ofspecies with a
differing ecology are due to the ecological factors or
to differences in size, one must somehow take the
allometry into account. Therefore, the interest is
focused on species with reproductive traits excep-
tional for their size.

Do the significant relationships I foundbetween some
ecological factors and reproductive traits in water-
fowl reflect a real causal relationship, merely a cov-
ańation of these traits, or common ancestors? Elgar&
Harvey (1987) suggest that trends caused by ecologi-
cal factors and not merely by common ancestors
should be the same between, and within, taxonomic
units (tribe or genus in this study as only one family
was studied) . However, most ecological traits do not
vary within tribes and still less within genera in this
study (Table 2) . Thus within-tribe comparisons are of
limited value in this study. I, therefore, compared the
effects or ecological factors on reproductive traits in
the whole data set and in the subfamily Anatinae .
(The subfamily Anseńnae - consisting of only 3
tribes -was not chosen because of the great similari-
ty in ecological factors between the tribes in this
subfamily) .

The effect of ecological factors was the same in
the whole data set and within Anatinae, with the ex-
ception of age at maturity and paternal care . Virtually
all species ofAnatinae mature at, or before, their sec-
ond year of life, so the effect of late age at maturity
cannot be studied in this group. The degree of
paternal care did not have any effect on clutch size in
Anatinae . So it would seem that paternal care is not a
cause for a small clutch size, but merely covańes with
it.

Extremely precocial young are found in only one
tribe, and therefore this effect can actually be a tribe
effect. Thus there were three phylogeny-independent
ecological factors influencing the reproductive traits :
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distance from the equator, nest concealment and age
at maturity.

Rate ofdevelopment andeggsize

The short incubation and fledging periods of arctic
birds are clearly advantageous, as the breeding period
is restricted. It can also be a strategy against nest
predation, as most arctic breeders have exposed nests.
As arctic waterfowl species have young that fledge
relatively faster than those of more southern species,
their young must either hatch at a more advanced
stage or grow faster than those of other species.

Lack (1968) proposed that chicks hatching from
large eggs are fatter or more advanced than those
hatching from small eggs . Either of these conditions
have been verified for different species (e .g. Ojanen
1983, Sotherland & Rahn 1987). In this study, large
eggs-compared with the size of the species-were
found in species with extremely precocial young
(tribe Oxyurini) and those with arctic and temperate
breeding ranges (Table 4 and 9) . So it would seem
that large eggs in ducks have evolved in order to
produce young that are at an advanced stage at
hatching or can attain flight rapidly, rather than fatter
young. Fatter ducklings might be able to withstand
coldbetter than light ducklings (Lack 1967), but cold-
hardiness does not seem to be strongly connected
with the relative egg size . I compared the relative egg
size of ten species of northern ducks with their index
of cold-hardiness, measured by Koskimies & Lahti
(1964), but found no significant trend of cold-hardy
species having larger eggs (Fig. 1) . However, large
eggs withstand cooling better than small eggs (Lack
1968, Kolbe 1979).

The longer relative incubation periods of hole-
nesting species have been observed previously in
ducks (Lack 1968) and passerines (Saether 1985). It
has been suggested that as the nests of hole-nesting
species are relatively safe from predators, it is more
advantageous for the young ofthese species to spend
more time as eggs than as ducklings (Lack 1968).
However, the species with well-concealed nests on
the ground had clutches as large for their size as hole-
nesters, indicating that their nests are almost equally
safe frompredators. These species did nothave along
incubation period, taking into account their size
(Table 7) . For their size, hole-nesters had larger
clutch masses than open-nesting birds (Table 7) . As
clutch mass correlated positively with incubation pe-
riod, hole-nesting species may have longerincubation
periods simply because they have more to incubate .

Relative size of egg

Fig. 1 . The relationship of cold-hardiness (measured as meta-
bolic effort of one-day-old ducklings at 10°C . Basic metabolic
rate = 100. Species with low values are the cold-hardiest. Data
from Koskimies and Lahti 1964) to relative egg weight (the ef-
fect of body weight removed, Anasplatyrhynchos = 100). Solid
dots indicate dabbling ducks, open dots sea ducks . Regression is
not significant (b = -0 .183, F, = 4.88, n = 10) .

Clutch size

Small clutches and clutch masses in late-maturing
and also long-lived (Western & Ssemakula 1982)
species, seem to depend on a universal trend of long-
lived animals investing more in offspring quality than
quantity (Williams 1966, Charnov & Krebs 1974,
Wittenberger 1981).

Most Anatids lay one egg per day and start incu-
bating after the last egg is laid. Predation is thought to
limit large clutches as each egg lengthens the period
the nest is vulnerable to predation (Perrins 1977).
Although it has been argued that predation rates are
too small to cause an evolutionary change in clutch
size (Winkler &Walters 1983), my results are largely
consistent with the hypothesis that predation is the
main factor limiting the clutch size of species with
poorly-concealed nests. Also, high rates of predation
are reported in certain waterfowl studies (Choate
1967, Ahlén &Andersson 1970). Predation rates for
ducks seem to be higher in the arctic, than in more
southern regions (Swennen 1983). The small clutches
of many arctic waterfowl species seem to depend
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Fig. 2. Therelationship between female weightandclutch size in
Anatidae (both variables transformed with logarithms) .

rather on the fact that nest predation is severe and that
there are few hole-nesters in the arctic, than on the
breeding latitude .
Acentral point in the clutch size determination in

waterfowl has been Lack's proposal (1967, 1968) that
clutch size is limited by the food resources available
for the female priorto laying, andthat these resources
can be used to form many small, or a few large eggs .
Thus a need for large eggs would be associated with
small clutches . The results of my study do not support
Lack's theory. Large eggs, in relation to the body
size, were found in the tribe Oxyurini, with very
precocial young, and in arctic and temperate species.
Oxyurini species live in eutrophical lakes with an
abundant food supply and they are known to lay
replacement clutches, so despite the enormous eggs,
the clutch size in this tribe seems not to depend on
restricted food supply . Most arctic species with large
eggs have clutches that total 20-30% of their body
size (Johnsgard 1973), soit is doubtful that they could
not lay larger clutches because of a limited food
supply.

Are the reasonsfor evolving a small clutch likely to be
the same in different species?

There is no absolute definition of a "small" clutch. If
clutch size is plotted against female weight in the
whole Anatidae, the largest waterfowl species of 10
kg are predicted to have a clutch size of five (Fig . 2) .
Thus at least all species weighing less than 10 kg, and
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with a clutch of five or less eggs, have clutches small

fortheir size. Such small clutches are found in species
of the tribes Oxyurini and Anserini, in all species of
the genus Somateria- although it belongs to a tribe
with a mean clutch size of eight (Mergini) -and in
four dabbling duck species (here I have treated the
Torrent Duck Merganetta armata and the Blue Duck
Hymenolaimus malacorhynchos as dabbling ducks,
although the former forms a tribe, and the latter a
genus of its own, because of the proposed relation-
ships between them and the other two Anatini species
with very small clutches (Kear 1975, Johnsgard
1978)) .

With the exception of the two most northern
species, swans do not have clutches small for their
size, but geese have . Swans and geese (Anserini)
posses many factors connected with small clutches;
they are large and late-maturing and they have
poorly-concealed nests, prone to predation. The pre-
dation hypothesis is further supported by the fact that
some species of arctic nesting geese incubate vir-
tually without eating (Ankney & Mac Innes 1978,
Johnsgard 1978), a behaviour which is also seen in
eiders and believed to have evolved as a response to
heavy nest predation (Milne 1976, Korschgen 1977).

Compared with the other species of the subfamily
Anatinae, the stiff-tails (Oxyurini) show two aberrant
features ; they not only have clutches small for their
size but also extremely large eggs and precocious
young that can manage themselves when only a few
days old (Lack 1968, Fjeldså 1977, Johnsgard 1978).
The only true parasite among ducks is found in this
tribe, and in almost all other species in this tribe
dump-nesting is common. The relatively short in-
cubation period, large eggs (capable of withstanding
cooling) and very precocial young can be adaptations
that minimize the costs of parasitism (Wittenberger
1981). Also, an obvious advantage of investing much
energy in clutch, and little in brood rearing, would be
to shorten the interval between two reproductive
efforts. The Ruddy Duck Oxyura jamaicensis is in-
deed able to lay two clutches per breeding season in
certain areas (Kolbe 1972, Palmer 1976), but all the
other species lay only one clutch . However, with the
exception ofthe Ruddy Duck, the other species of this
tribe are rather poorly studied. The Musk Duck
Biziura lobata, also belonging to this tribe, seems to
have a different strategy . Musk Ducks lay only two
eggs, and the female feeds her young, which are
dependent on her even after fledging. This behaviour
is suggested to limit the clutch size of this species
(Johnsgard 1978).
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Eiders are late-maturing, northern diving ducks,
but so are all sea ducks (Mergini) and the only feature
separating eiders from other Mergini species is that
eiders have poorly-concealed nests, whereas almost
all other Mergini species nest in holes or have well-
concealed nests. Eiders also have short incubation
periods for their size, but the fledging period or the
time required for breeding is not shorter. This would
support the hypothesis that the clutch size in this
genus is limited by nest predation. As eiders incubate
virtually without feeding (Korschgen 1977, Hario
1983), a short incubation period should be advanta-
geous.

The four aberrant species of dabbling ducks
(Torrent Duck, Blue Duck, Salvadori Duck Anas
waigiuensis and Brown Teal Anas aucklandica) share
certain features that are unusual among other dab-
bling ducks. They all have permanent pair-bonds and
the males defend a territory and share in brood rearing
(Johnsgard 1978). The breeding season is extended in
at least the first three species, incubation and fledging
periods are quite long and eggs large. At least for the
Torrent Duck, an extremely long laying interval has
been reported (Moffet 1970). Reduced growth rates
and long laying intervals occur when food is scarce
(Lack 1968), and territories are established to secure
feeding or breeding sites (Wittenberger 1981). This
could indicate that food is not very abundant for these
species that feed in rapid, clear and well-oxygenated
mountain streams (Torrent, Blue and Salvadori
Ducks) or at the seashore (Brown Teal). Thelow food
availability mayperhaps limit clutch size directly, but
more probably it has an indirect effect. The low food
availability may necessitate a long laying interval and
reduce clutch size, as the period between the laying of
the first egg and the beginning of the incubation
otherwise becomes too long . I must stress that this
argument is quite hypothetical, as these species are all
poorly studied. Also, the Brown Teal does not fit this
idea very well .

It can, however, be concluded that - with the
exception of species with similar breeding habits
(geese and eiders) -the reasons for evolving a small
clutch do not seem to be the same for different
species.

Given the size, tribe and breeding latitude of a
duck, its reproductive strategyis determined to a great
extent. As reproductive traits scale allometrically to
weight, it can be predicted that "adjustments in life-
history evolve most rapidly through simple changes
in size rather than in allometric proportions, since few

ORNIS FENNICA Vol. 65, 1988

gene loci would be involved in size shifts compared to
scaling adjustments" (Western & Ssemakula 1982).
Thus, a way to change a reproductive strategy would
be to change the body size. Clutch size was the trait
least determined by weight, phylogeny and breeding
latitude and, thus, the only one which can be modified
according to the different conditions a duck must
cope with. Seen in this perspective it is hardly sur-
prising that there was no single factor limiting clutch
size in Anatidae and that these factors seemed to vary
for different species. This also stresses that the
possible ultimate factors affecting a trait should be
studied separately for each species, as results
obtained from one group (e.g . passerines or water-
fowl) need not apply to other groups or species.
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Selostus : Sorsalintujen lisääntymisstrategiat :
ekologisten tekijöiden vai koon ja sukulaisuus-
suhteiden vaikutusta?

Tutkin maailman sorsalintulajien lisääntymisstrategioiden ke-
hittymiseen vaikuttaneita ekologisia tekijöitä, ts . yhdistääkö
toisiaan muistuttavia lajeja jokin ekologinen tekijä (levin-
neisyysalue, etäisyys päiväntasaajasta, parisidos, ruokailutapa,
sukukypsyysikä, pesän suojaisuus, koiraan osuus poikueen hoi-
dossa, poikasten itsenäistymisikä), joka voisi olla strategian ke-
hittymisen syy? Koska lajit voivat muistuttaa toisiaan myös
siksi, että ne ovat samankokoisia tai toisilleen läheistä sukua,
poistin ensin tilastollisesti koon vaikutuksen lisääntymis-
ominaisuuksiin ja vertasin toisiinsa ekologisesti poikkeavia
lähisukuisia lajeja . Aineisto koottiin käsikirjoista ja se käsitti
142 lajin lisääntymisominaisuuksia ja elintapoja koskevat tiedot
(kaikkiaan lajeja on 149) .

Kaikki tutkitut ominaisuudet korreloivat vahvasti lajin
keskimääräisen painon kanssa (taulukko 3) . Suurikokoisilla
lajeilla oli suuremmat munat, pidempi haudonta-aika ja
poikaskehitys sekä pienempi pesyekoko kuin pienikokoisilla.

Lajien koosta ja sukulaisuussuhteista riippumatta levin-
neisyysalueen pohjoisuus ja pesän avoimuus olivat yhteydessä
poikasten kasvunopeuteen. Pohjoisilla lajeilla oli lyhyempi
haudonta-aika ja nopeampi poikaskehitys kuin eteläisillä
(taulukko 4) . Tämä on ilmeisen edullista, koska pesimäkusi on
lyhyt. Avopesijöillä oli lyhyempi haudonta-aika kuin
kolopesijöillä (taulukko 7) . Poikasten kehittyneisyys niiden
kuoriutuessa oli yhteydessä munan kokoon . Pohjoisilla,
nopeakasvuisilla lajeilla, ja lajeilla, joiden poikaset tulivat
nopeasti vanhemmista riippumattomiksi, oli lajien kokoon
nähden suuretmunat (taulukko4ja 9) .Avopesintä ja myöhäinen
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sukukypsyys olivat yhteydessä pieneen pesyekokoon (taulukko
5 ja 7) . Lajit, jotkatulevat myöhään sukukypsiksi, ovat yleensä
myös pitkäikäisiä . Ne lisääntyvät useita kertojaelämänsä aikana
ja voivat saada vuotta kohti vähän jälkeläisiä . Pesärosvouksen
uhka voi selittää, että avopesijöiden keskimääräinen pesyekoko
oli pienempi kuin kolopesijöiden .

P

	

omponenttianalyysin perusteella suurin osa eri sorsa-
lintulajien lisääntymisominaisuuksien välisistä eroista johtui
lajien välisistä kokoeroista. Seuraavaksi tärkein tekijä oli le-
vinneisyysalueen pohjoisuus, kolmas sukulaisuussuhteet (taul .
10) . Yhteensä nämä tekijät selittivät 80-95% muiden ominai-
suuksien, mutta vain 55% pesyekoon vaihtelusta lajien välillä
(taulukko 11) .

Yksi tapa lajin lisääntymisstrategian muuuttamiseen on
muuttaa kokoa, koska kaikki lisääntymisominaisuudet korre-
loivat koon kanssa . Ehdotan, että tarvittava lisäsopeutuminen
eri oloihin tapahtuu pesyekoon muutoksin, koska seon ominai-
suuksista vähiten lajien koosta, perintötekijöistä ja pohjoi-
suudesta riippuvainen .
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