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ABSTRACT .

In this study, I collected 130 adhlt male mallards from
populatiéﬁs in southern Manitoba, Séskatchewan and Alberta
to document *heir moults and to determine the rélationship
between theée moults and ¢hanges in vériousrph?sical |
parameters.

A description of the moults was based on feather

~replacement in various pterylae. Using colour.

charac:etistics.of contour feathers and follicle appearance,
viewed from the dermis, it #as possible to describe seven
A‘ .

discrete moult classes and to trace the seguence of reather

replacement.
Bodf weigh£ remained constant dhring the moults.
Nonetheless, pectoral muscle ueigﬁts declined significantly
while ieg weights increased significantly duging'the.,
flighfless pegiod,‘a phenomenon likely related to the :

changing locomotory role of the tvq/ﬁhscle complexes.

Testis regression was clesely correlated with the onset

.of the prebasic moult, suggesting that the cessation of

breeding activity was at least indirec;ly related to the
initiation of the prebasic moult.
Heart weight declined significantly in flightless -

birds, probably because of decreased exercise.

iv



Livér weights increased in post-breeding mallards, a$
did other components of the digestive system. The
veight-length characteristics of tﬁe gastro—intesfinal tract
inéreased during tﬁe moults, a trend likely relétéd to
changes in quantity and/or quality of the diet to one
containing a dgreater prbportion of high fiber foods.

Subcutaneous 1lipid depots were lowest in;bréediné )
bi;ds,'increased significantly during the prebasic body
mtht,'with a temporary but significant decrease in
f;ightless birds. Carcass lipid depots décreased in
flightless sifds but nbt,significantly, sﬁggesting that
subcutaneous lipids were metabolized before carcass
rasefves. The decreése in‘lipid reséfves d&ridg the
flightless period élso indicates that total energy intake
vas insufficient. to sustain the depot levels.' The buildup
of 1ipid reserves brior to remige§ moult is‘probﬁbly an
adaptation-té pfovide flightless mallards with an energy
reserve to supplément food intake during é period when their
mobility is imhibited.

Total protein reservés did not change'signifiqantiy
through the study. This suggests tﬁaf the protéin deiénds

"during the moults were adequately met by the diet.

&
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INTRODUCTION

Members of subfamily Anatinae moult-twice annually: a
prebasic (post-breeding) moult that replaces alternate
{breeding) plumage with basic'(eclipse) plumage and a
prealternate .moult that is the converse (Humphrey and Parkes
1859) . Mos;'spécies of dabbling ducks moult bnvé; near the
breeding grounds; some undertake "moult migrations" to
traditionally used moulting areas, for example, the Delta
narSh in'§outh-central Manitoba (Hochbauﬁ 1955, 1959,
Salomonse; 1968). Such marshes provide the necesséry
requirement§ for these ducks during various stages of the
moults: food, permanent water and protective habitat
(Hochbaum 1955, Oring 1964, Salomonsen 1968, Kortegaard
1974, Tamisier 1974). | )

Several authors have‘prOVided generalized descriptions
of anatid plumages (Millais 1902!"1913, Dwight 1914,
Phillips 1922-1926, sutton 1932, Stresemann 1948, Salomonsen
1949, Kortright 1953, Heiler~1957, Délaéour 1964, Bellrose
1976, Palmer 1976), but“tbeir sequénce.and’duration have'pbt
"been well documented.

Among the Anatinae, genus Anas, the best description of ™
plumages and moults has been provided by Qring (1968) for

vgadwalls (Ahas strepera). Por mallards (Anas

platyrhynchos), plumage sequence has been aliuded to onlyA
briefly (Jackspm.1915a, b, Hochbaum 1959,~J9K§spn 1961) and

descriptions of moults have dealt primarly(with the remiges



(M1llais 1402, Heinroth 1111, Timmeomann and Lebret 1957,
Veseloveky 1954, Boyd 1961, éalat 1970 .

The two moults 1in mallaras occur within a 5 to b month

A

period. As with all birds, these moults increase the bird's
enerygy rTequirements (Kendeigh 1949, Bla~kmore 1969, Payne'
1972, Thompson and Boag 197%6) and may 1mpose nutrltlonal
stresses that result 1in depleted body re7erves as suggested

J
by Hanson (1962) for Canada,K geese (Branta canadenSLS).

With fewvexceptions (Hanson 1962, Harris 197Q),kbedy- ‘
weight alone has been used to describe body eonditien in
vaterfowl (Hohn 1947, Folk et al. 1966,.Hay 1974) . “Hanson-
(1962) used body and muscle weights, as mell asvsunjectiVely,u
measured-fat deposits to describe body condltlon in Canada
geese. Harrls (1970) attempted to relate blood components
to body weight as a measure of condltlon in.breeding
blue-u1nged teal (Anas gigggrs) ;More;recently, Evans, and
smith (1975) suggested that llpld and proteln eserves be‘
considered as separate 1nd1ces of body condltlon 51nce tbey N

& .
are not necessarily depleted 51multaneously. Although

logical, neither the mndlces, nor. the technlques fot
deriving them have been used to evaluate‘eondition in ;
imoultlng uaterfoul.

In llght of the volume of llterature descrlbing the
mallarcd, it 1s surprlslng ‘that 1ts plumages, moults, and
’related'physioloqlcal characterlstlcs have not been |

investigated in.more detall. In an at*empt to flll this

information.gap, I quantlfled some cbaracterlstlcs of the
. -~

~
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moults of adul* male mallaids. .

The mdlldrd was chosen because of 1to uide dlSt[ibuthh
and local abunddnce in the study area J;he Deltd Marsh,
QManitoba). Adult males uece chosen because, 1) thelr'
'plumégesAuereidistincﬁ and ehanges uere easily quantiried,
2)f:eprodu¢t10n likely would have less 1mpact on thelir moult
and body‘ceudition.;han on feuaies (Calverley and Boag
1977); and 3f adult-ma;es could be‘d;sfinguished froam
juveniles into the laﬁe autumuithus elinina{inQ’inherent'

dlfferences be;ueen age groups.

My ctudy addressed thg tollowlng- 1) characteristics ot

Ay t

alternate~to-b351c-t04alternate sequence ef plumages,.Z)
tlmlng and duratlon ot the moults and 3) plunage “
characterls‘lcs as related to the follovlng anatomlcal
: . P
parameters: |
-é) ueightvand composition, of‘the vhble carcuss,
bf welght‘and COmpOSlthD of major pectoral and- -
.e' ieg muscles, |
é) status of phe reproductiyeusystem,
-'df weight and lengthiof‘Various organs,
t‘sg,_t; uiarly-of ;he“digesiive systen,
v 1 pid and protein reserves as in.ices of

ceC it on.



Mz HOUDS

This study was based on *+he physical charaCterlstics ot
130 adult male malldrdc collected between 5 May and 238
Qctober, 1970 from the Delta Marsh in south- central Manitoba
as well as, Saskatéheuan and Alberta. The maxrsh,
encbmpa551n} dpproxxmately 4,800 hectares of shallow bays

separated'by;stands of giant reed (Phraqnltes austrdlls) ’

has been cezcribed in detail Dby Hochbaum (1355)'and Anderson
and Jones (1975) .

puring fhe.reproductivé period (May through early June)
 ﬁale mailardé‘fréquented the open water ané edges‘of ponds
and baYs ;hére they vere collected with a shotgun and decoy
‘fraps jDeltd ﬂatetfovl Research Statidn'Unpubl. data) . |
Houevér,fhheﬁ,ﬁhey-apprOachei tﬁe\flightless‘périod they
moved,inté the intétior of'the marsh and once flightless,

r*equen ed dense stands of giant - reed, hardstem bulrush

(§g££9_§ acutus) ., and cattall (Txpha latlfolla) >Dur1ng

“this period they vere secretlve by day, nece551tat1ng
collectlon at nlght usxng mOdlflCdthDS of techniques
described by (Cumplngs and Hewlt: 1964._Blshop and Ba;ratt .
11969) - . i~:'~‘.‘ B | ) g'
. Thelr 'echnlques were modlfled to 1ncrease the
effiéiéncy of caoture in the folLoalpg uays: t¥O Iloodlamps
with 500 watt gquartz iodide bulbs (General Electric) vere
>perhanently moun*ed on. the bov of an alrboat and suppl*)a

Y

with pové:"ffém a 1500”wétt gasfpoye;ed Honda gene{ato: A
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hand-held spot-iamp with a 110,000 candle power aircratt
landing lighting (AC Sparkplug Co.) was operated by the
driver and connected to the 12 volt electrical'system of the

boat.

Male mallards were located by manoeuvering through bays
and channels on dark, caln nigh*s./ When a bird was sighted,
the driver positioned the poat paréliel to the pird while
concentrating the spot—lémp directly on the birdf An
assistant, located in the pow, then»scooped‘the bird\put'éf
fhe water with a loné-handled landing net. Once in- the
boat, birds vere killed immediétely by injecting 10 ml of
95% ethanol 1into the brain. To prevent decomposition%of
‘food -items. 1n the ésopbagus and proventriculus,‘éo ml bf 70%
Aethéﬂol»uere in jected into the esophagus which was theh-tied
 bﬁf anteriorly.

tollecfions continued this way, and with a_Sho;gun,
ﬁntil early Séptember; thereafter, personnel at the Statién'
shot hale maliards from the Delta Marsh uﬁtil they migrated
in late October. The .autumn sample was'suppleménted by
Birds collected in soutbein Saskétcheuan and Albe}fa.

The.fbllowing information.was recorded from each bird:
_date;’time of day, location and social status {unpaired,
paired or flocked) .. Autopsies were performe@ in almost all
cases uithiq 12 hours of colleétion; during this intérval,
birds were stored in a refrigérator:

Each bird was skinned'(Biliard and Humphrey 1§72). The

s! 1 was weighed, scrdped of excess fat, dried flat and



caved tor futuie reference.

A description of the moult was based on a record of
feather replacement on thekflat skins. | An outline of a
mallard skin (Fig. 1) yas‘traced onto_a glass platerand
subdiviééd onté the sectious conforming to 6 feéther tracts
described by Humphrey and Clark (1961) and Blllard and
‘Humphrey (1972). Each section was then further subd1v1ded
to aid in following-the moult within éach feather tract
(Fig. 1). This transparent ouéline enabled me to count the
numbér‘of blood quillé-of‘debeloping contour (pennae) andA‘
down feathers in all but the capital tract where these two
types of teleoptiles could not be dlstlnqulshed. The actual
nunber of developing feathers was expressed as a percentage
’of the maximum number of blood quills ever recorded in that

1

area: Values were then coded in the following fashion:

Percent of maximum number of blood quills Code

a

<0 _ 0
1 - 20 1
21 -.40 . 2
41 - 60 -3
61 - 80 S 4

™ , 31 - 100 , -5






gure 1. Outline of mallard skin displaying the six
feather tracts on left and subdivisions within
each tract on right. Subdivision 32 is part of
" tract 5. Cross-hatched regions represent
_ position of wvings and legs. PFPeather tracts:1 -
. capital (head and neck); 2 - ventral {sides and
" flanks); 3 - anterior ventral and spinal (upper
breast and back); 4 - mid ventral ( breast and
belly); 5 - spinal-scapular (back and mid rump);
6 -~ posterior §pinal-caudal {abdominal and
caudal). ' '
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The score ror each tract (tract score) was derived by
summing the coded scores for each ;rea within that tract.
Beq;use of feather density in the capital tract, actual
counts were not feasisle. Therefore, I assigned a code +“hat
ranged from 0 to 3 based én general'observations of moulting
intensity in *his tract. A total mouwlt score uasbobtained
through addition of all six feather tract scores.

All flat skins were then‘examined for external plumage

A ’
characteristics vhich would facilitate separation of the
sample into discrete groups or ﬁoult classes (m. c.) =
(Tablé 1) . Using this technique, it was difficult to
distinquish between only two of the seven moult classes.
Externally, bodj plumage was similar in m. c.-4 and 5,
houever, birds with wing lengthslghorﬁer than 20 cm
invariably bélonged to m. c. wQ -

Skins weré.then examined intérnaliy to note the
relative'diét:ibution of developing feathers (biood'quills).
Based on these obséfrations, it was posséble to confirm_thé
establishment of seven separate moult classes (Taﬂle 2) .

Characteristics of the carcass and igs component parts
réflectihg’the physiological state of the bird; vere |
irvestigated by weighing, measuring;rand analyzinéqur
lipid, water and protein content. The pectoral musclesl(g.

pectoralis, M. supracoracoideus, M. coracobrachialis) were

removed; freed of adhering rat and weighed. The leg
(iﬁc;uding femur, fibula'and tibiotarsus) and aSsociated

musculature were dissected free and wéighed. Since bone

jng



‘Table 1. FExternal plumage characteristics ot adult
male mallards in the ceven moult classes

Moult " External.Characteristics
Class ‘
1 Metallic green head with white neck-collar. Chestnut

brown chest and pearly grey sides. Brownish back and
. black rump. White outer and black central rectrices.

2 ~,S5ame as 1 except feather wear is prominent in
" rectrices and tertiaries. Some feathers of basic
plumage on sides and flanks.

3 Head and neck with a mixture of green and brown. Less
distinct neck-collar. Numerous brown feathers of the
basic plumage present on all regions of the

- body. Much feather wear.

4 Mottled brown body plumdge gives bird a
female-like appearance except for darker head. .
Some rectrices and all remiges in early stage of

reneuai.
. P
‘[ .
5 =~ Body plumage same as 4 but remiges nearing completion.
- , ,
; o
6 'Head.add neck and upper breast in basic plumage but

sides and belly nearly in alternate plumage.
i ; ‘

- {

7 " Essentially the same'as 1 except for a few isolatead
' areas of basic plumage on head, neck and upper
breast. Most alternate rectrices completed.

v

10



Table 2. 1nternal plumage characteristics of adult
male mallaide of the seven moult classes

Moult : Internal Characteristics
Class '
1 ° ©No new contour feathers (blood quills) in

any feather tract.

2 Follicles in' lateral :egions'of ventral tract
possess developing contour feathers of basic plumage.

3 Growing contour and down feathers of the basic
plumage apparent in follicles of all tracts.

4 Growing contour feathers of the basic plumage,
if present, confined to the posterior spinal
tract. No growWing down feathers present

Growing contour feathers of the alternate
plumage apparent in follicles of the posterior
spinal and ventral tracts. Large concentrations,
of down feathers in follicles of ventral tracz.

) Numerous growing contour and-down feathers of
alterr e plumage in medial region of ventral tract.

v

7 - Growing contour follicles of the alternate :
plumage confined *o capital, ventral and caudal i
tracts. No or few growing down feathers present.



Wwelghts rgma;ned static throughout the year, the initially‘

weiqhgd samples aBEquaroly refiected muscle weigh*s,

° Four sketetal measurements were taken to calcﬂlate tne
area of pec*oral muscig;attachment (Evans and Smith 1975) : -
a-length of sternum, b-depth of the Cariha y C-distance rrom
the base of the carina to the distal end of the Coracoid,f
d-maximum width of the sternum. The standard Volhme fér the
muscles was then described by the formula:AV=b(ad+d.a33cé)
(Evans and Smith 1975) . Lean dry weight of +the pectoral-
muscles was expressed as a percentage of the standard area
of muscle attachment. A secbnd muscle indek, also propoéed
by Evans and Smith (1975), was calculated by expressing the
lean dry weight of the pecio;al muscles as a percentage of

‘the'lean carcass weight: This 1index should not change'if
;hanges in muscle weight reflect fluctuating water content.

The sternu; wvas removed to facilitate dissecti?n Qf’fhe
fgllowing oryans: hearct, liver, gizzard, }ntestines; caéca
and teétes. 'The weight-length charactefiétics‘of these.

:organs were recorded‘, the testes—-also being fixed in

9

.Bouin's solution. The remainder of\phe carcass was frozen
- for future analysis. @

' The 1lipid content of the carcass and one set of
pectoral muscles was determined Separafely through a.lipia
extfaction technique; 'A‘éample_(ZO gramS)‘of'pectoral
muscle was sliced while frozen ané evaporatea to dryness in
a vacuum oven at 709C for 18 hours. This procedure gave dry
welght frém thch moisture content of ihis muscle mass also

i
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could bLe calculated. Thils tissue was pouderéd’with a mortar
and pecstel and refluxed with petroleum ether (B.P.=300 -
600C) for © hours in a soxlett extractor. The ether
extractable lipids were collected in pre-weighed flasks, the
ether evaporated over a.stéam tath with the quantity of
lipid residue de*ermined gravimetrically. Prior to
welghing, flasks were dried at 700 - go0ocC fof 5 minutes and
cooled to room temperature in a dessicator (Medford 1976).
.» - Carcass analyses for 1lipid content were also conducted.
The carcasg.minus skin, feet, livgr,'testes; small and'}arge'
intestines, and one set of leg .and pectoral musculatqre was
ground in a commercial meat grinder and then weighed to
obtain a wet carcass weigh*. The resulting méss was then
homogenized in a éommercial Waring blender; a subsample (25
gréms).was evaporated to dtyness in a vacuum oven for 24
hours at,70°C to. obtain dry wéight and moisture content of
the sample. The dried tissue was then analYéed for lipid
content in the same fashion as described for the pectoral
musculature.. Carcass lipid content was expressed as a
percentagé:of dr; weight('total carcass lipids) and wet
weiéht (lipid index). Protein content was calculated from
tissue ueighf minus water and lipids. With each extraction,
a standard and a biank was run through the refluxiﬁg
‘pfbcedufe to determine variation between extractions.

Variations between extractions were no+ significant (P >

0.05) .



A one-way gnalysis of variance using Duncan's Multiple
T \ , )
- \ o .
kange Test a+v +the 0.01 probability level was used to
establish whether moult classes were significantly different

from each o+tner (Nie et al. 19795).
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RESULTS AND DISCUSSTION

plusage Keplacement in Adult #ale Mallards

Until recently, ‘most authors have subscribed to
Dwight's (1902) system Ior naming plumages and moults.
Humphrey . and Parkes (1959, 1963) proposed a new system .that
named moults on the basis of incoming plumages, a systen
which is now widely used partly because of the supportive
evidence presenféd by Watson (1963). This method for naming
plumages and moults will be used ﬁhroughouf thé\follouing
discussiqn of mallard moults: a prebasic (posp-nuptial)

- ;

moult replaces alternate (nuptial) plumage with basic

(eclipse) plumage and a prealternate modlt that is the

converse.
- Moult of Body Feathers

‘Total moult scores for both contour and do%? feathers
were plotted égainst moult class (Fig. 2).- For the contour
feathers, the moult.scores Hereisighificantly different (P <
0. 01) among moult classes ex:¢ D% for 2 and 4 and 6 and 7;
these 1nternally similar moult classes were separated
readlly by external examination {Table 1) and collectlon
date. HMale mallard§ in m. c. 2 differed from those¢in
m. C. 4 1n almost. all exte;nal features: birds in m. c. 2

were essentially in full alternate plumage, while m. c. 4
. . v






Figqure 2.

Total moult scores™for each moult class of adult
male mallards. Total contour scores (upper).
Total down scores (lower). Figure illustrates
mean and 95 percent confidence interval p
Duncan‘'s Multiple Range Test at the 0.01
probablllty level was .used to establish whether
moult classes were 51gnlf1cantly different from
each other. Numbers sharing a-line beneath thenm
vere not significantly different. Numbers in
parentheses indicate sample size for each moult
class. ..
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‘birds were flightless and in basic plumage. Birds in
- C. t'were distinguished from *hose in m. c. 7 in

t

possessiﬁg extensive areas of basic plumage in the upper
chest,_neek and head regions in contrast to a few isolated
regions in an almost complete aiternate.plumage.

The periods “of heaviest contour feather replacement-
corresponded with m. c. 3 and 6 (Fig. 2), the prebasic and
prealternate pody moults. Furthernore; among flightless
bi;ds (n. c. a_andVS), new pennaekwere minimal and largely
confined to the alar and caudal tracts. .

2

The replacement of the down feathers appeared to be a
more gradual process:than'contour feataef replacement
(Fig. 2). Nonetheless, it was possible to distinguish
between the moult classes in question by considering a
comblnatlon of external characterlstlcs (Table 1) and
collection dates. Birdé in m. c. 2 could be differentiated
from those in m. é. 7 on the basis of HOra feathers: the
primaries, tertlarles and rectrices were extremely frayed in
m. C. 2 whereas they were in good condltlon in m. c. 7.
~Blrds in m. c. 3 were still flying and were characterized by
a conblnatlon of alternate and - basic plumages uhereas birds
in m. c. 4 were in the 1n1t1al stages orf the flightless -
perioq ‘and possessed complete basic plumage. post birds in
B, c. 5 were still flightiess but some were flying if their
uing‘lengtas exceeded~25f20 cm. By contrast, all‘birds in

R. C. 6 were rlying and displayed‘areas of new altermate

Plumage on the sides and belly.

~
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Down replacement -was concentrated mainly in m. c. S5 and
6. This suggested that whereas contour feathérs were
ireplaced fuice in 1apid sucéession, most down feathers
appeared to be reblaced cnly once, primarly during the
pcealternate moult.

“While total ‘moult scores were useful in separating
moult classes, fhey did not pfovide information on feather
growth 1in individual feather tracts. >Contoﬁr and down tract
scores tor eaéh moult'class were therefore plotted against
individual feather tracts (Figs. 3 and 4). ‘The general
pattern and 1ntensity of contour featheg’moult were similar
(P > 0.05) for m. c. 3 and 6 as well as m. c. 6 ahd 7
(Fig. 3). Uﬂ%il m. c. 3 and 6 , down replacement was
minimal in all feather tracts (Fig.  4), once again ‘<
suggestiﬁg tﬁat most down was replaced early in the
prealternate moult. )

These ~ata show that, for a given moult éléss, new
feathers were reélgced with different intensity in each
feather tract. Thus it was possible to characterize the‘
intensity and distribution of the moult for each moult
élass. |

Differences existed betyeen feather tract scores not
oniy uithin‘given_moult‘classes.(Figs. 3 and 4) but between
‘moult classés as ‘well (Figs. 5 and 6). These differéncés (P
ﬁ Q.O1y were most ob#ious in contour tracts 2 and 4 (Figs. 5

.and 6). This fact, coupled with the differences in total-

moult scores (Fig. 2) provided quantifiable evidence
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Figure 3. Tract scores for contour feathers in each feather
tract of adglt male mallards. Transition refers
to a transitional stage when birds are moulting
‘from one plumage to another.Basic and alternate
refer to plumages.
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Figure 4. fract scores for down fedthers in each feather
‘tract of adult male mallards. ‘ .
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Figure 5. 1Individual tract scores for contour feathers in
i each moult class of adult male mallards.
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Figure 6. Individual tract sScores for down reathers in each
: moult class of adult male mallards.
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supporting the establishment of the seven moult classes.

- : Moult of the Alar Tract

The :emlgeé were n&f los;vin any particulag order; 1n
several situations I capfured adult drakec which were
shedding remiges as they flapped across the water. This was
sgmilar to reports by Hochbaum (1959), Weller (1957), oring
(1968) and Balat (1970). All remiges were lost within a few
days, and the sequehég of replacement varied only\slighqu:
I observed that the proximal primaries were renewed slightly
earlier than the distal priqﬂ%ies, similar to the seguence
in redhe;és (Weller 1957). 'In most cases, the primaries
erupted 51multaneously but there was evidence of
differen+ial grouth rate among them. Based on ﬁeasurements
of ‘length, the proximal prlmarles, with the exceptlon of
number 1, grew more rapidly than the.distal Qneé (Fig. 7).

Primary (greater) coverts, both upper aﬁd lower, Were
retained until after the‘remiges-uere lost, their’
réplacement being quite vériable. Median and lesser coverts
were replaced last and often over an extensive period of
time,'a‘phenoménon also reported for redheads and gadwalls
(Weller 1957,:Oringv1968). )

Mallard drakes.are flightless for 5 tgya weeks
(Hbchbaum 1959 Boyd 196]} Balat 1970).and are capablevof

fllght before the primaries are fully grown (Balat 1370,

palmer 1976, 8.p.J. Batt pers. comm.). Batt reported that






Figure 7.

i

Length of adult male mallard primaries as a.
percent of definitive length in 12 individuals at
different stages of primary growth. L
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captive drakes were capable of flight at wing chord lengths
of 25.to0 26 cn. This corresponds to a ninth.primary
(longest) length §f‘13.5 to 114.5 cm or when it has.completed
70 to 75% of its growth. At this stage, the proximal
primaries have grown to at leas£ 80 to 85% of their

‘definitive length (Fig. 7).

Pattern and Sequence of Moults

_Based on both external and internal evidence, it was
possible to describe_seven moult classes and trace the
sequence of feather replacement from May fovNovgmber
(Figs. 8 and 9)1 No blood quilis of the basic'plumage were
observed until the third week of‘ﬂay’vhen pennae were rfound
in the:head, sidés,‘flanks and mi@grump. . This situation,
typical of m. c. 2, Qas observed into mid-June in paired
birds. Heavy prebasic moult of pennae ih all tracts
(R. c. 3) was noticed as early as late May in some males but
not until mid}&uly in others. The prebasic moult was
essentially complete by the time,males‘were>flightless
(n. c. 4), .

Hhiié £he réctriceé were not lost'simult&neoﬁsly;‘at
least some were lost before the remiges were dropped. This
$equence was similar to the~obServations‘of Weller (1957)
for rédheads an@ Oring (1968) for.gadﬁalls. I observed_that

the remigesbwere not lost in any particular order but -

generally followed loss of tertials and a few rectrices.






*igure 8.

Distribution of blood qullls on 1nternal surface
of male mallard skins of the various moult
classes. Lined regions represent ‘areas
containing developing contour and down feathers.
Dotted regions represent concentrations of
developing down feathers. Cross-hatched regions

represent position of wings and legs. Open,
.unnumbered areas represent apteria. Moult class

1 is not illustrated since no developing feathers
were present. Transitiomarefers to a
transitional stage when birds are moulting from
one plumage to another. Skins representative of
the moult classes are located at the University
of Alberta, Department of Zoology museun.
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Figure 9.

)

Distribution of moult classes over tinme in adult
pmale mallards. Figure illustrates mean, 95%
confidence limits and range. Month and day of
the year are shown on the Xx axis.
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During the ed:l; flightlesé stage, the last of *he prebasic
body moult was compie£ed, giving -the drake a female-like
appearance,typical of the male baéié plumaée. The tfirst
flightless male was captured 1in early{July but flightless
drakes were observed in mid-June and have“beén reported even
earlier (Hochabaum 1959). The peak ot the flightless period
was in July buf flightless_adult males were cdptured int;- \
the last week of August.

As remiges neared lengths where flight was possible
(ving chord of 25 tb 26 cm), the prealternate moult ofﬁ
contour and down feathers commenced. Moult class 5 was
characterized by large numbers of developidg down follicles
in -the sides and flanks, lower breast and belly but only |
small concentrations of aLtéfnate pennae in the pmid-rump and
ﬁack (Fig. 8) . Extensi?e down replécement in August 1in
mallards coqcurred with observations by 0ring (1968) on down.
replacement in gadwalls. While down was usually closeiy,
associated vithgcontour feather ﬁoulﬁ, such was not the case
in m. c. 5. . -

Most'birds wére capable ot flight by‘mid-August, a time
" when the prealternate moult of pennae and down was prominent
ventra;ly and ‘posteriorally (Fig. 8) . This stage, referred
tofaé . C. 6,.uas encou%}ered in late July but drakes with
.neﬁly Qroun rémiges were observed earlier in the month. JBy
this stage, Trectrices of the basic plumage uerergenérally
cohpleté and portions of the gentfa; tract (Chest,'beliy and -

sides) had assumed alternate plumage. Birds in m®. c. 6 were
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observed on the prairies as late és October but the majority
were at, this stage in early September.

The prealternate mou{t\moved laterally and anteriorally
(Fig. 8). blrds’in m. c¢. 7 had qoncentrétions\of pennae

only in lateral and anterior parts of the ventral tract and

" capital tracts (upper sides and flanks, scapulohumerals,

upperback and neck and head regions). Externally, with the

exception of a few isolated regions, the: birds appeared to.
be in complete alterrnate plumage. ’Replacement ot rectrices
of the basic plunagé occurréd in this class, some beipg
retaired in laté October. j

‘From tnis moult class, maliard drakes assumed complete .

by
alternaté plumage .(m. c. 1).. However,. Oring (19%68) and Ward

(pers. comm.) have suggested that the tertiaries in many
dabbling ducks may be replaced before the following spring. 

In summary, the prebasic moul* is initiated

>

anteriomedially in tracts 1,.2 and 5 in m. c. 2, radiates

into all tracts in moult class 3 and finishes dorso-medially

in trdct S in moult class 4 (Fig. 8). The prealternate

~moult follows the same pattern in reverse: the first

alternate pennae were observed medially in tract 5 in
m. c. 5, the next, bosﬁerio-uedially in tracts 4 and 6 of
m. c. 6 and the iast anterio-medially inm tracts -~ and 3
of m. c. 7 (Fig. 8).

This moult sequencelensﬁres that the areas exposed fo

1€ grec st amount of conductive heat loss, the breast and

bei .v. >u. their contour feathers vhile the water
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temperatﬁres dre wa[mest.. Furthermo%e, while the birdg are
tlightless} virtually all feather Ceplacement is confined to
the alar tract. Dpown replacement'is also.concentrated
during the warmest part of the season and at times when sonme
of the contour feathers-have already been replaced, taereby

minimizing thermoregulatory costs.
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Changes 1in Body Parameters
Measurements of Body Components

Body weight incréased significantly (P < 0.01) with
time, from spring- to autumnl(Fig. 1Q). Nevertheless, it was
evident thaf at any one time there was considerable |
variation around the'meaﬁ weight. This reflected a
variation in physical condition at *the time of colledtion
more than inherent variation in ti.o size of the birds. For
example, by separating the samplé into the seven moult
clasées, the variation around thé mean. was reduced
(Fig. 11). The welght of adult male mallards was lowes* in
spring. YIt increased an average of 150 grams before they
moulted their remiges in m. c. 4. This 12 % incfease in
welght was similaz.to a 10.6 % increése'reported by Folk et
al. (1966) in mallards and a 15%/increqse reported bf Hay
(1974) in .gadwalls. This veigﬁt gain prior to moult of the

alar tract 1s not peculiar to waterfowl as Morton and Welton

(1373) and. Penney (1967) reported a similar occurrence in

Uwﬁite-crowned*sparrows (Zonotrichia 1-u-nphrys) and Adelie
hpenguihs (Pygoscelis adeliag) respe:ti"elg.'AThe surprising

fact:is that these mal;érds were ga;hiwn weight while
undeggoing *he prebasig body moult.

Like Hohn (1947) and uei;gc (1957), I found no
éignificanf decrease in'wq}ghquP > 0.05) during the

flightless period (Fig. 11) which contrasts with-what most
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Figdrejo. Distribution of body ,weights over time in adult
male mallards. ° : :
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Figure 11.- Body weights for seven moult classes adult
' . male mallards (upper). Carcass weights for
seven moult classes (middle). Lean carcass
weights for seven moult classes (bottom).
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of the waterfowl literature has reported (Hanson 19b2,3Folk
et al. 1966, Oring 1969, Hay 1974). This suggests thac
flightless wmale mallardsAon the pelta Marsh did not
.encountef serious difficulties in meeting the energy
requirements of the wing moult. Although weight loss during

D ——m s s
¥

the moult QJ jp;,‘emiges is common in redpolls (Carduelis

‘lguins and woodcock (Philohela minor)

. *‘~~D
(Evans

bullfinch.

© "~ lose weight dhﬁ%njﬁthis period (Newton 1968, Odum and
perkinson 1451, Myrcha and Pinowski 1970, Morton et al.
1973, Morton and Welton 1973) |

The veigh£ increasefin mallards (38%) follo;ing the wing
moult is common in migrant birﬁé and is generally asséciated
Qith hyperphagia prior to'fall migration. Weller (1957)
reported thgt redheads'aiso ueré heaviest at this time oI

year. i
With the exception of a non-significant decrease (P >
0.05) in m. c. 2, carcass welghts followed the same pattern

- as ﬁotal body weights (Fig. 11): carcass weights were lowest

in moult -class 2, highest in -moult class 3, but overall were

not significantly different (P 2> O.de throughout the,study
ihe 30 gram decrease in body weight duriung the flightless
périod was also observed in carcass weights, indicating that
‘skin weights did not change during the wing moult.

fhe pattern of changevexibited by lean carcass weights

- (Fig. 11) was almost. identical to carcass weights ,
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indicating that changes in carcéss 1ipids constituted only a
small percentage of total carcass weight (0/9 to 1.8% -

Fig. 12). 0dum. (1960) and éonﬁell‘gg g;./ﬁ1960), recorded
’ . / .
constant lean weights during the wing movlt of several

passerines and Evans and Smith (1975)‘r?borded similar

/

results in the bar-tailed gddwit (Limoéa lapponica). Other
¢ authors have recbrded slight increaﬁb#xin lean body deidhts
,ih passerines dﬂring fhis period (Kiﬂg aﬁd'Fa:ne;&1959, King
et al. 1965, McNeil and de itriago/i968, Newton 1968,
Biackmore 1969, Myrcha and,Pinowski 1970, Morton -and Welton
1973) . . , - \

Althouéh carcass-and lean f&rcass-weights d;creased\
during the ;ing moult, the ch;ﬂée was not siguificant (P >
0.05). The implications of. this will be discussed in '
sections déaling with fat'aqé?protein réséryesh

Combined pectoral muég&e'weights of birds in m. c. 4

!

‘'were significantly ligﬁte#v(uo grams, P < 0.01) than of
birds of m.. c. 3 (Fig.'yg)f This weight chénge.has'a;so’ -
been recorded in Canadé/geesé (Hanson 1962) and ggﬁvallé
(Hay 1974) but thevqapér, fat and ptotein'components of
these muscleé have no£ been describedbfor waterfowl.

"Water coniepf of the pectoral'muséles did not change as
the moult proceeded 1P > 0.05 - Fié. 12) . Lipid and progein
¢cdntent will be discussed in later sections. ﬂOverall, these
tﬁree cons&iinenté were static throﬁgﬁ the'seven”mqult
| classes (Fig, f2); the 40 gran dec:easé i@ Height'eould‘ﬁdt

be attributed to any che componen%l‘
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Figure 12. _Wet pectoral muscle welghts and thelr co ponéhts
' © . “for moult classes of adult male mallards Wet
pectoral muscle weights: (top). Lipids (second

from top). Protein (second from bottom)t_ Water
{bottom).
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Figure 13.

Wet pectoral muscle weights for seven moult
classes of adult male mallards (upper). Wet leg
weights for seven moult classes (middle).
Myscle weights as a percentage of total body*
welght (bottom). Dotted line represents :
peétoral muscles and solid line represents legs.
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Leg and pectoral muscle weights changed in opposite
direcéions, relative to body ueight, over the sequence of
moults (Fig. 13); Leg ueights were stable through m. c. 1,
2 and 3 but increased é;gnificantly {20 grams, P < 0.01) in
m. C. 4, the initial stage of the flightless fperiod. During
m. ¢c. 5 and b, 1eg‘ueights declined slightly and by m. c. 7
had reached ;he‘levels recorded for m..c. 1, 2 and 3.

Although this phehomenon has been previously described, the

percentage increase”pdﬁgﬂ {6) , was less than the (41)
TR ’ . :

recorded by Hanson (1962) in Canada geese or by Hay (1974)

£

-

in early April and a segment df the population was

for gadwalls (28 to 29).
Another body component, the gonads, were examined to
gtudy;fhe relafionship between testis regreséion and onset
of the brebasic moult. Testis weight regressed rapidly
after. 15 May (Fig. 14) and noEpaired males with a'testis
wedght less than 6 grams_werezcoliected. This value agrees
with Johnson's (1961) estimate-of the@teStis weight below
which spermatozoa cease to beéprodqced and was uéeg'as a
referenéé,poiht‘to Separate bfeeding from post- breeding
males..lﬂging this value, I eétimatéd the length of the

\ .
breeding season. Mallards arrived paired on the Delta Marsh

_ : » ‘ . e
apparently still capable of insemination in late June

“(Fig. 147.

AN -
When téstis weight was compared with moult class

;? 2

(Fig. 15), it Qaé apparent that bféeding vas confined to

birds in m. c.»1.€pdla few individuals in m. c. 2. Testis
: A B A A



51

7



ngure 14. Distributi_g'z”ﬁﬁdf left .fles{is"ueigﬁj{ over time in
adult male mallards. ' '
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Figure 15. Left testis weights for seven moult classes of
adult male mallards. '
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regre5510n was evident among males in m. c.-2 and was

essen?lally complete by the leghtless perlod {n. c. 4),

after which weights decreased only slightly. This pattern

conforms to the 2-stage process of regression described by

Johnson (1961): an initial ré@id phase dﬁring'the first
weeks of fhe prebésicbmohlg-fol¥oued by a gradual .phase
lasfing up ta 2 months. | |

Whether cellular activity in ;he testes i; :elated‘t§
the onset of prebasic moult and the Ansump{iou ol bgéic
plumage is subject‘to debate. Sel:~ '~nn and Shattogk
(1914), Halfon (1937) and Emmens and Paikes (1940) observed
that castration did not promote the assumption of basic’.
plumage in male nql;afds. Hohn (1947) supported this view, -
noting no relatibnsh;p betueen.seasonal plumage chﬁnge énd
activity of the seminiferous epi&helium.u"OD the other hand,
Johnson (1961) reported'a closeAcorrelation be£ween testis

a

regression and initiation of the prebasic moult. I too

:obseryed this ;elationship but‘this,does not imply that

testicﬁlar acti#ity.is causally relafed to plumage change.
For éxample, no drahati? change’in histological appearance .
ot the téstes-accompanies the assumption of alternate -
plumage (Ho@§ 1947, 3ohnsbn11961). It therefore appééfs
;hai vhile téstis regressién is not primarly respomsible for
the preba51c moult in mallards, the ceséftlon of breedlng |

act1v1ty is in some way linked to the initiation of this

bmoult.
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Heart welght was recorded as an index'of activity.
Heart weight decreased with season during'thé study
(Fig. 16). As with all other organs measnrea, variability
in héart weight was reduced when birds were placed. inta the
varidus moult classes (Fig. 17). Hh~rt_ueights of birds in
m. c. 4 declined significantly (P < 0.01) frém\those of

m. c. 3. Size of the heart is related to.the degree it is

exercised- (Goss 1964, Akester 1971, Rakusan g; al. 1971,

Burton 1972); Heart weights in"spring are heavier probably

becausé of the demands of migration and reproﬁuctive

activity (Sowls 3955} Hochbaum 1959). These yeights Qeré

maintainéd throu@hout the breeding season; Oﬁce
reproductive activities ceased, males spent'mﬁch of their
timeAldéfing and feeding (Hochbaum 1959, Oriné 1969,
pers. obs{)l Flightless birds were extremelyfsecfetive"

(Hochbaum 1959, Oring 1969, pers. -obs.), spending most of
their time in stands of:emFrgent vegetation aﬁd venturing

.

into open water mainly at E&ght. A signific@nt decrease 1in

activity such as that seen in flightleSSAmaliards could

result in atrophy of heart muscle (Beznak 1?54, Beznak et al

. 1969). With the'regaining_of flkight and its asé%ciated

activity, hearts of these birds also shoued a tendecy to .

-
-

-

increase in size, albeit only slightly.

Another reason for peak heart weight€ in spring could:

be increased metabolic rates associated ﬁith

~ thermoregulation during cold, spring ueaﬁher tSturkie et al

. 1970). Bump et al. {1947)_and Delanéf(1968)_reported
AN ' ‘ s

) : SN
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Pigure 16. Dlstrlbutlon of heart uelghtq ~ige in ad'hlt_
/ ‘male mallards." ‘ , :
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Figure 17. Heart weights for seven moult classes of ad(_é?t',
e male mallards. " S
' NG . ’ in

“ It



£ 3 - O~
; 3= -
o . ~
AN} —3 —
€0
s
I
j .
Q" £ 3 - <t
PR "
- . @ : w EAE 4
) | B
</ FT 3
»
.’\"-) o
;/ ~
£ : 3 -
2 o o
N . & o
T T T L 1 L | O
-~—e




<

61

increased metabolic rates in -upland game birds exposed to

cold conditions.

The weight of mallard livers was lightest in spring,

B

increasing steadily into OctoberfﬁFig. 18).,1Hhen birds were

placed in moult dﬁﬁsses, the same trend was observed

. Y
(Fig. 19). Liver weights of birds in m. c. 4 and 6° Were

&

significantly greater (P < 0.01) than those of birds in
. : ) . 1( Lo R
m. c. 1 and 2. - . o a2

Hanson (1962) observed that\llvers of fllghtless geese~
were not s1gn1f1cantly dlffereht from those of winterlng '
R 4 L
geese. odge the vlng moult vas completed liver- uelghts

Ll»-‘

1ncreased by 61%. Hanson concluded that normal liver

weights durlng the fllghtless perlod 1ndlcated that llver
3 .'

act1VLty d1d n

“rBye

'.crease in response to an assumed , o

transamlnatlon of muscle pr%ﬁﬁﬁgalnto feather keratln.

Hanson also . suggested wlthout quantlflcatlon, that

2

"increased liver weights "crlowlng the fllghtless perlod were

related to‘hyperphagia,:as blrds replenished depleted

_1971). Since protein‘ reserves dld nqt decrease

pectoral muscles and lipid reserves prior to migration.

In response to increased protein requirements for
o FROEE
. : & o
feather productlon, birds must increase‘prOteln 1ntake or

degrade proteln reserves wlthln thelr bodles (Spearman

”
> I

Slgnlflcantly (P < 0.01) during the noults, 1t appeared that

the dlet prov1ded adequate pgoteln. -If total energy 1ntake
& BRI o .
was suff1c1ent to neet tﬁg metabollc requlrements then the

liver vould convert{any.excesS into lipid stores (m. c. 2,

%
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Figure 19.‘ Liﬁer vei ;
" male mallards.
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. ;
3, 6 and 7 - Fig. 19)# If total energy intaké was
insufficient (m. c. 4 and 5-— Figi'JQ),_the liver would
convert stored glycogen into glaéose te meet metabolic.
demands {Keeton 1972). P;esumaﬁly, the increased liver
| weight’ in post breeding birds éas a functional response toi
its 1ncreased activity in llpégenesrs and llpoly51s.

o Pendergast and Boag'qaﬁ73) suggested that 1ncreased llver

. RV
. ' 4

e e

F welghis in spruce grouse uere related to changes 1n the.

o o

a B nutrltlonal comp051t10n of the diet, and reflected differing
%f",‘ rates of llpld Stdrage. *

- Components of the dlgestlve tract vgle examined to

s tudy the lmpact of. diet onythelr 51ze. The glz%ard?

A

{entrlculus) "increased 1n welght from spring to: autumn
/

(F g.,ZQ). In general, the sample of bir = could be dlvlded.
¢ ;

o 1nto @%0 groupS' preﬁgllghtless blrds (m; c. 1 to 3) And

fllghtless and,post fllghtless bqus (m.}c. 4 to 7 —i

Flg. Zﬂ)l G;zzards, llghtest in m. Ce. 1, 1ncreased

2 >

51gn1f1cantly (17%, P < O 01) by m. c.’3. Onge birds:
'moulted thelgyremlges, glzzard uelghts agaln 1ncreased

'51gn1f1cantly (25%, P < 0 01), remalnlng at. thls weight

<>

untll_autumn (Flg.,21). j ’ . ' , St
.fhe'length ofvthexsnall'intestine increased_with seasgn

but thls trend uas‘evenrmore apparent vhen moult classes |

‘dere conpared (Flga.Zi)? Small lntestlne lengths uere

slgnificantly lOnger (B§< 0.01) in m. c. 3 to 7 than in

m. c. 1. p | . e |

47
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Figure 20. Distribution of -gizzard weights over time in
~~, @adult male mallards.
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Figure-21.

Gizzard weights for seven moult classes of adult
male mallards (upper left). . Small intestine
length for seven moult classes (upper right).

‘Caeca length for seven moult classes (Lower
" left) . :large intestine length rfor seven moult

classes (lower right).
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 The reﬂdeacy for gut components to increase ia
ugight—length cﬁaracteristics was repeated when caeca
lengths (total) uere'examineh {Fiq. 21).‘ Birds in m. c. 3
to 7 possessed significantly longer caeca (P < 0.01) than
these-ln m..c. 1 and ‘2. e -

Although the trend toward inereased length was not as
dramaiic,‘large iarestide lengths vere significantly longer
;P < 0.01) in-m. Cc. 2 to 7 than’in m. c. 1 (Fig. 21) .

I. general “the uelght length values of the
gasﬁ%o;intestinal tract were greater in post-breeding birds
(n. c. 3 fo 7) than im breeding birds (m. c. T and some
indivldualé in m. c.‘2),'*The observed éhanges‘in the
dlgestl;e tract probably. reflected dletary change and/or
1ncreased food intake during the moults.l Leopold (1953) and
Leuin (1963) reported thgt the intestines and caeca of
various gallinaqeous biras increased in leﬁgrh in response
ro a diet of low quality fibrous foods. " Moss (1952); ih a

’ . . .

study of captive red grouse (Lagopus laqogus écoticus)

concluded that grouse adapted to changes in diet by varylng
.thelr gut lengths. Pendergast and Boag (1973) reported that
ulnterlng spruce grouee ﬁad longez lntestlnes and caeca

/
" because of a dletary chahge to Iarge gu&ntltles of high
. / °
ffiber-conlfer needles. Presumably, gizzard musgplature

1ncreases ulth greater act1v1ty due‘to greater food 1ntaxe

and/or to fagllltate mechanlcal breakdown of harder" food
b"‘ .
items. Increased 1ntest1nal length enhances absorptlve

processes and 1ncreased caecal length ensures more erflclen{



use of food (Pendergast and Boég 1971, 1973, Fenna and Boag
1Yy74, Thompson and Boag‘1975);

‘Male mallards hdd‘greater welight-length gut
chara‘teriétics and stable'body welghts dﬁring the moults;
This”s ggests-that their diets cﬁanged both 1in quaﬁtity
and/or quality (high fiber foodé) during the moults and

-2
birds were not in poor "condition" when evaluated on bod
P Y.

weight.
Moults and Energetics

'Moult}ng requires an expendituré of energy (Kendeigh
1949) as the tésult of igcreased_metabolic rates (Perek.anﬂ
Suiman 1945, King and Farher 1361; West 1960, Blackmore
1969, Lustick(1970, Thompson gnd»Boag 1976) . The actual;

increase in metabolized energy during the moult-vgries from
. nLt . :

s
T~

5 to 30% (Payne 1972). This increased energy:ﬂgﬁgnd can be

.attribhted‘to tw0o major sources: cost.of feather'production
and heat less from éxposed vascularized papilldae (Irving
1964, Payne 1972, Thompson and Boag 1976). The energy péstl
of feather growth represents 7.6 ;o 8.6% of daily energy

requirements of white-crownned and house sparrows. (Passer

domesticus) (King and Farner 1961, Blackmore 1969)‘hnd‘13%_

‘in brouhfheaded cowbirds (Molothrus ater obscurus) (Lustick
1970) . If one assumes that the energetic cost of producing

a unit biomass of featlers is constant for a given bird,

increases above this value must be related -to thermogenesis.
, . , .
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Since many birds moult at témperatures below their
thermoneutral zone (35 - 409C), some energy must be devoted
to thermoregulation, particularly when heat is lost across
vascula;ized surfaces. lBlackmore {1969) suggested that at
lower temperatures (22065, this heat lossr;as negligible
since the house sparrow moult increased in dﬁration and
decreased in inﬁehsity. In contrast, Lusticku(1970) 7
reported that at temperatures below 250¢ s OXygen
consumption increaged from 13/lo 24% in_moult;ng cowbirds.

If one assumes that moulting results in accelerated
metaboiic rates and energy demands,:increased food
consﬁmption should occur ‘or body reserves will be dgpleteq
(Spearman‘1971). This depletion may occur in either fat orv
protein stores, depending on the nqturevof Eﬁf diet. As o
Evans and Smith (1975) concluded , fat reservé§'ﬁiil v
.decrease whén total energy intake is insufficient,»but
protein reserves will not be deéraded providing protein
consumption is adeguate;~the revérse‘situation.aiso app;ies.
S%nce lipid-and protein métabolism are not as intimafely -
linkéd as Hanson (1962) suggest;d (Evans and Smith f975;'/~
W. C. Mackay pers. comm.), it is more accurate to examine

lipid and protein reserves as separate indices of body' °

condition.
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Lipid Reserves Associated With Skin

’

Since skins were required for plumage <~udies, 1t was
not feasible to include thenm in lipid extractions. As a
result, established\and new techniques were employed to
obtain a measure of su?cutaneous lipids and those'associaxed
with the skin itself. ’

Owen and Krohn (1973) measured lipid deposition by
assigning scores of 0 (no fat) to.3 (very fat) to seven
Ereas of the carcass. They.averaged these scores to obrain
a "fat index". Because an average value allows for little
differentiation between. birds, I summed the seven values tqa
obtain a lipid depot value which could ranée from 0 to 21
;Fig. 22;. Following breedino, male mallards began to store -
significant amounts of lipids.. While some of thign B
subcutaneous llpld store was lost during the fllghtless
period, it yaslrecouped once the birds began to fly again.
Aéart'from moult class 5, 1lipid indices were not
51gnificantly different between moult classes (P > 0.05).

-Because of the sybjectiVity inherent in this method it
could be conSidered only a relative 1ndex of amounts of
stored lipids.

Another index of skin and subcutaneous lipids in
rallards was fresn skin weight (Fig. 22). Moult class 2
birds hnad significantly lighter skin weights (P <.0.01) than

any other . class analyzed. Skin ueights did not change

Significantly after m. c. 3.
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Figure 22.

N\t

Lipid depot’ “values for seven moult classes of

adult male mallards (upper). Skin weights for
six moult classes (middle). Weights of lipids
adherlng to skin for 5ix moult classes (bottonm).

-t
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To e .are that blood quills were visible ror Counting,ﬂ
lipids adher iny to the skin were remvoved and weighed.
Although birdc had small guantltles of llplu adl ring to the
skin followiny breeding (m. C. 2) . llpld store: 1incresed 80%
by m. ¢. 3 (Fig. 22). Much of this reserve wais lost i1n the
early flightless period (moult class 4) but restoration of
these lipids was evident once birds uere,flying again. The.
implications of this dynamic process vill be discussed in .
terms of total lipid reserves. : ‘ T

Because of sampllng error inherent. in llpldS measuredi
from scraped skins, weights presented in Flgure 22 are fi£3

ipdicative only of relative amounts of stored llplds.

Muscle and Carcass Lipids
The existence of substantial lipid stores in aVian
pectoral musculature }s well documented (George and Jyot1
1955, George and Nai; 1958, 1960,”Hartmaniand Brownel;

1961) . Figures 23 and 12° ;llustrate that mallard pectoral
muscle lipids were relatively constant regardless of moult
condition. If’ the energetic demands of the moult cofild not &
be mnet by food intake, one might expect a depletlon of these
lipids similar to that observed in carcacs and subcutaneous
| fat stores (Figs. 22 and 23). The fact that pectoral muscle
l%pids were not consuned‘suggests that these reserves are
_mobilized‘only as a last resort. GeOrge and Jyoti (1955)°

concluded that these llplds were used prlmarlly as an energy

source during flight and only for other bodily funcflons

b
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Figure 23. Carcass lipid values for seven moult classes of
adult male mallards (upper). Lipid index values
for seven moult classes (middle). Pectoral
muscle lipid values for six moult classes ~
(bottom). - .
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during starvation.

- Carcass lipids were lowest ih m. €. 1 but increased
significantiy (47%, P < 0.01) by m. c. 3 (Figqg. 23)
Although carcass lipids declined slléhtly during the
flightless  period, with the exception of ninimum levels in
m. ¢. 1, they did not differ signifijfntly between moult

%3

classes (Fig. 23).

.The 1ipid index was a measure of ether extractable
lipids expressed as a percentage 6f wet carcass weigi%j“
(Evans and Smith 1975). These data exhibited the same \*v
trends described for carcass lipids th er weight) except
that lipid levels in m. c. 1 and 4 were significantly less
(P < 0.01) than'm. c. 3 (Fig. 23). #ater and lipid content

‘were negatively correlated (Fig. 24), however, the
correlation ‘was not statistiQally Significant (P > 0. 05)
McNeil and de Itriago (1968) ;eported.a 51gnif1cant negatiée
correlation between water and lipids which the§ claimed
enabled migratory birds to'increasé lipid rgsérves ;ithout
increasiﬁg‘wing loading. )

Lipid reserves, boih subcutaneous and~carcass,.
generally declined following arrival of mallards on the
breeding. grounds because df increased metabolic demands'
associated with colq weather,”reproducti?e behavipr ({spacing
and chésing) and poor feeding conditions(Zigherman 1965,
Yarbrough 1970, Ryder 1975). These reserves were minimal in

breeding males at Delta, The cessation of breeding

activity, coupled with warmer weather and greater food .

L4 ‘ —
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Wet carcass weights and their components for -
moult classes of adu}t male mallards. Wet

carcass weight (top). Lipids (second from top). -
Protein ‘(second from bottom). Water (bottom).

figure 24;
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reserffes. Although carcass and subcutaneous lipilds declined

D
and Perki n 1951, King and Farner 1959, ms 19638,

and'Pinoqski 1970) . Hanson (1962) reported\maximum lipid

reserves in migrating Canada geese and minimum reserves
during the wing mollt. Owen and Krohn (1973) noteﬁ that

udbggock were not able to store fat until the moult was

completed. ‘ ‘
: i

In contrast to thesé results, Neuton k1968), Yatbrough
. : »
{1970) and Morion and Heltoh.(1973) recorded lipid increses
througboﬁt the moult of remiges and subsééueht bady moult in
Qarious passerines. Based on these déta,-&hey sqggested‘J 1
that the enefgy :eguirements-of the moultsiwere mofe than
compensated by food consumption. The preaiterhate moult in

mallards was apparently compatible with lipid gainms in

1

m. ﬁ. 6 and 7 (Figs. 22 and 23), at least in the year
studied. - ‘ -
Of‘uhat'adabtive significance is this dynamic proéess?
Subch£aneous lipids provide an efficient insulative layer, a
potentially valuable asset since mallards in prebasic body
moult»may io:s heat across exposed papillae while in
relafi&ely cold_uater. Once flightless, mallard diets
probably change radiéa;ly (Perret 1962) . For examp;e, many.
7b;rds‘in m. c. 3 were obse;yed and collected yhile feeding

g

on waste grain in_stubble fields near the marsh. Access to



e
this high energy food (Watt and Merrill 19b3j vas denied
once birds confined themselvgs to.the marsh. The large
lipid reserves prior to the moult of"the remiges‘were
probably associated in‘part with hyperphagia. This could be
an‘adaptation.fo provide bifds with an energy reserve during
_the_flightleés period when food intake may decrease due to
behavioral characteristics (secretive.and inéctive nature)
or because of a‘needednperiod of adjustpént in the ¢
morphology of the digestive tract ¢Fig. 21). Once rlying
again, lipid reserves are replenished (Figs. 22 and 23);
this probébly reflects premigtafory fafténing but_onGe again

could serve as insulation during heavy prealternate beody

n - .
. 3
. .

moult.
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Protein Reserve
Body weight in male mallards increased an average of

150 grams during the prebasic body. m 1t (m. c. 2 and 3,

Fig. 13). This increment was tributable to incredses in

lipids associated uiﬁh the sk#n as well as carcass weight
inéreases (Figs. 13 and 23). Body weight decreased 30 grams
during the flightlgsg perioa. Since skin weight did nOt.
change significantl} and lipids adhering to the skin
decreased only 7 grams, most of the decrease in body ueight
was due to Qeight loss in some .component(s) of thq cafcass.
As Figufe 13 aemonstrates, there was in, fact aﬁéS'to 30 gfamb
decrease in wet carcass wéight‘dgging this period.
Water constituted:thevgreatest percentage of carcaés :
weight and aid‘not change significantly (P > 0.05) overnthe
‘quﬁlt clésses (Fig. 2;). Zimmerman (1965), Newton (1968) ’
and Myrcha éhd Pinowski (1970) reported similar results in
'seQeral‘passerines; Lipid confent as previously meﬁtioned,
fluctuated mofe dramaticallf (Fig. 24) and éccountéd_for-
mbst»of the significant decrease in carcass weight. The
balance of the carcass , priﬁérily protein, did not chéﬁgg
significantly (P > 0.05) through the moult c%ésses'although
it did increase slightly, ap%afently at the expense of water
.cogtent, in m. c. 7 (Fig. 24) . This may function in’ the
same manner as lipid stofage with extra. protein providing a
resefve during migrat: on when protein iﬁtake may be |

insufficient (Kendall ex al. 1973, Evans and Smith 1975) .

'
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The pectoral musculature ié;the largest single carcags
constitaént. Pectaral muscLes were hea&iest iﬂ.breeding
birds (m. c. 1) as well as birds in hea§§ prebasic bodi
moult/(m. c. 3). Once the remiges were lost; the pectoral
nusculature deéreaagd significantly (17% P <0 01). Both
muscle . 1ndlces phoposed 'by Evans and Smlth (1975) also
declined significantly (P < 0.01) during the flightless

period (Fig. 25).’ This weight was not regained until birds

~ oy

" were flying again (Fig. 25). Since coqponents of these,.

2

muscles did not change 51gn1f1cantly (P > 0.05) through the

moult classes, welght loss was a result Of- a concommltant
» s
decrease in water, lipids and prqteun.
The fate of the lost tissue in flightléss birds has

been the subject of much debate. The fact *that pectoral

. -

muscles are not requ;red’for,strenuoua aétivity.du:ing'the
flightlesg perioq‘could resui; in disuse'atrophy (Hanson

1962) . Hanson (1962) and Hay (1974) also speculated that
this muscle nass might act as a proteln reserve to supply.
amino ac1ds Ior)feather growth and leg muscle hypertrophy.

Kendall et al. (19739 demonstrated that the sarcoplasm'in

. the pectoral muscles could act as'a_protéin reserve when the

diet of birds lacked sulfur amino acids necessary for
ac+1v1t1es ‘such as laying and moultlng (Holman et al. 1945).

These results lent more credibility to Hamson's (1962)

‘hypothesis, especially in light of the dras%ic decrease in

pectoral muscle weights }36%)A§h geese. Hay (1974) also

observed a significapt decline in these muscles but also

S

B
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Figure 25. Lean dry pectoral muscle and pectoral muscle
indices for six moult classes of adult male
mallards. Lean dry pectoral muscle weights
(top). Pectoral muscles as a percent of lean
carcass weight (middle). Pectoral muscles as
percent of standard shape (bottom).



88

s

— | S SN e B
BRI ) +
-+ =

=+ | o =F

== .r. + ==

546231
546231

546312

40

T Ty BB it v r— v~ T
8. 5 A4 2 0 0 _.D U

—_ ot — - - - 2] o~ ~ ’
*IM *3 NU3IT 7% SY *123d 3dUHS "ONYLS 7% SY -123d

5 4
0
5

20

(=]
N

15 4

(12} (v "N .
(5 1M <1934 A¥a NETT

Lo

MOULT CLASSES




84
J

™

1
prior to”thé,flighyiess‘peribd, something I did not detect
(Eig. 12) . This welght loss may have begn due to the
protein demanding p;ebasic body moult; this assumes that the
gadwall die* Has‘proteln deficient. The other alternative
15 disuse atrophy prior to the.uing mo;it. While this 1=
not,likely, Hay (197u7 did note that gadwall drakes spent a
great deal of time lcafing and preening priof td dfopping
their remiges.

Afteriveigh;ng the feathers of several mallards 1in
complete alternate plumage, I observed'that the biomass of
body ?eathers was‘2.5 times that of the remiges and
rectrices. Since most body feathers are replaced in’

m. C. 3; 6 and 7, one would expect a higher démaﬁd'for
sulphur amino acids during these periods. Furthermore, if
the diet lacked sufficient protein, one would also expect
" body protein reserves'to be mdbilizedﬁfo meet. these
requirements (Kendall et al. 1973 , Evans and Smith 3975).
The fact that neither 'pectoral nor carcass proteins
decreased significantly duridg these periods suégests that
thé diet provided adequate.protein.

The phenomenon 6f pectoral ;uécle decline during the
flightless period (m. c. 4 and 5). cpuld thereforé be due tb
seve.~1 factors: mobiiizétion of protein reserves to provide
sulfur amino acids for feather growth (Ehis hypothesis |
assumes tha* the digz\;s.érofein\deticient); disuse %ﬁropny,-

and/or breakdown of pectoral muscle to provide aminofﬁcids

for the concurrent l@g muscle hypertrophy.

,/_ﬁ



If one examines the relationship between pecto:al and
leg ﬁusculdtqu more closely, the net loss of muscle ﬁissue
amounts to 20 grams (2.5%) during the flightléss ;Eriqd. A
2.5% loss .to disuse atrophy is not unreasonable over 3-4
Qééks (Goldberg 1972, Secord pers. comm.) and 1t 1s
thereforé likely that the palance of the 17 % decrease ;n
pectoral“muséle weight was due to degradatiqn of thesé
mﬁscles o provide amino acids for leg musclé growth. Based
on a 28-29 % decrease in pectoral muscle weights, -Hay (1974)
suggéstéd degraded nuscles were prob;bly contributing to
teather and leg muscle develd%mept'in gadw§lié.. Hay (1974
neglected to discuss the net loss of muscle thch_amounted
to‘BIQ%; since most wéqngrobabiy related'tq disuse atrophy,
only a small amount uouf&rfemain to cdntribhte to feather-
development. This' once again suggests that flightléss
gadwalls were obtainind sufficlent protein in their diet, a

fact that Hay (T?iu) alluded to in his discussion of diefa:y

= v

S
o

change.
Rather than relatively small net muscle losses of 2.5
and 4 %, Hanson (1962) reported that these muscles in

"fligutless geese uére 17-18% lighter tham muscles in

.

migrating geese. This substantial loss sugqésts that the
diet of these breeding geese wgs\protein deficient and that .=

~ protein from the pectoral muscles was used in feather
EaN . , .
development and/or other processeg such as leg muscle

L} i .
hypertrophy. 1In,arctic nesting species, this may be an

-

evolutionary deyvelopment which enapies bréeding éeése:to
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complete the wing mo&lt even if adverse weather limits food
availability. This arqumen* does not appear to hold true
'for prairie nesting and moulting ducks since the wing moult
generally coincides with the greatest'ébundance and |
éiversity of food in marshes.

Breeding birds have been emphasized in this discussion
of muscle weighrs because rhere is evidencesto sugéeqr that
net muscle loss is not nearly as dramatic in yearling
(ndn—breeding) geese (11%,‘Haesod 1962) . Non-breeding birds
are probably }n better "condition" eefore and during the
prebasic moult becauée they are free to fénd without the
responSLbllltles og terrltorlal defense and}&food rearing.

’ThlS reasoning m%; apply to most male ducks which do not
actively part1c1pate in reprodgction past the laying perlod;

The idea, that brood-protection is time consuming and
thererore decreases feeding opportunltles is supported by
the results of Harwood (197?). Harwped-reported that: female'
snow geese'(Cheﬁ.caerulescené) ;eré able rgﬁfeed for 85%bof ‘
daylightfh0urs because £Eles’;peny/{wice éé.much time as the

. 2 X .
females watching for potential predators. As a result,

" 4

fesales were able to gain veight during brood rearing while

qalesf welghts remained at late spring breedlng levels

‘(Ankney 1974). Since male mallards ‘are Jot 1nvolved inA
* v . 1

~brood rearing,. they would haveuadeguate‘t;me to.feed,

.t 0 - LS -
possibly explaining the gpntinual weight gain durifdg the
. ] B A . \L - “- ~ ‘ ' e s ‘
post-breeding period. P 4
- . N t

o

" N
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"SUMMARY &

Using external and iﬁternal plumage characteristics, 1t°
was possibie to describe seven discrete moult. classes and
trace the sequence of feather replatement in adult male
mallards. gs_ﬁochbaum (1955) observed, there was

considgfable variation within the population 1in terms of

tlmlng of .the moults. This situation ensures that a segment
of- the populatlon is available to breed Hlth late nesting or

renesting females. _This varlatlon may also have been

selected for to minimize the impact of localized disa sters,

.-for example, botulism.
. Y

,"7.. In terms of their segquence and pattern, the moults were
qulte cons1stent. The prebasic moult was initiated'
antero- medlally in tracts ‘1, 2, and 5 (capital, ventral and

splnal) in m. c. 2. . It ra 'ated into all,tracts in m. c. 3

4

.%pd termlnated medlally in tract S in m. c¢c. 4.  The

prealternate moult followed the same pa+tern in reverse: the

)
b3

- first alternate pennae were observed 1n tract 5 and
-considerable numbers of down papillae were’found in tracts <
and ¢ of m. c. 5. Alternate pennae and down were next found

in tracts 4 and 6 (ventral and posterior spinal) of m. C. 6
e . :

‘and the last new alternateVpennae were located

-anteriomedially im tracts 1, 2 and 3 (capital, mid- and

anterior ventral) of m.c. 7.

While the remiges wefe not‘loSt in any partigylar

sequence, their replacement followed a general patte;n, with

s
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the proiimal primaries :éachipg their definitive length
before the more distal ones. )

Thé rectrices were not lost simultaneously; birds from
the prebasic moult onwar@s, therefore, commonly possessed
rectrices or both basic and alternate plumages.

This éequence of plumage replacement ensures that most
feathers are renewed during the warmest part of the year. A
minimum of body feathers are replaced during the flightless

'period when birds could potentially losé heat écrdsg
vascularized papillae and therefore incfease their energetic
requirements. Furthermore, most down appears to be replaced
only once, during the warmest part of the‘season, thereby
reducing_thermoregulatqry costs. |

‘The weight of breeding male mallards was lightest in
the spring but increased significéhtly in post-breeding
birds undergoing £he prebasic body moult. Body weights were
at their maximum prior té the wing moult and contrary to
what most waterfow. literature has reported , did not
decline significantly during moult of the remiges. Néiﬁher
carcass nor lean carcass weight changed significantlykduring
the period birds were collected. If one uses thésé veight
parameters as ipdices of "condition", then it‘ﬁouid appear
that food intake in the Delta Marsh was sufficient to meet

gthé AVerage energy requirements of these moultihg birds.

The weights of pectoral and leg muscles displayed an
inverse :eiationship duriné the flightless éeriod, a

phenomenon probably related to .the transfer of amino acids
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from the pectoral to leg muscles. ' As Hanson (1962)-and‘Hay
.(1974) suggested, this increased lgg musculature may be a
passive response to incréased exercise and/or an adaptation
which increases swimminy éfficiency and predator‘avoidance.

A good'correlatidn existed between testis regression
and onset of the prebasic moult, suggésting that the
cessation of.breeding éct%yity was at least indirectly
linked"to initiation of the prebasicihohlt.' Eiamiﬁation of
testils size also revealed that the breedlng season épanned a
perlod from early April to late June. |

Heart weight declined 51gn1f1cant;y in flightless
birds, probably because pf decreased exercise associated
with their inéctive, secretiﬁé behaviour.

Liver'weights increased in post breeding mallards,
presumably .associated with lipogenesis and lipolysis.

| Components of the gastro-intestinal tract incréaséd in

weight-length éharaéteristics durihg the ﬁoults. This
pfogablf reflected'chaﬁges in quantity ;ﬁd/or quality'of the
diet to éne"containing a greater proportion-of high fiber
foods. fThé»changés in the morphology of the gut were
probably adaptations to insure efficient use ofifood i;ems,

ﬂipids adhering to the skin decreaséd'sigﬁificanﬁly in .
fllghtless blrds but were not mlnlmal when compared to
breedlng blrds. Oon the otger hang, ‘carcass lipids did not
decrease'significaqtly in flig;ilégs,birds vhiéh $ﬁg§és£s
"that subcutaneous lipids are metaboliied before carcass

reserves. Pectoral muscléilipids were not depleted at all,

po.
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-probably because intramuscular lipid reserves are the last

to be mobilized and were not reqhired)ndt least in the birds

J

I collected.

Total carcass p:bteiﬂs did not change significantly
‘through the.sﬁudy. Although péCtoral muscles, the largeét
single protein mass:;.deéiined significantly in flightless
birds, leg muscles increaééd, ;esuiting in a net t;ssue loss
of only 2.5%. This loss was probably related to disusé
atrophy and not a protein transfer for keratin synthesis.
It therefore appeared that the protein demands during the
moults ﬁerenadequately met by the diet. .

.Some of myvresults differed from Hanson's (19@2)>iork
'wifh Cahada geese but“becadse of differences in pair bond
maintenance between geese and most ducks, it may not‘be
accurate to drﬁw éqpparisons betweeﬁ £he physical condition
of moui;ing nales. lMale geese which actively participate'
with all stages of rep;oduction are nof able to accumulate

-liﬁid and protein reserves prior to the wing moult (Ankney

197h)~aﬁd thus their body reserves are minimal during the’

moult of the remiges. ~

h .Hore energy 1is required to produce the greater biomass
of body feathers than is requi;éd for-the ;ehigeé,\yet lipid
build-up is compatible with the body moults. It therefore -
éppears that the déclige in lipid reserves during the |
flightless periodlﬁas probably not due to greater energy
requ;reﬁents. The morphologj of thergut~suggests that the

diet of flightless mallards contained a greater proportion
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of high fiber foods. This diet appeared to satisfy the
proteiﬁ requirement$ of the birds but fbtal“enetgy in+ake
was insufficient re%ulting in deplétion of lipid store:s.
This inadequate engrgy iptake may be due to several factors.
Since flightless m%llards are relatively vulnerable during
the flightless period,vthey are very secretive and seldon
venturelinto opeh‘;ater. This behaviour may decrease |
feeding opportunities and perhaps result in insufficient
energy intake. Secondly, the digestive tract may reqyife
some period of adjustmeﬁ£ once the birds are flightless ana
pre§umably on a different diet. During this -period of
adjustment, the birds may not be efficiently using food
items. The most likely'possibility is_thét the birds are
simply not ?ngesting sufficient‘aﬁounts of food either
because of a lack“of appetite of.beCauserit‘ié eﬁergefically
more efficient to remain rela£iVely inactive than constantly
foraéing-for food, The build up ofvlipid reserves prior to |

the mod}t'of the remiges pfobably has been selected for as

e

an_adaptation to provide flightless mallards with an energy

reserve to supplement food intake.



MANAGEMENT IMPLYCATIONS

The results of this‘study indicate the importahbevbﬁ
marshesvin prdviding good habitat f@f'post—breeding ducks.
Efforts £o preserve uate;foil hqbitat.have dealt almost
entirely uirh'breediﬂg habitat. While fhe importance ot
this work»éannot be overstated, thé protection of moulting
marsheg has scarcely been considered. Furfhermbre, nany
drainage programs are direc;ed.towards large,lpoteﬁfially
valuable‘ﬁoulting marshes. It is thérefore apparent-that
studies quantifying postjbf;eding‘habitat are essentia;
uweil organized program of waterfowl ma;agement.m The stuc
of éost—bréeding watérfoul and their habitat has received.
little attention‘ahd many questions in this field of

water fowl biology remain unanswered.
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