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Long-term mallard capture–recapture data from Sweden and Finland were analyzed to 
describe temporal mortality patterns and reasons. We used program MARK and Seber 
models to estimate annual survival (S ) and recovery (r) rates. Survival rates were used 
in a Monte Carlo simulation to evaluate the correspondence between observed and 
predicted annual population sizes of a Finnish sub-population. About 90% of recov-
ered birds died from hunting. Most recoveries were from the hunting season, and more 
males than females were shot. Predation was the most common cause of natural mor-
tality. Finnish capture–recapture data fitted best the global model in which survival and 
recovery vary with age and sex. Annual survival and recovery rates for adult and juve-
nile males and females were overlapping, ranging from 0.46 to 0.90 (survival) and 0.07 
to 0.17 (recovery), whereas pulli had lower survival rates (0.21–0.42). Pulli that were 
successfully sexed at the time of ringing had higher recovery rates (female pulli: 0.23; 
male pulli: 0.32) than juveniles and adults. Density-dependent fledgling production 
was detected in the Finnish sub-population and was accounted for in the Monte Carlo 
simulation, which estimated predicted breeding population size quite well, although 
one of the observed annual values (2003) fell outside the 95% confidence limits.

Introduction

Knowledge about vital rates, limitation, and 
regulation of populations is essential for man-
agement as well as for basic understanding of 

long-term dynamics. This is especially true for 
waterfowl, which are managed for conservation, 
hunting as well as for wetland ecosystem func-
tion (Batt et al. 1992, Nichols et al. 1995). In 
addition, ducks are the main natural vectors for 
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avian influenza (Olsen et al. 2006), calling for 
more baseline information about mortality pat-
terns in nature.

The mallard, Anas platyrhynchos, is one of 
the most widespread and numerous waterfowl in 
the Holarctic. It is an important quarry species in 
many countries, and it is thus likely that hunting 
significantly affects mortality rates of migrating 
and wintering populations. The actual popula-
tion level effects of variation in hunting mortal-
ity depend a great deal on a species’ capacity to 
compensate by increased per capita reproductive 
output (i.e. compensatory natality; Boyce et al. 
1999, Williams et al. 2002), which by defini-
tion involves density dependence (e.g. Sheaffer 
1998). It has been argued that hunting mortality 
is compensatory and hence of no crucial impor-
tance to mallard population growth (Anderson 
& Burnham 1976, Rogers et al. 1979), but more 
recently Smith and Reynolds (1992) and Pöysä 
et al. (2004) have suggested that hunting mortal-
ity may have changed from being compensatory 
to being additive.

Robust knowledge about mortality and pro-
ductivity patterns is a prerequisite for success-
ful and sustainable management of populations, 
particularly so for programs of adaptive manage-
ment (Nichols et al. 1995, Williams et al. 2002). 
Mallard survival rates have been presented in 
a number of North American studies, of which 
many demonstrate sex, age and year effects 
(Blohm et al. 1987, Nichols et al. 1987, Rey-
nolds et al. 1995, Arnold & Clark 1996, Giudice 
2003, Lake et al. 2006; for related species see 
e.g. Conroy & Eberhardt 1983, Johnson et al. 
1992, Chu et al. 1995, Dufour & Clark 2002, 
Nicolai et al. 2005). Vital rates have been studied 
in European ducks, too. For example, age-spe-
cific survival in females of the northern shoveler 
A. clypeata, the common pochard Aythya ferina 
and the tufted duck Aythya fuligula were inves-
tigated in Latvia (Blums et al. 1996), and age- 
and sex-specific survival in Eurasian teal Anas 
crecca was studied in Britain (Gitay et al. 1990). 
Survival rates in European mallards have been 
reported in national bird ringing recovery atlases 
(e.g. Fransson & Pettersson 2001, Wernham et 
al. 2002, Bakken et al. 2003) as well as in sci-
entific papers (Höhn 1948, Olsson 1960, Bentz 
1985), but none of those were based on the more 

powerful and rigorous modern techniques for 
analysing ringing data (e.g. Brownie et al. 1985, 
Lebreton et al. 1992, White & Burnham 1999, 
Burnham & Anderson 2002).

Although there are a number of well-designed 
and influential North American studies on vital 
rates in waterfowl, including the mallard, these 
cannot be used uncritically for management in 
Europe. Many fundamental conditions differ 
between the continents, natural as well as those 
related to monitoring and legislation. In other 
words, we lack accurate vital rate data for Euro-
pean mallards, as is also true for estimates of 
breeding population size and harvest statistics 
(Elmberg et al. 2006). Consequently, based on 
present knowledge it is impossible to understand 
and explain population dynamics, let alone to 
forecast population growth and sustainable har-
vest levels of one of Europe’s most important 
game species.

To address this deficiency, we here use ring-
ing and dead-recovery data from Finland and 
Sweden, with emphasis on temporal annual vari-
ation and causes of death. Based on Finnish 
ringing data from 1973–2005, we also estimate 
survival and recovery rates by model fitting in 
program MARK. Our survival estimates were 
further used in a simulation of population growth 
using data from a Finnish sub-population to rep-
resent Fennoscandian mallards.

Materials and methods

Ringing data from Sweden and Finland

We used nationwide data on mallards ringed in 
Sweden (years 1919–2005) and Finland (1913–
2005), provided by the national ringing centres 
in these countries (for geographical distribution 
of marked birds, see Table 1). Most Finnish 
mallards (79.3%) were ringed in May–August, 
whereas the great majority (82.1%) of Swedish 
birds were marked in June–December. Swedish 
data concern encountered birds only, i.e. data 
were not available for ringed mallards that were 
not encountered again. For Finnish mallards, 
complete capture–recapture data were available 
for the period 1973–2005 (Appendix), restricting 
us to the latter data set for the capture–recap-
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ture analysis (see below). However, data from 
both countries and all years were used to get 
an overview of mortality patterns (by sex, age, 
month, and country). Dead-recovered (hereafter 
called ‘recovered’) mallards died either by natu-
ral causes or were killed by humans.

We strived to include only truly wild mallards 
with natural behaviour and migratory habits. A 
substantial part of the original data set was there-
fore not used; specifically we excluded birds that 
were (1) kept in captivity after marking and/or 
released more than 10 km from the ringing site, 
(2) held in captivity for more than 24 hours after 
capture, (3) in poor condition, (4) used in experi-
ments, (5) of uncertain status at recapture (i.e. 
dead or alive), (6) recovered but with unknown 
time of death, (7) of uncertain encounter date, 
(8) encountered in mid-winter (December–
March) in three urban park areas where mallards 
are regularly fed (Helsinki, Finland, 60°11´N, 
24°53´/24°59´E; Turku, Finland, 60°26´N, 
22°15´E; and Malmö, Sweden, 55°34´–55°37´N, 
12°58´–13°02´E), (9) influenced by other factors 
which may have biased encounter probabili-
ties (as denoted by the EURING exchange-code 
2000; Speek et al. 2001). All of the above exclu-
sion criteria were used for all analyses except for 
cause of death, in which criteria 6 and 7 were 
relaxed.

Capture–recapture analysis of Finnish 
mallards 1973–2005

In the analysis of survival and recovery we used 
mallards marked in Finland 1973–2005 divided 
into ten groups: adult females (n = 146), adult 
males (n = 54), juvenile females (n = 133), 
juvenile males (n = 133), unsexed juveniles (n = 
69), female pulli (n = 140), male pulli (n = 188), 
unsexed pulli (n = 1381), unaged females (n = 
481), and unaged males (n = 374) (Appendix). 
Subsequently, the classes ‘unsexed adults’ and 
‘unaged unsexed’ were excluded due to low 
sample size (1 and 15, respectively). Mallards 
in their second calendar year or older were con-
sidered adult, whereas ‘juveniles’ were first-cal-
endar-year birds. Birds without primaries were 
considered pulli, naturally excluding moulting 
adults.

We used program MARK (White & Burn-
ham 1999) and the Seber modelling approach 
with dead recoveries only (Seber 1970). This 
approach includes survival (Si) and recovery (ri) 
parameters, where the ri parameters represent 
the probability of individuals being recovered 
and reported (cf. e.g. Brownie parameterisation 
in Brownie et al. 1985). An encounter history 
with the LD (‘Live–Dead’) data format was 
constructed for each individual for 33 occasions 
(years), and the interval that survival and recov-
eries represent is, thus, from marking in year i to 
i + 1. Goodness of fit was tested using the boot-
strap approach with 500 simulations of the most 
parameterised model with precisely estimated 
parameters only, and dividing the model deviance 
by the mean deviance from the bootstrap simula-
tions. We consequently estimated the variance 
inflation factor (ĉ) to control for over-dispersion. 
From the global model (see Table 2) we system-
atically ran simplified and biologically relevant 
alternative models (Doherty et al. 2002), and 
ranked them using the quasi-likelihood Akaike’s 
Information Criterion adjusted for low sample 
size (QAICc) (Akaike 1973, Burnham & Ander-
son 2002). The group effect consists of both sex 
and age in different combinations, and these cat-
egories were subsequently split from the “group” 
variable to see if their separate effects resulted 
in models with higher rank. Annual variation 

Table 1. Latitudinal distribution of marking sites of 
encountered Finnish and Swedish mallards. Percent-
age of the total is given in parentheses.

Latitude (°N)	 Sweden	 Finland

68	 0001 (< 0.1)	 0001 (0.1)
67	 0004 (0.1)	 0000 (0)
66	 0004 (0.1)	 0000 (0)
65	 0007 (0.2)	 0056 (3.2)
64	 0002 (0.1)	 0019 (1.1)
63	 0029 (0.8)	 0067 (3.8)
62	 0008 (0.2)	 0085 (4.9)
61	 0059 (1.6)	 0363 (20.7)
60	 0054 (1.5)	 1149 (65.7)
59	 0570 (15.4)	 0010 (0.6)
58	 0229 (6.2)	 –
57	 0226 (6.1)	 –
56	 1812 (49.1)	 –
55	 0686 (18.6)	 –
Total	 3691 (100)	 1750 (100)
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in survival and recovery parameters were not 
considered because of deficient data for several 
groups in some years (see Appendix). Models 
were considered to differ in fit when the differ-
ence in QAICc was greater than or equal to 2.00 
(Burnham & Anderson 2002). Estimates for real 
function parameters based on the highest ranked 
model are presented for survival and recovery.

Population growth simulation

Population growth was simulated using data 
from pair and brood surveys in 1997–2006 
organised by the Finnish Game and Fisheries 
Research Institute (e.g. Pöysä et al. 1993, Pöysä 
1998). The surveys used in the present study 
were carried out by two persons, one in southern 
Finland (mean latitude of 46 sites: 62°12´N) and 
the other in northern Finland (mean latitude of 
51 sites: 67°12´N). Both survey programs were 
based on a standardised waterfowl point count 
method (Koskimies & Väisänen 1991) and the 
same sites were used in all years. Breeding pair 
count data were used to estimate the size of the 
breeding population, which is thus equivalent 
to the number of breeding females. In the brood 
counts the number of ducklings in each brood 

was recorded if possible, as was also brood age 
using the seven age classes of Pirkola and Hög-
mander (1974): Ia–c, IIa–c, III; i.e. a combina-
tion of Gollop and Marshall (1954) and Linkola 
(1962). As duckling mortality is very low in 
broods older than three weeks (Hill et al. 1987, 
Orthmeyer & Ball 1990), we used the number of 
ducklings in age classes IIa–c and III as an index 
of fledgling success. For age class I broods, we 
used the observed number only if it was lower 
than the mean for age class II–III ducklings in 
that area and year; otherwise we used the mean 
size of age class II–III broods. The latter value 
was also used when the number of ducklings in 
a brood could not be firmly established. Because 
ringing data originated from the entire country 
(see above), we pooled population data from 
the two study areas (called ‘Finnish sub-popula-
tion’).

We simulated population growth in MATLAB 
(The MathWorks 2000) using a model describing 
the dynamics of the number of breeding females, 
defined as

	 ,	 (1)

where Sa and Sp are the annual survival rates 
of adult and pulli females, respectively (see 

Table 2. Model output from program MARK including survival (S) and recovery (r ) parameters for mallards ringed in 
Finland 1973–2005 (N = 3099). Sex is either female, male, or unknown, and age is either pullus, juvenile, adult, or 
unknown but fledged. The global model is #1 and was used to estimate the variance inflation factor (ĉ).

Model	 QAICc
a	 DQAICc

b	 wi
c	 K d	 Deviancee

01. S(sex+age) r(sex+age)	 2318.42	 0.00	 1.00	 20	 667.89
02. S(sex+age) r(sex)	 2342.39	 23.98	 0.00	 13	 706.02
03. S(sex) r(sex+age)	 2361.37	 42.95	 0.00	 13	 724.99
04. S(age) r(.)	 2394.37	 75.95	 0.00	 5	 774.09
05. S(sex+age) r(.)	 2394.49	 76.07	 0.00	 11	 762.14
06. S(age) r(age)	 2399.11	 80.69	 0.00	 8	 772.80
07. S(sex+age) r(age)	 2399.55	 81.13	 0.00	 14	 761.15
08. S(.) r(sex+age)	 2401.69	 83.27	 0.00	 11	 769.35
09. S(.) r(sex)	 2435.86	 117.44	 0.00	 4	 817.59
10. S(sex) r(.)	 2445.25	 126.83	 0.00	 4	 826.98
11. S(.) r(.)	 2482.49	 164.07	 0.00	 2	 868.23
12. S(.) r(age)	 2486.85	 168.44	 0.00	 5	 866.57

a quasi-likelihood Akaike’s Information Criterion adjusted for low sample size.
b difference between QAICc of the current model and the minimum QAICc value.
c normalised Akaike weight.
d number of parameters.
e difference in –2log(likelihood) of the current model and –2log(likelihood) of the saturated model (i.e. the model 
containing as many parameters as the sample size).
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Table 3), a is the maximum number of female 
fledglings per pair (assuming a 50/50 sex ratio 
among fledglings) and b is the strength of den-
sity dependence. Other recruitment functions 
might also be relevant, but our results turned 
out to be robust to alternative model formula-
tions. We wanted to use a simple model likely 
to explain most of the variation, hence avoiding 
models including too many imprecisely esti-
mated parameters (e.g. breeding and re-nesting 
probabilities that also may be important for 
population growth). We estimated a and b by 
fitting the recruitment function to data assuming 
a log-normal error structure (Hilborn & Mangel 
1997). To evaluate the plausibility of predicted 
annual population sizes, we generated 10 000 
time series using Eq. 1 and sampling from the 
survival parameter distributions estimated from 
the capture–recapture analysis. These Monte 
Carlo data were compared with the observed 
annual population size.

Results

General patterns of mortality and survival

After relaxing exclusion criteria 6 and 7 (see 
Material and methods), 92.4% (n = 3411) of all 
encountered Swedish mallards (n = 3691) were 
found dead. The proportion of live encounters 
(recaptures or re-sightings) was hence 7.6% (n = 
280). The ratio between live and dead encounters 
was quite different for Finnish mallards, though; 
41.7% (n = 730) was recaptured or re-sighted 
alive, whereas 58.3% (n = 1020) was reported 
dead.

Among recovered mallards ringed in 
Sweden, mortality was caused by humans in 
97.0% of the cases; hence 3.0% died naturally. 
This ratio was rather consistent in terms of sex 
(females: 96.8:3.2; males: 97.1:2.9; unknown 
sex: 96.7:3.3). Human-induced mortality was 
due to hunting (92.8%; n = 3166), traffic or other 
collisions (2.5%; n = 86), oil spills or other types 
of pollution (0.8%; n = 26), and other causes 
(unintentional trapping, tangled in man-made 
objects etc., 0.9%, n = 29). Predation was the 
most common type of natural mortality (1.8%; 
n = 63), followed by disease (0.7%; n = 25), and 

other causes (drowned, tangled in natural objects 
etc., 0.5%; n = 16).

Based on ringing recovery data, the mor-
tality pattern in Finnish mallards was similar; 
4.8% (n = 49) died from natural causes whereas 
95.2% (n = 971) died as a result of human 
activities. In contrast to the Swedish recoveries, 
more males than females were killed by man; 
females: 89.7:10.3; males: 94.2:5.8; unknown 
sex: 98.3:1.7 (cf. ratio for Swedish birds above). 
86.3% (n = 880) of all recovered Finnish mal-
lards ended up in hunters’ bags, 7.4% (n = 75) 
died in traffic or other collisions, 1.1% (n = 11) 
was killed by oil or other pollutants, and 0.5% (n 
= 5) died from other human-related causes (see 
above for Swedish mallards). Natural mortality 
was due to predation (4.3%, n = 44), disease 
(0.3%, n = 3), and other causes (see above for 
Swedish birds) (0.2%, n = 2).

The oldest Swedish mallard was a male 
ringed in 1970 as 2+cy (i.e. in its second calen-
dar year or older); it was found dead (caused by 
pollution, not oil) in 1994 being at least 25 years 
old (26+cy). The oldest Finnish mallard was a 
female ringed in 1978, being at least 19 years 
old (20+cy) when recovered in 1997 after being 
killed by an eagle owl Bubo bubo. However, the 
mean age of recovered mallards was much lower, 
only 1.44 (SD = 2.00) years in Swedish and 1.19 
(SD = 1.96) years in Finnish birds. Combining 
data from both countries produced a mean recov-
ery age of 1.38 (SD = 2.00) years.

The age distribution pattern of recovered 
mallards was more or less the same for both 
countries (Fig. 1; 13+cy birds were excluded as 

Table 3. Seber model estimates of annual survival and 
recovery with 95% confidence intervals for mallards 
marked in Finland 1973–2005.

Group	 Survival rate	 Recovery rate

Adult females	 0.73 (0.52–0.87)	 0.09 (0.05–0.16)
Adult males	 0.90 (0.37–0.99)	 0.12 (0.02–0.50)
Juvenile females	 0.46 (0.24–0.69)	 0.11 (0.06–0.19)
Juvenile males	 0.75 (0.61–0.86)	 0.17 (0.11–0.27)
Unsexed juveniles	 0.71 (0.43–0.89)	 0.07 (0.03–0.18)
Female pulli	 0.27 (0.14–0.45)	 0.23 (0.16–0.32)
Male pulli	 0.42 (0.31–0.54)	 0.32 (0.25–0.40)
Unsexed pulli	 0.21 (0.14–0.31)	 0.06 (0.05–0.08)
Unaged females	 0.71 (0.61–0.79)	 0.08 (0.06–0.12)
Unaged males	 0.70 (0.62–0.78)	 0.13 (0.10–0.17)
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there were only two each from Sweden and Fin-
land). However, more first-calendar-year birds 
were recovered in Finland than in Sweden and, 
consequently, more 2cy birds were recovered in 
Sweden than in Finland.

In a monthly analysis there was a general pat-
tern of more males than females being recovered 

(paired t-test: Finland: t11 = –3.93, p = 0.002; 
Sweden: t11 = –3.16, p = 0.009; Fig. 2). There was 
no estimated bias in the number of ringed males 
and females since the complete capture–recap-
ture data set from Finland 1973–2006 revealed 
no sex differences in the number of birds ringed 
per month (paired t-test: t11 = 0.73, p = 0.484).
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Fig. 1. Age class distribu-
tion (1st–13th calendar 
year (cy)) of recovered 
mallards ringed in Finland 
(n = 503) and Sweden (n 
= 1761).

Fig. 2. Monthly distribu-
tion of recovered mallard 
ringed in (A) Finland (n = 
503), and (B) Sweden (n 
= 1761).
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Capture-recapture analysis of Finnish 
mallards 1973–2005

After all exclusions based on the criteria listed 
in Material and methods, 3099 marked birds 
remained for the 10 groups of different sex and 
age (see Material and methods), of which 313 
(10.1%) were later recovered (same year as ring-
ing or later).

The most parameterised model, used for ĉ 
estimation, was S(sex+age) r(sex+age) (model #1 in 
Table 2). Over-dispersion was controlled for by 
adjusting ĉ to 1.19, calculated as the deviance in 
this model (794.48) divided by the deviance in 
the simulated model (667.89).

The highest ranked model (#1 in Table 2) 
allows survival and recovery probabilities to 
vary by sex and age, and its model weight (wi) 
of 1.00 compared with that of the second high-
est ranked model (wi = 0.00; ΔQAICc = 23.98) 
shows that the former is outstanding compared 
with all other models.

Because the group categorisation used 
included both sex and age in different combina-
tions, we separated those effects in a final set of 
models, where the top model was re-assessed 
by adding either sex or age effects in separate 
models. These had much higher QAICc values 
(ΔQAICc ≥ 23.98; see Table 2) compared with 
the former top model, and we therefore conclude 
that both sex and age are important to survival 
and recovery probabilities.

Adults and juveniles seem to have about the 
same survival (range 0.46–0.90) and recovery 
(range 0.07–0.17) probabilities, since the stand-
ard errors for the estimates were overlapping 

(Table 3). On the other hand, mallard pulli had 
lower survival rates (0.21–0.42) compared to 
juveniles and adults. Similarly, sexed pulli had 
higher recovery rates (female pulli: 0.23; male 
pulli: 0.32) than juveniles and adults (Table 3).

Population growth simulation

Production of female fledglings per pair (log-
normally transformed values) was negatively 
correlated with breeding population size (Fig. 3); 
i.e. fledgling production was density-dependent. 
Consequently, estimates of maximum female 
fledglings per pair (a) and power of density 
dependence (b) were taken from the equation 
describing the linear relationship shown in Fig. 
3 and were used for the Monte Carlo simulation. 
Plotting the annual estimates of observed breed-
ing population size against the predicted ones 
from the Monte Carlo simulation resulted in an 
overall good estimation of the predicted annual 
population size even though observed data from 
one year (2003) fell outside the 95% confidence 
interval (Fig. 4).

Discussion

General patterns of mortality and survival

Bentz (1985) found that almost 90% of the 
recovered mallards marked in urban parks in 
southern Sweden were shot (cf. Fransson & Pet-
tersson 2001). This corresponds very well with 
the hunting recovery rate of 86.3%–93.9% in our 
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Fig 3. Density-depend-
ent fledgling production 
in mallards in the Finnish 
sub-population based on 
10 years of data (linear 
regression: t = 6.06, n = 
10, p = 0.039). The maxi-
mum number of female 
fledglings per breeding 
pair (a) and the strength 
of density dependence (b; 
i.e. the slope) in the linear 
function were a = 2.5 and 
b = 0.021.
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data set. Studies elsewhere in Europe (Wernham 
et al. 2002) concur that hunting mortality is by 
far the most common cause of death, whereas 
North American data suggest more equal shares 
of natural vs. human-induced mortality (Bald-
assarre & Bolen 2006), or even imply that the 
former is higher than the latter (e.g. Bergan & 
Smith 1993).

There was a striking difference between 
Sweden and Finland in the proportion of mal-
lards encountered live and dead. The Swedish 
pattern, with recoveries far exceeding recaptures 
and re-sightings, is well in line with other Euro-
pean studies (Wernham et al. 2002, Bakken et 
al. 2003). Since Swedish and Finnish mallards 
arguably belong to the same population, our 
diverging results are most likely due to differ-
ences in bird ringing and/or hunting practices 
between the two countries. Firstly, circumstances 
for the live encounters actually differ; 32.7% of 
the Finnish birds were recaptured by ringers, 
whereas 64.2% were re-sighted without recap-
ture. Corresponding numbers for Swedish birds 
are 57.5% and 41.8%, respectively. Secondly, it 
may be that relatively more hunting occurs north 
of the main ringing areas in Finland (cf. Table 
1). In Sweden on the other hand, most hunting 
occurs in the south, which is also where most 
birds are ringed.

In both countries, most recoveries were from 
August–December (Sweden 83.5% and Finland 
73.7%; cf. Fig. 2; Bentz 1985), i.e. when there 
is still a large proportion of naive first calendar 
year birds in the population. These are also the 
main duck hunting months in Fennoscandia as 
well as in many other important wintering areas 
farther southwest. Broadly speaking, this type of 

temporal pattern is similar to that found in North 
American mallards; approximately 85% of the 
recoveries in Hickey (1952) were from the duck 
hunting season.

We found that more males than females were 
recovered, which is in concordance with earlier 
mallard studies (e.g. Bentz 1985, Soutiere 1989, 
Smith & Reynolds 1992, Johnson & Moore 
1996, Giudice 2003). However, we are cautious 
about drawing any conclusions about naturally 
skewed sex ratios; many of the recovered birds 
were not sexed, neither in our data (Fig. 2) nor in 
other studies. In other words, a dominant propor-
tion of the reported unsexed mallards may have 
been females. This caveat should be kept in mind 
also when judging the apparent higher proportion 
of males (vs. females) killed by man in the Finn-
ish data. Even though this pattern is supported by 
earlier studies (see e.g. Batt et al. 1992), we can 
not conclude that more males than females are 
killed by man, because of the uncertainty created 
by many birds being unsexed. It is also impor-
tant to realise that the above conclusions about 
mortality are based on recovery data, which is 
also true for most of the studies cited here. Such 
data may be biased by giving information about 
ringed birds that were later recovered, but not 
about those that were not encountered again. 
Recovery data thus may or may not tell the truth 
about mortality factors.

Capture–recapture analysis of Finnish 
mallards 1973–2005

According to the top model in Table 2, annual 
survival varies with both sex and age. However, 
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judging from the real function parameters in 
Table 3, there are no clear sex differences for 
either of the age groups since confidence inter-
vals overlap. Still, despite some overlap between 
juvenile males and females, there is a tendency 
for females to have lower annual survival. This 
corroborates other studies on mallards and other 
ducks showing that females often have a lower 
survival rate than males (cf. table 14.1 in John-
son et al. 1992, Nicolai et al. 2005, Lake et al. 
2006). We hypothesised that adult survival, too, 
should differ between sexes, and it was surpris-
ing that it did not. The most likely explanation 
is the low sample size for adult males (Appen-
dix), leading to a very wide confidence interval 
for this group. In fact, in all age groups except 
for unaged birds, survival means are lower for 
females than males, and this pattern would prob-
ably have been clearer still with larger sample 
sizes.

Juveniles do not seem to have a different 
annual survival rate than adults (Table 3). Mal-
lards of unknown age (juveniles or adult) did not 
differ from adults and juveniles either, implying 
that there is no distinct difference in survival 
between the two age classes. In this context it is 
important to mention that juveniles in our data 
set by definition are so for only about half a year 
(from being fledged in summer to 31 December), 
whereas an adult’s year lasts from 1 January to 
31 December. In other words, juveniles have 
a shorter ‘reporting year’, which may lead to 
biased higher annual survival rate. We expected 
lower survival in juveniles, as has been found in 
many previous studies (e.g. table 14.1 in Johnson 
et al. 1992). The story is definitely different for 
birds marked as pulli; it is well known that pre-
fledgling ducklings have much higher mortality 
than any other age category (review in Batt et 
al. 1992). Our data confirm this, and especially 
unsexed pulli had low annual survival. The most 
likely explanation is that sexed pulli were older 
than unsexed (sex characteristics become more 
distinct as ducklings grow older); younger pulli 
have lower daily survival than older ones (Hill 
et al. 1987, Orthmeyer & Ball 1990, Rotella & 
Ratti 1992, Sargeant & Raveling 1992, Pietz et 
al. 2003).

The top model also suggests that there is 
variation in recovery rate due to sex and age 

group. As for survival above, there are no clear 
sex effects, even though female pulli and unaged 
females seem to have somewhat lower recovery 
rates (Table 3). Once again, we have to acknowl-
edge that some groups comprise quite few ringed 
birds, which consequently will give very few 
recoveries (e.g. adult males; Appendix) and a 
low accuracy for survival and recovery estimates 
in these groups.

In general, most recoveries are due to hunt-
ing, and because most pulli die young of natural 
causes, they simply will not live long enough 
to become quarry, probably causing the low 
recovery rate in unsexed pulli (Table 3). On the 
contrary, pulli of known sex (i.e. generally older 
ones), have relatively high recovery rates. This is 
probably because they are naive and more likely 
than other age groups to become harvested.

There are many published estimates of annual 
survival in mallards, but data quality and analyti-
cal approaches differ. With this caveat in mind, 
annual survival rates reported here are rather high 
compared with previous Fennoscandian studies, 
some of which included many urban birds (cf. 
0.30–0.44 in juveniles and 0.57–0.66 in adults; 
Koskimies 1956, Olsson 1960, Bentz 1985). The 
latter estimates were, however, not calculated 
with a capture-recapture approach according to 
Brownie et al. (1985) and true survival rates 
may have been underestimated. Yet, our use 
of such techniques should produce estimates 
comparable to those in similar North Ameri-
can studies. Acknowledging the differences in 
hunting pressure, guild composition, latitudinal 
provenance of marked birds, and predator com-
munities between the continents, our estimates 
of annual survival are consistently higher than 
those reported from North America (Arnold & 
Clark 1996, Giudice 2003; cf. table 14.1 in 
Johnson et al. 1992). The present study explores 
capture–recapture data from birds largely ema-
nating from the boreal and, interestingly, there is 
an indication of higher annual survival in boreal 
ducks in North America, too (Lake et al. 2006). 
The latter study did not include mallard, but it 
still indicates that there is a latitudinal effect on 
survival rate in waterfowl.

Finally we would like to point out that the 
Finnish data used for estimating survival and 
recovery probabilities were nationwide, and we 
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acknowledge that data heterogeneity (e.g. using 
different capture methods, birds marked in dif-
ferent months, etc.) may have affected the preci-
sion of the estimates.

Population growth simulation

Predicted annual population sizes fit quite well 
the observed, even though observed data from 
one year (2003) fell outside the 95% CI limits. 
We acknowledge that time-invariant survival 
estimates may be inappropriate to use, and to 
evaluate our data, a separate simulation in pro-
gram MARK was performed. Here we entered 
different and hypothetical sample sizes, but we 
found that including annual variation for sur-
vival lowered the overall data fit (G. Gunnarsson 
et al. unpubl. data). As the detection probability 
of pairs and ducklings is not 100%, one might 
argue that the modelling results may be affected. 
We do not consider this being an important 
source of error, however; if any, it should be 
a constant systematic error because the same 
skilled persons surveyed the same sites every 
year using a standardized waterfowl point count 
method.

Fledgling production in the Finnish sub-pop-
ulations was density-dependent (Fig. 3), which 
is a very interesting result in its own right, cor-
roborating previous descriptive and experimental 
results from nemoral and boreal sites in Sweden 
(Elmberg 2003, Elmberg et al. 2005, Gunnars-
son et al. 2006), but contradicting two descrip-
tive Finnish studies (Pöysä 2001, Elmberg et al. 
2003). The present study emphasises the impor-
tance of accounting for density dependence in 
population dynamics; population size predicted 
by us would certainly have been overestimated 
if not density dependence was included in the 
simulation.

Studying population processes is complex, 
and our assumption of a closed population is 
likely not true. In fact, this could explain why 
there was not a perfect fit between predicted and 
observed population sizes. Fennoscandian mal-
lards may be part of a large-scale source-sink 
dynamics system, in which ‘surplus mallards are 
exported’ to other areas (cf. Pulliam & Danielson 
1991, Amarasekare 2004). Moreover, density-

dependent processes may operate in winter or 
early spring too, in which context it is important 
to acknowledge that many of the ‘Fennoscan-
dian’ mallards in our data set may have been 
transient Baltic and Russian breeders on their 
way to wintering grounds farther southwest (cf. 
Fransson & Pettersson 2001, Wernham et al. 
2002).

This is the first simulation of population 
growth in European mallards based on empiri-
cally derived estimates for survival and fledgling 
production. However, we acknowledge that there 
are still gaps in our understanding of the cru-
cial population processes and that uncertainty 
remains in the estimates of the critical popula-
tion parameters. Future research should focus 
on filling those gaps and improving the accu-
racy of data. In particular, use of larger data 
sets will probably demonstrate annual variation 
in survival rate. Finally, in order to be able to 
understand population dynamics of European 
mallards we also need to identify the factors that 
determine settlement patterns of pairs on the 
breeding grounds.
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Appendix. Capture-recapture data for Finnish mallards 1973–2005. M is the number of marked birds and D is the 
number of recovered birds.

Year	 Adult 	 Adult 	 Juvenile 	 Juvenile 	 Unsexed 	 Female 	 Male 	 Unsexed 	 Unaged 	 Unaged
	 females	 males	 females	 males	 juveniles	 pulli	 pulli	 pulli	 females	 males
	 	 	 	 	 	 	 	 	 	

	 M	 D	 M	 D	 M	 D	 M	 D	 M	 D	 M	 D	 M	 D	 M	 D	 M	 D	 M	 D

1973	 0	 0	 0	 0	 5	 0	 2	 0	 37	 3	 0	 0	 0	 0	 34	 7	 14	 1	 9	 0
1974	 0	 0	 1	 0	 0	 0	 0	 1	 3	 0	 5	 1	 11	 4	 25	 2	 10	 0	 5	 0
1975	 0	 0	 1	 0	 10	 1	 5	 0	 4	 0	 11	 2	 18	 5	 54	 4	 14	 2	 6	 0
1976	 0	 0	 0	 0	 0	 0	 0	 0	 1	 0	 0	 0	 1	 2	 118	 11	 4	 2	 0	 2
1977	 0	 0	 0	 0	 9	 2	 12	 0	 0	 0	 10	 2	 8	 3	 67	 6	 51	 1	 33	 1
1978	 0	 0	 0	 0	 6	 1	 5	 0	 6	 0	 2	 0	 1	 0	 24	 1	 54	 3	 152	 8
1979	 1	 0	 2	 0	 1	 1	 2	 1	 0	 0	 1	 2	 3	 1	 19	 1	 12	 3	 5	 7
1980	 0	 0	 0	 0	 2	 0	 2	 1	 0	 1	 4	 2	 4	 1	 126	 12	 38	 1	 49	 1
1981	 10	 1	 0	 0	 16	 0	 22	 4	 0	 0	 15	 1	 28	 1	 45	 3	 43	 1	 45	 2
1982	 2	 0	 0	 0	 0	 1	 0	 1	 2	 0	 0	 0	 1	 4	 96	 1	 11	 5	 4	 5
1983	 0	 2	 0	 1	 2	 1	 3	 0	 0	 0	 2	 0	 1	 2	 51	 3	 2	 1	 1	 2
1984	 1	 0	 0	 0	 2	 0	 1	 0	 2	 0	 0	 0	 2	 0	 59	 1	 9	 0	 0	 1
1985	 1	 0	 0	 0	 0	 1	 0	 2	 0	 0	 4	 3	 5	 2	 107	 3	 10	 4	 7	 2
1986	 2	 0	 0	 0	 1	 0	 4	 1	 1	 0	 0	 0	 0	 0	 19	 2	 9	 1	 2	 2
1987	 0	 0	 1	 0	 0	 0	 2	 0	 0	 0	 2	 2	 3	 2	 29	 3	 6	 0	 0	 1
1988	 7	 0	 0	 0	 2	 0	 0	 0	 0	 0	 5	 3	 4	 2	 29	 1	 7	 0	 2	 1
1989	 0	 0	 0	 0	 1	 0	 0	 0	 0	 0	 3	 0	 5	 3	 185	 8	 4	 1	 0	 0
1990	 6	 0	 0	 0	 0	 0	 0	 0	 2	 0	 0	 1	 2	 2	 44	 6	 13	 2	 2	 0
1991	 5	 0	 3	 1	 1	 0	 0	 0	 2	 0	 1	 0	 2	 1	 57	 1	 10	 2	 13	 1
1992	 12	 0	 2	 0	 3	 0	 5	 0	 0	 0	 3	 1	 11	 2	 44	 4	 8	 0	 6	 3
1993	 16	 1	 3	 0	 2	 0	 0	 0	 1	 0	 3	 1	 16	 4	 15	 3	 12	 1	 2	 0
1994	 10	 0	 5	 1	 1	 0	 3	 1	 0	 0	 11	 3	 5	 4	 20	 1	 8	 0	 2	 0
1995	 8	 2	 5	 1	 8	 0	 7	 0	 0	 0	 8	 0	 6	 2	 21	 1	 7	 0	 3	 2
1996	 8	 2	 2	 0	 3	 0	 0	 1	 3	 0	 0	 0	 0	 1	 13	 2	 10	 0	 3	 0
1997	 7	 0	 1	 0	 2	 1	 4	 0	 1	 0	 0	 1	 3	 1	 11	 1	 11	 2	 3	 2
1998	 8	 1	 0	 0	 3	 0	 0	 0	 2	 0	 3	 0	 3	 0	 2	 0	 9	 1	 0	 0
1999	 5	 0	 0	 0	 3	 0	 2	 0	 0	 0	 0	 0	 0	 0	 16	 0	 12	 0	 1	 1
2000	 31	 1	 27	 0	 3	 0	 6	 0	 2	 0	 3	 0	 0	 0	 21	 0	 10	 0	 0	 0
2001	 1	 2	 0	 0	 5	 0	 4	 0	 0	 0	 2	 0	 4	 2	 6	 0	 13	 3	 4	 0
2002	 1	 0	 0	 0	 1	 2	 1	 1	 0	 0	 0	 0	 1	 0	 5	 1	 8	 1	 1	 0
2003	 2	 0	 1	 0	 10	 0	 9	 1	 0	 1	 13	 0	 5	 0	 1	 0	 30	 0	 6	 1
2004	 1	 0	 0	 0	 10	 0	 7	 0	 0	 0	 17	 2	 19	 1	 13	 0	 11	 0	 3	 0
2005	 1	 0	 0	 0	 21	 2	 25	 3	 0	 0	 12	 4	 16	 4	 5	 0	 11	 0	 5	 2
Total	 146	 12	 54	 4	 133	 13	 133	 18	 69	 5	 140	 31	 188	 56	 1381	 89	 481	 38	 374	 47
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