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The pa iring  chronologies o f M a lla rd  Anas p la tyrhynchos, Eurasian Wigeon 
A. penelope and Eurasian Teal A. crecca w in tering  in Southw est Iceland  
were s tud ied  over the w in ters o f 1997-98 and 1998-99. M a lla rd  pa ired  firs t 
of the three species, w ith over 60% o f a ll fem ales pa ired  by November. 
Wigeon and Teal had s ta rte d  pa iring  in early  October, and the p roportion  o f 
pa ired  fem ales increased g radua lly  through w in te r un til spring. In M allard, 
the percentage o f pa ired  fem ales was 60-70% during m idw in ter, the last 
fem ales became pa ired  in March and A pril. A ll three species pa ired  la te r in 

Ice land than repo rted  in m ore southern European and N orth  Am erican  
areas. In a ll w in te r m onths, especially November, D ecem ber and January, 
the proportion  o f pa ired  M a lla rd  fem ales a t each location show ed a positive  
re la tionsh ip  w ith mean m onth ly  tem perature. Fewer data are available on 
othe r dabbling duck species, bu t th e ir pa iring  chronology seem s re la ted  to 
c lim a tic  conditions.
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Mate defense is energet ica l ly  costly, 

because co u r tsh ip ,  b reed ing  and 
repel l ing rivals cost t im e  and energy 
(Afton & Sayler 1982; W ishart 1983). At 
high la titudes, l im ited  food availabil i ty 
and rough w ea the r in w in te r  may cause 
starvation and poor physio logical con­
dition (Hepp 1989). As w e l l  as being at 
r isk from  starvation, birds face the dan­
ger of hypotherm ia  in cold and w indy 
condit ions. At a ir  tem pe ra tu res  below 
the th e rm o n e u tra l  zone, birds need to 
conserve energy by l im it ing  energe t i­
ca l ly  costly  behav iour, such as 
courtsh ip  displays (Newton 1998).

The w in te r ing  range of many n o r th ­
ern dabbling ducks is between 30°N 
and 60°N. Individuals of w idely d is t r ib ­
uted species, such as Mallard Anas 
platyrhynchos, may face very variable 
te m p e ra tu re s  d u r in g  a year. 
Behavioural decis ions of ducks w in te r ­
ing at the edges of the range should 
d if fe r f rom  those of ind iv iduals w in te r ­
ing in cen tra l  areas. Among species, 
the ab i l i ty  to to le ra te  cold w e a th e r  
depends part ly on body size, as la rger 
species benefit f rom  a relatively s lower 
m etabo lic  rate, reduced su r face -to -vo l-  
um e rat io , and th ic k e r  p lum age  
compared to s m a l le r  species (Blem 
1990; Dawson & O 'C onnor 1996). 
Perhaps even more im po rtan t is the 
h igher abil i ty  of la rge r species to store 
endogenous  reserves (Skutch 1962; 
Afton 1980; Afton & Paulus 1992).

Ducks, swans and geese fo rm  pairs 
on the w in te r ing  grounds and m igra te  
to the  b reed ing  g ro u n d s  in pairs  
(McKinney 1986; R ohwer & Andersson

1988). The sex ratio of no rthe rn  h e m i­
sphere ducks is usually m ale-b iased 
(Bellrose 1980; McKinney 1986), which 
means that som e males w i l l  be left 
unpaired every season, even though all 
the fem ales become paired. This leads 
to sexual se lection among males, and 
fe m a le s  can p robab ly  a fford  to be 
selective in th e ir  search fo r  a mate 
(R ohw er & A nde rson  1988). The 
fem ales choose males by age, p lum age 
quality, body m ass and the in tensity  of 
the ir  courtsh ip  displays (Wishart 1983; 
Bossema & Roemers 1985; Hepp 1986; 
Ho lmberg ef al. 1989; Weidmann 1990; 
He itm eyer 1995).

In c o n tra s t  to the  l i fe - lo n g  pa ir  
bonds of swans and geese, ducks fo rm  
pa ir  bonds each yea r (W i l l iam s  & 
McKinney 1998). Ducks fo rm  pairs on 
the w in te r ing  grounds and a pa ir w i l l  
remain toge the r  un t i l  the fem ale star ts  
to incubate. Then the male deserts the 
female. In the au tum n, the sexes meet 
again on the w in te r ing  grounds, and 
obse rva t ions  of m a rked  ind iv idua ls  
have shown tha t pairs from  the previ­
ous season may reun ite  if both 

m e m b e rs  re tu rn  to sam e w in te r ing  
loca l i ty  (Savard 1985; M je ls tad  & 
Scetersdal 1990; Robertson et at. 1998; 
W il l iam s & McKinney 1998). The t im ing  
of pa ir  fo rm a t io n  d i f fe rs  between 

species and popula t ions (Weller 1965; 
Hepp & Hair 1983; R ohwer & Anderson 
1988). The fo rm a tion  and m aintenance 
of a pa ir bond is costly to the male, 
s ince he m u s t  active ly  defend the 
fem ale from  rival males and predators 
(Afton & Sayler 1982; W ishart 1983). On
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the o the r hand, pair ing is benefic ia l to 
the fem ales because paired fem ales 
are able to forage more eff ic iently  than 
s ingle fem ales (Paulus 1983).

Mallard  Anas p latyrhynchos, Wigeon 

Anas penelope  and Teal Anas crecca are 
com m on breeding birds in Iceland. The 
Mallard popula t ion apparent ly  does not 
leave Iceland during w in te r, but the 
m a jor i ty  of Wigeon and Teal m igra te  to 
w e s te rn  Europe, m os t ly  the  B r i t ish  
Is les (G ardarsson 1975). However, 

som e Wigeon and Teal overw in te r  in 
south  Iceland. In Iceland, a l l  th ree  
species are at the northe rn  edge of 
both th e i r  b reed ing  and w in te r in g  
range (Cramp & S im m ons  1978).

The a im  of th is  s tudy  w as to 
desc r ibe  and com pare  the  pa ir ing  
chronology of Mallard, Wigeon and Teal 
in Iceland. W in ter ing  in Iceland, these 
species are evidently near the lower 

l im i t  of th e ir  tem pe ra tu re  to lerance, 
pa ir ing  ch ro n o lo g ie s  d i f fe re n t  f rom  
those reported at sou thern  locations 
can be expected. In o rde r to test th is 
prediction, the resu lts  were compared 
w ith  pub l ished  data f ro m  N orth  
A m erica  and Europe.

Methods

Study area

Observations w ere  m ade on the 
sou thern  coastl ine of Faxafloi, s o u th ­
west Iceland, f rom  S ep tem ber 1997 to 
A p r i l  1998 and from  August to Apr i l
1999. Reykjavik (64°09'N, 21°57'W) lies 
at the centre of the study area. The area

has been descr ibed  in de ta i l  by 
Egilsson (1985). The c l im a te  is suba rc ­
t ic and oceanic. January  is the coldest 
m onth  w ith  a mean m onth ly  te m p e ra ­
tu re  of -0.5°C and an average num ber 

of 21 frost days. A long the coast there 
are im portan t estuar ine  and m arine 
habitats used by w a te r fo w l  and sho re ­

birds. Severa l lakes, ponds and 
s tream s are open th rough  the winter.

Observations

M alla rd , W igeon and Teal were  
coun ted  tw ice  per m on th  f ro m  
N ovem ber to February, and in April.  
During au tum n and spring m igra t ions, 
add it iona l counts w ere  made to ensure 
adequate sam p le  sizes: fou r  counts 
were made in September, and three in 
October and March, respectively. The 
counts were made in the fo u r  hours 
around low tide.

The birds were identif ied as pairs 
and single males and females. Pair ing 
s ta tus  w as ass igned  a f te r  P au lus 

(1983): B irds were considered paired if 
they: (1) Mutua lly  avoided or chased 
o the r  birds. (2) Exhibited cons is ten t 
synchrony in activity, especially  loco­
m o t ion . (3) R em ained  w ith in  3 m 
distance from  each other. To reduce 
r isk of error, birds in very dense te m p o ­
rary flocks, such as ducks being fed by 
the public, were excluded f rom  the 
analysis. For each set of observations 
of pair ing sta tus of females, 95% con fi­

dence l im its  were estim ated from  the 
Standard E rro r of Proport ion, tJ lpq/n], 
where  t is S tudent 's  t, P=proportion 
paired females, q=proport ion unpaired
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fem ales and n=fota l n u m b e r  of fem ales 

examined.

Comparison with other areas

The pairing chrono logy of Mallard 
has been described fo r  several loca­
tions on both s ides of the A t lan t ic  
Ocean. Three s tud ies have been carr ied 
out in con tinen ta l Europe: in Munich, 
Germany (Bezzel 1959); in M iddelburg, 

The N e ther lands  (Lebret 1961) and in 
Helsinki, Fin land (Raitasuo 1964). In 
N o r th  A m e r ica ,  pa ir  fo rm a t io n  of 
Mallard has been studied in Ithaca, 
New York (Johnsgard 1960b); in the 
Mingo basin, M issouri (Heitmeyer 1987) 
and on the Atchafa laya River delta, 
Louisiana (Johnson & R ohwer 1998).

The re la t ionsh ip  between the p ro ­
port ion of paired fem a les  and mean 
m onth ly  tem pe ra tu res  was tested by 
analysis of covariance (ANCOVA, PROC 
GLM, SAS Inst itu te 1990). The f ina l 
mode l was de te rm ined  by backward 
selection. The variab les entered into 
the in it ia l m ode l were: m onth  (October- 
March), as a c lass  va r iab le ;  mean 
m onth ly  tem pe ra tu re  fo r each location; 
and the m onth  χ tem pe ra tu re  in te rac ­
tion. Data res idua ls  were tested fo r 
no rm a li ty  by the Shap iro-W ilkes  test 

(SAS Inst itu te 1990).

Results

Observations in Iceland

Pair ing  ch rono logy  of a l l  th ree  
species was s im i la r  in 1997-98 and 
1998-99; the rate of pair ing differed, the

M a l la rd  paired m os t ly  in October, 

W igeon and Teal at a s lo w e r  rate 
through the w in te r  (Figure 1). A ll  three 
species began pairing in the au tum n, 
Mallard by early September, Wigeon in 
m id -S ep tem be r  and Teal at the end of 
September. By late October, 60-70% of 
the female Mallard  had paired. The 
percentage of paired fem ale Mallard 
remained at around 60% unti l  early 
March. In late Apri l, at the beginning of 
the nesting season, 75% of a l l  fem ales 
were paired in 1998 and 90% in 1999. At 
the end of October, the percentage of 
paired Wigeon fem a les  was 29% in
1997 and 19% in 1998. In March, 70% of 
a l l  female Wigeon had become paired, 
and in A p r i l  w e l l  over 80%. Pair ing pro­
gressed at a s im i la r  rate in Teal as in 
Wigeon; by March about 70% of the 
fem ales had paired and in A p r i l  about 
90%.

Differences in the progress of pa ir ­
ing between Mallard  and the o the r two 
species were m ost pronounced, and 
h igh ly  s ig n i f ic a n t  in O c tobe r and 
November. For ins tance, com b ined  
observations from  31 October 1997 and 

23 O ctober 1998 yie ld  %2= 2 19.65 
(P<0.001) fo r  M a l la rd  vs. Wigeon, 
χ 2=22.63 (P<0.001) fo r  Mallard vs. Teal 
and χ 2=8.03 (P<0.01 ) fo r  Wigeon vs. 
Teal; and fo r  14 N ovem ber 1997 plus 3 

Novem ber 1998 χ 2=51.92 (P<0.001) fo r 
Mallard vs. Wigeon, χ 2=20.81 (P<0.001) 

fo r  Mallard vs. Teal, but χ 2=0.002 (n.s.) 
fo r  Wigeon vs. Teal.

Mallard used main ly  two habitats: 
in te r t ida l  areas, e ithe r  m ud f la ts  o r sea­
weed beds, o r  urban fresh waters . Pair
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Figure 1. The pa iring chronology of W igeon Anas penelope. Teal A. crecca and M alla rd  A. platyrhynchos 
w in te ring  in Iceland in 1997-98 and 1998-99. E rro r bars show 95% confidence lim its , estim ated as 
S tandard E rro r of P roportion χ t.
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fo rm a tion  began at the same t im e  in 

both habitats. In the in tert ida l, the p e r ­
centage of paired fem a les  was h igher 
f rom  N ovem ber un ti l  Apri l, staying w e ll  
above 70% in both years. In contrast, 
the percentage of paired fem ales on 
freshw a te rs  was about 60% fo r  m ost of 
the winter. The d ifferences were usua l­
ly s ta t is t ica l ly  s ign if ican t as indicated 
by the lack of overlap of the 95% con fi­
dence l im i ts  (Figure 2).

Comparison with other areas

One objective of th is study was to 
compare the pairing chronolog ies of 
M a l la rd , Euras ian W igeon and Teal 
w in te r ing  in Iceland at the northern  
edge of the d is tr ibu tion  range, w ith  
pairing chronolog ies reported fo r  the 
sam e o r closely re lated species from  
o ther, m ore  so u th e rn  reg ions. We 
found l it t le  in fo rm a tion  on Eurasian 
Wigeon and Teal, but analysed pub­
l ished data fo r  M a lla rd  from  seven 
North  Am erican  and European loca li­
t ies (Figure 3). In the ana lys is  of 
covariance, the f ina l  m ode l included 
m on th  [F = i.98, P=0.0009, df=6) and 
mean m o n th ly  te m p e ra tu re  (F=5.75, 
P=0.02, df=1], both s ign if ican tly  a ffec t­
ing the percentage of paired females. 

The residuals were norm a lly  d is t r ib ­
uted (S hap iro -W i lkes  tes t: 14/= 0.98, 
P-0.84).

Mallard pair la te r at the co lder loca­
tions in Finland, Iceland and New York. 
In a l l  w in te r  m o n th s ,  espec ia l ly  
November, D ecem ber and January, the 
proportion of paired fem ales at each 
location shows a posit ive re la tionsh ip

w ith  m ean m o n th ly  te m p e ra tu re  

(Figure 3). In November, more than half 
of a l l  fem a les  are paired everywhere, 
except in Fin land, Iceland and New 
York. The re la t ionsh ip  between the p ro ­
port ion of paired fem ales and month ly  
tem pe ra tu re  is c learest in D ecember 
(Figure 3). In December, about 40% of 
a l l  fem ales w ere  paired in Fin land and 
New York, w here  mean m onth ly  te m ­
peratures were beLow -2°C. The mean 
m onth ly  tem pe ra tu re  in Decem ber fo r 
Iceland, G e rm any  and M issou r i  is 
around 0°C and at that t im e  60-80% of 

a l l  fem ales were paired. At locations 
w ith  D ecem ber tem pe ra tu res  over 2°C, 
80-100% of a l l  fem ales were paired in 
December. In January  and February, 
the percentage of paired fem ales was 
h igher than 80% everywhere except in 
F in land  and Iceland. By March, 
M a l la rds  in the  s o u th e rn  w in te r in g  
areas leave fo r  the breeding areas 
(Bellrose 1980) and have a l l  become 
paired. At the coldest locations in the 
north, Fin land and Iceland, the re m a in ­
ing fem ales became paired in March 
and Apri l.

Discussion

Pairing chronology in Iceland

Mallard were the f i rs t  species to 
pair, and m ost Mallard fem ales were 
a lready paired by the t im e  the f irs t 
Wigeon and Teal pairs were observed 
(Figure 1). Wigeon and Teal paired at 
s im i la r  t imes, un like the sam e species 
in Germany w here  Wigeon paired ear l i-
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Figure 2. The proportion  of paired fem ale M a lla rds in in te rtid a l and fresh w a te r hab ita ts  in Iceland in 
w in te rs  1997-98 and 1998-99. E rro r bars show 95% confidence lim its  (Standard E rro r of P roportion χ f.).
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er than Teal (Bezzel 1959). The d i f fe r ­
ence between W igeon  pa ir ing  
chronology in Germany and Iceland can 
possibly be a tt r ibu ted  to local d i f fe r ­
ences in sex ratio, the sex ratio of 
w in te r ing  Wigeon in Germ any was 55- 
58% males (Bezzel 1959), whereas that 

in Iceland was 4-5-51% (Jonsson 2000). 
In 1975-1995 the sex ra t io  of Wigeon 
breed ing  at Lake Myvatn, N o r th  
Iceland, varied between 50% and 51% 
males in a l l  years, except 1975 when 
54% w ere  recorded (G ardarsson & 
Einarsson 1997). The h igher n u m b e r of 

s u rp lu s  m a les  in G e rm any  m ig h t  
increase the pressure on males to fo rm  
pa ir bonds at an e a r l ie r  date, o r  else 
face the r isk of being left unpaired 
when a l l  fem ales have become paired.

M a l la rds  on urban ponds had a 
lower p roportion of paired fem ales than 

the in te r t ida l  Mallards. One possible 
explanation fo r  th is  may be tha t ass ign­
ing pa ir s ta tus is more d if f icu l t  at the 
crowded urban fresh w a te rs  in winter. 
However, Malla rds in te m po ra ry  dense 
flocks, at t im es  being fed by the public, 
were e l im inated  from  the sam ple  to 
reduce tha t r isk (see Methods). The 
n um bers  and densit ies of Mallard and 
the area of ice-free w a te r  available in 
m id -w in te r  differed between the two 
urban ponds studied. At Lake Tjörnin, 
the mean n u m b e r of Mallard  was 276 
on 0.4 ha of ice-free w a te r  and at 
Laekur inn  Mallard  averaged 189 on 1.2 
ha. Hence, the  average dens i ty  of 
Mallard  (690 h a 1) at T jö rn in  was about 
fou r  t im es  tha t at Laekurinn  (157 h a 1) 
and consequently, the r isk  of m iss ing

out pa irs  w as cons ide rab ly  less at 
Laekurinn. The proport ion  of fem ales 
paired was very s im i la r  fo r  the two 
lakes (Figure 2), so the proportion of 
paired fe m a le s  in the  urban  fresh 
w a te r s  w a s  p ro b a b ly  no t  u n d e r ­
es t im a te d .  Movem ents  of rad io-tagged 
M a lla rds (Jonsson 2000) and recog­
nized indiv iduals (N ielsen 1992) show 
that the sam e ind iv iduals use urban 
freshw ate rs  and in te r t ida l  areas on the 
same days. For instance on the urban 
lake T jörnin, ducks are regu lar ly  fed by 
th e  p u b l ic  and a re  seen  to m a k e  

f re q u e n t  f l igh ts  between several f re s h ­
w a te r  and in te r t ida l  locations (Nielsen 
1992). Paired ducks  tend to avoid 
crowded places and feed away from  
s ingle indiv iduals to avoid d is tu rbance 
from  them  (Johnsgard 1960a). Many 
Mallard pairs were recorded on the 
u rb a n  ponds ,  bu t  th e  p ro p o r t io n  of 
s ing le  males and fem a les  was h igher 
there than in the in te rt ida l,  it seems 
tha t unpaired ind iv idua ls p refer urban 
ponds over the in te r t ida l  habitats.

In Mallard and Wigeon, the percen t­
age of paired fem a les  did not reach 
100% in spring as it did w ith  Teal, hence 
som e Mallard and Wigeon fem a les  did 
not pair. In late March, the n u m b e r  of 
ducks in the study area decreased as 
the w in te r ing  birds left fo r  the breeding 
areas in o the r parts  of Iceland (Nielsen 
1992; Jonsson 2000). By tha t t ime, only 
40-60 Wigeon were left in the study 
area and am ong th e m  w ere  few 

unpaired females. In spring 1999 the 
sex ratio was about 45% males, and the 
unpa ired  fe m a le s  w e re  su rp lu s .  In
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Ice land, no m a rk e d  d if fe rences  

between the w in te rs  1997-98 and 1998- 
99 w e re  observed in the  pa ir ing  
ch rono logy  of M a l la rd , W igeon and 
Teal, but ne i the r w in te r  can be cons id­

ered 'e x t re m e '  (Ice land ic  
M e te o ro log ica l  Office). E lsewhere , 
effects of weather on pairing chronology 
have been reported. In a part icu la r ly  
cold w in te r  in Fin land, m ost Mallard 
delayed pa ir  fo rm a t io n  u n t i l  sp r ing  
(Raitasuo 1963) and Mallard  in M issouri 
paired e a r l ie r  in a w e t w in te r  
(Heitmeyer 1987).

Comparison with other areas

The effects of cold w ea th e r  on bird 
behaviour and physiology are w e l l  doc­
um e n te d  (B lem  1990; Dawson & 
O 'Connor 1996; Newton 1998). During 
seve re  w in te r s ,  d u c k s  e x p e r ie n c e  
h ig h e r  levels of stress, indicated by 
increased blood concentra t ions of urea 
and uric  acid (Bennet & Bolen 1978). In 
pa r t icu la r ly  cold w in te rs  in Fin land, 

M a lla rds delayed pa ir  fo rm ation  un ti l  
spring (Raitasuo 1963) and in Sweden 
the p ro p o r t ion  of paired M a l la rds  
declined during the coldest period of 

m id w in te r  (Hansson 1966). With mean 
m onth ly  tem pe ra tu re  lower than 2°C in 
December, it appears tha t p ropo r t ion ­

ally m ore  Malla rds delay pa ir  fo rm a tion  
fo r  a certain a m oun t of t ime. In co lder 
areas, a lower percentage of indiv iduals 
are able to build up reserves wh ile  pe r­
fo rm in g  co u r tsh ip  behav iou r a n d /o r  
mate defence at the  same t im e. It is 
also possible tha t dabbling ducks w in ­
te r in g  in c o ld e r  areas have to be

choosier in mate selection to obtain a 

mate that is l ikely to enhance the ir  
fu tu re  breeding success. Ind iv idua ls 
which are fit enough to fo rm  pairs do so, 
and gain an advantage in competit ion fo r 

food due to the ir  improved social status 
(Paulus 1983; Hepp 1986). Individuals 
vulnerable to cold and starvation delay 
pairing and hence reduce the ir  energy 
expenditure and increase the ir  probabil­
ity of survival.

A lthough few er data are available on 
o ther dabbling duck species, these ind i­
cate a s im i la r  re la t ionsh ip  between 
pa ir ing ch rono logy  and c l im ate . 
Consistent w ith  the results of this paper, 

A m er ican  Wigeon at Cape Hatteras, 
N o rth  Caro lina (Hepp & H a ir  1983) 
paired before American Wigeon in Texas 
and British Columbia (Soutiere et at. 
1972; W ishart 1983); the mean tem pe ra ­
ture in the w in te r  m onths is h igher at 
Cape Hatteras than in both Lubbock and 
British Columbia (NOAA). Bezzel (1959) 
descr ibed the  pa ir ing ch rono logy  of 
Eurasian Wigeon and Teal near Munich, 
Germany. Wigeon paired ear l ie r than in 
Iceland, and the re  were  20% m ore  
paired females in Germany th roughout 
winter. However, the pairing chrono lo­
gies of Teal in Germany and Iceland are 
quite similar.

The pair ing of Eurasian Teal and 

Green-winged Teal A. Carolinensis d iffer 
s tr ik ing ly in t im ing : Eurasian Teal begin 
pair fo rm ation  in October and 40% of all 
females are paired by January, whereas 
Green-winged Teal do not begin pair fo r ­
m at ion  u n t i l  D ecem ber o r  January  
(Hepp & Hair 1983; Johnson & Rohwer
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1998], This d ifference is in teresting in 
view of recent m o le cu la r  f ind ings  that 
genetic divergence between Eurasian 
and Green-w inged Teal is extremely 
high (Johnson and Sorenson 1999).

R ohwer & Anderson (1988) reported 
a s ign if ican t re la t ionsh ip  between body 

size and t im in g  of p a ir  fo rm a t io n  
among dabbling ducks. The potent ia l 
energy conservation by delayed pair 
fo rm a tion  is g rea te r fo r  the sm a l le r  
Wigeon and Teal than fo r  Mallard. The 
pa ir ing  of M a l la rd  and W igeon in 
Iceland d iffers from  the pa ir ing of these 

species at sou thern  w in te r ing  areas, 
but the  pa ir ing  of Tea l does not 
m arked ly  do so. Perhaps Wigeon and 
Teal in Iceland pair as late as possible 
fo r  dabbling ducks in re lation to the 
t im ing  of breeding activities. In late 
March, dabbling ducks s ta r t  to m igra te  

to the breeding areas (N ie lsen 1992; 
Jonsson 2000), so pairing any la te r  than 
March b r ings  the r isk  of rem ain ing  

unpaired into spr ing  m ig ra t ion , and 
perhaps fa i l ing to obtain a mate. The 
socia l gain of pair fo rm a tion  is neces­
sary fo r breeding success (Hepp 1984) 

and tha t l im its  the t im e  a given ind iv id­
ual can rem ain unpaired. As day length 
inc reases  in sp r ing , sexua l  ac t iv i ty  
increases due to increased concen tra ­
t ions of gonadotrop ins (B luhm  1988), 
driv ing the last unpaired birds to pa ir in 
March.
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Appendix 1. Sample sizes of Wigeon, Teal and Mallard in Iceland 1997-98 and 1998 -99 

Note: the sexes of Wigeon and Teal were not de te rm ined  in September.

Wigeon Mallard Teal

Females

Paired

Females

Total

Males

Total

Total Females

Paired

Fem ales Males 

Total Total

Total Females

Paired

Fem ales Males Total 

Total Total

1997-98: 

5 Sept 0 133 8 115 187 302 0 21

13 Sept 0 - - 45 5 113 333 446 0 - - 17

17 Sept 1 - - 198 5 19 68 87 0 - - 14

26 Sept 6 - - 142 31 84 112 196 13 - - 34

8 Oct 18 150 107 257 74 143 292 435 7 25 22 47

17 Oct 45 162 114 276 134 231 388 619 11 28 19 47

31 Oct 32 110 88 198 94 133 224 357 8 26 24 50

14 Nov 38 115 98 213 84 200 357 557 19 83 92 175

29 Nov 22 83 108 191 102 168 328 496 15 61 74 135

17 Dec 51 127 128 255 106 179 338 517 6 24 30 54

29 Dec 46 85 119 204 121 176 290 466 13 34 62 96

15 Jan 16 42 41 83 86 133 239 372 30 47 45 92

28 Jan 17 61 51 112 114 176 271 447 30 55 72 127

10 Feb 41 86 81 167 192 278 421 699 23 40 58 98

24 Feb 35 56 60 116 174 232 359 591 13 19 37 56

4 M ar 22 30 30 60 100 196 341 537 23 31 43 74

20 M ar 23 30 39 69 169 256 378 634 2 2 4 6

28 M ar 28 37 36 73 116 163 252 415 18 18 23 41

10 A pr 26 31 33 64 23 36 54 90 7 7 14 21

24 A pr 16 19 22 41 56 75 134 209 - 0 1 1

1998-99 
6 Sept 0 128 8 133 302 435 0 . . 23

9 Sept 3 - - 212 30 123 307 430 0 - - 10

16 Sept 4 - - 300 59 143 243 386 0 - - 96

23 Sept 5 - - 294 117 205 396 601 0 - - 84

4 Oct 20 122 68 190 123 219 338 557 1 4 17 21

16 Oct 61 166 151 317 215 295 402 697 22 57 45 102

23 Oct 41 214 124 338 190 283 383 666 11 29 15 44

3 Nov 41 207 131 338 142 249 317 566 8 21 12 33

18 Nov 61 166 145 311 161 237 334 571 13 26 21 47

3 Dec 35 112

LD 187 98 160 217 377 14 40 38 78

16 Dec 61 138 112 250 165 300 425 725 14 28 29 57

4 Jan 49 86 75 161 141 193 298 491 18 46 53 99

18 Jan 41 84 64 148 154 240 297 537 20 37 38 75

5 Feb 47 91 73 164 214 329 436 765 11 14 18 32

24 Feb 52 98 71 169 182 280 352 632 10 12 20 32

4 M ar 51 75 75 150 285 370 489 859 24 36 39 75

16 M ar 68 99 94 193 319 420 520 940 30 36 42 78

29 M ar 40 63 47 110 319 420 508 928 31 34 45 79

13 A pr 57 66 61 127 219 249 312 561 24 26 36 62

20 A pr 40 51 41 92 167 185 242 427 27 27 31 58


