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T h i s  p a p e r  r e p o r t s  t h e  r e s u l t s  o f  
i n v e s t i g a t i o n s  in to  th e  r e p r o d u c t i v e  
behav iour and  b iology o f  M an d a rin  D u ck s 
A ix  ga lericulata . S tudies o f  th e  re la tionsh ips 
o f  age o f  first breeding to  behavior, to  
p lum age, an d  to  nesting and  reproductive  
success a re  lacking for m an y  w aterfow l 
species (K orschgen  & F red erick so n  1976), 
i n c lu d in g  th e  M a n d a r i n ,  d e s p i t e  i t s  
p o p u larity  to  av icu ltu rists and  its p resence in 
m an y  zoological g a rd en s and p rivate  estates.

M andarins w ere in troduced  in to  E urope  
from  A sia  n ear th e  end o f  the  18th cen tu ry  
and added  to  the  L ondon  Z o o  in 1830, 
w here they  first b red  in 1834 (S avage 1952). 
A lthough  exceptions exist th ey  generally  
have been difficult to  b reed  in cap tiv ity , w ith 
success a t such  E nglish esta tes as W alco tt 
and  L eckford  (S tevens and  Jo n es, pers, 
com .) being quite  variable . S po rad ic  b reed ­
ing also  has o ccu rred  in th e  U .S . (F u n k , 
W ebster, M acy , pers, com .) and  a t the 
Schedel E sta te  in O hio  w here th is study  w as 
conducted .

K orschgen  and F red erick so n  (1976) have 
show n th a t the  p reco p u la to ry  d isp lays o f 
yearling , m ale W ood  D u ck s A ix  sponsa, the  
on ly  o th er m em ber o f  th e  genus A ix ,  tribe 
C arin in i, w ere m ore poo rly  o rien ted  and  less 
d istinctive th an  th o se  o f  adults. G rice  and 
R odgers (1965) prev iously  h a d  found  low er 
fem ale p roductiv ity  in the  sam e species. A 
general consensus am ong  m any  aviculturists 
is th a t  yearling  M an d arin s , w hich like W ood  
D u c k s  acquire  an  a lte rna te  (nuptia l) plum age 
in the  first au tu m n  p rio r to  co u rtsh ip , often 
are  less p roductive  th an  experienced birds. 
R esearch  by  B ruggers and Ja c k so n  (1977a) 
has show n age-rela ted  differences in p ro d u c ­
tivity  and  behav ioural differences in the 
co p u la to ry  d isp lay  p a tte rn s o f M andarins 
sim ilar to  th o se  found  by W ood  ducks. T im e 
budgets o f  th e  M an d arin  have been  de te r­
m ined by  B ruggers an d  Ja c k so n  (1977b).

M ethods

F ro m  1 9 7 1 -1 9 7 4  over 4 0 0  h o u rs  o f  co n ­
tinuous and  in term itten t o bservations w ere 
m ade on  30 p in ioned b irds o f b o th  sexes a t a 
10 h a  esta te  in n o rth cen tra l O h io  (coord . 
8 3 °3 1 'W  and 4 1 °1 8 'N ) (B ruggers 1974). 
Birds ran g ed  in age up  to  nine y ears. A rtifi­
cial nest boxes, like those  often  used  for

W ood  D uck  studies (3 0  x 15 x 46 cm ), were 
positioned  (w ith ascen t ram p s) on  0 .3 -1 -3  m 
poles o r  on  th e  g ro u n d  a ro u n d  the tw o estate  
lakes o f  0 -6  and 1-0 h a  (F igu re  1). F o u r to  
six p a irs  w ere re leased  annually  in early  
M arch  from  over-w intering pens on  to  the 
lakes over w hich th ey  ran g ed  freely. A n o th er 
four o r five p a irs  w ere m ain tained  in lake- 
edge pens. All d u cks w ere individually  iden­
tified by  p a tag ia l m ark ers  o r co loured  and 
num bered , po lyu re th an e  n asa l saddles.

L aying  da tes and  in tervals w ere no ted  by  
re g u la r ly  c h ec k in g  th e  n e s t b o x es an d  
num bering  m o st eggs o f  all c lu tches using a 
rap id o g rap h  pen. T he onset and  d u ra tio n  o f 
in cubation  and  the  tim e an d  length o f  daily 
in cubation  periods and o f  b reak s in in cu b a­
tion  (b reak  periods) by  each  fem ale w ere 
determ ined. A R u s tra k  reco rd er, a ttach ed  to  
a  nest box ram p  and  sta rted  after the  fem ale 
h ad  re tu rn ed  to  th e  nest fo r the  night, w as 
triggered  by  a  sw itch activ a ted  by  th e  d u ck ’s 
w eight as she entered  o r left th e  box. T im e o f 
d ay  w as calib ra ted  to  c h a r t  speed. K y ­
m o g rap h  p ap er w as also  a tta ch ed  to  the 
ram p s such  th a t d irec tiona l m ovem ents 
acro ss the  p ap er w ould leave trac k s  (Justice
1961).

T em p era tu res  in the  m iddle o f the  nest, 
tak en  during and  afte r in cubation  periods, 
w ere reco rded  on four fem ales in 1972 and 
five in 1973 using a  p o rtab le  U SI m anual 
tem p era tu re  recorder. A  therm ister lead w as 
taped  to  an  egg and the  tem p era tu re  read  
re m o te ly  a t  3 0 -m in u te  in te r v a ls .  T h e  
presence or absence o f  dow n over the  eggs 
during  the  fem ale’s b reak  period  w as noted.

R esu lts an d  d iscussion

C opulation  fre q u en c y  a n d  success

C o p u lations w ere first observed  17 and 3 days 
after release fro m  th e  over-w intering  pens to 
the  lake in 1971 an d  1973 ,respec tively .(In ten - 
sive, post-re lease  ob se rv atio n s w ere no t m ade 
in 1972 an d  1974.) C o p u lations occu rred  in 
qu iet, u nd istu rbed  a reas o f  the  lakes, m o st 
frequently  during  the  m orn ing  (F igure  2), as 
observed  b y  C ollias an d  Ja h n  (1959) for 
sem i-w ild C a n a d a  G eese  B ra n ta  canadensis  
b u t unlike the  ra n d o m  p a tte rn  observed  by 
M cK inney  (1967) fo r Shoveler A n a s  clypeata.
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C opu la tio n s w ere m ore frequent during  p re ­
laying th a n  laying periods: 65%  in  1971 and  
52%  in 1973 (T ab le  1). M cK in n ey  (1967) 
no ted  a  sim ilar p a tte rn  for Shovelers, re la ting  it 
to  the  increased  tim e spen t by  fem ales a t the 
nest during  laying an d  hence their unavailabili­
ty . T h is is a n  even  m ore  p ro b ab le  exp lanation  
fo r M an d arin s , since laying a lso  w as m ore 
prevalen t during th e  m orning.

T h e  p a tte rn  o f  copu la tions during 1973, 
w hen 41%  o f  th e  observed  copu la tions o c ­
cu rred  during  th e  laying period , appeared  
sim ilar to  th a t  rep o rted  fo r feral M an d arin s in a 
n a tu ra l nesting  situation  (S avage 1952). O nly 
th ree  co p u la tio n  sequences w ere  observed 
after 21 M a y  in  1973, an d  one stopped  th rough  
m ale disin terest. M ultip le copu la tions w ere 
observed  for seven fem ales, w ith 48%  and  33%
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o f  th e  cop u la tio n s o f  these fem ales occurring  
during  their p re-laying and  laying periods, 
respectively. F o u r  fem ales co pu la ted  (19%  o f  
the  c opu la tions) follow ing rem oval o r d estru c ­
tio n  o f  their first c lu tches; tw o  o f  these fem ales 
la te r renested .

F req u en t co pu la tions by  a  p a ir (an d  the 
a sso c ia ted  d isp lays) during  the  p re-laying and  
laying periods a re  u ndoub ted ly  m ore im por­
ta n t  to  synchronizing  rep ro d u c tiv e  physio logy 
and  streng then ing  p a ir bo n d s th an  insuring fer­
tilization, since E lder an d  W eller (1954) 
reported  sperm  viability  in M a lla rd  A n a s  
p la ty rh yn ch o s  o f  1 2 -1 5  days. T here  w as no 
ap p aren t re la tionsh ip  betw een  frequency  o f  
co p u la tio n  an d  age o f  m ales.

Sixty-six p e rcen t o f  the  observed cop u la ­
tion  sequences w ere app aren tly  successful 

5 0 m

O VER -W IN T E R IN G  Ü  BU ILD ING
BUILDING □  E L E V A T E D  P O LE  B O X

Figure 1. Map of study area showing 0-6 and 1-0 ha ponds, locations of out door breeding pens, nest 
boxes, and over-wintering building.
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(T ab le  2). B etter success (7 5 -7 7 % ) w as 
achieved when bo th  sexes w ere the sam e 
ra th e r th an  different ages (55% ). T h is lack  of 
success in m ixed pa irs p ro b ab ly  resulted  
b o th  from  the tim e o f  y ea r in w hich these  un ­
successful co pu la tions w ere observed  (late 
M ay) and  the age o f th e  m ale involved. O ne 
m ale a t least six y ears  old show ed little 
in terest in p re-co p u la to ry  behav iour and 
usually  sw am  aw ay afte r the  fem ale w ent 
prone.

F iv e  c o p u l a t i o n  s e q u e n c e s  w e r e  
in te rrup ted  by  o th er b irds (fou r am ong

penned birds), and  nine s topped  because  o f 
low -intensity  m ale behaviour. Low -intensity  
fem ale behav iour w as observed  only once 
(24 O c to b er 1973) w hen a  fem ale th a t had  
successfu lly  co pu la ted  a t 0 8 3 0  failed to  
m ain tain  the  co p u la to ry  position  again  at 
1000.

A s with Shovelers (M cK inney  1967), 
p r o m is c u o u s n e s s  w a s  r a r e  a n d  ra p e  
in frequently  observed, ch aracte ris tics u n ­
d oub ted ly  indicative o f  strong  pair bonds. 
T h is situation  is unlike th a t know n for Pintail 
A n a s acu ta  (M cK inney  1973), M uscovy
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Figure 2. Frequency of copulatory behaviour (n =  26 sequences) relative to time of day between 3 
April-31 May 1973, the date of the last observed sequence.

Table 1. Proportion of Mandarin copulations during the pre-laying, laying, and renesting periods in 
1971 and 1973.

Year Total no.
Pre-laying 

% obs. h no.
Laying 
% obs. h no.

Renesting*
% obs. h

1971 20 13 65 37** 7 35 15 0 0 0
1973 27 14 52 32 11 41 45 2 7 20

Totals 47 27 58 69 18 38 60 2 4 20

* No renesting occurred in 1971.
** In 1971 a total of 53 h of observation were made during the pre-laying period, but only 37 h encom­
passed the period of copulatory activity (17 Apr-19 May); in 1973 copulations were observed within 3 
days of release to the lakes.
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Table 2. Outcome of 47 copulatory sequences of yearling and adult Mandarins recorded during 1971 
and 1973.

Yearling
birds

Mixed*
birds

Adult
birds

Totals

Copulation occurred 12 12 7 31
Copulation did not occur 4 10 2 16

reasons for failure
a) pair interrupted or disturbed 2 2 I 5

by other birds
b) low intensity female precopulatory 1 I

behavior
c) low intensity male precopulatory 2 6 1 9

behavior
d) mount without successful** 1 1

copulation

Totals 16 22 9

Rape 2 1

* mixed— in all cases, an adult male and yearling female.
** Successful copulation— a sequence consisting of pre-copulation movements, mounting and apparent 
cloacal contact.
Unsuccessful copulation— a sequence consisting of some precopulatory movements which may or may 
not lead to mounting. If mounting occurred there was apparent lack of cloacal contact.

D u ck s C airina m o sch a ta , C o m b  D u ck s S ar- 
k id o m is  m elanotos  (W eller 1964), and  o th er 
species w hich have few disp lays or 
v ocaliza tions and w eak or no  pa ir bonds 
(Jo h n sg ard  1965).

C o p u la t io n  b y  o n e  p a ir  so m e tim e s  
stim ulated  o th er b irds in the  area , p a r­
ticu larly  under penned  conditions. C o n ­
ta g io u s  c o p u la to ry  b e h a v io u r  b y  free- 
rang ing  b irds w as observed  only o n  31 M ay 
1 9 7 3 , w h e n  th e  p a ir s  h a d  b e g u n  to  
reassocia te  follow ing incubation .

L a y in g  p a tterns

D uring  the  fo u r y ears, first clu tches were 
begun as early  as 3 A pril 1972 an d  as late  as 
30 M ay 1971, w ith  75%  o f  the  eggs laid  be t­
ween 15 A pril an d  15 M ay. T he initial laying 
dates w ere like those  o f  b irds in N o rth  
D ak o ta , N ew  Y ork , an d  E ng land  (S tru tz, 
W ebster, O lney, pers, com .), b u t slightly 
later th an  those  know n for M an d arin s in 
J a p a n  and  R ussia  (Savage 1952).

T h e  average tim e from  release to  the  first 
egg each  y ear w as 15 d ay s (F igu re  3), and 
for 40%  o f  th e  18 fem ales betw een 17-21 
d ays. O nly  five fem ales failed to  lay  during  
th e  s tu d y ; tw o d ied  early  in th e  spring , tw o 
w ere full-w inged an d  escaped , and one ju s t 
did no t initiate  a  clu tch .

A lthough  th e  tim e o f  laying o f  individual 
fem ales varied  daily, as w ith m ost w aterfow l 
(W eller 1963), it usually  occu rred  during the 
m orn ing  (F igu re  4) w ith the  m ale in a tten ­
d ance  outside  th e  nest. M ost (68% ) o f  the  26 
layings ac tually  observed  w ere p rio r to  1100. 
Tw elve add itional eggs w ere found  w hen the 
boxes w ere inspected  before noon . T he ac ­
tual du ra tio n  o f  laying, based  on  the  tim e 
spen t in the box  by  three fem ales, averaged 
23 m inutes (ran g e : 1 5 -31  m inutes). T his 
tim e is con sid erab ly  less th an  the  tw o to  six 
hours spen t o n  the  nests daily  during  laying 
periods by  Shovelers (M cK inney  1967) and 
G adw all A n a s streperà  (O ring  1969).

O n 17 o f  21 o ccasions fem ales laid in their 
first y ear (w hen 10-11  m onths o f  age), bu t 
w ith reduced  fertility  (78% , n =  12 fem ales) 
co m p ared  to  adu lts (90% , n =  4 fem ales). 
Y earling c lu tch  size (9 -75  ±  SD  2-01 eggs) 
w as no t significantly different from  adult 
c lu tch  size (8 -75  ±  SD  1-71 eggs) (P  > 
0-05). Y earling  fem ales (1 0  o f  11 during  
1973 and  1974) laid  earlier in the  spring than  
adults.

T h ere  is little specific in fo rm ation  on 
lay in g  p e r io d s  re la tiv e  to  age in an y  
w aterfow l an d  none fo r wild M andarins. 
H ow ever, yearlings laying before adu lts is 
c o n tra ry  to  th a t know n  for som e o f  the 
A natin i w hich breed  in their first year, such 
as P intail (Sow ls 1955) an d  W ood  D ucks 
(K o rsch g en  & F red erick so n  1976).
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F em ales som etim es renested  following 
d estruction  o f  th e  first c lu tch  by  p red a to rs  o r 
its rem oval for in cubation  under b an tam s. In 
th is situation  five o f  six yearling  fem ales laid 
second  c lu tches, all significantly sm aller (P  <
0 -0 0 1 , 6 -60  av.) in size b u t h igher in fertility 
(94% ) th a n  their first clutch. A d u lt fem ales 
did no t renest, p resum ab ly  b ecause  o f  their 
la te r initial laying date. N o  fem ales renested  
th a t h ad  in cubated  initial clu tches th ro u g h  to 
pipping.

Sow ls (1955) sta ted  th a t the  delay  in

renesting  w as d irectly  p ro p o rtio n a l to  the 
tim e spen t incubating  the  first nest, averaging 
3 d ay s plus 0 -62  d ay s for each  day  o f  the 
initial incubation  period . T h is renesting  in ter­
val w as close to  th a t ac tually  observed  for 
four o f  the  five renesting M an d a rin  fem ales 
bu t in m arked  c o n tra s t to  th e  fifth fem ale, 
w ho laid six eggs, did no t incubate, and 
renested  22 d ay s later. W hile only one o f  the 
five renested  in the  sam e box , four nested  in 
th e  sam e type  o f  box.

M ost A natids, including W ood  D ucks

MARCH APRIL MAY JUNE

Figure 3. Egg-laying patterns of Mandarins each spring, 1971-1974. Release date to out door areas in 
dicated by arrows. Number of females laying eggs: 1971-3; 1972-5; 1973-10; 1974-9.
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(B reckenridge 1956) usually  lay  one egg per 
day , w ith  skips being relatively ra re . T h is w as 
th e  case  fo r five o f  14 M an d arin  clutches. 
T he average com pletion  tim e for these 14 
clu tches (9 -3  eggs) w as 1 2 -1 4  days, w ith an 
average in terval o f  2 -1 5  days betw een the 
first tw o eggs. F a ilu re  to  lay  an egg a  day  
p ro b ab ly  resu lted  from  hu m an  d istu rbance  
o r an  o v ercrow ded  nesting  population .

N estin g  a n d  incubation

N est box inspection  occu rred  prim arily  
during  the  m orn ing  and  late a fternoon . T he 
m ale in full-sail p o stu re  accom pan ied  the 
fem ale. T h e  choice o f  boxes app eared  to  be 
by  th e  fem ale, w h o  en tered  th e  boxes 72%  o f 
th e  tim e. A lthough  th e  m ale occasionally  a p ­
p ro ach ed  a box an d  stood  on th e  ram p  prior 
to  the  fem ale’s entering, he usually  (74% ) 
sw am  alertly  a t th e  b ase  o f the  ram p . Jones 
(1972) also rep o rted  seeing a  m ale enter a 
box during inspection , b u t th is seem s to  be 
a typ ical behaviour. Inspection  tim e inside 
th e  box  by  the  fem ale  averaged  tw o m inutes 
(range: 1 -7  m in ; 10 <  3 m in ; 5 <  one min).

D uring  the  pre-lay ing  periods fem ales 
inspected  different nest boxes (average 3-3, 
range  1 -5  different boxes) and frequently  
re inspected  previously  visited boxes. F ive o f 
seven laid in th e  box th ey  w ere las t observed 
inspecting. Savage (1952) sta ted  th a t feral 
M an d arin s also  visit m an y  po ten tial nest 
sites. A s w ith c o p u la to ry  behaviour, frequent 
nest box inspection  b y  a  p a ir p ro b ab ly  is im ­
p o r ta n t  in  p a ir  b o n d  m a in te n a n c e  an d  
syn ch ro n iza tio n  o f  physio logical condition.

M a n d a rin  fe m a le s  p re fe rre d  e lev a ted  
boxes m oun ted  either on  poles o r against 
trees, despite  th e  increased  difficulty in 
ascending the  ram ps. Sixty-six per cen t o f  all 
c lu tches w ere s ta rted  in  such  boxes w ith only

4%  destro y ed  by  p red ato rs. In  com parison , 
58%  o f  th e  n e s ts  b e g u n  in su rfa c e  o r 
subsu rface  boxes w ere destroyed . N est box 
c h o ic e s  a p p e a r e d  r e l a t e d  to  h a b i t a t  
p reference, w ith  60%  o f  the  boxes used  by  
free-ranging fem ales being along the  w ater 
o n  the  w ooded, hilly, and  m ostly  u nd istu rbed  
e as t side o f  th e  large  lake. D uring 1973 and 
1974, the  y e a rs  w ith the  g rea tes t nesting 
pressu re , 75%  o f  th e  nests w ere s ta rted  in 
seven boxes in th is area.

Incuba tion  p a tte rn s

M an d arin  fem ales began  lining the  nest w ith 
dow n during  laying o f the  last couple o f  eggs 
and  usually  com pleted  it w ithin the  first tw o 
d ay s o f  incu b a tio n  (T able  3). T he 2 8 -3 0  day 
incubation  period  began  during th e  after­
no o n  o f  th e  final d ay  o f  laying. M o st fem ales 
took  th ree  b reak  periods during  early  in cu b a­
tion  w ith the  tim e on  the  nest during  the  first 
d ay  shorte r in the  m orning th a n  a fternoon  
(F igure  5). L ater, b reak  periods o ccurred  
only prio r to  daw n an d  a t dusk . Evening 
b reak  periods (av: 97 m in, range: 5 5 -1 8 0  
m in; n =  9) w ere longer th an  m orning 
periods (av: 80  m in, range: 6 5 -1 2 0  m in; n =  
4). H ow ever, since fem ales usually  h ad  left 
the  nest p rio r to  sunrise  and  as early  as 
0530 , com plete  m orn ing  periods generally  
w ere n o t seen. T he average d u ra tio n  fo r 11 
such  “ incom plete” b reak  periods w as 63 
m inutes.

T he daily  incubation  session for five 
fem ales on  six o ccasions averaged  10-25 h 
(range: 9-5—12 h). F em ales usually  had  
re tu rn ed  to  th e  nest by  sunset and  did no t 
leave during  th e  night.

T he o nse t o f b reak  periods seem ed closely 
tied  to  sunrise  and  sunset. E vening b reaks 
beg an  la te r as spring  progressed . T he five

Table 3. Nesting biology of seven Mandarin females observed during 1973 and 1974.

Year ¥ ? no.
Clutch
size

Egg. at which: 
down inc. 
pulled start

Dur. of 
inc. (days)

Pipping
start

(hours)

Elapsed 
time to 

hatching* 
(hours)

1973 F 0 A 2 7 8 8 8 28 0700 24-30
F 0 A 3 2 8 6 6 29-30 1900 22-24
F OA36 10 10 10
F 0 A 3 1 10 9 10 29 0700 24-30
F 0A19 9 9 9 33**

1974 F 0 A 4 8 13 11 12 30-31 0900 30
F 0 A 4 9 12 11 1 1-12 29-30 1300 35-40

* Hatching time— duration between pipping (when first egg cracked) and when duckling is out of shell. 
** Female killed in first week of incubation— eggs incubated under bantam.
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b reak  periods (3, 4, 15, 16, 18 June) o f  F  
OA35 w ere very  sim ilar in d u ra tio n  (6 0 -7 5  
m in) and generally  began  la te r each  evening. 
In  th e  m orn ing  th e  b ird  left an d  re tu rned  to  
th e  nest earlier in la te  M ay. I t  a lso  w as m y 
im pression  th a t fem ales incubating  in west- 
facing  boxes began  b reak  periods later in the 
evening th an  fem ales in east-facing  boxes.

In cu b a tio n  tem p era tu res in th e  nests o f  six 
fem ales varied  betw een  34-4  and  36-6°C  
(T ab le  4). T em p era tu res  in dow n-covered  
nests generally  d ro p p ed  less th a n  0-5°C  in

th e  first 30  m in o f  an  in cubation  b reak  and 
even during  a  2-5 h r long period  d ropped  
only 2-3°C . W hile fem ale w aterfow l usually  
cover the nest during  these  b reak  periods 
(W eller 1964), M an d arin  fem ales generally  
left the  nest uncovered  on b reak s during  the 
first few d ay s and  th ereafte r show ed no  co n ­
sistent patte rn .

O n  one o ccasion  a m ale w as observed  in­
cubating . A fter ap p ro ach in g  th e  box w ith the 
fem ale, he quickly en tered  while th e  fem ale 
m oved aw ay  and  stood  concealed  under a

date fem ale

18 Jun F 0A31

16 Jun F 0A31

15 Jun F 0A44

15 Jun F 0A31

13 Jun F 0A44

11 Jun F 0A44

11 Jun F 0A31

4 Jun F 0A31

3 Jun F 0A31

1 Jun F 0A44

31 May F 0A31
31 May F 0A32

31 May F 0A44

24 May F 0A19

24 May F 0A23

21 May F 0A30

21 May F 0A44

21 May F 0A32

15 May F 0A23

13 May F 0A36

11 May F 0A19

11 May F 0A35

10 May F 0A23

9 May F 0A23

4 May F 0A31
3 May F 0A31

2 May F 0A23
1 May F 0A23

24 A p r F 0A18

TIME OF DAY

Figure 5. Mandarin female break periods recorded during 1972 and 1973. For mornings when onset of 
break period was not observed, solid line indicates actual periods of observations.

T able 4. T emperatures in middle o f nests during incubation and at intervals during rest periods. Sensing ac­
complished with YSI portable thermister unit.

Temerature (°)

W hen Nest at break intervals (min.)
Date Time Female Ambient Box incubation 30 60 90 150 180 Notes

1972
16 May 1500 0A18 19-0 28-9 36-1 35-7 c
17 May 1715 0A18 26-6 36-7
17 May 1715 0A19 26-6 28-3 34-4 33-9 c
17 May 1715 0A23 26-6 34-0

1973
11 Jun 1850 0A32 31-1 35-6 33 3 32-8 31-9* 35-5 u
l lJ u n 2025 0A31 31-1 35-8 35 3* 36-1 c
15Jun 1853 0A34 3 1 1 32-2 35-8 35 6 up
15Jun 1845 0A32 31-1 32-2 35-6 35 6 35-0 33-9 33-3* 35-6 cp
16Jun 0645 OA32 22-8 35-6 35 1* 38-1 c

* Indicates resumption o f incubation, c =  eggs covered, u =  uncovered, p =  pipping.
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pine tree. B oth  w ere feeding a t 06 0 0  the 
follow ing m orn ing . A lthough  R ollin (1957) 
o b se rv e d  a m ale  W o o d  D u c k  in b a s ic  
(eclipse) p lum age incubating  a c lu tch  in July, 
m ale  in c u b a tio n  is c o n s id e re d  a b e r ra n t  
behav iour in w aterfow l.

D uring  the  fo u r y ears th ree  c rack ed  eggs, 
exhibiting bill p u n c tu res (p resum ab ly  by  the 
fem ale), w ere fo u n d  in the  w ater o r vegeta­
tion  outside  o f  nest boxes. O ne  ap paren tly  
w as crack ed  during  laying and  a rep lacem ent 
laid, while the  o th er tw o w ere c rack ed  during 
incubation . R em oval o f d am aged  eggs o r 
eggshells is rep o rted  for m an y  w aterfow l 
species (review ed by Jo h n sg ard  & K ear 
1968), including W ood D ucks, b u t h as no t 
previously  been observed  in M andarins.

Sp a c in g  behaviour: m ale sociability

M an d arin s w ere very  social during the 
first days follow ing re lease  on to  the  lakes, a 
tim e  p e rio d  p re su m a b ly  c o m p a ra b le  to  
arrival on  b reeding g rounds by  feral birds. 
In itially  75%  o f  th e  free-ranging b irds loafed 
next to  penned birds, bu t th is sociability 
decreased  w ith th e  onset o f  pre-laying and 
laying activ ity  (F ig u re  6). W ith  the  flock 
break -up , m ales began  to  defend only the 
a rea  occupied  a t any  p a rticu la r tim e by  the 
fem ale. T his a rea  w as dynam ic, w ith en ­
co u n te rs betw een b irds often  a t close range, 
e.g. a t a nest box during  inspection  o r laying.

S avage (1952) found  nests o f  feral M a n ­
d arins w idely d ispersed  and observed  pairs 
feeding in fields as fa r as one mile from  their 
nests. H is b rie f  descrip tion  suggests the 
o p e r a t io n  o f  s p a c in g  m e c h a n is m  a n d  
t e r r i t o r i a l i t y  in  M a n d a r in s ,  c o n c e p ts  
rev iew ed  fo r  w a te rfo w l in g en era l by  
M c K in n e y  (1 9 6 5 ) . T h e  n e s t p o s itio n s  
observed  on 3 M ay  1973 ind icate  th a t the 
agonistic  en co u n ters  during th e  pre-nesting 
period  w ere effective in spacing M andarins, 
even in a  lim ited h ab ita t. D o m in an ce  w as 
estab lished  w ithin the  flock based  on pa ir 
b o n d  fo rm atio n  and  a  fem ale’s subsequen t 
a g g re ss iv en e ss  a s  in d ic a te d  b y  in c itin g  
behav iour. M ost agonistic  encoun ters and  all 
fights o ccu rred  am ong  penned  birds.

T he onset o f  incubation  an d  the  use by 
m ales o f  te rrito ria l p o sts  reduced  th e  num ber 
o f  social and  agonistic  encounters. F ro m  
these positions, m ales usually  th rea ten ed  in­
tru d ers  by  assum ing  full-sail p o stu re  and 
p e r fo r m e d  e i th e r  h e a d - s h a k e s  o r  b ill- 
pointing. O n e  m ale rou tinely  patro lled  the 
entire  end o f the  lake in w hich the  fem ale 
nested  and  pu rsu ed  in truders. T hese  pursu its 
often  w ere follow ed by  d isp lays directed 
to w ard  his fem ale. A erial chases, com m on 
spacing  behav iours am ong m ost w aterfow l 
(M cK inney  1965), cou ld  no t o ccu r because 
o f  pinioning.

D uring  early  incubation  the  m ale w aited 
fo r the  fem ale a t a  loafing or w aiting spot 
close to  and  in view o f  th e  nest. F ro m  here he

PRE-LAYING

5 Apr i l  •

6 April ■

PRE-LAYING LAYING

9 April • 3 Ma y  •

13 April ■

Figure 6. Locations of free-ranging Mandarins during the first two weeks following release to the lakes 
on 2 April 1973, during laying period, and during autumn (pre-alternate moult, and alternate plumage 
periods). Points are based on birds’ locations between 1200 and 1300. Out-door breeding pens are in­
dicated by box and contain 8 birds.

PR E -ALTERNATE

10 Sept • 

P O S T -ALTERNATE
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th rea ten ed  or ch ased  conspecifics o f  either 
sex entering  the  area. H e  a tten d ed  th e  fem ale 
during  her b reak  periods, n o t feeding bu t 
rem aining a lert while she fed, ba th ed , and 
preened. S uch  m ale behaviour w ould  be a d ­
v an tageous in th a t fertilization  for any 
second rep lacem en t c lu tches w as by  the 
orig inal pa ir d rake. H e  d iscouraged  h a ra ss­
m ent o f  the  fem ale by  o th er m ales during  her 
feeding periods, and  he m ight vocally  w arn  
her o f ap proach ing  d anger while she w as 
incubating .

W aiting m ales th ro u g h o u t th e  spring were 
m ore to le ran t o f  u n paired  m ales th a n  they 
w ere o f  either so litary  fem ales, paired  m ales, 
o r o th er pairs. T h is also  w as observed  for 
G adw alls by  D w yer (1974), and  E rskine 
(1 9 7 2 )  re p o rte d  co n flic ts  b e tw ee n  m ale  
Buffleheads B ucephaia  albeola  on ly  in the 
p re s e n c e  o f  a  fe m a le .  A s  in c u b a t io n  
progressed , to le ran ce  to  p a ired  m ales in­
creased , except in th e  p resence o f  the  female.

S a v a g e  (1 9 5 2 )  in d ic a te d  th a t  m ales 
s o m e tim e s  a t te n d e d  f e m a le s  in to  th e  
b rooding  period. T his could  n o t be dete r­
m ined in the  p resen t study , since clutches 
w ere  re m o v e d  a t p ip p in g . P a ir  b o n d s , 
how ever, usually  rem ained  s trong  th rough  
m o st o f  th e  first in cubation  period , b u t m ales 
left w ith the  onse t o f  any  second  clutches, 
beginning in late  M ay. I f  by th is tim e in cu b a­
tion  w as com plete  o r the  c lu tch  destroyed , 
th e  p a ir  re m a in e d  to g e th e r  a n d  b e g an  
reassocia ting  w ith o th er p a irs  b y  m id-June.
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S u m m ary

Copulation behaviour of captive Mandarin Ducks 
A ix galericulata occurred primarily in the mor­
ning throughout the spring, except during the in­
cubation period. Most incomplete sequences 
resulted from low intensity male behaviour. Rape 
and promiscuousness were infrequent.

Nest box inspection averaged two minutes, oc­
curred primarily during the morning, and nearly 
always was by the female with the male in atten­
dance. Several potential nesting sites were inspected 
with females usually laying in the last one observed 
inspecting.

Mandarin females nested as yearlings (10-11 
months of age) but with less fertility (78%) than 
adults (90%). Initiation offirst clutches was between 
3 April and 30 May, wity most begun between late 
April and middle May. Yearlings began laying 
earlier than adults each year and were prone to in­
itiate second clutches if the first were removed or 
destroyed. Ninety-four per cent of the eggs of these 
second clutches were fertile. The average clutch 
sizes were 9-8 and 6-6 eggs for the first and second 
clutches of yearling females, respectively, and 8-8 
eggs for adults.

Incubation (lasting 28-30  days) usually began in 
the afternoon of the day the last egg was laid. 
Females generally took three break periods during 
the first few days of incubation but only two (pre­
dawn and dusk) thereafter. They did not leave the 
nest boxes at night. The nest temperature during in­
cubation was 34-4-36-6°C and dropped only
1-2°C during the female’s break periods. Incuba­
tion period of second clutches was between 30 and 
35 days.

Mandarins formed strong seasonal pair bonds, 
which reformed in successive years if both in­
dividuals lived. The strength o f the bond may be a 
result of frequent copulations. Males attend and de­
fend (usually) the female throughout the spring, 
often waiting for her in view of the nest site during 
incubation.
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