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The nesting bio logy of n o n -m ig ra to ry  
Mottled D ucks w a s  stud ied  in 

coasta l Lou is ian a  between
1994 and 1996. Nests were 
initiated in March of each 
year; mean dates of nest 

initiation w ere 30 A p r i l ,  14 Apr i l ,  and 15 
A p r i l  during the three years  of the study. The 

average tim e elapsed between first and last 
nest initiated in a season w as 103 days. Clutch 

size averaged 9.2 eggs (n=307 nests), but dif
fered with nest initiation date and year. Clutch 

size declined w ith nest initiation date at rates of 
-0.03 eggs/day in 1994 and -0.06 eggs/day in 1995. 

In 1994, eggs from  98 nests w ere measured. Eggs, based on the means 
from  each clutch, averaged 54.9mm in length, 40.8mm in width, and 
50.7g. Females (individual clutches) accounted for 51% of the variation 
in egg size. Egg m ass w as not affected by clutch size, nest initiation 
date, or  the interaction of clutch size and nest initiation date. The total 
m ass of c lutches of different s izes overlapped considerably,  wh ich  s u g 
gests that fem ales that make s im i la r  investm ents in the ir  c lutches make 
trad e -o ffs  between egg size and clutch size.

KeyW ords: Anas fuÎvigula, egg mass, Louisiana, timing of nesting
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Relative to North  A m e rica 's  prairie 

and arctic breeding w ildfowl, little is 
known about the basic nesting biology 
of Mottled D ucks  Anas fu lv i g ula. 
Mottled Ducks  are en de m ic  to the 
n o r th -c e n t ra l  coast of the Gulf of 
Mexico and p e n in su la r  F lo r ida  
(Moorman & Gray 1994). They are non- 
m igra tory  and fairly  sedentary within 
th e ir  range (S tu tze n b a ke r  1988). 
Mottled D ucks offe r an in terest ing  
co m p a r iso n  to m ig ra to ry  w i ld fo w l  
breeding at h igher latitudes, because 
they have an extended breeding season 
and nest in mild climates. The ir  nest
ing chronology w as examined by Baker 
(1983) and Grand (1992), but no study 
has examined the relationship between 
egg size and clutch size in this species.

Clutch size and egg size are both 
re lated to fem ale  productiv ity ,  as 
females laying large clutches tend to 
f ledge m ore  young  [R o h w e r  1985; 
Rockw ell  et al. 1987; but see Dzus and 
C la rk  1997), and young hatching from 
large eggs are more likely to survive 
g re a te r  var ia t ions  in en v iro n m e n ta l  
cond it ions (Ankney  1980; R h y m e r  
1988). Both clutch size and egg size 
variation may be affected by a variety of 
factors, inc lud ing  nutr ient reserves, 
body size, female age, laying date, and 
y e a r  (Afton 1984; Duncan 1987a; 
Rohw er & E isenhauer 1989; Es le r & 
Grand 1994; Flint & Grand 1996a).

Lack  (1967) su gg es ted  that an 
inverse relationship between egg size 
and clutch size should exist if egg pro 
duction is l im ited  by the abil ity  of 
fem ales to produce eggs. However,

studies have consistently  failed to find 

such a relationship between egg size 
and clutch size within species or popu
la t ions of w i ld fo w l  (Duncan 1987b; 
Rohw er 1988; Rohw er & E isenhauer 
1989; Flint & Sed inger 1992; Flint & 
Grand 1996b). However, t ra d e -o f fs  
between clutch size and egg size can 
occur at a population level, even w ith 
out an inverse re lationship between 
egg size and clutch size (Flint et al.
1996), and extensive overlap in total 
c lutch mass fo r  c lutches of different 
sizes would  indicate that trade -o ffs  are 
occurr ing  at the individual level (Flint & 
Sed inger 1992; Flint & Grand 1996b).

In th is  s tudy  the re la t ionsh ip  
between Mottled Duck egg size and 
c lu tch  size is exam ined . Nesting  
chrono logy and seasonal variation in 
c lu tch  size a lso are described . 
Information about Mottled Duck breed
ing biology are compared with those of 
o ther North Am e r ican  wildfowl, and 
nesting chrono logy  data are examined 
with respect to rainfall,  and compared 
to other Mottled Duck populations.

M ethods

The study w as  conducted on islands 
in the Atchafalaya River Delta (ARD), 
Louisiana (29°29'N, 91°17'W). The AR D  
is located in Saint Mary Parish, approx
imately 25km south of Morgan City, 
Louisiana, and has been described by 
Johnson  et al. (1985) and Roberts & van 
Heerden (1982). Islands in the A R D  are 
located in the northern , fre sh w a te r  
portion of A tcha fa laya  Bay. The se
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is lands were formed by natural sed i
ment accretion, and by p lacem ent of 
d red ge -spo il  m ateria l (Roberts & van 
Heerden 1982). On so m e  is lands, 
Mottled Ducks nest at high densities in 
areas dominated by herbaceous plants 
(eg Sotidago sem pervirens} and scat
tered shrubs (eg Baccharis halim ifoÍia ) 
(Holbrook et at. 2000).

Nest sea rch e s  w e re  conducted 
between March and Ju ly ,  1994-1996. 
Nests were located by w a lk ing  and 
'switching' the cover with laths to flush 
fem ales from the ir  nests (H iggins et at. 
1969). A l l  habitat types thought to offer 
adequate nesting cover w ere  re pre 
sented in nest sea rch e s ;  the 
m ethodology included transects across 
all  upland habitats found on islands, as 
w e l l  as thorough searches of large 
habitat patches perceived to be suitable 
fo r  nest ing  (H o lb roo k  et at. 2000). 
Some nests also were located oppor
tunistically. Each nest w as  m arked with 
a num bered stake and its incubation 
stage estimated (Weller 1956). Nest ini
tiation dates w ere  d e te rm in e d  by 
b ack -d a t ing  (date found m inus age 
when found; Klett et at. 1986). A l l  eggs 
were marked so that they could be indi
v id u a l ly  identified. On subse quent 
visits, newly laid eggs and nest status 
were recorded. A ttem pts  were made to 
visit nests once every seven to ten days 
unti l  they failed or hatched. Som e 
marked eggs within nests were depre
dated between nest checks, and so 
final clutch size w as assum ed to be the 
total n um ber of eggs marked per nest. 
In 1994, length (L) (±0.1mm) and

breadth (B) (±0.1 mm ) of each egg were 
measured with dial calipers. Egg mass 
w as  est im ated  us ing  Hoyt 's  (1979) 
equation: mass=k (LxB 2). The constant 
(k) of 0.000551543g m rrr2 was ca lcu lat
ed from mass, L and B m easurem ents  
of nine fresh eggs that each came from 
a different nest. Fresh egg m ass was 
measured using a Pesola spring scale 
(±1.0g).

Rainfall data for each October to 
February period preceding field study 
season s  w e re  obta ined from  the 
National C l im atic  Data Centre (1999). 
Data were recorded in Morgan City (sta
tion 166394, 29°41'N, 091°1 T W ) .  
Louisiana.

In statist ical analyses concerning 
egg size, the mean egg mass of each 
nest w as used because eggs laid by a 
s ing le  fem ale  are not independent 
(Ankney & Bisset 1976). The only excep
tion to this w as the analysis to partition 
egg mass variation into that between 
and within nests. Nests located during 
the laying stage that were abandoned 
or depredated before the subsequent 
nest check, were excluded from analy 
ses, as were nests with a clutch size of 
less than five eggs. C lutches of fewer 
than five eggs w ere assumed to be 
incomplete (one o r  m ore eggs lost to 
predators), as the m in im um  clutch size 
reported by Stutzenbaker (1988) was 
five eggs. Nests believed to be para
sitized (Johnson et at. 1996), including 
all  nests with a clutch size >15 eggs, 
w ere excluded from  analyses that per 
tained to either clutch size and/or egg 

size. Analys is  of covariance (ANCOVA)
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w as used to determine effects influ

encing egg mass and clutch size (PROC 
GLM; SAS institute 1990). An analysis of 
variance (ANOVA) (PR O C GLM; SAS 
Institute 1990) was used to determine 
the variation in egg mass attr ibutable 
to individual fem ales and compare t im 
ing of nesting am o ng  years. When 
A N C O V A s  or A N O V A s  were significant, 
a Tukey's Student Range Test, which 
controls the type 1 exper im ent-w ise  
e r ro r  rate at a=0.05, w as used to co m 
pare group means (Freund & Wilson
1997). A l l  means are reported ±1 stan
dard deviation (SD).

Results

In 1994-, 854 eggs from 98 nests 
w ere measured. Eggs, based on the 
means from each clutch, measured 
54.9+1.8(SD)mm in length, 40.8+1.0mm 
in width, and weighed 50.7+3.4g. Egg 
mass was not affected by clutch size, 
nest initiation date, or the interaction of 
c lutch size and nest initiation date 
(F3 94=0.56, P=0.65). For all  clutch sizes, 
except clutch size 14, which w as repre
sented by only one nest, the total clutch 
m ass overlapped with that of other 
c lu tch  s izes  (F ig u re  1). A  o n e -w a y  
A N O V A  using all eggs showed that
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F igure  1. Total mass for Mottled Duck clutches ln=98) of different sizes in the Atchafalaya River Delta, 
Louisiana, USA, 1994. C lutch sizes are presented inside bars. C lutch m asses are in 20g increm ents. 
Stacked bars can represent non-overlapping m asses that occurred w ith in the same 20g increm ent or 
overlapping m asses, w here a la rge r clutch size happens to have less m ass than a sm alle r clutch size 
that occurs in the same increm ent.
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females (individual clutches) accounted 
for 51% of the variance in egg mass 
1^97.756=8-12, P<0.001).

Clutch size data were obtained for 
307 nests. The mean clutch size was 
9.2±2.0 eggs. Clutch size declined with 

nest initiation date [F-\ 301 = 118.14, 
P<0.001) and differed am o n g  yea rs

(P2 301=8 .0 2 , P<0.001). Average clutch 
size was sm a lle r  (8.8±0.19) in 1994 than 
in 1995 (9.1+0.21) or 1996 (9.3±0.17). 
Rate of clutch size decline with date 
also differed am ong years, varying from 
-0.03 eggs/day in 1994 to -0.06 

eggs/day in 1995 (P2 30 1  =6-58, P<0.01; 
F igu re  2).

DAY OF Y E A R -1994

D AY OF Y E A R -1995

DAY O F Y E A R -1996

Figure 2. Relationship between clutch size and laying date for Mottled Ducks nesting in the Atchafalaya 
R iver Delta, Louisiana, USA, 1994-1996.
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Nest initiation dates from 324 nests 
were obtained during the three year 
study period (F igu re  3], The mean nest 
initiation date w as 20 A p r i l  (±26.0 days) 
and the span between the first and last 
nest initiated w as 103 (±19.4) days. 
Nesting chronology varied among years 
[F2 321=13.34, P<0.001 ). A lthough  the 
first nest w as initiated slightly  earl ier  in
1994 than in the other two years, the 
mean date of nest initiation occurred 
later (30 A p r i l  ±33.5) in 1994 than in
1995 (14 A p r i l  ( 20.5) or 1996 (15 Ap r i l  
±17.9). The most prolonged nesting 
season was 1994 (earliest nest on 3 
March and latest on 2 July);  this was

also the season preceded by the most 
ra in fa l l  d u r ing  O c to b e r -F e b r u a r y  
(F igure 4).

in 1994, in traspecif ic  nest p a ra 
sitism w as suspected in four  cases, 
including three nests that had c lutches 
with <15 eggs (described in Johnson et 
aí. 1996). In 1995, nest parasitism was 
suspected  in five cases, involv ing 
c lutches of 16 (n=2), 17, 18, and 23 
eggs. There w as no evidence of nest 
parasitism during 1996. In the first two 
years of the study, suspected nest par
as it ism  cases w ere  scattered  
throughout the nesting seasons, o c cu r 
ring in March, Apri l ,  May and July.
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F igure  3. Nesting chronology of Mottled Ducks at the Atchafalaya R iver Delta, Louisiana, USA, 1994 to 
1996. C irc les indicate nests initiated outside the 10th-90th percentiles, bars indicate 10th-90th per
centiles, boxes indicate 25th-75th percentiles, solid lines indicate median nest initiation dates and dotted 
lines indicate mean nest initiation dates. Sam ple sizes are 111, 102 and 111 nests, respectively for 1994, 
1995 and 1996.
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Figure  4. Cum ulative ra infall for m onths October to February in Morgan City, Louisiana, USA, 1993 to 
1996. Data were obtained from the National C lim atic Data Centre (1999).

Discussion

The estimates of Mottled Duck egg 
size presented in this paper are the first 
estimates based on complete clutches 
and large sample sizes. A l l  egg d im en 
s ions w ere  s m a l le r  than prev iously  
m easured  (S tu tze n b a k e r  1988; 
Moorm an & Gray 1994). The  coefficient 
of variat ion for mean egg m ass in 
Mottled Ducks (6.7%) approaches the 
lower range of that reported for most 
prairie and arctic nesting w ild fow l (7%- 
11%) (R ohw e r 1986; Duncan 1987b; 
Flint & Sed inger 1992; Cooke et al. 
1995; F lin t & Grand 1996b).

Approx im ate ly  51% of the variation in 
egg mass w as attr ibutable to d iffer
ences between ind iv idua l fem ale  
Mottled Ducks. O th e r  s tud ies  (six 
species) using the same methods to 
partit ion e g g -s iz e  variance  to that 
between and with in nests (or females) 
have found that ind iv idua l fem ales  
account for 60% -  83% of the variation 
in egg mass (Rohw er 1986; Rohw er & 
E isenhauer 1989). It is possible that 
som e nest parasitism (which was esti
mated to be at least 5% on som e 

islands in the study area; Johnson  et al. 
1996), went undetected and may be 
co n tr ibu t ing  to the g re a te r  w ith in  
clutch variation in Mottled Ducks.
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S im ila r  to studies of more northerly  

nesting w ild fow l (Rohw er 1986; Duncan 
1987b; R oh w e r  & E isen hauer 1989; 
Flint & Grand 1986b, 1999), a trade-off 
between egg size and clutch size in 
Mottled Ducks  w a s  not detected. 
Flowever, there w as  considerable over
lap in to ta l m a ss  fo r  c lu tch es  of 
different sizes (F igu re  1), which su g 
gests  that phenotyp ic  t ra d e -o f fs  
between clutch size and egg size do 
occur am ong fem ales that make s im i
lar investments in the ir c lutches (Flint 
& Sed inger 1992). In other words, dif
ferent fem ales tend to partition their 
re so urces  in d ifferent w ays  w ith 
respect to egg p roduction  [F lint & 
Grand 1996b,1999). Ann u a l variation in 
environmental conditions, as is co m 
mon throughout much of the Mottled 
Duck's range (M oorm an & Gray 1994), 
can potentially lead to annual variation 
in optim al egg size (Ankney & Bisset 
1976; Flint & Grand 1999), and may 
explain the trad e -o ff  observed in this 
study. Extensive overlap of total clutch 
mass (or volume) for  c lutches of d iffer
ent sizes, has also been documented in 
Northern  Pintails  Anas acuta and Black 
Brant Branta bernicla  (Flint & Sedinger 
1992; Flint & Grand 1996b), but not 
Greater Scaup Aythya marita (Flint & 
Grand 1999).

R ohw er (1992), reviewed hypotheses 
perta in ing  to sea so n a l dec lines  in 
clutch size. He concluded the two most 
p laus ib le  e xp lana t ions  fo r  s m a l le r  
c lutches later in the season are; (i) 
recru itm ent rates are lower for later 
hatched young (Drent & Daan 1980),

and (ii) laying sm a lle r  c lutches later in 

the season a llows females to decrease 
the in te rva ls  between re -n e s t in g  
attempts. The second hypothesis is not 
independent of the first, because it 
implies that laying sm a lle r  clutches 
should a llow  females to re -nest earl ier 
and m ore f requent ly ,  w h ich  also 
enables young to hatch earl ier  in the 
season. Many of the nests found later 
in the season in this study were likely to 
have been re -nests  due to moderate 
nest failure rates recorded on the study 
area (Holbrook et at. 2000) and the long 
nesting period. B r iggs  (1993) su gg e s t 
ed the rate of clutch size decline should 
decrease in ducks nesting in more 
so u th e r ly  la titudes. C lu tch  size of 
Mottled Ducks, however, declines at a 
rate near m id -ra n ge  of that reported 
for North  A m e r ica 's  more northerly  
p ra ir ie  nesting dabbling  ducks 
(Lokemoen et at. 1990).

A lth o u gh  nesting ch rono logy  d if 
fered am ong years, the earliest (1995) 
and latest (1994) mean nest initiation 
dates were separated by only 16 days. 
In contrast, in a th re e -ye a r study along 
the Texas coast, yearly  differences in 
mean nest initiation dates were >60 
days, with no overlap in any nest initia
tion dates during  two of the years 
(Grand 1992). During a tw o -ye a r  study 
in s o u th w e s te rn  Lou is iana, yea r ly  
means for nest initiation dates were 
separated by approximately  one month 
[Baker 1983). Grand (1992) suggested 
that rainfall  during the months October 
to February w as the most likely factor 
in f luenc ing  t im in g  of nesting, as
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fem ales nested latest in a year  when 
ra in fa l l  w a s  lowest d u r ing  these 
months. In this study, nesting started 
slightly  earl ier  during the season fo l 
low ing the g reatest O c to b e r  to 
F e b ru a ry  ra in fa l l ;  a lso, nesting 
occurred over a period that w as two 
weeks longer this season than during 
the two seasons that followed the drier  
w inters  (F igures  3, 4).

A lthough  rare, Mottled Duck nesting 
a ttem pts  have been docum ented in 
F e b ru a ry  a long the Texas coast 
(Singleton 1953; S tutzenbaker 1988). 
Therefore, there is a possibility  that a 
v e ry  s m a l l  n u m b e r  of nests  w ere  
missed . Flowever, back -dating  (K lettef  
at. 1986) did not suggest that any of the 
nests found during March were initiat
ed in February. February  nesting, if it 
occurred on our study area, was proba
bly uncom m on.

Monitoring a marked population, as 
w e l l  as obtaining est imates of body 
size, would  probably provide fu rther  
insights into the factors that influence 
egg size, clutch size, and tim ing of 
nesting (Cooke et at. 1995; Flint & 
Grand 1996b; Boon & A nkn ey  1999). 
Flowever, it should be noted that a 
sm a ll  num ber of incubating females 
that w ere  handled for an associated 
study, a ll abandoned the ir  nests (R. S. 
F lo lbrook, unpubl.  data), S im ila r ly ,  
Baker (1983) found high rates of aban
d onm ent in fem ale  Mottled Ducks 
marked with radio transm itters  during 
nesting. C onsequently ,  a t te m p ts  to 
capture fem ales should be made prior 
to the nesting season.
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