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Aspects of Ma l lard Breeding Eco logy in Canadian 

Parkland and Grassland 

by 

A lexander D zubin and J .  Bernard Go llop 
Canadian W ildlife Service 

Department of Fisheries and Forestry 

This paper has three purposes : (1 )  to present the summer dynamics 

of Ma l lards (� p latyrhynchos) on representative areas of two types 

of breeding habitat, (2 )  to describe the major factors influencing 

seasona l fluctuations in numbers, and (3 )  to document drought eff ects 

on reproduction. 

A lthough Ma l lards are found breeding near su itable waters from 

taiga to desert (American Ornitho logists' Union, 1957; Godfrey , 196 6 ) , 

the center of  abundance in North America is the northern great pla ins 

of the United States and southern pra iries of Canada, viz . ,  the 

grassland b iome and the forest- grass land ecotone or aspen parkland 

(Hochbaum, 1946; Crissey, 1963 ). The major breeding grounds . in 

2 2 Canada, some 2 2 0 , 000 mi (570,000 km ), have a history of a lternating 

high water and drought conditions (Kenda l l  and Thomas, 1956; Lynch, 

Evans and Conover, 1963 ) .  Yearly precipitation patterns, part icularly 

as ref lected by snow me lt, inf luence the qua l ity and quant ity of  

potho le or pond habitat. There are more than 10 mi ll ion natural 

depressions capab le of ho lding water in this region but between 1953 

and 1965 the number of basins with water in May ranged from 1.5 to 

6.5 mi l l ion and in July from 0 . 6  to 5.6 mil l ion (Gol lop, l965a) .  

Portions of the ·more northern parkland have re latively stab l e  water 

leve ls and serve as waterfowl survival foci from which breeders can 
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d isperse to co lonize the less frequently su itab le environments of the 

grass land (Lynch et a l . ,  1963) . In short, the center of abundance 

occurs in a most unstab le and c limatica l ly unpredictab le environment. 

A necessary consequence of this instabi l ity is the w ide f luctuation 

in North American Ma l lard numbers . 

Ma l lards are the major exp loited waterfow l species in Canada and 

the United States. The factors and processes which regu l ate numbers 

have been the subjects of extensive and intensive study and specu lation.  

Continent-wide schemes concerned with annu a l  estimates of numbers of 

ponds, pairs and broods, mortal ity based on bandings, production from 

w ing age-ratios and hunter harvests have led managers to a point where 

size of the fa l l  f light can be predicted fair ly accurately ( Crissey, 

1969; Geis, Martinson and Anderson, 1969 ) .  Yet, even with this wea lth 

of popu lation data and mode l ling on a continenta l basis there remains 

a dearth of pub lished works on breeding eco logy and loca l processes 

of numerica l contro l .  This paucity of natural history information 

has been stressed by Ryder ( 196 1 )  in re lation to the proportion of 

duck pairs producing f ledged young and by We l ler (1964 : 5 9 )  and Davis 

( in Gi les, 1969:530) on Ma l lard c lutch sizes .  Lack ( 196 6 )  did not 

discuss waterfow l eco logy in his review but has more recently pre

sented information on factors inf luencing c lutch size and incubation 

periods in the Anatidae ( Lack, 1967, 1968a, 1968b). 
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STUDY AREAS 

Our study was conducted on two areas, one in aspen parkland near 

Roseneath, 9 miles south of  Minnedosa,  Manitoba, and the o ther in 

mixed grassland near Kindersley, Saskatchewan. At Roseneath, ponds 

averaged smaller in size than at Kindersley, were no t as·widely 

separated, were less ephemeral arid contained edges of emergent aquatic 

vegetation (Fig . 1). Preferred nesting cover was widely dispersed at 

Roseneath but at Kindersley was restricted to dry stream courses and 

uncultivated uplands (Fig. 2 ) .  The parkland area wa s continuous with 

surrounding small pond habitat, while the gras sland site formed one 

of several discontinuou s pockets of habitat more suitable for breeding 

waterfowl than intervening landscapes. Increasing portions of both 

study blocks have been cultivated and grazed since the turn of the 

century. 

Comparative climatic and edaphic factors are presented in Table 1 .  

Maps of both areas are presented in Dzubin (1969b). -More detailed 

descriptions of the vegetation, land-use, soils and upland cover of 

the Roseneath s tudy area are presented in Evans, Hawkins and Marshall 

( 1952 ),  Dzubin ( 1954, 1969b), Kiel (1955) and for the Kindersley study 

area in Gollop (1965b) and D zubin (1969b ) .  Bird (1961) has described 

the ecology of the aspen parkland while Coupland (195 0 ,  1961) p re

sented detailed vegetative analyses of the Saska tchewan grassland s .  

Throughout the text Roseneath is use·d synonymously with parkland 

study area and Kindersley with grassland study area. 



Precipitation 

Ponds are recharged yearly through snow melt and summer thunder

storms . Trend l ines of precipitation for prair ie Canada , based on 

moving decadal means, show excesses at the turn of the century , a 
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minor peak in the 19201s, a drying trend to the late 1930's, increasing 

precipitation through the 19401s and mid- 19501s, f o l lowed by a decrease 

through the late 1960's (Thomas, 1965) . Much of the parkland- grass land 

area has an annual evapotranspiration deficit of 2 to 10 inches (5 to 

25 em; Laycock, 1965; At las of Canada, 1957) . During the study period 

summer precipitation excesses were experienced in 1953 and 1954 at 

Roseneath .  On the grass land b lock snow and r�infal l def iciencies and 

high temperatures from 195 6 to 1959 led to progressively lower water 

levels and fewer ponds. 

Food resources 

Studies of the productivity and chemistry of sma ll astatic ponds 

in prair ie Canada have only .recent ly been initiated (Hartland- Rowe, 

1966; Rozkowska and Rozkowski, 1969; White and Hartland- Rowe, 1969; 

Dr iver, unpub lished). Investigation of ponds annua l ly subjected to 

partial or tota l drying show the c lassica l effects of a reduction in 

organic matter accumu lation through oxidation and the setting back of 

p�ant succession (Kadlec, 1962; Lynch, 1964:29 1; Jahn and Moyle , 

1964: 300; Cooke, 19 6 4 : 570-573) . Upon ref looding, the ready avail

ability of chemical nutrients ensures that standing crops of zoo

p lankton and other invertebrates are h igh, often exceeding 2.00 pounds 

per acre (224 kg per ha; Moyle, 1949, 1956, 196 1; D ineen, 1953; Nce l, 

1963; Mackenthun and Ingram, 1967 : 42; 127•130). Year ly enr ichment 
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a lso occurs through runoff from upland s .  The p lanktonic and benthic 

biomas s  avai lable as food for adult and young ducks has no t been 

quantified .  Qua litatively, it  appears formidable through the summer 

but drying and increasing sal inity changes faunas (Hart land-Rower, 

1966) .  The use of foods by duck lings in relation to their availabi lity 

has been studied by Collias and Col lias (1963), Chura (1961) and 

Sugden (1971) . Ref lect ing the food potential of potho les, Gollop 

(1954) reported that more than 1 , 000 duck lings were apparently ra ised 

on two adjacent ponds of 39 and 42 acres (16 and 17 ha) a t  Kinder sley . 

As in the breeding ranges of some other groups of birds, food 

does not appear limiting for adu lt ducks (Lack, 1954)  but does in

f luence d i spers ion of breeders (Lack, 1968b; but see Chitty ,  1967) . 

Most of the up land portions of both s tudy b locks were seeded to small 

grain cereal  crops (Tab le 1) . Each spring approximately two-thirds of 

the cu ltivated uplands were in stubble with the remainder in fallow. 

Each acre of stubb le conta ined suffic ient waste grain to feed one pair 

of Ma llards for a 50-day period , assuming (1) that grain lost by 

threshing with mechanical comb ines varied from 3 to 10% of the total 

harvest (Jordan, 1953; Bos senma ier and Marsha l l, 1958; Dodd, 196 6 ) , 

(2 )  that each Ma l lard consumed 6 ounces (170 g)  of grain per day 

(Jordan, 1953; Bossenma ier and Marsha l l, 1958; Hammond , 1964) , and (3)  

that the b irds utilized only 5 0% of avai lab le waste grain . In effect, 

the potentia l waste grain food resources for the Ma l lard popu lation 

on both study areas was two to six times more abundant than the pairs 

could use. A surplus existed even though Pinta i ls (� acuta) and 

American Widgeon (Mareca americana) a lso ate grain . To this must  be 



added aquatic plant and animal lif e .  While quantity o f  food did not 

appear to be a l imiting factor on Mallard production , no information 

was available on whether the quality was adequate for breeding ducks . 

6 
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METHOOS 

This paper is based on field s tudies by the senior author con

ducted during the spring and summer (a )  from 1952 through 1955 a t  

Roseneath, Manitoba, and (b) from 1956 through 1959 at  Kinders1ey, 

S�skatchcwnn. Gollop conducted population surveys and banding programs 

in the Kindersley district from 1952 through 195 9 .  

Breeding pairs 

Pairs and lone drakes were counted at irregular intervals and 

as signed to the Roseneath s tudy block while indicated pair s were 

censused every 7 to 10 days a t  Kinder sley and average populations 

computed . Detailed procedures can be found in Dzubin (1969b) . Pairs 

were trapped using cannon-projected nets and bait traps and marked 

with either soft plastic neck bands (Addy, 195 6),  aeroplane dope (SoHls, 

1955) or colored celluloid leg bands and with USFWS aluminum leg band s .  

Hens were captured o n  nes ts using drop traps, hand nets, fish netting 

and dogs. Breeding pairs were censused a t  Kindersley through 1970 

(Dzubin, 1969b) but our discussion is restricted to the drought year s .  

Nests 

All of the preferred nesting cover on each s tudy area wa s searched 

two or three times between 10 May and 10 July by walking through i t  

and threshing the vegetation with s takes. Less a t tention was paid to 

s tubble fields because experience showed generally low nesting 

densities (Dzubin, 1969b ) .  Dogs were u sed in all nest searching. 

Nests \vere marked and revisited every 7 to. 10 days for a s  long as  

needed to  determine their fate.  Distances of  nests  from nearest  



water at  calculated initiation and hatching dates were measured by 

tape, by pacing or from aerial photographs to the nearest 5 yards 

( 5  m) . Early and late nest- to-water distances were grouped at  

Roseneath because of small sample sizes and similarit ies in median 

values. 

Clutch size during incubation was def ined as the maximum number 

8 

of eggs found in a nest ,  based on a t  least two checks . A successful 

nest was one in which at least one egg hatched. Seasonal ( i . e . , pooled 

early and late) clutch sizes were calculated for all successful and 

unsuccessful nests , both during incuba tion and at  hatching. Clutches 

destroyed by predators during laying were rejected . Each year three 

to nine clutches, conta ining less than six eggs, and possibly suffering 

partial predation ,  were considered complete.  Clutch sizes are , 

therefore, minimal. Other potential b iases exist in prec ise clutch 

size determina tion (Hilden, 1964; Bezzel, 1966; Mednis, 1968 ) while 

valid yearly comparisons can only be made if a population age structure 

is known and average clutch sizes compared phenologically. 

Hatching success was calculated for all clutches , both active 

(hen laying or incubat ing when found ) and inactive (hatched , deserted 

or destroyed when found) . Not all Qctive and inactive nests were 

located. A portion of incubating Mallard hens (< 10%) were off nests 

during the pre-noon hours and, therefore , were unlikely to be found 

(Dzubin, unpublished ) . The nesting season was divided into early and 

late segments. Clutches initiated prior to the appearance of the 

first two broods were termed "early" and those ini t iated thereafter , 

"late". At Roseneath, the d ivis ion occurred between 18 and 28 Nay in 

different years while a t  Kindcrsley it varied from 8 to 18 May. All 
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late nests were assumed to be renests.  

All  ma l lard nests located on the 1 . 4-mi2 ( 3 . 6-km2 ) Roseneath area 

and within 0 . 5  mile ( 0 . 8  km) of the boundary were used in c a lcula t ions . 

2 2 At Kinders ley a l l  nests located on the 10 . 5-mi ( 2 7 . 2-km ) study area 

and on a 2-mi2 ( 5 . 2-km2 ) b lock adjacent to it on the west were used . 

Detached she l l  membranes and f ine ly crushed eggshe l ls in the 

bo ttom of the nest bowl were criteria u sed for hatched c lutches . 

Membranes a ttached to shel ls and par t ia l ly crushed or  punctured she l l s  

with yolk o r  a lbumen rema ining were criteria for unsucces sful clutche s .  

Nest predators were identified by methods proposed by Sowl s ( 1948 ) and 

Rearden ( 19 5 1 )  while hen predators were classified af ter Einarson 

( 1956 ) .  

Hatching dates were predicted by cand l ing two or three eggs from 

each clutch (We ller , 1956 )  or by egg f lo tation (Westerskov, 195 0 )  and 

corroborated by nest histories . Seasonal hatching peaks by weeks 

were ca lcu lated from c lutches and by backdating Cla s s  Ia broods at 

Roseneath (B lankenship et a l . , 1953)  and from successful and un-

successfu l clutches combined at Kinders ley . Annual sample s izes for 

Fig. 3 were 86, 89, 72 and 9 7 ,  respec t ively,  for 1952 through 1955, 

and 196, 25 1 ,  153 and 6 5 ,  respectively, for the 1956-59 period . We 

assumed that one egg was l a id per day ( Sowls , 195 5 )  and that the 

incuba tion period was 28 days (McKinney, 197 0 ) , even though there is  

some sma ll var iation in  this rate (Prince,  S iege l and Corhwe ll , 1970 ) .  

Brood movement 

Brood movement data resu lted from the neckbanding of 109 hens on 

nests .  In add i tion, 37 broods were marked by injec t ing food dyes 
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into eggs late in incuba tion ( Evan s ,  195 1 ) .  

Production 

From mid-May to mid-August  broods were counted a minimum of three 

times on the parkland area and weekly on the grassland b lock. Brood 

data wore thon compared to calculntod and measured breeding pair 

f igures.  Broods that could have been counted previously were removed 

from final tabulation (Blankenship et a l . , 1953 ) .  "Beat-outs" were 

supp lemented by evening and morning counts on pond s .  Dogs were used 

during production surveys to a id in tracking hens and broods on the 

up land . Inherent in production estimates using brood counts i s  the 

major assumption that egress of brood s from the area equals ingres s .  

Production and productivity were defined as  the ratio of the 

number of flying young as  of 1 September to the breeding population 

minus the es timated summer morta lity of adu lts . ·  

Brood mortal it_y 

S izes of c lear ly visible broods were determined period ical ly on 

and within 1 mi le ( 1 . 6  krn) of the Roseneath b lock in 1952 and 1953 and 

within 5 miles ( 8  km) in 1954 and 1955 . At Kinders ley, brood coun ts  

were conducted on the study area and w i thin 10  mi les ( 16 lon) of  i t. 

Based on plumage development , brood s were ass igned to three age 

c las ses: I, 1- 18 day s ,  II, 19- 45 days , III,  46-55 days ( Gollop and 

Marsha ll ,  1954) . Broods less than 1 week old were recorded as  I a .  

T o  estimate duckl ing l o s s  from nest t o  water ,  109 nest- trapped hens 

were marked with soft plastic neck bands at Kinders ley and a ttempts 

were made to locate them and their broods after hatching . From late 

June to early August each year banding crews with retr ievers 
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periodica l ly covered a l l  ponds w ithin 5 miles (8 km) of the grass land 

study area . 

The brood season was d ivided into early and late segments . These 

periods corresponded to those when broods from early and late nests 

w ou ld a ttain each age c lass . These segments varied annua l ly by 10 to 

15 days.  

As  an index to pond d i spers ion and ava i labi li ty during the brood 

per iod , measurements  were made from the shorel ine of each pothole which 

conta ined water on 1 July to the shore lines of the nearest four pond s .  

In add ition , counts o f  the number o f  ponds on that date within 440 and 

880 yards· (402 and 805 m) of each pothole were made from a er i a l  photo

graphs.  Data were ca lcu la ted for the drie s t  year ( 1952 ) at Roseneath 

and for each year from 1956 through 1959 at Kinders ley. 

Limitations of productivity estima tes 

Although reduction in average brood s ize fr om hatching to f lying 

provides one estimat e  of mortality,  the loss of ent ire broods is  no t 

accounted for by this method.  The proportion o f  hens ul timat e ly 

successfu l in producing young , therefore , is  u�easured . The data 

presented on seasona l brood size attrition,  especia l ly from the 

Kindersley area , w ere  biased by the samp ling of broods on more penna

nent ponds and by not samp l ing the same broods every week. Compari son 

of c lutch sizes from the s tudy area w ith brood sizes from a more 

extens ive reg ion, in which o ther limiting_factors may be operative,  

i s  another source of  b ia s .  

Although brood mixing may occur i n  o lder brood c lasses  becaus e 

of weakened brood bonds and abandonment of near ly f l edged broods by 
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hens (Mi l ler and Co l lins , 1954 : 2 9 ;  Boyd and King, 1960; Sapiteen, 1959 ; 

Beard , 1964: 5 1 1 ;  Cowardin and Higgens , 1967 ; Marsha l l  and Campb e l l ,  

1969 ) , aggress ive behaviora l mechanisms he lp maintain brood cohes ive

ness and do not favor inter-brood adopt ion.(Hochbaum, 1944 : 98 ;  Co l lias  

and Co l lias , 195 6 ;  Eygenraam, 1957 : 13 8 ;  Menda l l ,  1958 : 135 ; Beard , 

1964:5 15 ;  Raitasu o ,  1964) . However, crowding leads to  strife between 

broo� hen s ,  s traying of ducklings and possible loss of orphaned young 

(Beard, 1964 :520 ) .  The last author found max imum concentrat ions of 

0 . 15 Ma l lard broods/acre (1 . 2 /ha ) on a 20-acre ( 8 . 1-ha) s tudy marsh , 

whi l e  a t  Kinders ley Go l lop ( 1955)  reported as  many a s  two broods/acre 

( 4 . 9/ha ; one Ma l lard and one other species) on two ponds tota l ling 80 

acres (32 . 4  ha) . Under such densities brood size counts cou ld be 

subject to wide error and were of ten d ifficu lt  becau se of herding . 

Broods of mixed age c lasses and those  with more than 12 young were not 

used in ca lcu lations of brood size.  

Annua l mortality ra tes 

No s ignif icant numbers of immature Ma l lards were banded at 

Roseneath. Pub lished morta l ity rates based on other North American 

investigations during the study per iod were app lied . From 1954 through 

1959 , Go l lop ( 19 65b) banded 12 , 962 f lightless young Ma l lards in the 

Kindersley area . Us ing the composite dynamic method of H ickey ( 1952 ) 

and the relative recovery method of Ge is  ( Geis  and Taber , 1963 ) ,  

average annua l  mor t a l i ty rates for immatures and adu l t s  were computed . 

The number of adu lts  found dead on  each s tudy area in Apr i l ,  May 

and June was recorded . Adu lt deaths in Ju.ly and Augus t  were estimated . 

• 
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Statistical compari sons 

Because the d i s tribution of dis tance s from ne s t  to water was 

skewed,  medians were use d .  A "biased" mean d i stance wa s computed for 

comparison with s tudie s where this  statistic has been use d .  Chi

squar e ,  t- tes t s ,  median te sts and b inomia l  conf idence l imits were 

used to te s t  the acceptab i l ity of the nu l l  hypothe s i s  (S tee l and 

Terrie , 1960 ) .  Signif icance was inferred at  the P < 0 . 05 leve l .  In 

the tex t ,  samp le means are fo l lowed by standard errors of the mean. 

Literature review 

For comparative purposes and as an a id to future popu lation 

mode l l ing we summarized both pub l ished and "unpub l ished" informat ion 

on seasonal c lutch s ize s ,  brood size s and hatching succe s s  of Ma l lards 

throughout North Amer ica , primari ly for the 1950-60 decade ( see 

appendice s ) . Our review was not exhaus t ive. Means and range s tabu

lated should be viewed a s  approximations on ly and are not amenable 

to statistic a l  comparisons among years or are a s .  Biase s  inherent in 

reported seasona l c lutch size means (Bezze l ,  1959 , 1966; H i lden ,  1964) 

and pooled brood s i ze da t a ,  from both early and late hatched  c lutche s ,  

or from coa le sced broods (Mi l ler  and Co l lins ,  1954; Marsha l l  and 

Campbe l l, 1969 ) present formidab le d ifficu ltie s  to any statis t ica l 

ref inement . 

Readers should a lso be cognizant of the me thodo logica l and logist ica l 

constraints imposed  in precise estimate s of waterfow l breed ing pairs 

(Diem and Lu ,  1960 ; D zubin, 1969b) , ne sts ( Sow1s ,  1955 ; Keith, 196 1 ;  

Ryder ,  196 1) , brood s (B lankenship e t  a l . , 1953; Evans e t  a l . , 1952) , 

age spe cific laying and hatching date s ,  per cent renesting hens 

' 
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( Coulter and M i l le r ,  1968 ; Mednis , 1968 ) ,  and subpopu lat ion mor ta l ity , 

nata lity and emigration rates ( Crissey,  1969 ) .  The attendant un

certainty of inferences drawn from short- term studie s using sma l l  

samp les should a lso be recognized . ' 
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RESULTS AND DISCUSSION 

Hatch ing chronology 

At Roseneath the interva l between arrival of the first pairs of 

Ma l lards and laying of f irst eggs was variab le: 31 March-22 Apri l 1953, 

8 April•5 May 1954, and 2-20 April 1955. Snow cover in nesting sub

strate, frozen ponds and both minimum and cumu lat ive temperatures above 

freezing appeared to be important thresho ld factors affect ing ovu lation 

and resu ltant hatching peaks (Sowls,  1955; Yocum and Hansen, 1960; 

Keith, 196 1 ;  Dane, 196 6 ) . 

Hatching peaks showed an annua l variation of 2 to 3 weeks (Fig . 3) . 

From 1952-55 hatching dates extended over 8 6  day s ,  from 15 May to 9 · 

Augus t .  Recorded peak hatching weeks were 24- 3 1  May i n  1952 and 1955, 

1-7 June 195 3 ,  and 8- 15 June 1954. Secondary peaks occurred in late 

June and early Ju ly. In each year approximately 50% of a l l  active 

c lutches had hatched by 1 week after hatching peaks with 95% of a l l  

nests hatched by 16-23 Ju ly. 

At Kinders ley the f irst- arr iva l and f irst-egg dates for Ma l lards 

were as fo l lows : 4- 17 Apr i l  1956, 25 March- 14 Apr i l  1957 , 29 March-

9 Apri l  1958, and 23  March- 1 1  Apri l  1959 .  The 4-year average showed 

47% of c lutches at  Kindersley and 22% at  Roseneath hatched before 

1 June (Fig .  3 ) ,  ref lect ing earlier arr iva l dates (Dzubin,  1969 a : l88 ), 

higher average temperatures and earl ier snow me l t  (Meteoro logical  

Branch, Canada Dep . Transport) . The ear l iest hatching peak, 16-23 l-1ay, 

was recorded in 1958 , and the next ear l i est, 24- 3 1  May, in 195 7 .  

Bimoda l  peaks noted in 1956 and 1959 ( 24- 3 1  May and 8- 15 June) were 

a s sociated with late Apr i l  c o ld snaps that interrupted laying . Hatching 

'\ 



dates extended from 8 May to 12 Ju ly , a period of 66 days for the 4 

years . The te lescop ing of the hatching period was as sociated with 

deteriorating pond qua lity through increasing drought. Als o ,  h igher 

nesting success led to fewer rep lacement c lutches and ear l ier termin

ation of laying. 

1 6  

In Alber ta , Keith ( 19 6 1 : 53) showed a 5-year average hatching 

period of approx imat e ly 75 days , 1 1-20·May to 2 1- 3 1  Ju ly . For the 

Kinders ley area , Go l lop and Fyfe ( 1956 : 7 4) recorded a hatching span of 

104 days,  17 May to 2 9  August,  in a favorable water year whereas Go l lop 

( 1954) reported a span of on ly 58 days in a year with two spring c o ld 

spe l l s .  

Physio logica l-behaviora l pathways which lead to initiation or 

termination of breed ing in waterfowl remain subjects of study. Seasona l 

physiological changes affecting Ma l lard and P inta i l  reproductive be

havior have been discussed by Johnson ( 19 6 1 ,  1966 ) and Phi l l ip s  and 

van Tienhoven ( 1962 ) whi le Lofts and Coombs ( 1965)  tested the photo

period ic responses  of drake Ma l lards during the refractory period . 

The relationship of habitat qua lity and weather on durat ion of laying 

or cessation of breeding have only now begun to emerge.  Possible 

mechanisms which may terminate active.�onadal function in a number of 

b ird species have been proposed by Farner ( 19 67 ) .  These include 

cessation of primary externa l environmental informa t ion, e . g . ,  

unava i labi lity o f  water , and negat ive effects of essent ia l  supp lementa l 

mechanisms, e .g . ,  low temperatures . 
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Nest distances to water 

Parkland nests were genera l ly s i tuated c loser to water thqn grass-

land nests.  At Roseneath, medians of poo led ear ly and late nest-water 

d i stances at both initiation and hatch ing were s ignif icantly sma ller 

(< 7 yards ,  < 6 . 4  m) than those on the Kindersley area (50-255 yard s ,  

46-233 m;  Table 2 ,  Fig . 4) . At Kinders ley ,  a l l  median dis tances tended 

to increase from 1956 through 1959 with increasing drought,  wh i le at  

Roseneath median values remained relative ly constant except for 1952 . 

In the parklands ,  95% of 2 17 nests were within 5 5  yards (50 m) of the 

nearest water at initiation and within 130 yards ( 119 ro) at hatching . 

At Kinders ley , 95% of 584 early nests were located 5 45 yards ( 498 m) 

or less from water at initiation and up to 880 yards ( 805 m) at  

hatching . Comparable figures for  108 late nests were 1 , 145 and 1 , 400 

yards (1 , 047 and 1 , 280 m� respectively. 

The shorter d istances between nests and water in parklands were 

associated with a relative ly high density of ponds (Fig . 1 )  and the 

restrict ion of much of the preferred nes ting cover to pond edges .  On 

the grass land s i t e ,  greater d istances were associated with a lower 

density of larger pond s ,  with much of the preferred cover being located 

in continuous uncult ivated areas up to > 1 . 5  mi les (> 2 . 4  km) from 

ponds (Fig . 2 )  and with hens being faithfu l to nest sites in spite of 

nearby ponds disappearing as the drought progressed .  The same factors 

accounted for increas ing d i s tances from 1956 through 195 9 .  

The nearest water, a s  g iven in our nest- to-water distances ,  was 
as wai ting s i tes  when 

not a lways the pond used by hensA initiating laying (as shown by marked 

bird s )  nor the pond to. which they moved broods at  hatching . · Therefore , 

these data are minima l in terms of d istances actua l ly trav e l led . 
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Data from 12 o ther North American studies in potho le and large 

marsh hab itats suggested a pred ispos ition of Ma l lard hens to loca te 

nests within 350 yards (320 m) of water (Appendix A). Such behavior 

might be adaptive. Broods hatching from nes t s  near water would make a 

quicker journey to ponds and marshes and thus reduce r isks of being 

taken by predators whi le on land . Any potent ia l advantages accrued 

by nesting near water would have to be balanced against increased nest  

losses from predators searching shor e l ine cover (Ke ith, 1961 : 62 ) .  The 

eco log ical signif icance of nest ing near water or at some d i s tance from 

it on subsequent surviva l of broods requires testing. 

Hatching success 

At Roseneath, hatching success  for early nests (34%) d id not d iffer 

s ignificantly from that for late nes ts  (41%, Tab le 3 ) .  Avian predators ,  

primari ly crows ( Corvu s brachyrhynchos )  and magpies  (�pica ), 

accounted for 44% of a l l  destroyed nests whi le mamm a l ian predators, 

chiefly striped skunk (Mephitis mephitis) and Frank l in ground squirre l s  

(Citellus franklini i ) ,  accounted for 35%. In 1952 , eight pairs of crows 

and two pair of magpies nested on the s tudy area whi le a 4-mi2 ( 10 .4 km2 ) b lock, 

which inc luded the study area,  contained 19 pairs of crows and s ix 

pairs of magpies . Pair numbers of both species d id not appear to 

f luctuate yearly with on ly a s light reduction noted in 195 4. Va l id 

ind ices for the skunk popu lation or for other buffer prey species were 

unava i lab le.  Sma l l  sample sizes  prec luded meaningfu l comparisons 

between the causes of nest loss for early and late nests separately 

and also .comparisons of hatching success among year s .  
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At Kindersley, a s ignif ican t ly h igher pr�port ion of early than late 

nests hatched (70 vs . 54%, Tab le 4) • The proportion of ear.ly nests 

successfu l ly hatching in 1956 and 1957 wa s s ignif icant ly h igher than in 

1958 , whereas late nests showed no s ignificant d ifferences in hatching 

success among years.  Mamma lian predators - striped skunk s ,  badgers 

(Taxidea taxus ) and coyo tes ( Cani s  latrans ) - accounted for 60% of 

destroyed nests whi le avian predators were cred i ted with 13'/oo The low 

impact of avian predators was a ref lection of the rela t ive scarcity of 

trees for breeding crows and magp ies . Crow popu lations on and within 

2 mi les ( 3 . 2  krn) of the study area varied f�om four to nine pairs,  

while two to  s ix pairs of  magpies were recorded in  different year s .  

Red foxes (Vu lpes fu lva ) wer·e virtu a l ly unknown unt i l  the 1960r s .  

Nesting success was s ignif icant ly higher for early nes ts in grass

land than in parkland but proport ions of late nests hatching on the two 

areas were not signif icantly d ifferent.  Op tima l surviva l ,  in regards 

to hatching succ e s s ,  favored the pr imary c lu tche s .  In ephemera l water 

habitats or under drought cond i t ions , broods origina ting from ear ly 

c lu tches laid by adu l t s ,  might have a greater chance of surviving to 

f ledging before brood ponds dried , than those from later year ling 

c lu tches .  Als o ,  in years with low water leve ls the importance of h igh 

nesting success of primary c lutches becomes paramount in terms of 

assuring surviva l of progeny to f lying. Broods from rep lacement 

c lutches f ind fewer ponds ava i lable in late Ju ly and Augus t .  

Overa l l  hatching success o f  poo led early and late nests was 

s ignificantly higher in grass land than parkland ( 67 vs . 36%) . The 

hatching success of Kinders ley Ma l lards was higher than in any previ

ou s ly reported s tudy in either hab itat type (Appendix E) and compared 

-- - � ..  -·--- ... -- -
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favorably with nest success f igures (> 5 5%) given for island-nest ing 

ducks by Vermeer ( 1970) , Hamnond and Mann ( 195 6 ) ,  Ke ith ( 19 6 1) , 

Townsend ( 1966) , Duebbert ( 1966 ) ,  and for Ca l ifornia refu3e stud ies by 
.I 

Mi l ler and Co l l ins ( 1954 ) ,  Hunt and Naylor ( 1955 ) ,  Anderson ( 1957 ) ,  

and Rienecker .and Anderson ( 19 60 ) .  The Kinders ley figure was a lso 

s imi lar to that for an is land popu lat ion in Sco t land ( 49-78%, Marsha l l  

and Campb e l l ,  1969) , but lower than the a lmost  comp lete success of 

Ma l lard nests reported from a South Dakota is land (Drewien and 

Fredrickson, 197 0 ) .  

Except in is land nesting situations , up land nest ing waterfowl 

genera l ly experience high nest losses but their inferred high propen-

sity to renest large ly compensa tes for this ini t i a l  loss ( Cartwr ight , 

195 2 ;  Sowls,  1955 ; Kei th, 196 1). Yet , of any a spect of waterfowl 

bio logy the proportion of hens
.
which attempt to renest has been studied 

least . Over the past two decades on ly three pub lished f i e ld studies 

have used marked b irds for Ma l lard renesting studie s :  Sowls ( 1955 ) ,  

Hunt and Anderson ( 19 66 ) ,  Cou lter and Mi l ler ( 1968 ) . A tota l of 62 

Ma l lard hens have been marked with 29% renesting. 

Coulter and Mi l ler ( 1968) found that ind ividual  and age specific 

variat ions in renesting persistency and success were inf luenced by 

loca l popu lation density and breeding environment .  I n  the light of 

the apparent low nest ing success and proportion of hens u lt imately 

produc ing broods (Appendix E) , there rema ins a need to determine 

renesting ra tes under the fu l l  spectrum of environment a l  cond itions 

and habitat types.  Inferences on the relative contribution of rep lace-

ment c lutches to overa l l  reproductive output requ ire va l idation. 
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Clutch sizes 

Year ly variations in both c lu tch and brood sizes apparently 

o�curred at Roseneath bu t becau se of sma l l  samp les these cou ld not b e  

sat isfactori ly a t tr ibuted t o  real changes and may ref lect methodologica l 

inconsistenc ies .  For d i scu ss ion purposes data from a l l  years were 

poo led for comparisons bet\-leen ear ly and late c lutches . 

Clutch sizes of successfu l nests during incubation were s ignif-

icantly larger in ear ly nests than in late ne s t s ,  8 . 8  v s .  7 . 2 (Table  5 ) ,  

a trend reported by Sowls ( 1955 ) ,  Keith ( 196 1 ) ,  Ogi lvi e  ( 1964) , Mednis 

( 1968 ) and Cou lter and M i l ler ( 1968) (Appendix B) . Mean c lutch s ize 

at hatching was a lso s· ignif icantly larger in ear ly nes t s ,  8 . 0  vs . 6 . 8 .  

At Kinders ley, c lutches , apparently complete,  ranged from 3 t o  14 

eggs.  Only one apparently mu ltiple c lu tch was found ( 15 eggs )  and only 

one mixed clutch, Ma l lard and Pint a i l ,  even though Ma l lard hens at the 

same s tage of incubat ion nes ted within 3 f ee t  ( 0 . 9  m) of each other. 

The means of early c lutches of a l l  Mal lard nes t s ,  successfu l nests 

and hatched nest s  in 1957 and 1958 were s ignif icantly larger than in 

1956 (Tab le 6 ) .  The d ifferences were a ttr ibuted , par t ly ,  to ear l ier 

nest ing in these two sea sons (Fig.  3 )  and , possibly,  to the age structure 

of breed ing hen s .  High production o f  young in 1955 f o l lowed b y  high 

surviva l and homing of yea r l ing hen s ,  which lay sma l ler clutches (Grice 

and Roger s ,  1965 ; Dane , 1966 ; Cou lter and M i l ler , 1968 ; Mihelsons e t  

a l . , 1968 ) ,  could have dcc.reased c lutch s i zes i n  195 6 .  With pos s ib ly a 

higher proportion of adu lt hens in 1957 and 1958 and with ear l ier nest 

ini tiation da te s ,  mean c lutch s ize increased .  No s imi lar s ignif icant 

d ifference was noted in late season c lutches ( Table 6 ) .  Comparing 

poo led 1956- 58 means, a l l  three categories of c lutch s ize were 
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significantly sma l ler i n  late than i n  ear ly nests . I n  195 9 ,  the mean 

of early season c lutches was s ignif i cant ly sma l ler than each of the 

3 preceding years.  Two supeLimposed factors may have influenced c lutch 

s izes ,  drought and increased partial  predation .  The ind ividual influences 

were effectively obscured . 

In Kare lia, Russia,  Ivanter ( 1968 ) recorded an average c lutch size 

of 8 . 3  (N = 23,  range 5- 1 1 )  in first nestings and 6 . 4  in renests . In 

F in land , H i lden ( 1964) observed a seasona l c lutch size of 8 . 24 while 

in La tvia, Mednis ( 1968)  documented the reduction in mean clutch s i ze 

from 10 . 8  in mid-Apr i l  to 7 . 3 after la te Mar and reported a mean of 

9 . 06.  Boyd and Campbe l l  ( 19 67 )  reported a mean c lutch s ize of 8 . 2  and 

a mean hatching c lutch of 7 . 5  on an is land in Loch Leven . On the same 

is land , Marsha l l  and Campbe l l  ( 1969)  noted a decrease through the 

season but recorded no s ignificant d ifferences in c lutch s i ze from 

196 6  through 1968 , i . e . , 8 . 16±0 . 18 ,  8 . 58±0 . 2 5 ,  9 . 00±0 . 17 with N = 126 ,  

18 1 ,  109 , respectively. In England , average c lu tch sizes of 13 . 3  have 

been reported by Boyd and King ( 19 60) , and 1 1  by Lack ( 19 68b), whi le 

Ogi lvie ( 1964) recorded a mean c lutch of 12 . 6± 0 . 22 for early nests and 

9 . 88±0.20  for late nes t s .  

C lutr.h s ize means varied from 10 . 1  i n  March to 7 . 0  i n  the first 

half of May in southern Moravia , 10 . 0  in March �o 6 . 8  in the first 

half of June in Bavar ia,  and 10 . 9  in March to 8 . 0  in the last ha lf of 

May in Switzerland (Kux , Bezze l,  and U .  G lutz in Bauer and U .  Glu t z ,  

1968 : 403 ) .  Whi le reported c lutches o f  nest ing Mal lards in England 

appeared s ignificant ly larger than those from North Amer ica , the other 

European averages are we ll within the range of the latter. 
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Variations in c lu tch sizes have been attr ibuted to variat ions in 

age-composition of breeding pair s ,  popu lation density,  mean laying date 

and to direct and indirect effects of food supply for bot� adu l ts and 

young (Klomp , 1970) . A further var iab le was noted by Koskimies ( 1957 )  

who concluded that c lu tch size in the Ve lvet Scoter (Mc lanitta fusca) 

was genetica l ly fixed . Ryder (1970) proposed that phys iologica l 

condit ion of the female Ross1 Goose (Anser rossii)  on arriva l and during 

the incubation period inf luenced c lutch size.  Lack ( 1967 ,  1968b) has 

suggested that average c lutch size of the Anat idae has been evo lved in 

re lat ion to the average avai lab i lity of food for the hen around the 

t ime of laying, modified by the re lative s ize of the egg, whi le H i lden 

( 1964) proposed that annual var iation in c lutch size  in ducks was due 

to avai labi lity of both winter and spring food s .  The last author a lso  

reported that the proportion of  unhatched eggs rose  as clutch s ize 

increased and , on the average, the mortality rate was higher for broods 

originating from larger c lutches in both the Tuf ted Duck (Aythya 

fu ligu la) and the Scaup (Aythya marila) . 

Any inverse r e lat ionship between increasing pair density and 

c lutch size was d ifficu lt to ascertain because of the asynchrony of 

adu lt and yearl ing laying periods (whe� hos t i le pair interactions peak) 

and the time lag in arriva l of pair s .  Although the highest nesting 

popu lation was recorded in 1957 , no concomitant reduction in c lutch 

s ize was evident (Tab le 6 )  but we cou ld no t separate possible effects 

of age specific clutch sizes.  In F inland , Hi lden ( 1964) reported no 

s ignificant decrea ses in c lu tch sizes of· Scaup and Tufted Duck with 

increas ing pair abundance. Nor d id Drewien and Fredrickson ( 1970) show 

decreases in average c lutch s ize of Ma l lards nesting in 9 acres ( 3 . 6  ha ) 
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of cover on a South Dakota is land. C lutch s izes averaged 10.4  in 1967 

and 8 .8 in 1968 (N = 39 and 28 , respect ive ly) but ranged from 6 to 18 

eggs,  the latter suggest ing laying by more than one hen in each nes t ,  

a phenomenon a lso reported f o r  dense nesting Gadw� l l  hens (Duebbert ,  

1966) . In-depth cons iderations of the many var iables inf luencing 

c lutch size cannot be attempted on the agricu ltura l hab itats such a s  

we studied . 

Egg loss 

Not a l l  eggs hatch in successfu l ne sts.  Compar ison of c lutch size  

means of successfu l nests during incubation and at  hatching at Roseneath 

showed 9% of the eggs were unhatched or lost in early nests and 6% in 

late nest s .  Unhatched eggs a t  Kinders ley accounted for a 9% loss of 

pooled means for successfu l ear ly c lutches and a 3% loss in late 

c lutches .  The major factors were death of embryo ,  freezing, infer t i li ty 

and partial  predation. 

Our resu lts f o l low c lo s e ly those reported in seven North American 

stud ies summarized by H i lden ( 1964: 2 15 ) .  Of nearly 10, 000 Ma l lard eggs 

whose fate was determined (primari ly on refuges) , unhatched eggs made 

up 4.2  to 12 . 7% ( average ·6 . 7%) of the tota l .  In other studies conducted 

from 1949 through 1960, unwe ighted mean loss was 8% and ranged from 

l to 19% (Appendix q). In successfu l ly hatched nes t s ,  Ke ith ( 19 6 1 : 5 2 )  

found that 7 . 3% of 1,446 duck eggs of 1 1  species were nonviab le and a 

further 1 . 5% were lost to predator s ,  etc . 

Brood sizes 

At Roseneath , C lass Ia brood s izes were signif i cant ly sma l ler 

than hatched c lutch means in both early and late nests (Tab le 5 ) . In 
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early c lutches the average decrease between hatching and downy brood s ,  

less than l week o ld ,  was 20% ( 8 . 0  vs.  6 . 4)J in late c lu tches i t  was 

10% ( 6 . 8  vs . 6 . 1) .  There wa s a tendency for C la s s  Ia brood s izes to 

be larger in years when hatch ing peaked early, 1952 and 1955 (Fig .  3) , 

but we cou ld not va lid ly test these observations . No stati stica l ly 

s ignificant d ifferences in mean size of early and lat e  Ia,  II or III 

broods could be detected . Either surviva l of broods is  high in park

lands or methodo logic a l  b iases masked any seasona l reduct ion in s ize.  

Overa l l  reduction between successfu l c lu tch s ize dur ing incubation 

and pref ledged Class III broods was 3 1% in the ear ly period ( 8 . 8  vs . 

6 . 1) and 14% in the late season ( 7 . 2  vs . 6 . 2) .  The data suggest that 

surv iva l of late brood s is somewhat higher than ear ly brood s .  Most of 

the morta lity in both ear ly and late periods occurred within 1 week of 

hatching . 

At Kindersley, using 3-year poo led means, the loss of young between 

hatching and C lass  Ia was 27% for ear ly broods ( 8 . 6  vs . 6 . 2) and 30% 

for late broods ( 7 . 7  vs . 5 . 4, Tab le 6) . Reduction in mean brood s ize  

from Classes Ia  to  III  averaged 18% ear ly in the season and 13% for 

late broods (Appendix C) . Overa l l  reduct ion between c lutch s ize of 

successfu l nests in incubat ion and pref ledged Class III broods was 46% 

for the early. ( 9 . 4  vs.  5 . 1) and 40% for the late period ( 7 . 9  v s .  4 . 7 ,  

Table 6) . Average losses from seasona l comp lete c lutches t o  C la s s  III 

broods in four other studies was 36% (Appendix C) . 

In Holland , Eygenraam (1957) recorded the 4-year averages of 

1-day- o ld Ma l lard broods as 10 .59  ducklings in Apr i l ,  10 . 42 in May and 

8 . 92 in June . Comparab le averages of 5-week-old broods were 6 . 9 9 ,  6 . 99 

and 5 . 56, respective ly. From 1951 through 1954,  he repor ted no 
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significant d ifference in pref ledged brood size,  i . e . , 6 . 02 to 6 . 9 1 .  

In England, Boyd and King ( 1960) reported an average f ledged brood 

of 6 . 6  young. Becau se of coalescing of o lder broods ,  average brood 

size at _ hatching, 6 . 1 , increased to 6 . 8  for we l l  grown young from first 

nestings but decreased from 6 . 9  to 5 . 6  in renests . In a more recent 

study Boyd and Campbe l l  ( 1967 )  reported a Ia brood mean of 6 . 5  and a 

C lass III mean of 4 . 4 .  Of 1 , 640 ducklings leaving the nes t ,  67% 

survived to f lying. In Karelia,  Ru ssia,  reduction from mean c lu tch 

size ( 8 . 3 ) ,  to early hatched young broods ( 5 .7 ) ,  to "f lapper" stage 

broods ( 4 . 3 )  '"as 48 . 2io ( Ivanter , 1968 ) .  E lsewhere in European Ru ssia,  

Sapiteen ( 1959)  reported a reduction from an average c lu tch of 9 . 3 

eggs to an average brood of 8 . 2  young in May, 7 . 9  to mid-June , 6 . 8  in 

late June , 5 . 4  in mid-Ju ly , 6 . 1  in late July and 5 . 5  in Augu s t .  

Approx imately 58% o f  a l l  eggs laid hatched successfu l ly wh i le brood 

loss from hatching to f lying was 42%. 

European studies showed a higher hatchi�g success than those  in 

North Amer ica, but s imi lar c lu tch and brood sizes,  both at hatching 

and f ledging. All  studies with comparab le data ( two in Russia and one 

at Loch Leven) show the high post-hatching reduct ion in brood size.  

The lo ss was associated with " insufficient" viab i l ity , unfavorable  

weather conditions and preda tion by  Eygenraam ( 1957 )  whi le Boyd and 

Campbe l l  ( 1967) noted the periods o f  greatest duckling loss were during 

periods of wet ,  co ld weather . In the latter s tudy, predation was not 

a major brood decimating factor . 

Attrition through the brood period was negl igible in the parkland 

but was more severe in the grass land. At Kinders ley, avian and 

mamma lian predat ion appeared a minor factor in brood mortal ity but i t  



could not be quantified . Both Marsh and Swa inson1 s  Hawks ( Circus 

cyaneus and Buteo swa insoni) were observed diving at broods and were 

a lso f lushed from dead duck lings . Few carcasses of def leshed young 

were encountered during banding or census opera t ions . 
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Some morbid i ty i n  ducklings was attributable t o  the proventricu lus 

worm ( Echinuria uncinata;  Cornwe l l ,  1963) . Infected ducklings appeared 

more preva lent dur ing the worst year of drough t ,  195 9 .  B leached and 

\wrn scapular feathers ,  light weight and de layed p lumage development 

in summer- and autumn- trapped b irds were corre lated wi th such infect ions 

at Kinders ley. The extent of brood or adu lt loss due .to echinurias is  

· is unknown but Cornwe l l  ( 1963) suggested that losses would be  grea ter 

in drough t  years when broods concentrate on the more permanent pond s ,  

which a lso contain masses of the zoop lanktonic ,  intermed iate hos t s .  

Similarly, no mortality could be attributed t o  heavy loads of h e lminth 

paras ites observed . Cornwe l l  and Cowan ( 1963) propose that severe 

nutritiona l host s tress might increase morta l i ty in Canva sback (Aythya 

va lisineria) ducklings . 

Differential  surviva l of young originating from average- s ized 

broods and those larger and sma l ler than average could not be determine d .  

Eygenraam ( 1957 ) noted that broods o f  9 t� U downy young and · those  

sma l ler than four showed proportiona l ly h igher losses than those with 

f ive to eight young. The chances of broods of one or two surviving 

were sma ll because of early abandonment by the hen . D ifferent ia l 

surviva l of early and late hatched broods has been documented by 

Go l lop ( 1965b) . He ca lcu lated a 1st  year morta l i ty rate of . 5 5  for 

young hatched prior to ·9 June and a . 64 rate for those hatched after 

29 June . 

--"'="�· - -
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In summary, comparison of poo led means for each study area showed 

that mean sizes of successfu l c lutches during incubation and a t  hatching 

were s ignificantly higher a t  Kinders ley than a t  Roseneath for ear ly 

nests and showed a tendency to be higher for renests.  Cla s s  la brood s 

were s ignificantly sma l ler a t  Kinders ley late in the season ( 5 . 4  vs  • 

. 6 . 1) but mean s ize of ear ly broods showed no s ignificant d ifference 

between areas.  F ligh t less  Class III brood sizes were s ignificant ly 

lower at Kinders ley than Roseneath for both early ( 4 . 7  vs . 6 . 1) and 

late parts of the sea son (5 . 1  vs . 6 . 2) .  The sma l ler brood sizes and 

higher percentage loss from C lasses Ia to III a t  Kinders ley were 

attributed to increased mortality from longer over land movement s .  

Brood movement 

Ma l lard ducklings genera l ly leave the nest within 12 hours of 

comp lete hatching of the c lutch (Girard , 1941 ;  Weidmann, 195 6 ;  Ra itasuo , 

1964; Kear, 1965 ; Ivanter , 1968) but may remain from less than 9 to 

more than 46 hours (Boyd and Fabric ius, 195 4 ;  Hor i ,  1966 ; Bjarva l l ,  

1967 , 1968) . Departure i s  during dayl ight hour s ,  usua l ly before noon 

(Bjarva l l ,  1968) . Ma l lard broods have a f ledging period of 52-60 days 

(Go llop and Marsha l l ,  1954) . 

Brood loss, nest to water . From weekly censuses at Kinders ley we 

found that 60% ( 1 17 broods) of c lu tches that hatched reached water in 

1956,  35% ( 103) in 1957 and 65% (66) in 1958 . Estimated survival  of 

newly hatched broods from nest to water for the 3 years was 48% (95 of 

197 hatched c lutches) . Evidence to corroborate such losses was 

col lected in 1957 and 1958 when 109 hens , w_e l l  a long in incubat ion , 

were marked with p lastic neck band s .  Of 94 successfu l nests  only 19% 
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of the marked hens were subsequently located on ponds through the two 

summers . Furthermore, only 2 4% of the co lored broods from 37 hatched 

c lutches injected with food dyes were observed after leaving the nest 

in 1957 and 1958 . I 

Compar ison of the measured number of hens raising broods to f ly ing 

age (Table 9 )  with the number of brood hens estimated to have reached 

water from the nes t  site gave f irst  approximat ions of tota l brood 

morta lity associated with inter-pond movements during the f ledging 

p eriod • •  Our data suggest that only 66% of 1 17 broods reaching water 

survived . to f ledging in 195 6 ,  39% of 103 in 1957 and 73% of 66 in 195 8 ,  

for a 3-year poo led average surviva l of 58% ( 5 5  of 95 broods) . 

The high loss of entire Ma l lard broods from nest to water a t  

Kinders ley was associated with the greater d istances that hens nes ted 

from water in gras s land (Table 2 ,  F ig .  4) . The majority of broods had 

to travel more than 200 yards ( 183 m) to water after hatching. These  

distances may be a function of three factor s :  ( 1) high faithfu lness of 

hens leading to per s istent reuse of nesting cover through a drought 

period, particularly if the previous year' s nest was successfu l ,  ( 2 )  

crowded pair popu lations leading t o  increas ing pursu i t s  by drakes which 

forces hens to nest at some distance from ponds to avoid being mo lested 

(Dzubin, 1969a) , and ( 3 )  preferred shrub nesting cover being ava i lab le 
( 1. 6 km) 

in continuous s trips for more than a mile�from water in some case s .  

Duck l ing los s .  As with many nidifugous b irds ,  the major mortality 

period in this s tudy occurred immed iately after hatching (Tab les 5 ,  6 ) .  

No specific cause cou ld b e  determined for the h igh ini t i a l  mortality.  

Most ducklings tended to "d isappear" probably because their carcasses 

quickly decomposed . Starvat ion, heat stress, dehydration or entanglement 

---- _ ,..__,.._. .,...,..._ .�-........ �-
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in  the heavy rose• shrub (Rosa spp .) vegetation during nest-to-water 

movement may have been respons ib le . However , Ma l lard young are able to 

mobi lize nutrients from the yo lk sac , liver and subcutaneous fat  

depos its (Kear, 1965 ; Marcstrom, 1966) and to  survive without food or  

water for more than 2 days.  Lack ( 19 67 : 127) suggested that the large 

interna l food stores have surviva l significance in tha t. "ducklings can 

walk a long way from the nest before their first mea l" , thus a l lowing 

the hen more latitude in se lect ing a safer nest site.  

High losses may a lso invo lve exposure and chi l ling ( Eygenraam, 

1957 ; Nye, 1964; Boyd and Campb e l l ,  1967) . Newly hatched Ma l lards 

exhibit a low to lerance to c o ld as  their thermoregu lation is  imperfect 

(Koskimies and Lahti,  1964) . To survive they must  be period ica l ly 

brooded by the hen. Inability to maintain body temperature cou ld occur 

af ter pro longed exposure to temperatures b� low 50°F ( l0°C) before 

reaching water or when internal food reserves were exhausted . Energetic 

stress of long distance movement may handicap co'ld hardiness • .  Therma l 

insu lation of the body is  a lso reduced during the f irst 48 hours a s  

fat reserves are used. Therefore ,  excessive rainf a l l ,  cold and high 

winds could lead to increased brood morta l ity . Heat prostration might 

a lso occur . 

Mobility and pond d i spersion. In brood rearing habitat high 

seasona 1 mobi l i ty of hens and ducklings is a we l l  documented phenomenon 

(Hochbaum, 1944: 104; Evans et a l . , 1952 : 5 4 ;  Sowls,  195 5 : 144; Berg,  1956 ; 

Marsha ll,  195 8 ;  Beard , 1964 : 505 ; McKinney, 1965) . In our stud i e s ,  we 

accepted the high mob i lity of broods as  a natural phenomenon and not 

an artifact of our presence.  Pond densities and the d i stances between 

ponds on 1 Ju ly showed major differences on the two areas (Tab le 7) . 

---....-· -··-.., "f � .- -
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2 ( 2 4/km2) 
In the driest2year a t  Roseneath ( 1952) there were 63 ponds/mi 11 compared 

( 1 . 8/km ) 
to 4 . 7A in the wettest year a t  Kinder s ley. At Roseneath, the mean 

dis tance from each pond to th� nearest pond was 59 yards (54 m) whi le 

at Kindersley it was 2 45 yards ( 224 m) . Comparable differences for the 

mean dis tances from each pond to the second, third and fourth nearest 

ponds were 9 6  vs.  400 yards (88 vs . 366 m) , 138 vs . 524 yards ( 126  v s .  

479 m) and 180 vs . 6 3 6  yards ( 165 v s .  5 8 2  m) . At Kinders ley , with 

increas ing drought in 195 7 ,  1958 and 195 9 ,  mean d is tances to neares t 

ponds increased to 938,  9 10 and 1 , 280 yards (858,  832 and 1 , 170 m) , 

respective ly , and the mean number of water areas wi thin 0 . 5  mile ( 0 . 8  km) 

of each existing pond dropped from 3 . 0  to 0 .  The average number of 

ponds/mi2 decreased to 0 . 7 ,  0 . 8  and 0 . 4, respect ive ly . 

At Roseneath, the mean number of ponds within 440 yards ( 402 m) of 

any pond was 1 4 . 8  compared to only 2 .5 at Kinders ley in 1956 .  Compar-

able pond number means within 880 yards (805 m) were 5 0 . 5  vs.  3 . 0 .  

Mob i le brood s ,  therefore, had t o  travel much longer distances 

between ponds in grass land area than in park land . The chances that 

nonoriented brood s ,  leaving one pond , would wander into another were 

excel lent in parkland but poor in gra s s land . 

Distances moved. Ma l lard hens and broods make frequent over land 

trips between ponds a lthough no comp lete Ma l lard brood range has been 

documented in the l i terature . Ma l lard broods have been reported moving 

up to 2 miles ( 3 . 2  km) ( Sa lyer , 1962 : 75 ;  Young, 1967) . At Kinders ley , 

the greatest d i s tances  recorded were for two marked hens with broods 

moving 3 miles ( 4 . 8  km) in 1 week and 5 miles  (8 km) in 9 day s .  

Eighteen o f  123 Ma l lards marked as C lass I and II young were known to 

have moved 1 . 6  mi les ( 2 . 6  km) from a drying s lough to the nearest 
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pothole (Go l lop , l965b : l7 ) .  In the same area , Hey land ( 1965 : 41)  records 

a Class II brood moving 1 . 2  mi les ( 1 . 9  km) . At Minnedosa , Ma l lard 

broods remained on ponds for an average of only 7 days whi le the 

longest res idence on a s ing le potho le at Waubay, South Dakota,  was 37 

days (Evans and B lack, 1956) . 

In short ,  Ma l lard broods are highly mob i le and often change water 

areas during the f ledging period . In marshes and large ponds severa l 

parts of shore lines are u s ed during thi s  period . 

Movements and pond qua l i ty .  Brood movement is a funct ion o f  the 

hen' s presence (Stoudt,  1969 : 128 ) .  At Minnedosa,  a l l  seven brood s 

w ithou t hens remained on the ponds where they were found (Evans et a l . , 

1952 : 34) . However , factors causing brood movement are unc lear . Whi le 

drying of a s lough is an obvious cause,  food shortage and disturbance 

have a lso been suggested ( Stoud t ,  1969 : 128) . Evans and B lack ( 1956 : 45 )  

could f ind no cause for movements which "were not a lways from poor to 

percep t ib ly better potho les,  but were never to areas obviou s ly poorer 

than those last occupied" . Berg ( 1956) and Kei th ( 19 6 1 )  reported that 

movements were to larger , more permanent pond s .  Evans and B lack ( 1956) 

conc luded that the hen was oriented to the landscape because she 

frequent ly left her brood for an hour or more to feed in nearby ponds 

and field s .  In southeastern Saskatchewan , S toudt ( 19 6 1 : 32 )  noted that ,  

a lthough broods visited a number of ponds in moving severa l . mi les in 

years of favorable water cond i t ions , during severe droughts ( e . g . , 196 1 )  

"hens wou ld not move broods a ha lf mile t o  the nearest good water even 

though the hen herse lf wou ld f ly to the pond11 • 

Although one author conc luded that food was not an important 

factor in pond se lection (Benson, 1948 ) ,  o thers have suggested tha t 

______ .. ..,.. 
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hens search for favorable food and cover requisites (Beard , 1964 : 5 19 ;  

Mendall,  195 8 : 134; Stoud t ,  1969) whi le s t i l l  o thers (Evans et a l . , l952 : 22 ;  

Sowls,  195 5 : 150) noted that broods moved in "random" direc tion s .  

Heyland ( 1965 : 33 )  found that wing- c l ipped incubat ing Ma l lards cou ld 

return to nests from at least 870 yards (796  km )  away, suggest ing 

prec ise orientation even at ground leve l .  

Our evidence from marked hens does not aff irm any consistent 

pattern of movement by broods ; some move stead i ly away from nest s ,  

while others may return to a pond after visiting one or more o ther 

potho les. Brood mobi l ity patterns and orientation of brood hens re-

quire further field study , especia l ly under cond i tions of minimum human 

disturbance.  

Reproductive succes� 

Two estimates of the number of young produced on both study areas 

were made:  ( 1) a ca lcu lation from censuses of breeding pairs,  hatching 

success,  renesting rate s ,  spring mortali ty of adu lts  and average brood 

sizes,  and ( 2) a measurement from censuses of near ly f ledged broods and 

successfu l brood hens originating on the s tudy areas (Tables 8 and 9) . 

A major assumption was that a l l  hens counted during spr ing breeding 

pair censuses at tempted to lay one or more c lutches .  Observat iona l 

evidence relating censused breeding pairs with nests found and pair 

behavior supported this  assumption. However, evidence of nonbreeding 

by some apparent ly res ident hens was obtained from spec imens co l lected 

in 1959 , a year of drought . Examinat ion showed ova atresia and lack of 

ovu lated follicles in hens col lected from late-May f locks.  Produc tion 

ca lculations were rejected for that year e 
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At Roseneath, the ca lcu lated production of young averaged 1 . 4  

immatures/adu lt and varied from 1 . 1 in 1954 t o  1 . 7  in 1955 (Tab le 8) . 

Measured product ion averaged 1 . 2  and varied from 0 . 6  immatures/adu lt 

in 1954 to 1 . 6  in 195 5 .  Because of the smal l s i ze of the s tudy area 

and evidence of brood movement across its  boundaries,  we accepted the 

calcu lated production as the best approx imation of the 1 September 

popu lation. Because there was apparently no lo s s  of ent ire brood s at 

Roseneath, this method cou ld a lso be used.  

At Kinders ley , associated with the s ignificantly h igher hatching 

success (Table 4) , ca lcu lated production averaged 1 . 8  immature/adu l t  

and varied between 1 . 4  in 1958 t o  2 . 0  i n  1957 (Tab le 9 ) . Measured 

production was much lower : an average of 0 . 5  immatures/adu lt with a low 

of 0 . 3  in 1957 and a high of 0 . 7  in 1956 and 195 8 .  Because of the lack 

of emergent vegetat ion resu lting in high potential  visibi lity of brood s ,  

·and because  of loss of ent ire brood s ,  we accepted the measured method 

at Kinders ley as giving the best e s t imate of actual production. 

Local production and breed ing popu lat ions 

From the production estimates ca lcu la ted and measured for the two 

areas we compu ted a theoretica l popu lat ion mod e l  for the Apr i l  through 

August period (Tab le 10) .  Weighing the yearly decreases in spring 

breeding popu lations at Roseneath,  54 to 33 pairs from 1952 to 1955 

(Tab le 8 ) ,  we ca lcu lated imp lied morta lity rates for this decrease .  

Using a formu la developed by H ickey ( 1952 ) ,  Balham and Miers ( 1959 ) ,  

Fog ( 1965 ) , Henny ( 1969 ) ,  and Henny, Overton and Wight ( 1970) , 

· we calculated the production of iromatures �equ ired to ba lance the 

morta lity rates for the two areas .  At Roseneath, each hen had to  



produce 1 . 7  immatures to maintain a stab le popu lation whi l e  at 

Kindersley the f igure was 1 . 2  young. 
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Post-breeding season production indices shou ld include some measure 

of the summer morta lity of adu lts or such indices cou ld be b iased up

ward if reproductive ou tpu t  is compared to the origina l breeding 

popu lation (Henny , Overton and Wigh t ,  1970 ) .  Our estimated Apr i l- to

June drake and hen death rates of 2 and 5% , respectively, at  Kinders ley, 

and 4 and 7% at Roseneath (Tables 8 and 9 ) , . were s imi lar to estimated 

drake mortality of 2% and hen mortality of 8% reported for the 6-May

to- 15-Ju ly period by Keith ( 196 1 : 44) in Alberta.  Crissey ( 1969 : 163 ) 

estimated the adu lt mortality between May and September as averaging 

4-5%, whi le Cartwright ( 1952)  assumed that 2% of nest ing hens were 

kil led by predators .  In our mod e l ,  a lthough we estimated an average 

loss of one hen and brood per year in the parkland (Table 10) we cou ld 

'not determine whether a hen was removed by predation or whether she 

abandoned her brood as early as the 5th week. We a ssumed the former 

had occurred. 

The reprodu c t ive outputs  a t  Roseneath, 1 . 3 ,  1 . 5  and l . l . imrnatures/ 

adu lt on 1 September ( for the 3 years where subsequent breeding popu

lations were known) ,  averaged 1 . 3  and were sufficient to ba lance 

mortal ity rates of . 40 for adults and . 5 5  for immatures . These figures 

are at the lower limit s  of estimates given for variou s  North American 

loca lities,  i . e . ,  . 3 8  to .50  for adu lts  and . 55 to .69  for immatures 

( Crissey, in Smith, 1956 : � 0 ;  Keith, 196 1 : 75 ;  Jahn and Hunt , 1964 : 48 ) . 

We conc luded that the critica l mortali ty occurred away from the s tudy 

area from September through March. The proportion of new recru its  to 

the spring popu lat ion was determined on the fa l l  migration and 
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. wintering ground s .  

Reproductive outpu t s  in the gra s s land, 0 . 3  t o  0 . 7  irnmatures/adu lt 

i.n fa l l, also resu lted in a dec l ining popu lat ion which cont inued to 

1963 , 1964 and 1965 when 37 , 40 and 39 pairs were counted (Dzubin, 

1969b : 2 06 ) .  

Under drought conditions a t  Kinders ley, high brood mortal ity was 

cons idered the s ingle most important proximate factor contro l ling fa l l  

popu lation size. Concurrently, other disturbing forces a lso interacted 

to dampen summer gain: ( 1) increased predation on nests in 1958 and 

1959 , (2)  te lescoping of nest initiation pe�iod with fewer hens re

nesting and ( 3 )  nonbreeding. 

Immigrat ion of drought- d isp laced pairs onto the study area 

obviou s ly increased the popu lation in 1957 and , whi le not adequate to 

offset a dec line, d id contribute to the 1959 popu lation. 

The h ighest breed ing popu lat ion ( 1957)  had the poorest breed ing 

succes s ,  not because of significant decreases in c lu tch size or  

hatching succe s s ,  but becau s e  of  the highest loss  of  broods from nest 

to water and the lowest overa l l  percentage of hens· f ledging broods 

during the study. From one year ' s  data we cou ld not assess any inver se 

effects of increased density on reproductive succes s .  

Immigration obscured the effects o f  varying birth and death rates 

on popu lat ion leve l s .  Loc a l  popu lations may be reduced by low b irth 

rates or high death rates but su sta in themse lves by inf luxes of 

p ioneering b irds from other more su ccessfu l subpopu lat ions . In 

gener a l ,  breeding popu lat ion changes between sea sons are dependent on 

a number of factor s :  reproductive outpu t ,  homing of adu lts and . young, 

hunting and natura l morta l i ty during the winter , immigration and 
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emigration. 

Drought impacts on product ion 

The effects of drought on habitat qua lity and reproductive success 

of waterfowl has been documented both in North Ameri ca (Ye�ger and 

Swope , 1956; Crissey, 1969 ) and Aus tralia, where species show various 

adaptat ions to drought from nomadism to a period ic breed ing season 

dependent on water leve ls ( Frith ,  1959) . 

In North Amer ica , the emigration of Ma l lards from drying grass land 

and parkland breed ing grounds to boreal habitats of the Mackenz ie River 

Basin and Alaska has been descr ibed by Cr issey ( 1969 ) .  Smith ( 1969 : 1 18)  

a lso e lucidated these periodic northward shifts and documented non

breed ing during the 195 9 drought, where in Ma l lard pairs gathered in 

large concentrat ions through the regular breeding season and pa s sed 

the 
'
summer as nonbreeding pairs unt i l  the mo lting period . Stoud t 

( 1969 : 126 )  suggested that weather p lays a role in renesting effort of 

the Canvasback . H ens were more prone to renest  under conditions of 

coo l temperatures and stable water leve l s ,  than under h�h temperatures 

and reced ing leve l s .  Rogers ( 1964) recorded that a high proportion of 

Lesser Scaup ( Aythya aff ini s )  hens fai led to nest when their nes ting 

substrate was not f looded . In North Dakota , Sa lyer ( 19 62 )  noted 

decreases in pair numbers and increased brood morta l ity with drying 

habitat. In South Dakota,  Drewien and Springer ( 1969)  described 

abandonment of drying ponds by B lue-winged Tea l ( Anas d i scor s )  but 

noted quick reco lonization when water leve ls improved . We l ler , 

Wingfield and ·Low ( 1958)  observed increased nest predation with 

decreasing water levels on a Utah marsh. Evans and Wo lfe ( 1967) 
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documented the reinvas ion of a per iodica l ly· f looded ra inwater basin by 

ducks in Nebraska and the subsequent di sappea\ance of the breed ing 

population during 4 years of deteriora ting water leve l s .  Mayhew ( 1955)  

postulated that during drought low humid ity in  Ma l lard nests led to 

decreased hatching succes s ,  but Anderson ( 1957)  found no evidence to 

support this theory. Our data from t�e grass land area suggest tha t 

even under drought condi tions Ma l lards have a h igh "condensation 

potenti a l" (Frank, 1957 ) ,  i . e . , they readi ly adapt to increasing pair 

densities,  up to some unknown critical point . Hens successfu l ly nes ted 

at densities approaching f ive pairs/acre (2/ha) of water on one pond 

at Kinders ley (Dzubin, 1969a : l48) .  H igh brood morta l ity from nest to 

water and during inter-pond movements p lus  lower mean brood sizes 

were the mos t  obvious effects  of drought on Ma l lard produc tion in the 

. grass land area. 

Produc tion indices 

The estimat i on of summer rep lacement rates requires precise 

informat ion on the number of breeding pa irs ,  the proportion producing 

young, the summer mortal ity of adu lts and the true brood size a t  

f ledging. Data on c lutch sizes,  nesting success and renesting are 

u sefu l in estimating product ion but are not in themse lves suff icient 

to arrive at f a l l  age ratios because no account is taken of hens losing 

entire brood s .  

Comparison of our resu lts with o ther North American stud ies 

showed that c lutch s izes were be low average at Roseneath but above 

average at Kinders ley (Appendix B) whi le brood s izes for both areas 

were genera l ly lower than e lsewhere ( Appendix D ) .  Hatching success 
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at Kindersley ( 67%) was higher than in any other study in the potho le

stockpond hab itat but the average proportion of hens u lt imately 

successful  in producing f l edged broods ( 2 1% )  was lower in on ly one year 

in one other area (Appendix E) and ref lected losses of entire broods . 

Loss of broods or no renesting lead to ear ly abandonment of unfavorable 

brood rearing habitat by hens . Although overa l l  reproductive output 

is reduced , the hens ' surviva l for another breed ing year may b e  enhanced , 

as they are not t ied to suboptimum habitats for the f ledging period 

and they undergo the stressfu l mo lt period ear lier and in more favorab le 

habitats . 

Superf icia l ly,  there was l ittle indication of regiona l ,  latitud

ina l or hab itat d ifferences in seasona l ly poo led c lutch s i ze means from 

various North American locations ( Append ix B ) ,  a lthough va l id stat ist

ica l compari sons were prec luded by lack of supporting variance and 

age- structure data . In Ma ine , c lutch s ize means reported by Cou lter 

and M i l ler ( 1968 : 2 4) for the 195 1-56  period. were s ignif icantly h igher 

( 10 . 6±0 .25)  than means obtained in the same region from 1957-63 

( 9 . 2±0.22 ) .  They were further significant ly higher than those  reported 

for 1953-57 by Keith ( 19 6 1 : 5 2 )  in centra l Alberta ( 8 . 8±0 . 15 ) ,  from 

Roseneath ( 8 . 2 1±0 . 14) , and from Kinders ley ( 8 . 9 1±0 . 07 )  (N = 48 , 83 , 88 ,  

166 and 627 , respect ively, for  each samp le mean ± S.  E .  of  the mean ) .  

In our studies the major percentage loss of young occurred within 

a week of hatching . In other studies (Appendix C) losses between 

C lass I and C lass Ill broods were variab le but averaged higher than 

nest-to-water losses (Append ices C and D ) .  From continental product ion 

ratios of 0 . 6  to 1 . 7  irnmatures/adult recorded for the 1955 to 1965 

period by Crissey ( 1969 : 163 ) ,  we ca lcu lated that a max imwn of 54% and 
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a minimum of 19% of the hens successfu l ly f ledged f lying broods ,  

assuming ( 1) an average brood s ize of 6 . 3  on 1 September, and ( 2 )  

ba lanced sex ratio s .  On the basis of average annua l production of 1 . 1 

imrnatures/adult and the above assumptions , 35% of Ma l lard hens must  

ultimately be  successfu l in  bringing broods to  f lying stage . 

The latter figure i s  simi lar to the average index of per cent 

successfu l hens given in Appendix E - 34 . 7  - which is a lso simi lar to 

the average hatching success  - 33 . 8% .  These data suggest  that either 

loss of entire broods may be a key decimating factor or that renesting 

does not contribute as  much to overa l l  continenta l reproduct ive succes s  

a s  previous ly inferred . The only long- t erm estimates of the pro

port ion. of hens u l t imately successfu l in producing broods are those 

· pub lished by Stoudt for southeas tern Saskatchewan which show a 13-year 

average of 34.8% (range 2 1-70)  and by Smith for centra l Alberta which 

show a 12-year average of 46 . 6% ( range 15- 92)  ( in D zubin, 1969a : l47 ) .  

Data for European stud ies show 66% of hens successfu l in f ledging 

broods in Eng land (Boyd and King, 1960 ) ,  76% and 77% in H o l land 

( Eygenraam, 1957 ) and 70% in the province of Zee land , Ho l land ( Lebret ,  

196 1 ) .  

As mean brood size  a t  f ledging decreases,  the proportion of hens 

required to produce broods to maintain popu lation equ i librium under 

preva i ling mortal i ty rates must  rise according ly . For examp le,  to 

maintain popu lation ba lance (assuming equ a l  ·sex ·ratios and average 

annual  morta l ity rates of . 40 for adu lts and . 65 for immatures �  none 

of which occurs in the summer) ,  68% of hens mus t  be successfu l in 

producing an average brood of 5 . 0  young, whi le only 53% of the hens 

must be successfu l if the average number f ledged i s  6 . 5 .  



GENERAL DISCUSSION 

Long- term f luctuations of the North American Ma l lard popu lation 

over the last three decades have been as sociated prima r i ly with 
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c l imat ic factors per s e  and a s  they affect the number o f  May and Ju ly 

ponds on the breeding grounds ( Be 1 1r o s e  et a l . , 196 1 ;  Watt , 1968 : 172 ; 

Cris sey , 1969 ) .  Hunting mortal ity i s  a lso a major factor regu lating 

populations (Hickey, 1952 ; Crissey ,  1969 ; Geis et a l . ,  1969 ) with high 

loca l exp loitat ion rates lead ing to popu lat ion dec l ines (Hochbaum, 

1947 ; Moy le,  1964; Jessen, 1970) • .  Under low popu lation leve l s ,  Watt 

( 1968 : 175 ) specu lated that morta l i ty factors may operate more severely 

against hens with many being lost through increased predation, hunting, 

botu lism and drough t .  As with other nest loss factor s ,  the ro le of 

predation in depress ing reproduct ive success is comp licated by re

nest ing ( Cartwright, 1952 ; Hickey, 1952 ; Errington, 195 6 ;  Ba lser , D i l l  

and Ne lson, 1968 ) .  In artificia l ly a ltered habitats with restricted 

nest ing cover, predators may become a ma jor decimating factor . Dens ity

dependent factors may be operative in reducing summer gain when popu

lations exceed the carrying capac ity of prairie pothole habitat 

(Bel lrose et a 1 . , 196 1 ;  Cr issey, 1969 ; D zubin, 1969 a ) .  Parasites and 

d i seases cause spectu lar loca l d ie- offs but are not cons idered to be a 

major regu latory lactor (We l ler , 1964) . 

Reproduc t ive output is  dependent on a mu ltip l ic ity of inter

re lated factors which acting in concert tend to depress summer gain. 

Subpopulations separated into a mo saic of habitats undergo annua l 

f luctuations as  a consequence of the effects of these many factor s .  

On a number o f  inten s iv e ly studied areas ( E1lig,  1955 ; Stoudt ,  195 6 ;  
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Smith, 1956;  Stee l ,  Da lke and Bizeau , 195 6 ;  Ke ith,  196 1 ;  Jahn and Hun t ,  

1964; Moy le,  1964, Stoud t ,  1969 ; Smith , 1969)  a who le spectrum o f  

factors has been proposed for reduc ing summer gain , e . g . , land- use 

practices,  p lant success ion, freez ing and wet weather , hai l ,  predat ion 

of eggs,  nests and young, nest de sertion, dens i ty effects,  d i seases,  

parasites,  human disturbance , nonbreeding emigration , droughts and low 

renesting rate s.  On some study area s ,  one factor or a combination of 

factors was dominant every year and cou ld be considered key, proximate 

contro l l ing factors whi le the same or other factors in other areas 

f luctuated great ly in their annua l  impac t .  , Geograph i ca l ly,  different 

subpopu lat ions of a spec ies apparently f luctuate independent ly as the 

effective environmenta l  factors inf luence them in d ifferent ways . 

The role of Mal lard spacing behavior and mutua l into lerance a s  a 

contributory force contro l ling breeding popu lation dens ity or  leading 

to more eff icient resource apportionment is comp lex (McKinney , 1965 , 

1970 ) .  Only one aspect was considered her e ,  i . e . ,  greater nest 

distances from water , with dens ity-assoc iated · increas ing rates of 

aer ial pursu its of hens by drakes . Agonistic and sexua l motivated 

coactions p lus  the d i spersion of sma l l  ponds themse lves lead to pair 

spacing, with its  imp lied regu latory role. Pairs show ·activ ity loca l

i zation and s i te tenac ity to spec ific sma l l  ponds or portions of 

shorelines , and drakes launch aer i a l  pursuits  against hens of trans

gressing pairs for per iods up to 4 week s .  Where a preponderance of 

ponds are less than 1.5 acres ( 0 . 6  ha) in s i z e ,  e . g . , in parkland , 

spacing behavior disperses pairs amongst ponds and may p lay an 

important ro le in determining breeding densities or d i spersing some 

later arr iving pairs to o ther habitats.  No  def initive data exi s t  
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which show increased adu lt deaths or  reduced progeny outpu t from pairs 

so d isp laced . The soc ia l structure of pairs i s  further comp lica ted in 

habitats which conta in ponds larger than 3 . 5 acres ( 1 . 4  ha ) in s ize on 

which spaced pairs aggregate but show greater to lerance to neighboring 

pairs as in some gra ss land hab itats.  Her e ,  drakes are . incomp lete ly 

dominant, . wa it ing s i te and activity centers are not exc lus ive use areas 

and pursu its may be initiated from many port ions of the home range . 

Considering the compensatory processes of emigrat ion, de layed 

breeding and high mob i lity in prairie pond habitats,  we suggest tha t 

spac ing mechanisms p lay a minor, but little  understood , role in regul

at ing loca l pa ir abundance and further influencing continenta l 

reproductive output ( for other views see Crissey ,  1969 ) .  Arguments 

for density regu la ted reproductive success and propo sals  that socia l 

behavior is the u ltimate factor limit ing popu lations remain specu lat ive 

(Dzub in, l969a) . Gras s land breeding M a l lards may d iffer genetica l ly 

from parkland b irds in inter-p a ir hos t i lity and condensat ion poten t i a l  

( see Chi tty, 1960 ) .  Any such proposed rac i a l  d ifferences are con

j ectura l .  

Movements  of brood areas with a high density o f  ponds may have 

some adaptive s i gnif icance,  e . g . ,  on tbe average, more young survive 

by moving than by remaining on one potho le . Other than leaving a pond 

that wi l l  dry before the birds can f ly ,  increased surviva l through 

movement may be associated with ( 1) an anti- predator mechanism, ( 2 )  

food deficienc ies affect ing deve lopment on a particu lar pond , ( 3 )  a 

decrease in inter-brood competition for food or cover, and (4)  

developing toxicity ,  e . g . , a lgae or a lka l inity. However , the 

behaviora l attr ibute of recurrent mob i l i ty that has positive surviva l 
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imp lica tions where ponds are aggregated i s  negated during periods of 

drought. The u ltimate se lec tive advantage favoring movement of broods 

from sma l l  astatic ponds to potho les where the young are as sured of 

reaching f l ight stage is obviou s .  During drough t ,  se lection would 

favor hens and broods rema ining on permanent ponds but other pressures , 

e . g . , predation and lack of adequate food , might ou tweigh any such 

tendency. 

Where ma l lard brood hens u t i lize large , i . e . , > 3 acres ( 1 . 2  ha ) , 

widely dispersed stock ponds in grass land habitat s ,  the movement of 

hens from one shoreline to another may suff ice to f u lf i l l  any appetitive 

mobi le behavior. On the o ther hand , any behaviora l or racia l adapt

ations which lead to decreased inter-pond mob i lity in hab itats where 

stock ponds are wide ly d ispersed , wou ld fav9r increased progeny 

surviva l and popu lat ion maintenance. 

We suggest that the h igh corre lat ion obta ined by Crissey ( 1969)  

and by Geis et al .  ( 1969)  between July pond numbers and productivity , 

as  measured by immature : adult ratio s ,  can , in part,  be exp lained by 

the fo l lowing proposa l .  Optimum Ma l lard brood habitat in both park

lands and grass lands must contain dens ities of at least four to six 

ponds per 160 acres (65  ha) . Strategica l ly d ispersed aggregations of 

permanent ponds are the critica l factor, not numbers a lone . Aggreg

ations increase the chance that wandering brood hens wi l l  f ind water . 

Where drought leads to greater spac ing of ponds the mort a li ty of young 

wi l l  increase,  resu lting in lower productivity. 
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SUMMARY AND CONCLUSIONS 

From 1952 through 195 9 ,  the reproductive success of Ma l lard s wa s 

estimated in successive per1ods on two study area s in the southern 

prairies of Canada .  Rosenea th, .895 acres ( 3 62 ha) in the aspen park

lands near Minnedosa , Manitoba , contained many sma l l  pond s ,  wh i le 

Kinders ley , 672 acres ( 2 , 720 ha) in the mixed gras s lands of Saska tch

ewan, conta ined fewer but larger pond s .  During the 4-year study 

period on the latter area , increasing drought was experienced . 

Nests  in parkland were signif icantly closer to water than those 

in grass land , their hatching success was much lower, c lutch s izes were 

sma l ler and losses from downy young to f l edging were lower . The pro

portion of hens producing broods on the parkland area was doub le that 

of the grass land b lock ( 46 v s .  2 1%) . 

In neither of the two areas was production of immatures suff icient 

to maintain popu lation leve ls in the face of preva i l ing hunting losses 

and other morta lity factor s .  At Roseneath , the mean annual  production 

per 100 nesting hens wa s 267 young or 1 . 4  immatures/adult on 1 September 

(after subtracting summer adu lt morta l i ty ) ; at  Kindersley it was 106 

young or 0 . 5  immatures/fa l l  adu l t .  

The �jor factor restrict ing popu lation growth i n  the parklands 

was the high exp loitat ion rate of adu lts and young after 1 September, 

either on the breeding grounds prior to migrat ion or on migrat ion and 

wintering area s .  On the grass land block mo st  of the 1st-year morta l i ty 

of young occurred dur ing over land movements of broods between nest 

and water and between pond s .  Ma l lards were sens itive t o  environmenta l 

contro ls and the limiting effect of early deaths was evident under 
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drought cond it ions . Immigrat ion a t  Kinders ley obscured meaningfu l 

eva luation of the effects of reproduction on the subsequent yea r ' s 

breeding popu lation. 

Production of young by homing and immigrant Ma l lards in relatively 

favorable grass land habi tat (prior to 1956 )  wa s apparently not l imited 

by nest preda tion nor inter- pond brood morta l i ty .  Subsequent breed ing 

popu lat ion peaks were not rea lized because of brood morta lity between 

nest and water resu lting from ( 1 ) the drying of ponds after nest 

initiation in habitat a lready subopt imum in pond density and ( 2 )  the 

crowding of pairs caus ing hens to locate ne? ts at greater d i stances 

than norma l from water, probably in order to avoid harassment by drakes . 

Breeding popu lations were. reduced to 10% of peak leve ls during pro

longed drought ( through 1965) primarily because of continued re-

productive f a i lure, emigration of adu lts  from unsui table habitat and , 

perhaps, fa l l  and winter exp loita tion by hunters .  

Two behaviora l characterist ics of Ma l lard hens are important 

factors . in drought situat ions : ( l) a strong f ide l ity to a previous 

nesting site and ( 2 )  a tendency to move broods period ica l ly and without 

. orientation to other pond s .  The appetitive mob i le behavior apparent ly 

cannot be adapted to drought conditions . Any se lective advantages tl�t 

accrue over the long term from persi stent reuse of deteriorat ing 

hab itat and di soriented brood movement are negated during drough t s .  

Considering the methodo logic a l  imprec is ion and approximat ions 

inherent in many waterfowl inves tigations pub l i shed to date , we 

conclude that there rema ins an urgent need for more prec ise estimates 

of nata lity and morta l ity by region s .  Long- term eco logica l and 

behavioral  stud ies with supporting marking programs carried through 
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entire prec ipitation and popu lat ion cycles are a necessity if we are 

to better understand the processes of popu lation regu lation in any 

.waterfowl species . Four areas require specia l cons idera�ion :  ( 1 ) the 

formu lation of statis tica l ly and b i o logica l ly sound pair and brood 

surveys , ( 2 )  a more prec ise estimate of the proportion of hens which 

attempt to nest and renest under varying c l imatic and edaphic cond

itions and, further , the proportion which successfu l ly f ledges broods ,  

( 3 )  more quantitative data on sea sona l mobi lity and natura l  morta l ity 

of adu lts and young on the breed ing grounds through individua l ly 

identif iab le bird s ,  and ( 4) the effects of food supp lies and spacing 

behavior on breed ing densities  and surviva l ,  growth, and output of 

progeny. 

Intensive studies on local  or regiona l subpopu lations shou ld be 

initiated to test speci f ic hypotheses.  The s i ze of a study area shou ld 

depend primari ly on the factors affect ing adequate samp le s ize : 

breeding pair density, dens ity and mobi l ity of brood s ,  etc.  The idea l 

would be to continua l ly record the activity of at lea�t 30 successfu l 

pairs from spring arriva l to f ledging of their broods each year. In a 

grass land area such as Kindersley at the t ime of this study, 150± pairs 

would have to be marked and tracked tc obtain thi s  outpu t of data on 

Ma l lards .  The area would then start off a s  the sma l lest p iece of land 

with 150 markab le pairs and end up as the area covered by the 30 marked 

broods from hatching to f ledging. 

Long- term marking wou ld a lso be needed for an understanding of 

homing, immigration, emigra t ion, age structure,  etc . ,  on product ion . 

Such research should permit the mode l l ing of production from each 

important hab itat uni t .  Along with banding and other techniques , it  
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wou ld a l low annua l  predictions of the geographical and temporal con-

tribution to hunting , based on rout ine measurements of breeding pairs 

and the effective environmenta l  limiting factor s .  Adequate research 

may a lso provide practica l methods for s ignif icant ly reducing the heavy 

losses to potential ga in occurring during nest and brood period s :  89% 

at Kinders ley (940 eggs for 100 f ledged young) and 68% at Roseneath 

( 880 eggs for 280 young) .  

The current concept of a subpopu lation of breeding waterfowl 

i s  apparent ly that of a group of b ird s faithfu l to a particu lar b lock 

of breeding habi tat (whether a few roi2 
or a few thousand mi

2 ) with no 

s ignificant d i lut ion from or dispersa l to o ther areas.  Idea l ly ,  it  

wou ld have a restr icted migration route and wintering area.  Whi le thi s  

concept ho lds for geese,  i t  may not be acceptab le for ducks a s  suggested 

above because of immigra tion and emigration and because of d ivergent 

migration routes and extensive wintering area s ,  even for Ma l lards 

raised on one pond (Go l lop , 1965b ) .  With ducks it i s  necessary to 

. learn how the ent ire  range of each disturbing factor in a hab i ta t  type 

affects the contribution of birds to the fa l l  f light , whether the 

breeding popu lat ion i s  made up largely of homing or immigrant b ird s .  

To imp lement this proposa l ,  it  would be necessary t o  c la s s ify 

waterfowl habitat considering such obvious factors as large and sma l l  

pond s ,  high and low pond dens i t i e s ,  drought susceptible and res i stant 

area s ,  and major d ifferences in o ther factors , such as predator s .  A 

gross classif ication and d e l ineat ion would suff ice for management 

purposes a t  this t ime. 

Current management concepts and data gathering schemes are 

oriented to some wide ranging "cont inenta l" Ma l lard popu lation. Use 

of  the best  data avai lable has apparently resu lted in serious errors 
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in popu lation p lots which, in turn, have been adjus ted and weighted 

to agree with what is be l ieved to be a new best estimate of the popu� 

lation. We suggest that the impreci s ion of recent predict ions shou ld 

be attacked by research and data co l lection. on subpopu lations by 

learning to count and pred ict breeding popu lat ions from each 'hab itat 

type under varying cond i t ions , measuring production in the f i e ld and 

from wing surveys re lated to each subpopu lation and d irect ly identifying 

. the harvest  from each area . If adequate techno logy is not avai lab le,  

emphas i s  should be  put on  its  deve lopment . 

W i ld Mal lards breeding under natura l cond it ions are poor subjects 

on which to accumu late statistica l ly sound popu lation parameters . The 

spec ies i s  particu larly sens i t ive to human interferenc e ,  especia l ly 

during the brood period . Statements such as "unstudied Ma l lard popu

lations eas i ly maintain themse lves" might be viewed a s  a genera l 

truism. • F i e ld workers concerned with duck popu lation dynamics shou ld 

periodica l ly remind themse lves of the Heisenberg Uncertainty Principle  

(Tnm, Canadian Ed i t ion 04/ 15/63 , p .  5 1 ) ,  " the very act of observing 

or probing a phenomenon changes the phenomenon" . 
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Appendix A.  Recorded d istances of Ma l lard nests from water . 

Area 

Montana 

" 

II 

II 

California 

" 

Manitoba 

Wisconsin 

Alberta 

Minnesota 

II 

11 

Saskatchewan 

Number 
of 
nests 

252 

Average 
d i s tance 
to water 
yards (m) 

1 18 . 7  ( 109 ) 

Remarks 

10 3 19 . 9 ( 293)  82% < 100 yards 
( 9 1  m) 

Author 

Girard, 1941 

Smi th, 1953 

20  90  (82)  Grass  cover E l lig,  1955 

12 

13 

209 

123 

55 (50)  Greasewood cover 11 

5 1 . 2  ( 47 )  Mayhew, 1955 

7 8% < 50  yards 
(46 m) 

16% over water 

90io < 200 yards 
( 183 m) 

M i l ler & Co llins,  1954 

Sow1s ,  1955 

68 229 (209)  Labisky, 1957 

135 18 ( 16) Ke ith, 196 1  

50  3 17 (290)  Maximum 1 120 yards Orda l ,  in  Moy le,  1964 : 95 
( 1024 m) 

62 17 

9 130 

12 2 

( 16) 

( 119)  

( 2 )  

90% < 5 0  yards 
( 46 m) 

Y�ximum 352 yard s 
(322 m) 

Jessen, Lindme ier & 
Farmes , in Moyle,  
1964 : 64, 17 . 

Benson, in Moy l e ,  
1964: 1 19 

Townsend , 1966 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Manitoba 2 17 

Saskatchewan 584 

108 

* Median value . 

33 
6 

(30) At hatch ing 
( 5 ) *  

This  s tudy - Table  2 

27  5 ( 2 5 1 )  At hatching - early 11  

190 ( 174)* 

35 1 ( 3 2 1 )  " 
255 (233)* 

I I  - late II 

11 11 

" " 



Appendix B .  Seasonal c lutch s i z e s  of Ma l lards in North America . 

Clutch 
Year Area s i z e  N Author ( s ) 

1949 Ca l ifornia 5 . 7  35 Mayhew, 1955 

1950 II  8 . 2  5 I I  

195 1 II  8 . 9  38 Hunt & Nay lor , 1955 

1952 I I  8 . 9  178 Mi l ler & Co l l ins , 1954 

1953 I I 8 . 3  64 Hunt & Nay lor, 1955 

1949 Colorado 8 . 1  165 F l inn, 1949 : 138 

1950 II 8 . 3  370 F linn, 195 0:  163 

52-56 Great P lains 8 . 3  40 We l ler , 195 9 : 354  

195 1 Idaho 8 . 9  2 2  Wo lf , 1955 

72 

5 1-56 Maine 10 . 6  48 Cou lter & Mi l ler, 1968 : 2 1+ 

57-63 I I  9 . 2  83 II  

1949 South Dakota 8 . 9  2 7  Stoudt,  1949 : 149 

1950 Utah 8 . 9  37 N e l s on, 195 0 :  136 

1950 I I 9 . 4* 63 We l ler, 1959 : 354 

195 1 I I 9 . 4  103 Ne lson et a l . ,  195 1 : 128 

195 1 II  8 . 2  2 8  Wo lf , 1955 

1956 II  9 . 6  19 Ryd e r ,  196 1  

1957 II  8 . 4  1 1  " 

53-57 Alberta 9 . 6  (prior 5 / 16 )  
5 8  Keith, 196 1  

8 . 1  ·(post 5 / 3 1 )  

• • • cont 1 d  
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Appendix B Conc luded . 

C lutch 
Year Area s iz e  N A11thor ( s )  

47·50 Mani toba 1 0 . 0  . 23 ( prior 5 / 15 )  Sow l s ,  1955 : 132 

I I  It 8 . 3  25 ( 5 / 15 t o  6 / 15 )  " 

1955 Saskatchewan 9 . 9  84  Go l lop & Fyf e ,  1956 : 74 

Weighted mean** 8 .  72 ( 1468) Rang e ,  5 . 7- 10 . 6  

52-55 Manitoba 8 . 6  1 1 1  ( prior 5 /25±) This study 

7 . 2  55 ( po-s t  5/25±) 

5 6-59  Saskatchewan 9 . 1  5 2 9  ( prior 5 / 15± ) This s tudy 

7 . 7  98  ( post 5 / 15±) 

* 
Average 9 . 2  in 223 para s i t i z ed c lutches .  

** 
Excluding Keith , 196 1 .  



Append ix C .  Estimated seasona l losses in  Ha l lard c lutches and broods .  

Total  
Mean Loss loss 

Average c lutch Loss un- brood hatched comp leted 
s i ze ( eggs� hatched sizes clutch Loss I c lutch 
Seasona l  eggs to I to III to III 
complete Ha tched % Ia,I III io % No. % 

8 . 1  7 . 4  9 6 .·8 5 . 0  8 2 6  " 3 . 1  38 

8 . 3  7 . 0  16 7 . 1  5 . 6  O* 2 1  2 .7 33 

8 . 9  8 . 3  .] 6 . 8  6 .2 18 9 2 .7 30 
....... 

8 . 4  6 . 9  18 4 . 8  3 . 6  30 25  4 . 8  5 7  

8 . 1  7 . 9  2 - 7 . 2 - - 0 .9 u.,.,.-� 

7 . 6  - - 6 . 6  - - - 1 . 9  24** 

8 . 9 - - 6 . 1  5 . 4  - 1 1  3 .5 39** 

8 . 5  7 . 5  12 - - - - - -
8 . 0  6 . 5  19 5 . 5 4 . 6  15 " 16 3 . 4  43 

8 . 0  7 . 7  4 6 . 6  4.7 14 29 3 .3 42 

8 . 6  8 . 5  2 7 . 0  3 . 5  18 50 5 . 1  59 

Area 

Idaho 

Ca l if .  

Ca lif • 

Ca lif.  

Co lo . 

Alta.  

II 

" 

" 

" 

" . 

Year 

1949 

195 1  

1949 

1952 

1949 

1949 

1949 

1950 

1952 

1'953 

1954 

1955 

- . 

Author ( s) 
Bizeau & Stee l ,  1950 : 132 . 

Stee l ,  D a lke & Bizeau, 195 6 .  

Cha ttin, Miller & Foster , 

1949 : 123 .  

Mi ller & Collins,  1954 : 2 6 , 2 8 .  

Ear 1 ,  1950. 

F linn, 1949 : 138 . 

Smi th, 1949 : 46 .  

Smith, 1950 : 3 5 .  

Smi th, 1956 : 5 1 , 5 8 .  

" 

" 

" "-J 
� 

• • •  cont ' d  
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Append ix C continued . 

Tot a l  
Mean Loss loss 

Average c lutch Loss un- brood hatched comp leted 
s i ze (eggs ) hatched sizes c lutch Loss 1 c lutch 
Sea sona l eggs to 1 to Ill to III 
compl ete Hatched % Ia.I III '/'o % No . % Area Year · Author( s )  

8 . 50 8 . 2 4  4 6 . 96 6 . 13 16 1 1  2 . 4  28 Sask. 1952 Stoudt ,  1956 : 2 5 , 47 , 49 .  

8 . 3 6  7 . 92 5 6 . 9 1  6 . 55 13 6 1 . 8  22 I I  1953 " 

8 . 07 7 . 69 5 6 . 14 5 . 86 2 1  5 1 . 8  22 II  1954 " 

8 . 38 8 . 16 2 7 . 56 6 . 24 7 17 2 . 1  25  II  1955 " 

8 . 6  - 7 . 6  6 . 5  12 14 - - ** Sask. 1955 Reeves,  Lundy & Kre l lcr,  1956.  

9 . 9 - - 6 . 2  - - - - - **  Sask . 1955 Gol lop & Fyfe,  195 6 : 7 4 .  

8 . 8  - - 7 . 2  - - - - - Alta . 53- 57  Keith, 196 1 : 7 2 .  

8 . 5  7 . 7  . 9 6 . 4  - 17 - - - Minn. 57- 60 Moyle,  1964 : 72 . 

1 0 . 3  10. 2  1 8 . 8  - 14 - - - " " " 1964 : 9 6 ,  103 � 

8 . 3  7 . 7  8 6 . 6  5 . 3  14 20 3 . 0  36 Unweighted average . 

8 . 6  8 . 0  7 6 . 4  6 . 1  20 5 2 . 5 29 Nan . 52-55 This study - ear ly nes t s .  

7 . 2 6 . 8  6 6 . 1  6 . 2  10 0* 1 . 0  14 " " - late nests . -...J 
ln 

• • •  cont ' d  



Append ix C conc luded.  

Average c lutch 
size  (eggs ) 
Seasona l 
complete Hatched 

9 . 1  8 . 6  

7 . 7 7 . 7 

* 

Lo s s  un
hatched 
eggs 

% 

7 

0 

Mean 
brood 
sizes 

Tot a l  
Lo s s  l o s s  . 
hatched comp leted 
c lutch Loss I c lutch 
to I to III to III  

Ia,I III % % No . % Area · Year Author( s) 

6 . 2  5 . 1  27  18 

5 . 4 4 . 7  30 13 

4 . 0  44 

3 . 0  39 

Sask. 5 6-58 This study - early nests . 

11 1 1  - late nes t s .  

Anomaly i n  data:  increase trea ted as n o  change.  

'k-k 
Not used in averages because data incomp let e .  Samp le sizes  genera l ly exceed 3 0  i n  each category� 

'-..._, 

. .  

"'-� 
"' 



Appendix D .  Sea sona l attrition of Mal lard broods in various North Amer ican habitats.  

Loss Loss Estimated 
Mean brood sizes Tota l I to I I  to total loss 

number I I  III I to III 
Year Area I I I  I II broods % % No . '7. Authority 

50-56  Wisconsin 7 . 7 6 . 8  6 . 5  330 12 4 1 . 2  16 Jahn & Hunt,  1964 : 45 

37-50 Minnesota 8 . 4  7 . 5  6 . 9  838 1 1  8 1 . 5  18 Stoudt ,  1950 :  185 
(9 yrs ) 

195 1 " 6 . 6  6 . 8  6 . 3 92 0* 7 0 . 3  5 E l lerbrock, 1956 :205 

1952 " 4 . 5  7 . 2  6 . 7  127 0* 7 0* 0* " 
. 

1953 " 7 . 5  5 . 7  5 . 6  18 2 4  2 1 . 9  25 It 

1954 It  7 . 8  7 . 0 5 . 5  44 10 2 1  2 .3 29  It 

1955 It 7 . 0 7 . 1  7 . 0  5 1  0* 0* 0 0 " 

1948 II  6 . 8  6 . 9  6 . 4  103 0* 7 0 . 4  6 Lee,  1949 : 182 

1949 Dakotas 6 . 97  6 .  77  6 . 67 130 3 1 0 . 3  4 Stoud t,  195 1 : 173 

1950 " 7 . 05 7 . 00 6 . 25 193 1 10 0 . 8  1 1  " 

195 1 It 6 . 92 6 . 40 7 . 24 15 3 7 0* 0* 0* " 

� 
...._____ 

. 

19ll8 N. D .  9 . 1  7 . 5 7 . 1  - 18 5 2 . 0  22 Stoudt & Davis ,  1948 : 135 

1948 S .  D .  8 . 2  6 . 5  6 . 8  - 2 1  0* 1 . 4  17 II 

• • •  cont ' d  
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Append i� D Continued . 

Loss Loss Est imated 
Total I to II to tota 1 loss 
number II III I to III 

Year Area I I I  III broods % % No . i. Authority 

1950 S. D .  7 . 1  7 . 4  6 . 9  69 0* 7* 0 . 2  1 Murdy, 1950 : 15 1  

1954 N.  D.  6 . 7  6 . 9  6 . 4  124 0* 7 0 . 3  4 Fashingbauer & Sjordal,  1955 : 208 

195 1 Co lorado 6 . 0  6 . 6  6 . 4  240 0* 3* 0* 0* Grieb & Wampole,  195 1: 140 

195 1 " 6 . 3  6 . 7  6 . 3  148 0* 6 0 0 Grieb e t  a 1 � ,  1952 : 179 

1952 11  6 . 6  6 . 5  6 . 3  167 2 3 0 . 3  5 " 

!946 Washington 6 . 6  5 . 3  5 . 4  102 2 0  0* 1 . 2  18 Yocum, 195 1 : 9 1  

1948 " 7 . 6 6 . 2  6 . 8  104 18 0* 1 . 8  2 4  " 

1948 " 7 . 5  6 . 3  5 . 8  145 16  8 1 . 7  23 Yocum & Hansen, 1960:244 

1949 " 8 . 1  6 . 4  6 . 4  352 2 1  0 1 1 . 7  2 1  11  

1950 " 6 . 5  5 . 4  5 . 5  2 2 7  1 7  0* 1 . 0  15 " 

195 1 " 6 . 5  6 . 5  6 . 1  2 18 0 6 0 . 4  6 " 

1952 " 7 . 6  6 . 8  6 . 2  386 1 1  9 1 . 4  18 Moreland , 1952 : 13 1  

195l• " 6 . 1  5 . 1  5 . 8  2 8 1  16 0* 0 . 3  5 Hansen, Oliver & Jeffrey , 195 5 : 158 

• • •  cont ' d  
....., 
CX> 
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Appendix D Conc luded • 

Loss Loss Estimated 
Total I to II to tota l loss 
number I I  III I to III 

Year Area I II III broods % % No . i'o Authority 

1952 Idaho 7 .2 5 . 6  6 . 1 269 22 0* 1 . 1  15 Sa lter , 1952 : 158 
. 

1953 " 6 . 2  6 . 2  5 . 7 270 0 8 0 . 5  8 Sa lter, 1954: 154 

1954 " 6 . 3  5 . 6  5 . 6 32 1 1 1  0 0 . 7  1 1  Sa 1ter, 1955 : 183 

1953 Oregon 7 . 5 7 . 3  7 . 1  18 1 3 3 0 . 4  5 Kebbe, 1954 :  137 

1954 " 8 . 2  7 . 5  7 . 6  41  9 0* 0 . 6 7 Kebbe, 1955 : 162 

1955 " 7 . 3  6 . 3  6 . 6  34 14  0* 0 . 6  8 Kebbe, 195 6 : 140 

1948 Alberta 7 . 0  6 . 6  6 . 1  60 6 8 0 . 9 13 Smith, 1948 : 54 

Unweighted 7 . 1  6 . 6  6 . 4  average 6 ,403 9 4 0 . 8 1 1  

52-55 Hani toba 6 . 4  6 . 3  6 . 1  322 2 3 0 . 3 5 This study - early nest �ngs 

" " 6 . 1  5 . 8  6 . 2  157 5 0* 0* 0* 11 - late " 

56-58 Sask. 6 . 2  5 . 5  5 . 1  574 1 1  7 1 . 1  18 " - early . 
" 

" " 5 . 4  5 . 2 4 . 7  341 4 10 0 . 7 13 " - late " 

* -...J Data anoma ly ; increase treated as no change . \0 



Appendix E .  Ma l lard hatching success and per cent hens successfu l in f ledging broods in potho le- stockpond 
habi tat of the Dakotas and southern Canada . 

Nests 

Hatching* Index 
Number success Breed ing % hens 
nests Hatched % pairs Broods succes sfu l Area Year( s ) Author( s ) 

46 13 30 Man. 1949 Evans et a l .  ·, 19.52 : 38 

68 2 6  38 II  1949 Hawkins , 1949 : 64 

27 2 7 S .  D .  1949 S toud t
'
, 1949 : 149 

84 56 67 II 1950 Bue ,  Blankenship & 

100 66 66 II 195 1 :Harsha l l ,  1952 

6 1  19 3 1  N .  D .  1949 Stoud t, 1949 : 150 

6 1  13 2 1  S .  D .  1949 " 

3 1  13 42 Sask. 1950 Leitch, 195 6 : 103 , 104 

34 10 29 " 195 1  " 

1 1 1  58 52 " 1952 " 

154 53 34 II  1953 " 

193 47 24 " 1954 " 

106 22 2 1  " 1955 I t  

• • •  cont 1 d  
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Appendix E cont inued . 
/ 

Nests 

Hatching* Index 
Number success Breed ing % hens 
nests Hatched io pairs Broods successfu l Area Year(s)  Author(s)  

13 5 38 Sask. 1952 Leitch, 195 6 :  105 

19 9 47 II  1953 f l  

27  13 48 " 1954 fl  

2 3  17 74 " 1955 " 

113 19 17 S .  D .  1950 Evans & B lack, 195 6 : 25 

96 2 7  28 f l  195 1 " 

104 2 4  2 3  " 1952 " 

8 1  3 1  38 " 1953 I I  -......... 

58  33 5 7  264 122 46 Sask .  1952 Stoudt,  1956 : 41 

2 19 107 49 255 101 39 " 1953 " 

266 64  2 4  2 1 1 45 2 1  " 1954 It 

245 95 39 168 7 1  42 " 1955 " 

1 1  5 46 - - - Alta . 1952 Smith, 1956 : 55 ,  56 
co 

• • • cont' d 
...... 
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Appendix E conc luded . 

Nests 

Hatch ing* Index 
/ Number success  Breeding % hens 

nests Hatched 'Jo pairs Broods successfu l  Area Year( s ) Author ( s ) 

13 4 3 1  96 2 5  2 6  Alta.  1953 Smith, 1956 :55 ,  56 

132 9 7 141 30 2 1  " 1954 " 

40 15 38 152 44 38 " 1955 " 

186 69 37 Man. 1953 Kiel,  195 4 :84 

63 2 1  33 " 1953 Howard , Pospicha l & 
Reid, 195 4 :89 

80 39 49 2 3 4  69 3 0  Sask .  1955 · Reeves, Lundy & Kre l ler , 
1956 :54-62 

10 1 2 1  2 1  82 40 49 Alta . 1953-57 Ke ith, 196 1 : 6 1 ,  62 

1509 5 10 3060 1062 
Avg.  33 . 8  Avg.  34.7  

257 93 3 6  177 7 1  40 :Han. 1952-55 This study 

709 477 67 779 165 2 1  Sask.  1956-58 " " 

* 
Seasonal f igures - primary and rep lacement c lutches lumped . (X) 

N 
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Fig.  1 .  A 1 10- acre ( 44-ha) port ion o f  the Roseneath S tudy Area,  

Apr i l ,  1954.  Note  wide d ispersion of  sma l l  ponds and 

poten t i a l  shrub- grass nesting cover near ponds and waste 

up lands .  Seven Ma l lard pairs u t i lized shorelines of the 

more pet1manent ponds for wai t ing area s .  
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Por t ion of the Kinders ley _Study Area,  Apr i l ,  195 8 .  Note the 

20-acre (8-ha) pond containing i s land s ,  lack of sma l l  up land 

potho les,  and dark Symphoricarpos-Rosa nest ing substrate 

restricted to dry water courses.  The 14 . 2  acres (5 . 7  ha) of 

nest ing cover in the lower center contained 77  M a l lard nests 

in 195 7 .  
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Tab le 1 .  Comparison o f  the c l imat i c  and edaphic factors on the two 
study areas.  

Roseneath 

Habitat type · Aspen parkland 

Location 9 mi . ( 14 . 5 _ km) 
Minncdosa,  Man . 

Latitude and longi tude 50°08 1  X 99°  5 1 1  

Topography Knob and kettle 

Study b lock, acres (ha) 895 . (362 ) 

Portion in cereal  crops ,  % 60 

Portion in water, % 15 

Portion uncu ltivated , % 2 5  

Number of pothole basins 1 8 1  

Bas ins < 1 . 0  acre ( 0 . 4  ha ) 141 (78%) 

Range basin sizes,  acres (ha) 0 . 0 1- 10 . 5  
( 0 . 004- 4. 2 5 )  

Avg .  basin size,  acres (ha) 0 . 7  ( 0 . 3 )  

Soil  zone B lack 

Major grass forms Bromus-Agropyron 

Major tree forms Popu lus-Quercus 

s 

Climatic region (Koppen) Humid continenta l 

Avg.  annua l  ppt . '  in.  (em) 

Avg . annual snowf a l l ,  in . ( em) 

Avg . annual water defic iency, 
in. (em) 

Frost-free per iod , days 

Mean date last snow cover 

17 . 8  ( 45 . 2 )  

45 . 0  ( 1 14 . 3 )  

4 ( 10 . 2 )  

96 

2 , 500 ( 1 ,389)  

20  Apr i l  

Kindersley 

Grass land 

12 mi . ( 19 . 3  km) SW 
Kindcrs ley, Sask. 

Gently undu lating 

6 , 720  ( 2 , 720) 

75  

10 

15 

1 14 

81+ ( 7 /J,%) 

0 . 03-22 6 . 2  
( 0 .  0 12- 9 1 .  5 ) 

5 . 7  ( 2 . 3 )  

Bro�vn 

S t ipa- Boute loua 

Sa l ix 

Midd le latitude steppe 

1 1 . 5  (29 . 2 )  

2 5 . 3  ( 6 4 . 3 )  

8 ( 2 0 . 3 )  

100 

2 , 700 ( 1 , 500) 

10 Apr i l  

--·-�·-'--'" ·=- ·---' 



Tab le 2 .  Median d i s tances of Mal lard nests from nearest wa ter . 

Roseneath Kinder s ley 

Al l nests Ear ly nests Late nests 

Median Range 'Hedian Range Median Range 
d i stance yards distance yards distance yards 
yards (m) (m) yards (m) (m) yards (m) (m) 

-
At At At At At At At At At 
initi- hatch- hatch- ini t i- hatch- hatcli- initi- hatch- hatch-

N at  ion ing ing N at ion ing ing N at  ion ing ing 

1952 5 2  4 . 5  5 5  1-325 1956 157 15 50 1- 650 26  65 127 . 5 3- 545 
(4. 1)  (50) ( 1- 297)  ( 14)  ( 46) ( 1- 594) (59)  ( 1 16 . 6 )  (3- 498 )  

1953 67 5 5 1-200 - 1957 2 49 30 187 .5  2- 1270 33 220 255 6- 1740 
( 5 )  ( 5 )  ( 1- 183 ) (27 )  ( 17 1 . 4) (2- 1 16 1 )  (201)  (233) (5- 159 1)  

1954 5 6  4 5 . 1- 1 10 1958 1 12 125 2 10 4- 780 33 185 260 4- 855 
(4)  ( 5 ) ( 1- 10 1 )  ( 1 14 )  ( 192 ) ( 4- 7 13 )  ( 169) (238) ( 4- 782 )  

1955 42 4 4 1- 130 1959 66 290 850 4- 1830 16 220 695 5- 1 140 
( 4) (4)  ( 1- 119)  (265)  ( 7 7 7 )  ( 4- 1673) (201) (636) (5- 1042 ) 

-

Tota l 2 17 584 108 
median 4 . 5  6 5 0  190 162 . 5  255  

( 4 . 1) ( 5 )  (46)  ( 174) ( 148 . 6  (233) 

Biased 16 33 137 275  298 35 1 
mean ( 15 )  (30) ( 125 )  (25 1)  (272 ) (32 1 )  

. .  
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Table 3 • Fate of ma l lard nest s ,  Roseneath, 1952�55 •
. 

· .: · · 

Inac t ive 
destroyed 
hatched 
deserted 

-. · 

Active 
hatched 
abandoned 
destroyed 

avian predator 
xr.amn. .n 

un."<. - o ther 
f looding 
hen k i l led 
agric. - man 

Tota 1 nests 
Tota l succes sful 

Percent hatched 
-

. . 

1952 

7 
6 

1 
-

36 

14 

2 
20 

7 
5 

1953 

8 

7 
. . 

-
. . ·· . 

l · . 

. · . ' .. . 

48 
. 17 

2 " 
29 

18 
8 

4 1 

43 
15 

35 . 

.. 

1 
3 

- .. 

-

1 
1 

56 
17 

.. . . . 

30. 

- . 

: . : . 

Ea r ly nests 

1954 1955 

13 3 
1 1  . 3 

- . -

.
. 

' 

Tota l s  

3 1  
27 . 

1 
2 

. . .. . ·
. 

. 3 .  

3 1 
12 

3 

16 
4 
6 

2 
4 

-

-

44 
12 

2 7 .  

. . 

-
. • ·. i  • • • • ( . : 

30 
16 

1 
l3 

6 · ·. 

4 
.. 

.. 

1 
2 

33 
16 

"48 . 

. . 

145 
59 

8 
78 

35 
23 

7 

4 
3 
6 

176 
60 

34. 1 

1952 

1 

16 

17 
8 

47 . 

1 
. . 

-

.. 

8 

1 
7 

2 
3 
1 . 

-

1 

. .. 

I..a te  nes ts 

1953 1954 1955 

s 4 4 
4 3 3 

1 .. -

.. 1 1 

19 ·2 1 12 
10 8 6 

- 1 -

9 12 6 

. 4 4 .  
" 4  7 

- -

- 1 

. 1 . .. 

23 25 16 
11 8 6 

48 .  32 . 38. 

4 
2 
-

-

-

Tota ls 

14 

1 1  

1 
2 

68 

32 
2 

34 
14 
16 

1 
1 

2 

8 1  
33 

4 1. 

. : � 

. . 
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Tab le  4 .  Fate of Ma l lard nests , Kinders ley, 1956- 58.  

Ear ly nests Late nests* 

1956 1957 1958 Tota l s  1956 1957 1958 

Inact ive 
--......__ � 15 17 39 7 1  1 1  2 14 

destroyed 13 17 37 67 9 2 13 

hatched - - 2 2 2 - 1 

deserted 2 - - 2 

Active 153 249 1 13 5 15 3 1  33 32 

hatched 12 1 208 80 409 25 2 1  17 

abandoned 6 8 2 16 1 2 1 
. 

des troyed 26  33 3 1  90 5. 10 14 

avian predator 5 5 4 14 - - 1 

marran. 11 1 1  15 19 45 4 9 13 

unknown - other 4 2 2 8 

hen ki l led 4 7 5 16 1 1 

agric.  - man 2 4 1 7 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Rejected 

Fate unknown 6 3 5 14 2 

..... _ _,_ ....._,..... , .... �.---. -- ...,. _ _  .,..... ... '---- .,. 0. ., , ? "'<  6.L. 5 6 4 

Tota ls  

27  

24  

3 

96 

63 · "  

:· ! 
... . ,' 

4 

2 9  

1 

26  

. . . 

2 

15 



Table 4 Conc luded . 

Early nests Lat e  nests* 

1956 1957 1958 Tot a l s  1956 1957 1958 Totals  

Total  nest s  168 266 152 586 42 35 46 123 

To tal  successful 12 1 208 82 4 1 1  27  2 1  18 66 

Per cent hatched 7 2 . 0  7 8 . 2  53 . 9  70 . 1  64  60 39 5 3 . 7  

* 
Nay include inf lux of immigrant hen s .  

- -



Tab le 5 .  Ear ly and late c lu tch and brood s i z e s  for Ma l lards a t  Roseneath, Mani toba . 

C lutch s i ze s* 

Successfu l c lutches Brood s izes* 
Al l comp leted 

Year c lutches Incubating Hatching Class  Ia Class  II C la s s  III 

EARLY SEASON 

1952 9 . 2  ( 3 l)i-"* 9 . 5  ( 14) 9 . 0  ( 14) 6 . 6  (32 ) 7 . 6  (24) 5 . 9  ( 18 )  

1953 8 . 6  (37 ) 8 . 6  ( 17 )  7 . 9  ( 17 )  6 . 2  ( 2 3 )  6 . 3  (9)  6 . 3  ( 12 ) 

1954 7 . 7  (23)  8 . 1 ( 12) 6 . 2  ( 12 ) 5 . 4 ( 3 1 )  4 . 7  ( 2 1) 4 . 9  ( 17)  

1955 8 . 3  (20)  8 . 8  ( 16) 8 . 5  ( 16) 6 . 9  (53 ) 6 . 4  (38) 6 . 6  ( 44) 

Samp le,  S . D .  1 1 1  1 . 7  59 1 . 9  59 2 . 1  139 2 . 2  92 2 . 2  9 1  1 . 7  

Hean ± S . E. 8 . 55±0 . 16 8 . 8 ± 0 . 2  8 . 0  ± 0 . 3  6 . 40±0 . 19 6 . 3 ± 0 . 2  6 . 1 ± 0 . 2  

LATE SEASON 

1952 7 . 2 ( 14) 7 . 6  ( 8 )  7 . 3  (28)  6 . 4  ( 2 1 )  6 . 2  ( 11) 6 . 6  ( 9 )  

1953 7 . 3  ( 13) 7 . 1  ( 10) 6 . 6  ( 10) 5 . 5  ( 13) 5 . 8  (8)  5 . 6  ( 7 )  

1954 7 . 1  ( 18) 6 . 8  (8) 6 . 5  (8) 5 . 6  ( 14)  5 . 0  ( 12 )  5 . 9  ( 16)  

1955 7 . 4 ( 10) 7 . 5  ( 6 )  7 . 2  ( 6 )  6 . 6  ( 13)  6 . 0  ( 9 )  6 . 5  ( 2 4) 
-

Samp le,  S .D .  55 1 . 5  32 1 . 2  32 1 . 2  6 1  1 . 9  40 1 . 8  56 1 . 7  

Nean ± S . E . 7 . 2 ± 0 . 2  7 . 2 ± 0 . 2  6 . 8 ± 0 . 2  6 . 1 ± 0 . 2  5 . 8 ± 0 . 3  6 . 2 ± 0 . 2  

*Mean with samp le s iz e  in parenthese s .  

**only tho se active nests  (Tab le 3) which conta ined comp leted c lu tches used . 
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Tab le 6 .  Ear ly and late c lutch and brood sizes  for Ma l lards a� Kindcrs ley , Saska tchewan. 

Year '-

EARLY SEASON 

1956 

1957 

1958 
. . . . . 

1959 

Samp le,  S . D .  
56-58 o n ly 
Nean ± S . E. 

LATE SEASON 

1956 

1957 

1958 

C lutch s i zes* 

Successfu l c lutches 
A l l  comp leted 
c lutches 

8 .  7± . 15 ( 159) 

9 . 3± . 10 (252)  

9 • 4± • 15  ( 1 18 )  

Incubating 

9 . 1± . 13 ( 12 1 )  

9 . 5± . 10 (208) 

9 .  5± . 2  (80) 

Hatch ing 

8 . 0± . 14 ( 12 1 )  

8 . 8± . 1 1  ( 2 08 ) 

8 . 8± . 2  (80) 

Brood s i zes* 

C la s s  Ia· C la s s  II q la s:s. III 
--------------------- . .. ·----

6 . 3± . 3  (84) 5 . 5± . 3  (43)  5 .  1± . 3 ( 4 1 )  

6 • '•± • 2 6 ( 1 1 1 )  5 . 7±.2  (60) 5 . 2 ± . 3  (38) 

5 . 8± .2  (69) 5 . 5± . 2  (76)  4 . 9± . 2  (52 ) 
. . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . 

7 . 7± . 25 (68)  Incomp lete 5 . 2± . 29 (64) 4 . 7± . 3 0  (46) 4 . 8± . 35 (42 )  
.... _ 

529 1 . 7  409 1 . 5  409 1 . 7  264  2 . 4  179 1 . 8  13 1 1 . 8  

9 .  12±0. 07 9 .  36±0 . 07 8 . 55±0 .08 6 . 2 1±0 . 15 5 . 54±0 . 14 5 . 06±0 . 16 

7 . 5± .2  ( 3 1 )  7 . 6± . 3  (25)  7 . 3± .2  (25)  - 5 . 4± . 3  (23)  5 . 0± . 2  (70) 4 . 7± . 3  ( L18) 

8 . 0± . 3  (33)  8 . 3± . 4  ( 2 1) 8 . 1± . 4  ( 2 1 )  5 . 3± . 3  (34) 5 . 5± . 3  (46) 4 . 7± . 4  (23) 

7 . 7± . 2  (34)  7 . 9± . 3  ( 17) 7 . 7± . 4  ( 17 )  5 .  4- . 4  (21+) 5 . 3± . 3  (45)  4 . 8.±: . 3  ( 2 8 )  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

1959 6 . 8± .4 ( 19 )  Incomp lete 4.5±.5  ( 17 )  5 .  1± . 3 (32)  4 . 2± . 3  (24) 

S;�mp lc,  S .D .  98 1 . 5  63 1 . 5  63 1 . 6  8 1  1 . 8  161  1 . 8  99 1 . 9  
56-58 only 
"'-'-""-""" ±. S . "E. .  7 . 7 ± 0 .2 7 . 9 ± 0 . 2  7 . 7 ± 0 . 2  5 . 4 ± 0 . 2  5 .24±0 . 2  L1 . 7 ± 0 .  2 
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Tab le 7 .  Index o f  pond dens ity and d i s tances bet\veen ponds . during the brood period . 

Average Mean nearest neighbor distance to 
Number number yards (m) 
ponds ponds 

2 
on per2mi 

Year Ju ly 1 (km ) 1 s t  pond 2nd pond 3rd pond 4th pond 

ROSENEATH 

1952 8 8  63 5 9± 4 . 6  96±5 . ll 138±5 . 4  180±5 . 3 
( 2 4 )  ( 5 4± 4 . 2 )  (88±4 . 9 )  ( 12 6±4 .  9 )  ( 165±4 . 8 ) 

Range 5- 1 2 0  5-240 60- 280 100-300 
(5- 1 10 )  ( 5- 2 19 )  ( 5 5 - 2 5 6 )  ( 9 1- 2 7 Lf )  

Kil\ID ERSLEY 

1956 49 4 . 7  2 45±2 9  400±45 5 2 4±44 63 6±49 
( 1 . 8 )  ( 2 2 4±2 7 )  (366± 4 1 )  (479±40) ( 5 82±ll5) . 

Range 15- 12 16 96- 1856 160- 185 6  2 2 4-2304 
( 14- 1 1 12 )  (88- 1697 ) ( 146- 1697 ) ( 2 05- 2 107) 

1957 7 0 . 7  938 1670 2 0 4 1  2 4 14 
( 0 . 3 )  (858 ) ( 152 7 )  ( 1866) (2207) 

1958 8 0 . 8  9 10 1602 2 llf0 2 433 
( 0 . 3 )  (832 ) ( 1465 ) ( 19 5 7 )  ( 2 2 2 5 )  

1959 4 0 . 4  1280 1785 2 2 40 3230 
( 0 . 2 )  ( 1 17 0 )  ( 1632 ) (2048 ) (2954) 

* 
Enc los ing an area of 126 acres ( 5 1  ha ) 

o.k�:: - - - • - � • - -- -- - - - �  o€ 503 R C r D R  (204 ha) 

Nean number of 
ponds within 

440 yds* 880 yds�-k 
(402 m) ( 805 m) 

14 . 8±0 . 4  5 0 . 5±0 . 9  

8-23 3 1- 66 

2 . 5±0 . 2  3 . 0±0 . 4  

0-6 0- 12 

. 3  . 7  

0 . 8  

0 0 
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Table 8 .  Comparison o f  ca l�ulatcd and measured autumn ma l lard popu lat ions a t  Ro senea th. 

Ca lcu lated pr oduct ion Mea sured pr odu c t ion 

Year 

Census e s  
spr ing 
breedfng 
p a i r s  
0 Q 

1952 60 5 4  

1953 5 5  49 

1954 46 4 1  

1955 37 33 · 

4- yr  
aver. 50 44 

Clutchet 
hatched 

19 

15 

1 1  

16 

15 

Average 
young E s t i� t ed 

Average 
young 

per no . of per 
f ledgjd hens r e4 C lu tchei f led�jd 
brood nest ing hatched brood 

5 . 9  10 

6 . 3  18 

4.9 2 1  
- :· . . . . 

6 . 6  8 

6 . 1 14 

5 

9 

7 

3 

6 

6 . 6  

5 . 6 

5 . 9 

6 . 5  

. 6 . 2  

1Assuming a sex rat i o  of 1 12 : 100 (Dzubin, 1969b : l88) . 
2Hatching success,  early and late nestings from Tab�� 3 . 

3 . . Average young per f ledged brood from Table S .  

Adu l t s  
dying · 
frcm 
Apr i l  t o  
June 

Theo
retical 
Septemb e r  5 popu lat ion 
Ad : Inm 0 Q 

3 

3 

2 

1 

2 

4 105 : 138 

3 95 : 138 

3 8 0 : 90 

3 64: 109 

3" 8 6 : 1 19 
1 : 1 . 4  

Hens 
success
fu l in 
f ledging 
broods 
N % 

2 0  37 

2 5  5 1  

9 2 2  

17 52 

18 40 

4Mid- to late- June p� ir censu s ,  approxima t e ly 50% of hens lo s ing primary c lu tch , renes t .  

Average 
young 
per 
f 1edgjd 
brood 

6 . 1 

6 . 0  

5 . 4  

6 . 5  

6 . 1  

September 
popu- 5 1ation 
Ad : Imm 

105 : 1 16 . 

9 5 :  142 

8 0 : 46 

64: 104 

8 6 : 102 . 
1 : 1 . 2  

5}tinus Apr i l  t o  June morta l i ty o f  adu lts and a ssuming a further 3% lo s s  i n  adu lt oo and QQ , p lus a 5% l o s s  in 
f ledged broods during July and Augu s t  • 
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Tab l e  9 .  Comparison of ca lcu late
.
d and measured autumn Na l lard popu lat ions a t  Kindcr s l cy. 

Year 

19S6 

1957 

1958 

3 - yr 
avg. 

C a l c u l a ted production 

Censuses Average E s t i- Average 
spring young mated young 
breeding per no . of per 
p a i r s 1 C lu tches f ledged hens re- C lutches f !edged 
0 !i? hatched2 brood3 n e s t ing4 hatched2 brood3 

2 7 8  248 1 7 9  5 . 1  2 1  13 4 . 7  

401 358 2 8 0  5 . 2  2 3  14 4 . 7  

194 173 93 4 . 9  2 4  9 4 . 8  

2 9 1 260 183 5 . 1  2 3  1 2  4 . 7  

1
Assuming a sex r a t i o  of 1 12 : 100 (D zubin, 1969b : l88 ) .  

2
Hatch ing succe s s ,  ear ly and late nes tings from Tab l e  4 .  

3 
Average young per f l edged brood from Tab le 6 .  

Measured prod uc t ion 

Adu l t s  Theo- Hens 
dying retica l success- Average 
from Sep tember ful in young September 
Apr i l  1 popu- f l edging per popu-
to June lations broods f ledged lat ions 

0 !i? Ad : Imm N % brood3 Ad : Imm 

4 13 494 : 92 6  7 7  3 1  4 . 9  49l� : 356 

7 19 7 1 1 : 1448 40 1 1  5 . 0  7 1 1 : 190 

8 10 339 : l�74 48 27 4 . 9  339 : 22 3  

6 ll• 5 1 5 : 9L•O 5 5  2 1  4 . 9  5 15 : 2 5 6  
1 :  1 . 8  1 :  • 5 

4E s t imate 30% of hens los ing p r imary c lutches rene st (Go l lop and Fyf e ,  1956 : 7 5 ) .  

5
Minus Apr i l  to June mor ta l i t y  of adu l t s  and a s suming further 3% l o s s  in adu l t  oo and !i?!i? , p lu s  5% in 
f lcdge1 broo d s  during J u ly and Augu s t  • 



' ) 

"(,./� 

Tab le 10. Summary of production data for 100 Ma l lard p a ir s ,  Apr i l  through 
Augu s t .  

ROSENEATH. 
( 4  yr . avg . ) 

A. Breed ing p a ir s ,  drakes : hens 

Pr imary ne s t ing 

B. Clutches hatching 3 4  

C .  Clutch s i z e ,  succ .  nest incubating 

D .  Clu tch s i z e ,  hatching 

E. Brood s i z e ,  f ledging 

F .  Hens reaching water 100 

G .  Hens succes sfu l in f l edging broods 33 

Renesting 

H. Hens renesting 48 

I. Clutches hatching 40 

J .  Clutch s i z e ,  suc c .  nest incubating 

K. C lutch s i z e ,  hatching 

L. Brood s i z e ,  f ledging 

M. Hens reaching water 

N. Hens successfu l in f ledging broods 

Production 

0 .  Tota l succ . hens • brood s i z e  46 

P .  Drakes minus Apr i l  to June mor t a l i ty 

Q .  Hens minus Apr i l  to June mor t a l i ty 

N 

1 12 : 100 

34  

8 . 8  

8 . 0  

6 . 1  

34 

33 

32 

13 

7 . 2  

6 . 8  

6 . 2  

13 

13 

'ro 
Lo s s  

33 

14 

1 
46- 6 . 1 

108 4 

93 7 

KINDERS LEY 
(3 yr . avg . )  

1. 

70 

49 

2 0  

3 0  

5 4  

2 1  

N 

1 12 :  100 

70 

9 . 4  

8 . 6  

5 . 1  

34 

20 

9 

5 

7 . 9 

7 . 7  

4 . 7  

2 

1 

'ro 
Lo s s  

T 

84* 

l 

88* 

2 1· 4 . 9  

1 10 2 

9 5  5 

cont 1 d  



Tab le 10 Conc luded. 

ROSENEATH 
( 4  yr . avg . ) 

KI�"D ERS LEY 
(3 yr . avg . )  

'i'. N 
% 

Los s  % N 
% 

Lo ss 

R.  Tota l adu lts - end Augus t  
minus mortality,  Ju ly- Augu st 

S .  Total  immatures - end Augu s t  
minus post-f ledging mor ta lity 

T. Mean immatures/ adu lts  

U .  Imp lied mortal ity rates operative Ad 50 
Inun 70 

V.  Production to ba lance morta lity 
rate immatures/adults  

196 

267 

1 . 4  
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W. Popu lation s ta tus Fluctuating, 
dec line 

Immigra t ion , 
dec line 

X. Number of ponds 

* 
Derived from 

** 

Fa irly s tab le Decrea sing, 
drought 

[ _ (Brood size f ledging) (Hens successfu l) l x  
L ( C lutch size incubating) ( C lutches hatching� 
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