THE SFRING AND SUMMER FOODS

OF THE COMMON MALLARD

(ANAS PLATYRHYNCHOS PLATYREYNCHOS L. )
IN SOUTH GENTRAL MANITOBA |
byb

" Nolan G. Perret .
B.A,, University of British Columbia, 1950

A THESIS SUBMITTED IN PARTIAL FULFILKENT
OF THE REQUIREMENTS FCR THE DEGREE OF

5
MASTER OF SCIENCE

in the Department
of
Zoology

We accept this thesis as conforming to the
required standard

THE UNIVERSITY OF BRITISH COLUNMBIA

APRIL, 1962



In presenting this thesis in partial fulfilment of the requirements for
an advanced degree at the Universiiy of British Columbia, I agree that the
Library shall make it freely availsble for reference and study. I further
agree that permission for extensive copying of this thesis for scholarly
purposes may be granted by the Head of my Depertment or by his representatives.
It is understood that copying or publication .of this thesis for financial

gain shall not be allowed without my written permission.

Department of Zoology

The University of British Columbia,
Vancouver 8, Canada.

April 9, 1962



ABSTRACT

The mallard is the most important species of North American ﬁaterfowl;
its bréeding range has been reduced and. is in danger of a further reduction
due to agricultural and drainasge practices. To maintain mallard populations
at the present level, it will be necessary to control and manage sufficient
habitat to provide for their needs. In such a program, the knowledge of the
food habits of waterfowl is an essential tool. The ob jectives of this study
were: to determine the spring and summer foods of the mallard, and to
determine the felationship between utilization and availabiiity of the various
foods.

A study of the spring and summer food habits of mellards was conducted
from 1957 to 1959 on a 100 square mile study area in south central Manitoba.
211 adult and 135 young mallards were collected for analyses of stomach
contents. At the same time, ponds were randomly selected from the study area
for examination and snalyses of faunal and vegetative characteristics.

In the determination of food hebits, the gullet contents proved superior
to the gizzard contents. The énimgl’foods fouind in the gizzard were partially
digested and could'not be measured acburétely. There was also the ﬁossibility
that the hard seeds of équatic plants persist in the gizzard for a long period
of time.

The spring and summer foods of adult mallards consisted of 45.7% plant
material and 54.3% animal material. The young mallards, on the other hand,
consumed 9.0% plant and 91.0% animal foods. In both adult and young birds the
Cless Insecta provided the main source of animal foods, and in both cases, the

majority of the insect foods were bbtained from the orders Trichoptera and
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- Diptera. In adult ﬁallards the importent plant foods were obtained from the
Graminease and Chenopodiacese families.

"A difference in the feeding habits of adult male and femsle mallards was
foun@. The male birds consumed more plant foods snd less animal foods than
did the female birds.,

Pond fauna increased in sbundance untilia peak was reached in midsummer
then decreased in numbers. On the other hand, seeds increased'in ebundance in
late summer and decreased the following spring as germination took place. The
proportion of plant end animal foods consumed by adult mellards veried with
-the availebility of these foods; the importance of plant foods in their diet
decregsed during the summer, whereas, the importance of animal foods increased.

Considerable variations in weter levels, from flood to drought conditions,
were experienced during the study. As a result of the change in water levels,
the amount of emergent vegetation decreased. The food of young mallards
roeflected this chenge. in habitat; the ratio of plant to animal foods consumed
decreased from 1957 to 1959.

The enimal protein intake of the mallard is variable and the variations
in the consumption of animal and plant foods depend upon their availability.
The relat;ve proportions-of the various‘foodsveaten may not be of primary
importaﬁcé;-ma’llards appear to be @ble to balance their diets with widely

different kinds of food.
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INTRODUCTION

North American waterfowl are a renewsble naturﬁl resource with economic
and recreational values of far reaching importance. Tangible evidence of the .
economic importance of the resource was provided by a survey carried out by
the U.S. Department of the Interior (USDI, 1956). The sport of waterfowling
alone was valued highly enough by‘some two miilion Americané that they spent
115 million dollars pursuing the sport in 1955. No compdfable survey has been
conducted in Canada, but it is safe to assume that the recreational hekbits of
Canadians are similar to those of Americens and that expenditures were also in
the order of several millions of dollars.

| The economic apd aesthetic values of waterfowl in relation to other

recreations such as photography and nature study are difficult to assess. The
assthetic values are recognized as having an important place in.modern living
bﬁt cannot be compared with those contributing directly to man's survival.
Considering all interests, the value of the waterf0wl resource is high and is
important not only to the nation's economy bﬁt also to the well being of her
people.

The mallard (Anas platyrhynchos platyrhynchos L.) is the most importemt

species of waterfowl in North America. The indicated waterfowl breeding
population in 1960 was close to 20.5 million birds, of which the mallard made
up‘35% (USDI, 1960a). The mallard also ranks high in recreation. 'During the
1959-1960 hunting season the esbimated‘kill of mallards in the United States
was 2,856,030 or 40% of all ducks killed (USDI, 1960b).

The waterfowl population is an importent natural resource which is

renewable only if a sufficient number of birds can find the proper habitat for



reproduction, Mallards have always been widely distributed in the northern
portions of the Northern Hemisphere, however, in North America the population
size and breeding range hés diminished in recent yeers. Historically the
Americen breeding range of the mallard covered most.of the continent west of
the Hudson Bay, south to Northern Virginia, Central Missouri, Southern New
‘Mexico end Iower California, west to the Pacific coast of the United States
. and Canada and north to the Arcfic Coast (Bent; 1923). The present breeding
range is now confined mainly to Western Cenada and the northern border states
of the central plasins (Mississippi Flyway Council, 1958).

Despite the loss of habitat and the reduction in numbers of waterfow;,
the popularity of the resource has continued to grow. In the United States, a
federal license, or duck stamp, is required by all persons engaged in water-
fowl hunting. When the first stamps were issued in 1934, 635,001 were sold
(Day, 1949). By 1949, the nqmber of hunters had increased to 1,675,400
(USDI, 1951). 1In 1958, 1,979,266 stamps were sold to waterfowl hunters
(USDI, 1959) and in 1959, 1,477,661 were sold (USDI, 1960a). Thus the main
problems facing waterfowl manasgement today is a growing demand for the
resource and a shrinking of breeding habitat which controls the waterfowl
supply.

The Mississippi Flyway Council (op. cit.) states that their main
ob jective is to maintain a widely distributed population of waterfowl at a
sufficiently high level so that both hunters amnd non-hunters can enjoy end
fully utilize the resource now and in the future. In order to accomplish this
ob jective it will be necessary; to build up snd hold waterfowl populations at
a high level; to develop and enforce regulations which will ensure a cerry-

over of adequate breeding stock, and to control sufficient hebitat to provide



for the needs of waterfowl. The primary ob jectives in the control of habitat
ére the maintenance of existing wetland hebitat and the creation of additional
wetlands. In suéh programs, food end cover are of primary importance.

The scientific study of food habits is a most essential tool of waterfowl
management. There is a need for a better understanding of not only what ducks
eat during all months of the yeér but also what they eat in relation to the
foods availeble to tkem. There is also a need for a better understanding of
4the nutritional requirements of ducks. |

Through the years of food habits studies much has been learned sbout the
fall and winter foods of duwks but little has been learned abput their food
habits during‘the eritical breeding and brood raising period. Thié is
'eSPecially true in the case of the common mallard on the Canadian breeding
grounds, Therefare,'the-objectives of this study were; to determine the
spring and summer food of the mallard, end to determine the relationship

between the foods utilized and the availability of them.

HISTORICAL REVIEW

The study of food habits of wildlifeAhad its beginning in North America
in the latter part of the nineteenth century. With the founding of the United
States Bureau of Biological Survey in 1885 began the intensive professional
work on the food hebits of birds. The early work stressed the economic
relationship between birds and mem and it was not until after the starp of the
twentieth century that food studies were carried out for purely biological

interest.

Work on the study of waterfowl food habits began after the turn of the
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century and the names of Mabbot, McAtee, Wétmbre end Oberholser are prominent
among the early workers, The basis far much of the food habits research in
later years has been the data collected by the Bureau of Biological Survey.
Duck stomachs collected since 1901 have been analyzed and the data summarized
by A. C. iartin and ¥, M. Ubhler (1939}, who based their study on 7,998
stoméchs, and by Clarence Cottam (1939). The date resulting from a great meany
food studies were brought together and published by A. C. Martin, H. S. Zim
and A. L. Nelson (1951) in their book "American Wildlife and Plants",

Literature on the food of waterfowl is extensive, and at once reveals
astonishing similarities in the techniques used to evaluate the food
materiaels., The gizzard contents as an indication of food hebits of ducks have
been used almost exclusively. McAtes (1918) in his paper on the food hebits
of mallerds stetes: "A total of 1,725 giziards of the mallard, many of them
accompenied by well filled gullets, have been examined". Other workers made
little or no use of the gullet contents or attempted td compere them with the
contents of gizzards ‘(Mabbot, 1920, Martin and Uhler, 1939, Cottam, 1939).
Pirnie (1935) recognized the importance of using the gullet contents and
suggested that gréater use should be made of the gullets and less attention
paid to the contents of the gizzards.

In many studies of the food of ducks, the adequacy of sampling was often
fer from satisfactory, too often the investigator exemined such material as
heppened to come his way and all too rarely is there any evidence that he
actually supervised the collection of material. Most of the duck stomachs
examined were obtained from sportsmen duwring the hunting season, while
collections from other seasons of the year were incidental. Summer
collections in particular, are very sparse due to reluctance of biologists to

kill or supervise the killing of birds during the breeding season.



STUDY AREA

Generql Description

Location

This report describes the work of three summers. A preliminary year,
1956, was spent studying ponds on a one end one half square mile study block
of farmland in south central Manitoba. For the three years of investigations,
1957 to 1959, the stud& area was enlarged to 100 squere miles,” The area
started two miles south of Mimnedosa, Manitoba and extended south for ten
miles. The east and west bounderies were five miles on each side of
Provincial Highway No. 10. Plate I shows the location of the study.area.

The general region was chosen beceuse the history of waterfowl use of the
area was known from previous investigations. The study block used in 1956 was

the center of investigations for many yesars by Evans (1951) eand Dzubin (1954).

Geology
The region is from 1475 to 1825 feet above sea level with the contours

running from the northeast to the southwest. Ellis (1938) describes the
region as overlain with avthick layer of glacial till derived from the
granites of the Laurentian shield and limestone from the Lske Menitoba
distriet. The land surface is rolling, the uplands are usually well drained
with the main drainsge to the southeast. Most of the depressions are filled
with water from melting snows and runoff from the heavy spring rains. Thus,
water sreas are formed which vary in size from temporary puddles to ponds of
bten or more acres. The soils are the northern bleck earths, predominately

heavy clay loams, formed under the tall grass prairie eand aspen groves.



PLATE I. LOCATION OF MINNEDOSA STUDY AREA
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Land Use ' v

The lend use in the study area was mainly for the production of cereal
grains of which wheat, barley end oats were the importamt c¢rops. In addition,
most farmers raised small herds of dairy or beef cattle. On the one and one
half square mile study area Evans (op. éit.) found in 1949 that 57% was under
‘cultivation, 14% used as permanent pasture, 17% was not cultivated and
consisted of fence rows, road allowances, aspen groves and field borders, and
the remaining 12% consisted of water or wet areas. This brgakdown probebly
holds true for the whole study area, although no attempt was made‘to determine

the actual acresges involved.

Upland Cover

The vegetation of the study block varied considerably due ;o the effécts
of land use and to the influence of the slopa on temperature and soil moisture.
The following description is based to a large extent on information from Bird

(1930) and Evans (op. cit.) with some modificationms.

WOQdy growth consisted mainly of aspen (Populus tremuloides Miehx.},

while burr oak (Quercus macrocarpa Michx.) was found on the drier sites with a -

southerly exposure. The aspen groves were generally surrounded by a shrub

zone made up of one or more of the following shrubs; snowberry (Symphoricarpos

albus (L.) Blake), choke-cherry (Prunus virginiana L.), saskatoon

(Amelanchier sp.), and cramberry (Viburnum trilobum Marsh.). On the ungrazed,
wet sites, between the aspens end the emergent vegetation, there was either a

border of grasses, rushes (Juncus balticus Willd.) and sedges (Carex sp.) or a

zone of willows (Salix sp.). Bird (op. cit.) states that the willow zone is

present where there is no concentration of alkaline salts, but where such



salts are present the succession is directly from marsh to prairie.

Drought conditions duwring the summers of 1958 and 1959 resulted in the
formation of large areas of dried mmd flats around most of the exposed water
areas. First to colonize the open flats was the marsh ragwort (Senecio
congestus (R. Br.) DC var. pelustris (L.) Fern.). The ragwort was first found
on the study area in 1958 and by 1959 it had become the dominant plant along

the borders of drying ponds.

Water Areas

The rolling terrain of the Minnedosa region is ideally suited for the
natural creation of small ponds. From aerial photographs taken of the region
by the United States Fish and Wildlife Service in the spring of 1959 it was
estimated that there were some 10,000 water areas in the 100 square mile study
block. Because of ths.amount of equipment used in the study of the ponds,
only the roadside water areas, accessible by car, Were‘used._ Out of a total
of 220 miles of rgéd allowances in_thelstudy area, 161 miles were passeble by
car; an estimated 2200 ponds were located along these. It was from this
population of water areas that the samples were chosen.

The size and shape of the' ponds was extremely variable and depended upon
the conﬁours of the land. Water depth was also varisble and was not only
dependent upon the contours but also upon the gain or loss of water during the
season. In natural areas ths maximum depth encountered was eight feet whereas
in artificial areas maximum depths of eighteen feet were common. The mesan
depth of all ponds(studied was 1.3 feet.

Extreme variation in water levels from ebnormally high waters in 1955 to

drought conditions in 1959, had a profound effect on the pond vegetation.



Areas with thick stands of emergent plants were denuded by flood conditions.
Tﬁe plant communities were unsble to recolonize the ponds when the waters

| receded, with the result that the ponds in 1959 were mostly free of emergent
plants and were surrounded by lerge mud flats. The emergent vegetation of the
ponds was varied and in some ponds, whole communities changed during the study.

However, in general, the dominant species were whitetop (Scolochloa festucacea

(Willd.) Link) sedges (Carex sp.), cattail (Typha latifolia L.), bulrush

‘ (Scirpus acutus Muhl., S. paludosus Nels., S. Validus Vahl.) and reedgrass

(Phragmites communis Trin.).

The ponds supported a variety of floating and submerged plants of which

the following were the most common; duck weeds (Lemna trisulea L., L.

minor L.); milfoil, (Myriophyllum exalbescens Fern.); White water-crowfoot,

(Ranunculus subrigidus W. B. Drew); hornwort, Ceratophyllum demersum L.);

mare's tail, (Hippuris vulgaris L.); pond-weeds, (Potemogeton sp.);

bladderwort, (Utricularia vulgaris L.). The large green algae, Chara sp. and

a smaller, filamentous green algas were also importent members of the pond

communities.

METHODS

Pond Studies

A study of the faunal characteristics of small prairie ponds was
initiated in 1956 to determine the changes that occur during the summer
months. Two ponds were chosen for weekly and four for bi-weekly studies. In
1957 a ome hundred square mile study area was established. Four of the ponds

sampled in 1956 were again sampled weekly in both 1957 and 1958, and in



addition, ponds randomly selected from the study area, were examined once. In
1959 all of the ponds examined were randomly selected from the study area.

Teble 1 summarizes the ponds studied during the four years of the investigation.
- i

Teble 1. Ponds studied in the Minnedosa study area, 1956 to 1959

Number of different ponds studied

Total pond
samples
By reandom
Year Weekly Bi-weekly ~ selection
1956 2 4 0 A
1957 4 0 7 53
1958 4 0 19 76
1959 0 0 43 43
TOTAL 4 4 69 216

7

The random selection of study ponds was fac‘ilitated by the use of four
figure random number groups. The. study area was on an esteblished one mile
grid and the perimeter of each block weas divided into eight, one half mile
sections. A four number group, taken from a teble of rendom numbers, referred
to a precise locaﬁion along the perimeter of a section of lamd. The first two
numbers of the group indicated the square mile block; the third number, the
seétion of the perimeter; and the last number, the distance to the nearest
corner. Water sreas accessible by car, in the locations indicated by random
numbers, were used as the study ponds,

Methods used in the study of ponds fell into two categories;
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determination of the composition of vegetation in and around the water erea

and determinstion of the composition of the fauna.

Vegetation
Several techniques for surveying the emergent and shoreline vegetation

were tried in 1956 and 1957. The method that appeasred most suiteble and used
during the balance of the study was essentially the line-point method
described by Dasmann (1951). Transects were run at right angles to thé shore
and extended from the edge of the open water to =a poiﬁt ten feet above the
spring high water mark. The frequenecy of trénsects depended to a large extent
upon the length of the shoreline and the veriebility of the plant community.
Normally the tramsects were run at no less than fifty foot and mo more_than
two hundred foot intervals around the edée of the water area. This technique
varied in ponds with vegetation throughout, in which cases, the trensects were
continued through the areas. DPoints were located omne foot apért and the
dominant plant, or class of cover directly under the foot merk, was recorded.
Submerged vegetation was not surveyed because of the lack of an adequate

technique, however, the species of submerged plents were recorded for each

pond.

Fauna

The macroscopic animals which live on the bottom and those which live in
association with plents were sampled with the aid of a six inch Ekman dredge.
Dredgings were taken in multiples of four from the shallow wateisbalong the
shore eand from the deeper waters near the centers of ponds. Each group of

four dredgings was combined to form a sample equivalent to one square foot of
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bottom. The samples were washed through a 30 x 28 mesh screen and the
orgenisms were sorted, identified, counted and preserved for further study in
the laboratory. To facilitate the sorting of the animals from the debris, the
washed semples were immersed in a sugar solution with a specific gravity of
1.110, the organisms floated to the surface and were screened off for
identification. With this method it was possible to recover as many as 95% of

the organisms, whereas, in hand picking only 79% were reéovered (Dobie, 1958).

Food Studies

Sampling Statistics

To establish the food hebits of mallards, the number of stomachs needed
for enalysis is a problem which must be overcome before the sampling is
pompleted. Where the ducks are eating several foods, a different size sample
is required for each item of food. In this study, therefore, the emphasis was
'placed on the use of two major foods, animal and plant.

Cochran (1956) suggests the following formula for estimating the size of

sample required:
2
— s
n =452
Where n is the semple size, s is the standard deviation of the amount of ome
food consumed by the population and L the allowsble error. From the seample of
41 adult mallsards collected in 1957, the standard deviation for both plant and

animal foods utilized was 43.2%; the allowable error of the estimate was
arbitrérily set at 10%. Based on these data the sample size required was
estimated at 74 ducks with food in their gullets. The allowsble error would

have to be increased if a smaller sample is used or if the sample is

subdivided.
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Waterfowl Collections

The information on food habits of mallards is based on 346 birds
collected dwring the spring and summer months over a three year period; 1957
u;‘1959. Most of the birds were shot, some were caught by hand and others
were obtained from bending operations in the study area. During the first
"year, birds were taken whenever possible, however, it was evident that fhs
number of birds with food in their gullet diminished during the midday.
Therefore in the following years, coilections were made mainly in early
morning and evening. The roads in the study area were driven and an attempt
was made to shoot the mallards encountéred. In all cases, where pairs were
found an attempt was made to obtain both. ‘Similarily, when groups were found
an ‘sttempt was made to obtain two from. the group. Teble 2 sﬁmmariies the

.collections of mallards during the three year period.

Teble 2. Mallards collected on Minnedosa study area, 1957 to 1959

Ducks cdllected with food in gullets Total ducks collected
Year ‘ ' .
Adults Young Total Adults Young Total
1957 41 14 55 89 31 120
1958 4 31 35 17 70 87
1959 51 17 68 105 34 139
TOTAL % 62 " 158 211 135 346

In 1957 and 1958 the stomachs were not removed from the birds until after

the hunting was finished, usually anywhere up to three hours later., In
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examining the stomachs it was found that in some, deterioration of the gullet
contents, especially the soft bodied animals, had taken plaée. During the
last year of collecting, the stomachs were removed and fixed in 35% isopropyl
a_lcohol as soon as the birds were killed.

In this study, foods found in the two anterior regions of the alimentary
canal were used to det\ermine feeding habits. - The muscular grinding chamber of
the canal is termed the gizzard and the region aenterior to the gizzard, is
termed the gullet. The gullet includes the mouth cavity, oesophagus and
proventriculus (Henderson, 1939). |

In the leboratory examination of stomachs,. the foods found ‘in the gullet
were kept separate from the foods found in the gizzerd. The gullet foods were
sorted, identified, enumerated and the volumes measured by displacement of
water. The prOportiogs ’of the food items were then determined for each
individual. The gullet was considered empty only when there was less tham 0.2
milliliters of food present. The gizzai'd contents, on the other hand, were
sorted and identified only.

An effort was made to identify each item of the organic contents
rggardless of the amount found. Where possible, the items of plant foods were
identified to species., Most of the sSeeds were identified by the Plant
Products Division of the Canada Department of Agriculture. The technical names
were taken from Gray's Manual of Botany (Fernald, 1950). Animal foods were
identified by myself to class and order, or in the case of some insects, to
femily. The technical names used were taken from "Fresh-water Invertebrates
of the United States'" (Pemnak, 1953) énd "An Introduc tion to Entomology™
(Comstoek, 1950).

A McBee Keysort card was made out for each bird collected. On the card
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the relevant collection data and stomach contents were recorded and coded. 1In
cases where food was found in both the gullet and gizzard, duplicate cards
were made out, one With the gullet contents coded and the other with the
gizzard contents coded.

RESULTS

Characteristics of Vegetation

The ponds encountered in the study area were of two general types; those
constructed by man end those formed in the shallow depressions by rains and
melting snows. The artificial ponds or dugouts, were constructed mainly
during the drought years of the 1930's to serve for stock watering purposes.
Since then, many of the dugouts have overfliowed at the ends so that at least
two of their sides are no longer steep and support a demse growth of
vegetation.

The natural ponds were ip the verious stages of succession, progfessing
from an open water hebitat to a grassland or a wooded habitat. The change in
vegetation is the normal hydrarch succession described by Weaver and Clements.
(1938) in which the submerged plants are replaced by floating plants and
emergent vegetation in the shallow waters, these in turn give way to the sedge
meadow types along the moist shoreline., Any stage, and usually all, cean be
found in a single natural pond. The stages appear to be arranged in more or
less parallel zones radiating from the margins. The artificial ponds or
dugouts were also undergoing successional changes, élthough it was more
evident in some dugouts, which were older or filling more rapidly due to

erosion, than in others.
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The successional stages and even the direction in which they are
proceeding may be affected by land use and waterrlevelé. During the long
drought period in the 1930's most of the ponds iﬁ the Minnedosa area were used
as a source of hay for catéle, while some of them were cultivated and planted.
Even during years of normal water levels, cultivation almost to the water's
- edge and shoreline grazing by cattle has a marked affect on the plant
communities. Water levels in the ponds can vary considerably over a short
period of time and may be an important factor in determining the successional
stage 6r the direction of the succession. |

The successional changes affect the animal communities as well. Indeed,
the whole biotic community undergoes a gradual change which arises from an
interaction within the biotic community, from physical changes outside the .
community, or from: a combination of the two. Alles, et al. (1949 - state that
the result of thé community succession is a gradual alteration of the
community through time, snd the appearence oflspecies populations better

ad justed to- the changed conditions.

Pond Classification

From work in the Minnedosa area, Evans (op. cit.) suggested a method for
classifying water areas by the permanence of the watef and by the plant
comnunity. The ponds were divided into ten classes consisting of four major
groups és shown in Teble 3. The two groups which contained emergent
vegetation were further diVided according to their plant community. . This
classification, which was based on normal water levels, is used for

comparative purposes. Areas which were classified as semi-permanent during
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normal years became indistinguishable from permanent areas during the wet
cycle (Plates II to VI). Similarily, some permanent areas were dry in 1959

whereas, some of the semi-permanent ponds contained an abundénce of water.

Teble 3. Types of ponds found in the Minnedosa study area
: (from Evans, 1951)

A. Permanent ponds
l. Whitetop-sedge
2. Cattail
3. Bulrush
L. Mixed emergents or denuded

B. Semi-permanent ponds
. l. Whitetop-sedge
2. Cattail
3. Bulrush
4. Mixed emergents or denuded

C.  Temporary ponds

D. Dugouts without flooded ends

| On a one and one half square mile block in the.middle of the Minnedosa
study area, Evans (op. cit.) recorded 127 ponds. Of these, 33% were
ciassified pérmanent, 41% semi-permanent, 24% temporary and 2% dugouts. He
did nof record the number of ponds that went dry bﬁt'presuhébiv 65%, the
temporary and semi-permenent ponds, would have been dry by the end of summer.
Ponds in the study area were counted in August 1957 end none were dry. An
early August count in 1958 showed 66% of the ponds dry and in 1959 the number
haq reéched 80%. The number of ponds did not vary appreciabiy from spring to

spring because there was enough runoff each year”to at.least partially refill

the water areas.
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.When it became apparent in 1957. that a vast change in vegetation was
taking place, a sample of ponds. was chosen and classified according to the
vegetation type. Table 4 summarizes the yearly samples as compared to the

findings of Evans in 1949.

Table 4. Classification of ponds in Minnedosa study area

Perceniage.of ponds in each c¢lassification

Year :
Whitetop- : : Mixed or
sedge Cattail Bulrush denuded
1949 67 13 8 12
1957 4l 15 15 26
1958 47 16 ©11 - 26
1959 19 4 7 70

It was not until 1959 that the whitetop-sedge associations were
noticesbly affected and reduced in number. What the sample does not show are
the densities of the plants within the associations, this was not measured in
a large enough sample to be of any value. The stands of emergent végetation,
particularly whitetop and sedge, were considerably thinner during the period
of unstable water conditions than théy were during the period of normal or

relati#ely stable water levels.

Factors Affecting Plant Communities

- During the study the most important factor affecting the plant
communities was the fluctuation in water'levels. Under normal cohditions,

with water levels receding as much as twelve inches during the summer, dense
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stands of vegetation form in the water and along the shores of ponds. The
sudden increase in water levelé in 1955, flooded beyond the normal high water
marﬁ'and into the upland cover. With prolonged flood conditions the upland
plants gradually died out and were replaced by species better adapted to the
wet site. An increase in water level may also affect both emergent and
sﬁbmergent vegetation, either directly, or indirectly.by en increase in wave
action or turbidity.v

The vegetative character and thus the classification of a pond, changes
with prolonged periods of high water levels. For example, a cattail pond with
an outer zone of whitetop grasses ana sedges can change to aAwhitetop—sedge
pond if the éattail,ZDne is killed byfan increase in water level. A proionged
period of high water may continue to alter the vegetation to a mixed or
denuded classification. DPlates II to VI illustrate changes that occurred from
1954 to 1960, in the‘plant associations of three ponds.

Plate II shows one semi-permanent end two permanent cattail ponds as they
appeared under normal conditions in the spring of 1954. The inner band of
emergent végetation, along the open water, was a cattail association. Mixing
with the cattails and merging with upland cover aebove the shore was a

whitetop-sedge association. The flooded end of the dugout supported a dense

growth of sago pondweed (Potamogeton pectinatus L.) in the open water.
Increased water levels in 1955 {Plate IIIl), resulted in the three ponds
joining to farm a single water area. The cattails were surrounded with water
end began to show signs of dying out, while the shoreline association of .
whitetop and sedge flourished under the new conditions. High waters
continued; in 1956 the cattails disappeared as the dominant emergent plants

and were réplaced by the shoreline zone of whitetop-sedge. The sago pondweed



PLATE II

. 3 A R R ” "ﬁ;{%‘é
May 195,. Three cattail ponds during a period of
normal water levels. The upper is a semi-permanent
pond and the lower two are permenent ponds. The pond
in the lower right is a flooded dugout.

PLATE III

July 1955. During the first year of flood conditions

the three ponds joined and the cattail association
showed signs of dying out.
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bed was reduced to only a fewnsmall clumps. By!the spring of 1958 (Plate IV)
all emergent vegetation had disappeared and only a narrow band of whitetop and
sedge remained along the shore. The waters began to recede and by late summer,
the exﬁosed mud flats were covered with the seedlings of grasses and sedgeé.
Spring runoff was light in 1959 and water levels continued to recede. By
midsummer (Plate V) the tﬁree ponds were agein sepsrate with one dry. The
sedge and grass seedlings of 1958, were replaced by a band of marsh ragwort

(Senecio congestus var. palustris), better suited to the high soil alkalinity.

At the end of the summer of 1959, only the flooded dugout contained water and
the newly bared mud flats were covered with sedge, whitetop and cattail
seedlings. A higﬁ spring runoff in 1960 refilled all three ponds to the 1954
level.‘ The vegetation growing on mud flats thrived under the new water
conditions and by early summer (Plate VI) formed a dense zone around the shore.
In late summer the thrée ponds again resembledlthe 195 condition;'the

cattails, however, had not fully recovered and were not as abundant.

Seed Production and Availability

In food studieé it is not enough to determine seed production without
considering the availabiiity of the seeds. This is particularly true in the
study of spring an§ summer foods of ducks where the seeds produced in the fall
must be availsble in the spring to be of any value. No satisfactory method
was found for determinipg the relative gvailability of seeds in the spring,
therefore, no quantitative data are presented.

The évailability of seeds depends on vhen they are shed from the parent
plant and the nature of the understory on which they fail. Whitetop and

sedges produce and shed large quantities of seeds in late summer. The parent



PLATE IV

May 1958. After three years of high water levels the
cattail association completely disappeared leaving a
whitetop-sedge association slong the shore.

P
July 1959. By midsummer of the first year of drought
conditions the upper pond was dry and the two lower
ponds were surrounded by large areas of bare mud.



May 1960. With the return of normal water conditions
the three water areas assumed separate identities as
whitetop-sedge ponds.
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plants on land, for the most part, remairn standing until the new growth takes
over in the spring. The understory, therefore is usually quite sparse and the
seeds are readily availsble in early spring. Seeds shed by whitetdp and sedge
in water mey or may not be availeble the following.spring depending on water
depth and neture of the bottom. The seeds of bulrush and spikerush mature in
late summer but most remain on the dead plant until spring when they are
readily availeble to the ducks., The availebility of the seeds of the
submerged plamnts, like those of emergent plants, is dependent upon the water
depth and the nature of the bottom.

Under certain conditions, some upland plants produwee vast quantities of
seeds which are aveilable t0 the ducks. Lamb's quarters (Chenpgodium
album L.), which sheds its seeds in the spring, was very ébundant in the
roalside ditches and shallow ponds that were dry in 1958. When these areas
were partially refilled by the 1959 runoff, the waters and shores were covered
with seeds. Thus, lamb's quarters was prob ably the most aebundant of the
available, non-cultivated seeds in 1959. |

Waste cereal grains were usually availeble throughout the season. They
were av;ilable in the fields before spring cultivation was complete and along
the roads after the fields were worked. The roadsides were probably the best
source of seeds, not only because they supplied an almost constant source of
cereal grains but also, because they supplied most of the gravel required by

the ducks.

Characteristics of Fauna

The animals which were collected by dredge are referred to as bottom

fauna and are divided into two categories; center fauna are those which were
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taken from the center of ponds or in water of more than two feet in depth and
edge fauna are those which were taken from the shallow waters along the edges
of ponds. The habitat of the two sampling areas was different; the center
habitat copsisted mainly of subﬁergent vegetation growing in silt and plant
debris in an advenced stage of decomposition. The shoreline hebitat, on the
chgr‘hapd, consisted mainly of emergent vegetation growing in .an area usually

covered with dead plant materials in early stages of decomposition.

Differences in Center and Edge Samples

There was no apparent difference in the total nurber of center eamnd edge
fauna colilected from ponds in 1957 and‘;958’but there was a significant
difference in.1959. Howeve;,‘considering all bottom samples collected during
the study, a .significant difference .in abundance of center and edge organisms
is indicated.. The calculated value of "t" is 2.75 as compared to the teble

value of 1.96 at the 0.05 level (Snedecor, 1956). Table 5 summerizes the

Teble 5. Comperison of the asbundance of orgenisms in center and edge samples
collected from ponds in 1957, 1958 and 1959

. . Center samples Edge samples Value
Year : of
. : Yo . : ) ) o ngn
Number Limits Number Limits
of © of . n . of of .n
organisms confidence organisms confidence
0.05 level 0.05 level
1957 - 275.7 9.8 53 192.8 54.5 43 1.40
1958 317.5 86.0 76 274.8 103.9 76 0.62
1959 404.4  145.9 43 125.6 5.4 43 3.86

Mean. 326.3 59.4 172 213.4 53.7 }62 2.75
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statistics of the bottom fauna samples taken from the center and edge
ldcations during the period of study.

The difference in habitat between the shore and center of the ponds is
reflected in both the relative abundance and the variety of 6rganisms found in
the two locations. Teble 6 summarizes the bottom fauna collections made on
ponds in 1957, 1958 and 1959. Although all groups of organiéms were

represenfed-in both the center and shoreline samples, they were found in

Teble 6. Summery of bottom fauna collections from 161 ponds in 1957, 1958 and

1959 .
Nunber of organisms per square foot of bottom
Organism _
Center samples Edge samples
Mean Per cent lMean Per cent
ANNELIDA :
Hirudinea 1.8 0.6 1.8 0.8
ARTHROPODA
Crustacea .
Amphiopoda 45.9 14.1 85.5 40.1
Arachnoidea
Hydracarina 0.5 0.1 0.5 0.2
Insecta
Ephemeroptera 3.9 1.2 0.9 0.4
Odonata 1.6 0.5 1.2 0.6
Hemiptera 0.4 0.1 1.5 0.7
Trichoptera 8.4 2.6 4ol 1.9
Coleoptera 1.3 0.4 7.0 3.3
Diptera 255.0 78.2 100.2 47.0
MOLLUSCA o
Gastropoda 7.5 2.3 10.7 5.0_
TOTAL NUMBER

OF ORGANISMS 326,.3 213.4
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different proportions. Tendepedidae (Diptera) larvae composed 78.2% of the
center fasune but only 47.0% of the edge orgenisms. Trichoptera larvae, while
usually found in associatidn with plants, were more abundant in the .center
samples.-'They were found to overlap the two zones andAgenerally'appeared in
greatest nunmbers on the open water side of the emergent -vegetation. The
Amphiopoda obtained in bottom sampling wes represented almost entifely by a

‘single species, Hyalella azteca (Saussure). It was a common animal in the

ponds and made up 40.1% of the edge femna. One pond in 1957 had an extremely
high population of Hyalella, as many asV5600 individuals were removed from a

one square foot sample.

Annual Changes

The chenges in water levels during thke study had less affect on the
sbundance of bottom fsuna then one wauld expect. The only significant

difference (0.05 level) in nunbers of organisms, occurred in the edge samples

Table 7. Students' "t" values of bottom fauna gbundance in ponds in

1957-195€, 1957-1959 and 1958-1959

Center samples Edge samples Total
Year —
Value Value Value
of n of n of n
"t 17" nt ” . . "t 14}
1957-1958 0.63 129 1,12 119 1.20 248
1957-1959  1.64 9 1.57 86 0.54 182

- 1958-1959 1.02 119 2.01 119 0.61 238
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between the years 1958 and 1959. The results of Students' "t" test to
determine if significant changes in bottom fauna occurredlbetween the years
are sum_mar;'izedz.in Tsble 7..

Although the pond habitat changed noticeably as a result of variations in
water levels, the overall sbundance éf bottom fanna did not change. Certain
individuql groups of orgenisms however, were affected by the change in hebitat.
For instancq, Odonata, which depend upor emergent vegetation, decreased in

numbers along the pond edges end Coleoptera increased as their habitat of dead

Table 8, Bottom fauna collected from centers and edges of ponds in 1957, 1958

and 1959
Nunber of organisms per square foot of bottom
Organism . '
Center samples Edge samples
1957 1958 1959 Mean 1957 1958 1959 Mean
ANNELIDA
Hirudinea 1.8 2.5 0.4 1.8 3.0 1.9 0.3 1.8
ARTHROPODA
Crustacea
Amphiopoda 10.2 85.7 19.6 45.9 37.8 135.4 45.1 85.5
Arachnoidesa
Hydracarina 0.2 0.6 0.6 0.5 0.9 0.3 0.5 0.5
Insecta
Ephemeroptera 0.7 8.1 0.5 3.9 0.3 1.7 tr 0.9
_ Odonata 1.7 2.1 1.0 1.6 2.5 0.9 0.2 1.2
Hemiptera 0.1 0.3 0.4 0.4 2.6 1.4 0.6 1.5
Trichoptera 5.4 7.5 13.8 8.4 9.2 2.7 1.5 L.l
Coleoptera 0.8 1.3 1.9 1.3 7.3 5.0 11.0 7.0
Diptera ~ - 246.2 203.8 356.5 255.0 101.4 120.7 62.5 100.2
MOLLUSCA ' :
Gastropoda 8.7 5,7 9.4 7.5 27.8 5.2 3.6 10.7
TOTAL NUMBER

OF ORGANISMS 275.7 317.5 404.4 326.3 192.8 274.8 125.6 213.4
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plent material improved. Teble 8 summarizes the bottom feuna collection data

for the three years of study.

Seasonal Changes

Throughout the spring and summer season merked cheanges in therabunda_nce
of fauna were noted. The precise timing of the periods of ebundance is
characteristic of each pond but the pattern of changes are similar. Following
the departure of ice cover in April there was a gradual increase in the bottom
fauna to a peak in the latter part of May. The spring peak was followed by a
slight depression in sbundance then a marked increase until a summer peak was
feacped in mid'August. The number of organisms then gradually decreased until
the ponds becamg frozen in the fall. The seasonal changes are best
illustrated in the following graphs: Figure 1 shows the changes in center
samples; Figure 2 the chénges in edge samples and Figure 3 is a composite
‘picture of the changes_that 6ccurred in center and edge samples in 1957, 1958
and 1959. The data from which these graphs were drawn are presented in

Appendices l; 2 and 3.

Availability of Bottom Fauna

The availgbility of bottom fauna depends not only on the sbundance of ‘the
organisms, but also, on the diStribution-of the fauna in the ponds ?nd the
water depth at which théy occur. The center seamples were tdkén in wéter of
usually more ﬁhan two feet in depth éhd edge‘samples,;from léss.thapltwo‘féet.
Because the mallards obtain their food from the shallow waters, the edge
organisms were considered to be the most impbrtant source of animal foods.

The distribution of the edge feaune was variasble in the study area; all
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groups of organisms were not represented in each pond eand the variations were
even more marked as habitat conditions changed. One would expect such changes
in distribution to teke place as the ponds changed from heavy emergent plant .
cover in 1957 to open water in 1959. The organisms which were dependant upon
emérgent vegetation became less widely distributed during the study. For
' instance, the Odonata were found in 51.0% of the ponds in 1957 and only 16.3%
of the ponds in 1959. Hemiptera and Trichoptera gpparently underwent a
similar change, but as they were less dependeant upon emergent vegetation than
were Odonata, the change was not as marked. Orgenisms such as Diptera and
Coleoptera were affected less by the change in habitat than were the other
organisms., Iigure 4 illustrates the chénges in distribution of edge fauna
from 1957 to 1959. The data from which Figure J was drawn are presented in

Appendix 4.

Use of Study Area by Waterfowl

Populations

Breeding pairs - The Minnedosa area has been the scene of waterfowl research

for meny years but there are no compareble annual estimates of waterfowl
pbpulations in the general area. Each research worker carried out population
counts to suit his own needs and the results are not, in most cases, )
comperable, As a result, one has to depend upon the aerial sﬁrveys carried
out by the U.S. Fish and Wildlife Service for population indices. Although
the population data for pothole hebitat are drawn from a sample of the 10,368
square miles of pothole habitat in Manitoba, the indices do give an indication

of population trends on the study area. The population indices for the
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pothole habitat (Stratum A) of Manitoba and the sources of the data are

summarized in Table 9.

Teble 9. Summary of aerial survey data for pothole habitat (Stratum A) in

Manitoba
Pairs per square mile
Year Authority
All species Mallards
1954-1956 Mean 36.6 14.9 Evans 1956
: Hanson 1957
1957 40.5 21.7 Hanson 1958
1958 54.2 27.2 Evans 1959

1959 33.7 15.2 Evans 1960

Aerial survey data provide an index to the population and not the true
population; the proportion of the population that is seen from the air is
unknown and no doubt varies considerebly with hebitat types. Providing the
habitat does not change-drastically from yeer to year, the proportion seen
from the air should remain‘the same, In pothole habitat the main features
limiting the visibility of aerial survey crews are the wooded sareas around the
ponds. As these did not chenge in 1959 the proportion of the population seen
is compareble to previous years.

Ground waterfowl surveys were carried out on the 1} square mile study
area from 1952 to 1956 and data from these provide a better pictﬁre of

waterfowl populations, Ground surveys, like aerial surveys, do not provide

complete population figires but the proportion of birds seen from the ground

is higher. Table 10 (Cram, 1956) summerizes the surveys from. 1954 to 1956.



Table 10. Summary of ground survey data for 1% square
: mile Roseneath study area

Pairs per square mile

Year
All species Mallerds
195/ 97.8 27.3
1955 73.7 22.0
1956 104.1 24.7
1954-1956 Mean 91.9 24.7

It is apparent from Table 9 that neither the total duck population nor
the mallard population changed appreciably during the study. As the aerial
surveys are designed to measure population fluctuations of 20% or greater the
only significant change in mallard numbers from the 195/4-1956 mean, occurred
in 1958. The ground survey data indicate a mean ﬁophlation of 24.7 mallard
pairs (Tabie 10) per square mile during the 1954-1956 period. Therefore,
assuming that the Roseneath study area is representative of the 100 square
mile afea, the minimum malleard population on the area in 1957 and 1959 was
24.7 breeding pairs per squere mile and probsbly almost double that figure in

1958.

Broods - Pppulgtion indices for'waterfowl,broods in the Minnedosa area are,
like breeding pairs, availsble from aerial Surveys of Manitdbg and from groﬁnd
counts made in the Roseneath study area. Teble 11 shows the brood indices for
the years 1954 to 1959, The pefiod 195/ to 1956, taken from Cram (1956),
covers ground surveys in the Roseneath study area, whereas the period 1957-
1959, taken from Evens (1960), covers merial surveys of pothole habitat:in-

Manitoba.
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Table 1l. Summary of waterfowl brood surveys in Manitoba 1954 to 1959

Broods per square mile

Year ’ Authority
- All species Mallards
1954 30.7 6.0 Cram 1956
1955 43.4 11.3 . , Cram 1956
1956 : 50.7 12.0 , Cram 1956
1954-1956 Mean 41.6 9.3 Crem 1956
1954-1956 Mean Le5 X xx ‘ Evans 1957
1957 5¢4 Evans 1959
1958 9,2 Evans 1959
1959 4.8 Evans 1960

x these indices are the sum of the brood and late nesting indices
xx data not availeble for individual species

, Examination of Teble 11 indicates that there was a gradual increase in
ﬂhevnumber of broods in the Roseneath area from 1954 to‘1956. This increase
probebly carried into 1958 when a peask was reached, then dropped sharply in
1959, Evans (1959) felt that the apparent increase in 1958 was due in part to
increased visibility as a result of the laek of emergent vegetation. However
thére wag an increase in broods in 1958 but it was not as high as the figures
show. Another indication of an increase in production in 1958 was the number
of ducklings that reached the Class II and III stsges. The average size of
Class II eznd III broods was 5.6 ducklings in 1957, 6.6 in 1958 end 5.4 in
1959, .The average brood size for the three years was 5.7 ducklings.

In summary, one could say that in both breeding pairs and production of
young, there was an inerease from 1957 to 1958 and a decline in 1959. The
increase‘in 1958 was probably caused by a movement pf waterfowl from the

drought areas to the more stable pothole hebitat. By 1959 the pothole hebitat
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was also.affected by drought and although the influx of waterfowl was high,
the hebitat was not able to dccommodate as meny birds as during the previous

year.

Movement of Waterfowl

Adults - During & normal 8priné in the pothole fegion of Manitoba the first
mallards arrive at the beginniﬁg of April; the ﬁain flight is in the area
three weeks later. The return.of waterfowl does not herald the end of winter,
indeed, the ponds may still be frozen with open water occurring on the ice or
in fields., The ponds normally open by mid April end are ice free when the
main flight of waterfowl arrives on the breeding grounds.

However, a normal season in the Minnedosa area is unusual and was not
experiénged during this study. In all th;ee years the firét end main flights
of mallerds arrived at approximately the same time, March 28-30 and Aéril
15-20, but the srrival of smring was enﬁirely different. An early spring
occgrred in 1957; the ponds were open and stayed open before the main flight
of mallerds arrived. In 1958 the ponds opened early but became completely-ice
covered at thg end of April during almost a week of blizzerd conditions and
near zero temperatures. In 1959 the watgr areas were‘slow to open and were
not entifely free of ice until the end of April.

By the time the mallards reached the Minnedosa region most of them were
in breeding pairs., The birds arrived as small mixed flocks of mallards and
pintails (Anas acuta) and congregated, soﬁetimes in large concentrations, on
the flooded or wet stubble fields. The flocks were well dispersed by the end
of April as the individual pairs esteblished their home ranges and nesting

territories.,



The breeding home range was described by Sowls (1955) as the area in
which a bird spends its period of isolation betwéen breskup of spring
gregariousness and reformation of fall gregariousness. In ‘general this was
true in the Minnedosa area but there_were periods of reversion to
gregariousness such as when hens which lost their nests joined groups of
loafing waterfowl between nesting attempts. The males also returned to a
gregarious behavior during the summer; as the hens began to incubate the males
formed groups and later joined large concentrations of mixed waterfowl om -
moulting aresas. |

The size of the home range of ﬁallard pairs is quite varisble and is
utilized by other waterfowl as well as other mallard pairs. The defended
portion of the home range, or nesting territory, is &lsc variable; it may
include only & small area around a single pond or an area almost equal to the
home renge. TUntil the pair bond is broken both male and female livé and feed
within their home range. The range of a pair of méllards is generally smaller
than that of tﬁe drake alone; Dzubin (1955) described a home range of a pair
Qf mallards on the Rosenéaph study area and showed thatfthe,area,covered by -
the drake alone was in excess of seven hundred acres, almost double that of
the pair.

The grouped birds, until thelir deperture for the moulting ponds were not
restricted in their movements over the study area. Their flight petterns.
appeared to be random movements between feeding emd loafing areas. In 1959 an
unusual condition existed, more grouped birds were noted thah was the normal
condition and. the éroups_stayed on the study area well into the brood season.
Thesé birds were similer to the early spring cqncenﬁrations, iﬁ'that they . -

consisted of what appeared to be breeding pairs as well as males. The
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apparent breeding pairs in the summer concentration were probebly birds that
had moved into the area from the grasslands where more severe drought
conditions existed.

Thus there appeared to be two basic patterns of mallerd flight behsavior
on the Minnedosa study aerea. The movements of the breeding pairs were
restricted to their home range; within each peir there appeared to be a sexual
difference in the range of flight. The males covered more territofy than did
 the females and in one case at least (Dzubin 1955), we know that the male's
range of travel was almost double that of the female. The non breeding groups
of mallards on the other hand, appeared to have more random flight patterns.
They were not restricted to a limited home range but trevelled freely

throughout the study area.

" Broods - There is a lack of information concerning the habits emd requirements
of mallard broods. They are kmown to travel long distances overland from
ponds which are drying up to ores which are more permenent. Hochbaum (1944 )
cites several instances of overland travel by maliard broods in the Delta
marsh of Manitoba end the procedure of constructing permenent brood waters by
Trucks Unlimited is based on the assumption broods will travel two to three
miles to reach permanent water. Mallard broods are also known to travel
shorter distances between ponds, for no apparent reason. Evans (1951)
conducted a study of the movements of waterfowl broods on the Roseneath study
arca and made éome interesting observations and conclusions.

Evens determined that the average distance travelled by mallsard broods
was 0,013 miles per day and knew of no mallard brood which occupied a single

pothole for more than twenty days. He found that the influence 6f the spacing
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of potholes on brood mobility was quite marked. Those broods which occupied
the region of high pond density were almost twice as mobile as those in the
low density region. From Evans' data it appears that the pattern of brood
movement and direction is completely random and since no motherless broods
were known to move from pond to pond, overland travel is initiated by the hen.
Apparently overland journeys of mallard broods continue throughout the
season. The reasons for this continual travel are either rapdom nomadic
movements or responses by the hen, to changes in the environment. The latter
is probably the case since the young alone are;not known to move. The female,
aware of the conditions in her home range, is probably continually seeking
better cover and food conditions in which to rear her young. It makes one
wonder however, when & hen leads her brood from one pond to another that is
essentially similar in cover type and sbundance of food, what factor in the

environment has induced her to move.

Analysis of Gullet Contents

Adult Mallards

:For the determination of summer food of adult mallards, 211 stomachs were
available from birds collected from late March to early August. However, only
96, 50 males and 46 females, had sufficient food in their gullets to be used
in the determinations. Although the adult mallards depended upon the plant
kingdom fdr a large part of their éummer diet, the majority of the foods were
derived from the‘animal kingdom. In the 96 gullets examined, the f&od
consisted of 45.7% plant and 54.3% animal materials. Table 12 lists the foods

by volume and mean proportion,
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Table 12. Volume and mean proportion of foods found in the gullets of 96
adult mallards collected in the summer months of 1957, 1958 and
1959
Kind of food Total volume Per cent Proportion
(milliliters) volume of food
PLANT FOODS 331.5 63.9 45.7
Gramineae 252.9 48.2 24.6
Cyperaceae 1.2 0.2 0.5
Lemnaceae tr tr r
Polygonaceae 0.7 0.1 0.1
Chénopodiaceae 76.4 1.7 . 20.0
Ceratophyllaceae 0.1 tr tr
Rosaceas 0.1 tr 0.2
Leguminosae tr tr tr
Haloragaceae 0.1 tr 0.1
Compositae tr tr tr
ANIMAL FOODS 187.1 36.1 54.3
Annelida
Hirudinea 5.0 1.0 0.7
Arthropoda
Crustacea 0.9 0.2 1.0
Arachnoidea tr tr tr
Insecta 179.5 34.6 51.4
Mollusca .
Gastropoda 1.7 0.3 1.2

Plant foodsa - The present study showed that less than one half of the summer
diet of adult mallards was derived from the plant kingdom., DPlants made up
4L5.7% t 9.5% (0.05 levei) of the foods consumed. They were_found in 59 of the
96 gullets examined and vearied in volume from a trace to 49.0 milliliters.

All of the plant foods examined weré'inrthe farm of seeds with the exception
of duckweeds (Lemna sp.), which appeared as traces of debris in only five
gullets. The individual plents found in the gullets are listed in Appendix 5.

Examination of Teble 12 shows that the two most important sources of plant
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foods were the Gramineae and Chenopodiaceae families. The Gramineae family,

represented by three main species, barley (Hordeum vulgare L.), wheat (Triticum

gestivum L.) and barnyard grass (Echinochlos crusgalli (L.) Beauv.) contributed

over one half (53.8%) of the'plant foods end 24.6% of the summer diet. The
other important family, Chenopodiacese, represented by a single species, lamb's

quarters (Chenopodium album), supplied 43.8% of the plant foods and 20.0% of

the summer diet.

in tﬁe two years, 1957 and 1959, thét the sample of gullets was large
enough for comparison (Table 1) there was a difference in feediﬁg habits. In
1957,,plént foods made up 33.7%X13.6 (0.05 level) of the diet whereas, in
1959, fhey_made up 58.9% T 13.5 (0.05 level). Application of Studentst' mwtn
test to. these data indicate that the pr0portion of plants consumed in 1957 and
1959 was. significantly different. The calculated value of "t" was 2.62 as
compared;to 1.986, the table value of "t" at the 0.05 level.

Table 13 lists the plant foods examined in gullets of 92 mallards
collected in 1957 and 1959. In 1958 only four full gullets were available,
none of wﬁich:contained plant foods.— The Gramineae family showed a pronounced
drop in use from 1957 to 1959; it provided 33.4% of the food in 1957 and 19.5%
in 1959. More importent however, was the fact that the Gramineae supplied
99.1% of the plant foods iﬁ 1957 and only 33.1% in 1959. The plants of the

waste areas, such as dry roadside ditches and pond edges, were the ones that

received. the incressed use in 1959. Barnyard grass (Echinochloa crusgalli)

increased in use from 2.0% in 1957 to 3.8% in 1959, while lamb's quarters

(Chenopodium album) increased from only a trace in 1957 to 37.8%iin 1959 and

supplied 64.2% of the plant foods.
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Table 13. Plant foods found in the gullets of adult mallards collected in
1957 and 1959

Proportion of food

Plent food
1957 1959 . Mean
Gramineae 33.4 19.5 24.6
Hordeum vulgare 12.6 8.0 12.0
Triticum aestivum 18.8 7.5 9.6
Echinochloa crusgalli 2.0 3.8 2.9
Other grasses 0.2 0.1
"+ Chenopodiaceae 5 - 37.8 20,00 -
Chenopodium album T ' 37.8 20.0
Other plants 0.3 1.6 1.1
TOTAL PLANTS 33.7 58.9 45.7
Number of gullets ‘ L1 51 96

Animal foeds - Animals were the majer sowee of spring and summer foods -of
adult mallards in the Minnedosa area. They were found in 71 guilets and made
up 54.3% £ 9. 5% (0.05 level) of the foods consumed. Appendlx 6 lists the
groups of animals, bothk by total volume and meen pr0portion found in the
gullets. The Class Insecta alone supplled more than one half (51.4%) of the
total animal foods, whereas Annelida, Mollusca and Crustacea played only a
minor role and supplied 2.9% of the total food and 5.3% of the animals. The
order Diptera, represented mainly by larval stages of the family Tendipedidae,
was the most important. insect order and prov1ded 24,.6% of the diet of adult
mallerds. Almost as important a source of food was the order Trichoptera

which supplied 17.8% followed by Odonata (5.5%) and Coleoptera (3.3%).
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There was a decrease in the proportion of animal foods consumed from 1957
to 1959. In 1957, 66.3% * 13.6% (0.05 level) of the total foods was of animal
origin while in 1959, 41.1% +13.5% (0.05 level) of the foods were animal.

The calculated Qalue of Students' "t", 2.62, compared to the teble value 1.986
at the 0,05 level, indicates that the difference between the pﬁo years was
significant. The proportions of animal foods consumed in 1957, 1958 énd 1959
are listed in Teble 14. The data from 1958:are included in the teble but are

too few to use for comparison with the other two years;

Table 14. Animal foods found in the gullets of adult mall ards collected'in
1957, 1958 and 1959

Proportion of food

Animal food
1957 1958 1959 ldean

Hirudinea 16.6 0.3 0.7

Crustacea 0.9 12.5 . 0.1 1.0

Insecta 63.7 73.4 39.8 - 51l.4 -

- Odonata 9.6 9.3 0.1l 5.5
Hemiptera 0.2 0.1 0.2
Trichoptera - 17.9 17.9 19.6 17.8
Coleoptersa 2.7 12.5 3.1 3.3
Diptera - 33.3 33.7 16.9 2.6

Gastropoda 1.7 0.9 1.2

TOTAL ANIMALS 66.3 100.0 41.1 54.3

Number of gullets 41 4 51 96

Like other énimal foods the Class Insecta showed a marked decrease in use
from 1957 to 1959; it provided 63.7% of the food in 1957 and 39.8% in 1959.

However, the relative use of Insecta remained almost the seame; the class made
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up 96.1% of the emimals in 1957 and 96.8% in 1959. Not all insect orders were
‘affecyed to the same degree, some incréased in importance while others
declined. Odonata showed the mosﬁ marked decrease from supplying 9.6% of all
foods and 14.5% of the insects in 1957 to 0.1% and 0.2% in 1959. The Diptera
also declined to almost one half from 33.3% to 16.9% but still provided a
large share of the insect material; Diptera provided 50.2% of animal materials
in 1957 and 41.1% in 1959. Trichoptera and Coleoptera showed a slight
increase in use from 17.9% and 2.7% in 1957 to 19.6% and 3.1% in 1959.
However, both almost doubled in value as animal foods: Trichoptera supplied
only 27.0% of the gnimal foods in 1957 as compared to 47.7% in 1959 and
Coleoptera increased from 4.1% to 7.5%. Table 15 shows the changes which

occurred in the animal foods from 1957 to 1958.

Teble 15. Per cent composition of the animal foods found in adult mallards in
1957 and 1959

Per cent composition
Animal

1957 1959

Hirudinea
Crustacea 1
Insecta -96.
Qdonata 14.5 0.2
Hemiptera 0.3 0.2
Trichoptera: : 27.0 47.7
Coleoptera Lol 7.5
Diptera 50.2 1.1
Gastropoda 2.6 2.2

Sexual difference in gullet contents - Examination of gullet contents showed
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an apparent difference in the foods consumed by male and female mallards.
Males consumed 54.1% plant and 45.9% animal foods with confidence limits of

-~ £13.2% (0.05 level), whereas, females consumed 36.5% plant and 63.5% snimal
foods with confidence limits of * 13.5% (0.05 level). Students' "t" test
apflied to the data indicated that at the 0.10 level of confidence a
significant‘difference existed between the gullet contents of males and
females. The calcula£ed value of ™" for both plants and animals, was 1.84
compared to the teble value of 1.66 at 0.10 level (Snedecor, 1956). Table 16
summarizes the pr0portion and composition of foods found in -the gullets of 50

males andlaé females collected in 1957, 1958 and 1959.

Table 16. Proportion and per cent composition-of major foods found in the
gullets of 50 male and 46 female mallards collected in 1957, 1958

and 1959
Proportion of food Per cent.composifion
of food
Foods
Male Female Male Female
TOTAL PLANTS 54.1 » 36.5 ‘ 100 100
Gramineae 35.0 13.4 6.7 36.7
Cyperaceae 0.1 0.9 0.2 2.5
Chenopodiaceae 18.7 21.6 34.6 59,2
Other plants 0.3 0.6 0.5 1.6
TOTAL ANIMALS 45.9 63.5 100 100
Insecta 43.5 : 60.0 9.8 94.5
Other animals 2.4 3.5 5.2 5.5

Teble 16 shows an interesting comparison of the role played by the plants

normally found in cultivated fields with those found in the waste or wet
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areas. There was almost a complete reversal of the felative importance of
Gramineae, Chenopodiaceae and Cyperaceae in the diets of male agdrfemale
mallerds, .In the male, 64.7% of the plants consumed were from the Gramiheae
and 34.8% from the Chenopodiaceae and Cyperacese families, whereas in the
female, 36.7% of the plants were from the Graminease and 61.7% from the
Chenopodiaceae and Cyperaceae families. In the animal foods the relative

importance of the groups was sbout the same for male and female mallards.

Juvenile Mallards

For the determinapion of the food of juvenile mallards, 135 stomachs were
available, of which 62 contained food materials in the gullets. A4ll age
classes of young; from Class I to Flying, (Gollop and Marshall, 1954) were
collected during the months of June, July and August. Teble 17 lists, by age

class, the young mallerds obtained for the study.

Table 17. Young mallards collected for food habits studies during the summer
months of 1957, 1958 and 1959

Nunber of young mallards

Total
Age class ) '
I II o IIT Flying
Gullets. o , , .
empty 18 _ 27 17 - 11 73
Gullets with
some food 19 20 15 8 62

Total - 3T 47 32 ' 19 135
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The young mallards showed a different pattern of feeding habits than that
of the adults. Whereas the adults consumed almost egual parts of plant and
animal foods during the summer, the young mallards depended upon the animal
kingdom for the majority of their foods; plants accounted for 9.0% and animals
91.0% of the food. Table 18 shows the volume and mean proportion of foods

found in the gullets of young mallards.

Teble 18. TVolume end meen proportion of foods found in the gullets of 62

juvenile mallards collected in 1957, 1958 emd 1959

Xind of food Total volume Per cent Froportion

: (milliliters) volume of food

PLANT FOODS 30.0 11.9 9.0
Unidentified plants 0.5 0.2 0.4
Sparganiaceae tr tr tr
Zosteraceae 0.3 0.1 0.9
Gramineae 15.8 6.3 2.7
Cyperaceae 12.4 4.9 L7
Lemnaceae 0.5 0.2 0.1
Polygonsaceae 0.1 tr tr
Chenopodiaceae 0.1 tr tr
Leguminosae tr tr tr
Haloragacesae 0.2 tr 0.1
Labiatae 0.1 tr tr
ANIMAL FOODS 221.8 88.1 91.0

Bryozosa

Plumatellidae 51.2 20.3 3.7
Anmelida

Hirundinea 4.9 1.9 1.2
"Arthropoda

Crustacea 6.2 2.5 2.8

Arachnoidea 0.1 tr ty

Insecta 121.7 48.3 71.6
Mollusca

Gastropoda 36.0 14.3 11.2
Chordata

Pisces 1.7 c.7 0.5
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Plant foods - Plant perts, mainly seeds, made up 9.0% i'S}é% (0.05 .Level) of
the food of 62 juvenile mallards. Examination of Teble 18 shows thaf three
families, Cyperaceae, Gramineae and Zosteraceae were the main contributors
(92.2%) of plant foods. The proportions of individual plents found in the
gullets of young mallards collected in 1957, 1958 and 1959 are presented in

Appendix 7.

Table 19. Students' "t" values of plant and animel foods consumed by juvenile
mallards in 1957-1958, 1957-1959 and 1958-1959

Year Calculated "t™ n Table "4
(0.05 level)

1957-1958 2.05 45 .2.01
1957-1959 2.54 ‘31 2.04
1958-1959 1.13 48 2.00

There was a significent chenge in feeding_hdbits.during the Study;;the
young mallards ate progressively‘more‘animal and less plant foods from 1957 to
1959, Table 19 summarizes the Students' "t" test values for plant and animal
foods consumed. The proportions of plant food eaten during each of the three
years are presented in Table 20. The Cyperaceae family was the most; important
contributor of plant f&ods; it provided 46.8% of the plant foods in 1957,
63.6% in 1958 and 41.7% in 1959. The Gramineae was important in lé57 when it
supplied 45.1% of tﬁe plant foods but it decreased sharply to 10.6% in 1958

end only a trace in 1959.

Animal Poods - The animal kingdom provided 91.0% ¥ 5.6% (0.05 level) of the

food of juvenile mallards. Animal foods were found in all but two of the 62
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gullets examined. The Class Insecta was the most‘important single source of
food of young mallards; it contributed 71.6% of the food (Teble 18). Also:
important was the Gastropoda which contributed 11.2% of the food. The animal
groups which were found in the gullets of juvenile mallards are summarized in

Appendix 8.

Teble 20. Proportion of plant foods found in the gullets of 62 young mallards
in 1957, 1958 and 1959

Proportion of food

Plant
1957 1958 . 1959.

Zosteracese . 1.5 0.3
Gramineae . 10.6 0.7 .
Cyperaceae 11.0 Lae2 0.5
Other plents 1.9 0.2 0.4
TOTAL PLANTS 23.5 6.6 1.2
Confidence limits

0.05 level - 19.9% 6.9% 2.1%
Number of gullets 14 31 17

A significant increase occﬁrred in‘the use made 6f animal foods from 1957
to 1959 (Tsble 19). Animals incfeased from 76.5% of the diet in 1957 to 98.8%
ofvthe diet in 1959; Thevactual dhénges that‘book place are summerized in
Tablel2l. fhis table shows.the propértibn of the major itemsvof,animal foods
consumed in.1957,. 1958 énd 1959.

Examination of Table 21 reveals there was ;ittle change in the

composition of the enimal foods in the three years. The Gastropoda probably
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Teble 21. Proportion of animal foods found in the gullets of 62.young
mallards in 1957, 1958 and 1959

Proportion of food .

Animal - -
1957 1958 1959
Plumatellidae Tk
Hirudinea 0.8 1.3 ' . 1.3
Crustacea . 1.6 4.5 0.5
Arachnoidea : 0.2
Insecta 67.0 63.2 . 90.9
Unidentified 0.6 11.4
. Ephemeroptera 0.1
Odonata 0.3 8.2 6.6
Hemiptera 0.5 1.6 6.5
Trichoptera 25.3 21.3 22.9
Coleoptera - 2.9 4.6 .8.9
Diptera 36.8 27.5 33.9
Hymenoptera 0.6 0.6
Gastropoda 7.1 15.9 5.9
Pisces 1.0
TOTAL ANIMALS 76.5 93.4 98.8
Confidence limits ‘ ' ' o
0.05 level 19.9% 6.9 - 2.1%

Number of gullets 1 ' 31 17

varied the most; they supplied §.3% of the animal foods in 1957, 17.0% ih 1958
and 6.0% in 1959. The Insecta showed a drop in 1958 when it contributed oniy
67.7% of the animal foods as compared to 87.6% in 1957 amnd 92.0% in 1959,
however, ih all years, the Insecta was the major soﬁrce of foods; A single

species from the Phyllum Bryozoa, Plumatella repens L., appears as a
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relatively important source of food, but since it was found in only three

stomachs in 1958, I do not think it was an importamt food source.

Analysis of Gizzard Contents

The gizzerd contents of adult end young mallards could not be accurately
measured;vapparently, secretions in the proventriculus soften and partially
prepafe_fq§ds for digestion. Seeds ﬁith a hard pericarp and insects W;th
sclerotized skeletal parts appeared to resist the softening process, Whereas
soft seeds and animals were partially digested. Since it was impossib;e to
determige from insect remains, the actual number of apimals involved,
estimatesfpf the proportions of animal foods consumed were not obtained.’;
Individual plants end enimsls identified in glzzards of adult and young

mallards are listed in Appendices 9 amd 10.

Adult Mallards

Items of food found in 211 mallard gizzards examined are listed in
Teble 22. Examination of the table shows that hard seeds of the Cyperaceae,
Sparganiaceae and Haloragaceae families, were the most common plant foods;
they were found in 84.4%, 10.9% and 20.4% resPectively,_of the gizzards
examined and made up 30.5% of total occurrences. Soft seeds of the Gramineae
and Chenopodiaceae families were found in 34.6% end 20.4% of the gizzards and
contributed 14.5% of the total occurrences.

| inimals with a hard covering or exoskeleton, appeared to be more

important than soft bodied animals. Insecta with sélerotized skeletal pérts,‘
were easily recognized; Trichoptera appeared in 47.4%, Coleoptera in 41.7% and

Diptera in 37.9% of the gizzards and made up 33.5% of the total occurrences,
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Table 22. Occurrence of foods found in the gizzards of 211 adult mallards
collected during the summers of 1957, 1958 amd 1959

QOccurrence in gizzards

Kind of food
Number of Per cent Per cent
times used times used of birds
TOTAL PLANTS 431 53.7 94.8
Unidentified plants 3 0.4 ' R WA
Spargeniaceae 23 2.9 10.9
- Zosteraceae : 5 0.6 2.4
Gramineae 73 9.1 34.6
Cypereceae 178 22.2 84.4
Lemnacease 8 1.0 3.8
Liliaceae ' 2 0.2 0.9
Polygonaceae 23 2.9 10.9
Chenopodiacese 35 Lol 16.6
Cruciferae . 1l 0.1 0.5
Caryophyllaceae 1 0.1 .. 0.5
Ceratophyllacéae 10 1.2 AN
Rosaceae 3 0.4 1.4
Leguminosae 8 1.0 3.8
Haloragaceae 43 - 5.4 20.4
Hippuridaceae 2 0.2 0.9
Umbelliferae 1 0.1 0.5
Cornaceae 1 0.1 0.5
Polemoniaceae 1 0.1 0.5
Verbenaceae 1l 0.1 0.5
Labiatae 6 0.7 2.8
Plantaginaceae 2 0.2 0.9
Caprifoliaceae 1 0.1 0.5
TOTAL ANIMALS 372 46.3 85.8
Hirudines 1 0.1 0.5
Crustacea A 0.5 1.9
Araschnoidea 2 0.2 0.9
Insecta 358 45.0 85.8
Unidentified insects 53 6.6 25.1
Ephemeroptera 1 0.1 0.5
Qdonata . 20 2.5 9.5
Hemiptera 16 2.0 7.6
Trichoptera 100 - 12.5 L7.4
Coleoptera 88 11.0 L1.7
Diptera 80 10.0 37.9
Gastropoda 7 0.9 3.3

. TOTAL OCCURRENCE 803
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Teble 23. Occurrence of foods found in the gizzards of 135 juvenile mallards
collected in 1957, 1958 and 1959

Occurrence in gizzards

Kind of food -
Number of Per cent Per cent
times used times used of birds
TOTAL PLANTS 245 45.2 85.2
Unidentified plants 1 0.1 0.7
Sparganisceae 13 2.4 9.6
Zosteraceae 16 3.0 - 11.9
Gramineae 21 3.9° 15.6
Cyperaceae 110 20.3 81l.5
Lemnaceae 4 0.7 3.0
Polygonaceae 10 1.8 Tedy
Chenopodiaceae 5 0.9 3.7
Cruciferae 2 0.4 1.5
Ceratophyllaceae 8 1.5 5.9
Rosacesae 2 0.4 1.5
Leguminosae 3 0.6 2.2
Haloragaceae 34 6.3 25.2
Umbelliferae 2 0.4 1.5
Lebiatae 13 2.4 9.6
Compositae 1 0.1 0.7
TOTAL ANIMALS 297 54.8 94.8
Plumatellidae 2 0.4 1.5
Hirudinea - 2 0.4 1.5
Crustacea 4 0.7 3.0
Arachnoidesg 2 0.4 1.5
Insecta 274 50.6 94.8
Unidentified insects 43 7.9 31.9
Odonata 9 1.7 6.7
" Hemiptera 32 549 23.7
“Trichoptera 70 12.9 51.9
"Coleoptera 58 10.7 43.0
Diptera 61 11.3 L5.2
Hymenoptera 1l 0.1 0.7
Gastropoda 13 2.4 9.6

TOTAL OCCURRENCE:

542
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Soft bodied animals were rarely. recognized and thus appeared to be relatively

unused by mallards.

Juvenile Mallards

Gizzards from 135 juvenile mallards of all age classes were available for
»study. The food items found are resented in Table 23. Hard seeds of aduatic
forms of Cypefaceae end Halorégaceae were the most abundent plant foods
recorded. Cyperaceae were found in 81.5% and Haloragaceae in 25.2% of the
gizzards; both accounted for over one half (44.9% and 13.9%) of the botél
plant oceurrences. Other aguatic plants such as members of the Zosteraégae,
Spargeniaceae and Gramineae were also well represented ih the gizzards: -
examined, .

In animal foods, the Class Insecta was represented in 9.8% of the
gizzards and accounted for 50.6% of the total occurrence'of food. The iﬁsecf
groups mosﬁ'commonly found, were the easily recognized Hemiptera, TrichoPtera,
Coleoptera and Diptera, all of which have sclerotizéd sketetal parts; Spft

bodied enimals represented only 4.2% of the gizzard food.
DISCUSSION

Feeding Behavior of Mallards

Mallards belong to the subfamily Anatinae, which ié commnonly referfed to
as dabbling or surface feeding ducks. One of the characteristics of this
group is that they feed by tipping end dabbling along the edges of lakes,
ponds and smaller bodies of water. Kortright (1943) in déscribing the

feeding habits of the Anatinse says: '"River and pond ducks, or surface
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feeding ducks, feed, as their name implies, either at the surface, where
they skim the water at the edges of the shores and banks, or by "tipping®,
tail up, in the shallow places, reaching down to obtain their sustenance
from the bottom. Many of the ducks of this subfamily graze oh land as do
the geese, and some wander into the woods in search of nuts, berries anq
land insects.® | |

Methods used by mallaerds to obtain food are verisble. Not only do they
use the methods described by Kortright but also they dive for.food, catch
flying insects and strain water through their beak to take small organisms
and plents. The actual movements involved in securiné foods are innate and
are fully developed at the time of hatchiﬁg (Weidmann, 1956). Weidmann
(op. cit.) contends that the different‘ways of tsking foods is activated
by the degree of hunger, however, he points out that isolated movements
Suchvas idle straining of water and snapping at flying insects is independent
of the feeding drive.

The question arises whether selection of individual items of food is
an innate behavior pattern or whether mallards learn to recognize food, I
believe it is probably a combination of both; I have seen newly hatched
mellard ducklings feed on insects after leaving the nest on their way to
water and Geyr von Schweppenburg (1959) reports two to three day old mallards
actively feeding on ground barley. In one case the ducklings displayed innate
behavior in tsking insects and in the other case, an .ability to rapidly
learn edible articles in their environment, No doubt their knowledge of
which foods sre edible is acquired on a trial amnd error basis, One must
assume that mallards pick their food by visual means but are they eble to

do this while feeding under water? The ability of a duck to see under water
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has nevér been demonstrated; therefore I would suspect that most underwater
feeding is a random, searching process. Under good light and water conditions
‘mallards canvprobably see food items near the surface or even on the bottom
and go after them, but under poor light and water conditions this would not

be possible.

Comparison of Gullet amd Gizzard Contents

In determining the food habits of mallards, gullet materials proved
superior to gizzard materiasls because the amount of emimal foods found in
gizzards could not be accurately measured. Koersveld (1950) in studying the

food habits of jackdaws (Corvus monedula spermologus (Vieill)), found thet

digestion of soft bodied animals was already far advanced in birds'killed
twenty minutes after feeding. In birds killed twenty minutes gfter taking
food but kept for three days before examining the stomach contents, Koersveld
found that soft bodied animals had completely disappeared whereas the
scleiotized remains 6f insects were still visible and cereal greins were
unaffected.

During the spring end summer months, when mal;ards have access to
Trichoptera lérvae, another source of error may be added to gizzard analyses.
Certain femilies of Trichoptera, such as Limnephilidae, construet their
larval cases from a variety of materials. In the Minnedosa area many of the
cases were constructed almost entirely of sedge seeds (ggggg_sp.); Other
seeds were also used, as were empty shells of Mollusca, particularly the
family Planorbidae. DPlate ViI illustrates some of the types of larval cases
constructed by members of the order Trichoptera. Larval cases are recognizeble

in the gullet and in the gizzard after a recent feeding, however, in the
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Family Limnephilidae showing the variety of
materials used in the construction of larval casés.‘
| (megnification X2.2)
l. case made of dried plant stems, mostly
rushes

2. case made of duckweed (Lemna trisulca)

3. case of duckweed and the shells of
snails (Gastropoda)

4. case of snail shells, small clam shells
(Pelecypoda) and duckweed

5. case of snails, duckweed and seeds

6. case made almost entirely of sedge
seeds (Carex sp.)

7. case made almost entirely of bulrush
(Scirpus sp.) seeds

8. case made of duckweed, the seeds of
bur-reed (Sparganium sp.) end sedges

9. case made of fine grains of sand
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gizzard, larval cases from a previous feeding, may be reduced to their
component parts.

The use of gizzards in the stﬁdy of waterfowl food habits is an
esteblished procedure. Many waterfowl workers however, have Questioned the
method and héve pointed out that éizzard analysis may exaggerate the value
of certain hard foods (Pirnie, 1935, end Cottam, 1939). Surprisingly, this
did not result in a change of methods even by the oneé who doubted them. A
search of the literature reveals that it was not until 1959 (ﬁillon, 1959)
that an attempt waé made to 'show and explain the difference Between gizzard
and gullet analysis.

4Dillon (op. cit.) worked with the stomachs of mallsrds shot during the
winter. The birds were living élmdét entirely on plent materials, and Dillon
was @ble to measure gizzard contents and compare them with gullet contents.
Bfiefly, he found that gizzard asnalysés tend to give a low rating to easily
digested rice field seeds:in favor of hard marsh seeds that pefsisted in

the gizzard. For example, Junglerice (Echinochloa colonum (L.) Link) made

up 20.7% of the gullet foods and only 11:0% of the gizzard foods. On the

other hand, spike sedge (Eleocharis guadrangulata (Michx.)_Rt & S.) was 0.2%
of the volume of gullet contents as compared to 8.4% of the volume of the
gizzard contents. ’

In the present study volﬁmes of food in gizzards.were not measured,
the contents of gizzards and gullets are compared on the basis of bccurrence
of various foods. Table 2/ summarizes the occurrence of main foods found in
guliets and gizzards taken from the seame mallards,

Examination of Table 24 show5'a'discrepancy between gullet and gizzard

foods from the same birds. In both adult and young mallards, pleant foods
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received a higher rating in gizzards than they did in gullets. Herd seeds of
the marsh plants, Cyperaceae, Polygonacese and Haloragaceae, appear to be

more important than soft seeds of Graminese and Chenopodiaceae, whereas, the
reverse is true in gullet contents. The reason for the higher rating of seeds
of aquatic plants is their toughnpericarp; this enables thé seeds to withstand
the grinding action of the gizéard for a longer period of time than can the
soft seeds. Although Cyperaceae appeared as only slightly more than 20,0% of

Table 24. Major plant and animel foods found in the gullets and gizzards of

96 adult and 62 young mallards collected in 1957, 1958 and 1959

Per cent times used
Kind of food

Adult Young
Gullet Gizzard Gullet Gizzard
PLANT FOOD . 35.6 56.8 2.4 43.9
Gramineae - . 12.5 12.7 5.2 beT
Cyperaceae 7.5 20.2 8.2 20.4
Polygonaceae 2.7 3.7 0.9 1.1
Chenopodiaceae 7.5 6.4 1.3 2.0
Haloragaceae 1.6 4.0 1.3 Le3
Other plants 3.8 9.8 545 11l.4
ANIMAL FOQOD YA 43.2 77.6 56.1
Hirudinea 1.3 0.3 3.0 0.4
Insectsa
Hemiptera 24 1.4 10.8 7.1
Trichoptersa 14.6 10.4 15,1 13.7
Coleoptera iz2.2 10.4 8.2 11.4
Diptera 18.0 11,2 19.8 13.7
Other Insecta 7.8 6.6 7.8 2.7
Gastropoda Lol 1.7 8.6 5.1
Other animals 3ed 1.2 Le3 2.0
TOTAL OCCURRENCE 295 3L7 232 255
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the times used in both adult and young, seeds of this group were found in
72.9% of the gizzards of adults and 83.9% of the gizzards of young.

In the animal foods, soft bodied animals received a lower rating than did
animals with a hard exoskeleton. Sclerotized parts of Coleoptera, Trichoptera
and'Hemiptera were easily recognized‘in gizzard debris, although in many

cases, they were not identified to order.

Seasonal Variation of Foods

During early spring on the study area it was common to”find flocks of
mallards feeding in grain stubble fields, but as the breeding season
progressed and pairs became established on nesting territories, field feeding
flights diminished. However, mallard pairs and later young birds, continued
‘to venture from ponds and into surrounding upland cover in the search for
food. With such a pattern of feeding, a great variety of fpods may make up
the summer diet of mallards.

Little information has been published on feeding habits of mallards-while
on the breeding grounds. McAtee (1918) examined 1725 gizzards, but only-25
were from birds obtained during summer end the results were not reported-on.
Stoudt (1944) systematically collected mallards for stomach enalysis during
August and September and found that during‘bhe late suémer period th;'food
consisted of 96.5% plent materials. During’other seasons éf the year, |
Anderson’ (1959) found that corn (Zea mays L.) was the principal food of -
mallards in Tllinois; McAtee {op. cit.) considered sedges (Cyperacese) agd
grasses‘(Gramineae) the most ;mportant; and'Martin, et al.” (1951) renked’
pondweeds (Potamogeton sp.) end bulrush (Scirpus sp.) top of the preferred

foods in the west. The apparent difference in preference of food by black
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ducks (Anas rubripes Brewster) was explained by Mendall (1949). He stated

that meny foods are important largely because they are abundemt and easily
obtained and not necessarily because black ducks exhibit & particular
fondness for them. I think this is equeally true for mallérds.

I believe that preference playslonly.a minor role in choice of foods; the
main.reason that a mallard used a particular food is because it is readily
availsble. A food, to be availsble to méllards, must be abundant, it must be
located where birds can use the food end it must be within the normal travel
range of the birds. ZFrom first arrival in spring until the end of the summer
moult, mallards become increasingly more dependent upon ponds and pond edges
for their food supply. During this time, although they may not be as abundant
as equally desirable foods in a more distant location, only those foods which
are found in, or close to water.areas, are availabie. In mid'and late summer,
as young birds learn to fly and as adults regain the ir powers of flight after
the summer moult, they are less dependent upon ponds; they becoﬁe very active
flyers, often travelling meny miles between marsh and feeding area. Because
of this increased mobility, vast crops of seeds, both wild end domestic, are
available to the birds,

Seasonal variations in food hebits appear to be due in part to a decrease
or an increase in mobility of mallards. A certain food may be as abundant in
surmer as it was in spring, but because the range of travel of birds is
smaller, the food is less availeble. On the other hand, a food may be more
available to adult males than it is to adult females because the home range of
the male is larger than that of the female. Within the pond itself, certain
foods may be more available to one age class than to apother; young birds are

limited to feeding in very shallow areas or in areas of vegetation, whereas,
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adults can feed by tipping in areas with water depth up to 18 inches
(Phillips, 1923, Olney, 1960).

During this study the only plant foods that were available in spring were
cereal‘gfains and ‘seeds which carried over the winter either on the plant or
on the ground. As the season progressed seeds became less available because
of germination and new growth of plants in the understory. Cereal grains were
available during most of t he season, in fields during spring and tq a lesser
extent along roadsides during summer. All plant foqu became very abundeant
again in late summer as seed crops matured. Animal foods, on the other-hand,
increased in sbundance during spring and summer months-and declined in late
sunmer (Figures 1, 2 and 3).

Seasonal variations of foods used by both adult and young mallards show
a trend similar to chenges in availability of foods. Figure- 5 shows changes,
on a bi-weekly basis, in the proportion of plant and animal foods consumed:
during- spring and summer months. Foods consumed by both adult and young
mallerds were used in drewing the graph, however, most of the adult birds were
taken before June 15 and most of the young birds after.  The data from which
this figure is drawn are summarized in Appendix 11.

When the first mallard stomach samples were taken in the létter pert of
April, the foods consisted mainly of plant materials (67.4%). It was during
this period that seeds from the previous season were asbundant and available,
whereas the ponds had just become ice free amd bottom fauna were not numerous.
As bottom organisms increased and seeds decreased in sbundance there was a
change in diet from predominantly plant to predominently animal materials.

The low in plant utilization was reached in the lasf two weeks of July and

showed signs of recovery in early August as new crops of seeds began to



100

PLANT FOODS

%07 e At
SRR

<
SN

80 4
70 o
60 4

50 1

PROPORTION OF FOOD

40 qne

\“\f""\}
30 1%

e
e

L™,

hd

b4

20

10

L TeTeies
A0S0 0
24

B KK

(s
4

CONFIDENCE LIMITS 0.05 LEVEL

PO

APRIL
15-30

MAY
1-15

MAY JUNE
16-3 1-15

JUNE
16-30

JUuLY
I-15

JULY AUGUST
16-31  1-15

FIGURE 5. PROPORTION OF PLANT AND ANIMAL FOODS

CONSUMED BY ADULT AND YOUNG
1958 AND 1959.

MALLARDS,

1957,




- 56 -

mature. Had sampling of stomachs been carried on during late August and
September the complete change from an animal to a plant diet would probably
have been demonstrated. Undoubtedly, as shown by other food studies, mallards

remain on a predominantly plent diet until they return to the breeding grounds

in the spring.

Comparison of Foods of Adult and Young Mallards

Because the majority of adﬁlt mallards were collected before June 15, one
would expect plant materials to be the important source of food. One would
also expect the food of adults to be different from the food of the ducklings
collected later in the summer. ' The data show this to be the case; 45.7%%9.5%
{0.05 level) a&ult foods end 9.0% ¥ 5.6% (0.05 level) of duckling foods were
derived from the plant kingdom, Students! "t" test indicates a significant
difference (t= 5.71) at the 0.0S‘level.

When both adult and young mallards are collected during the same period
one would expect their food habits to be similar. However, Chura (1961)
thought there was a difference in that ducklings ate more emimal foods than
did females but by the time they were Class III, their food was similar to
that of adults. I do not believé there was a difference in proportions of
plant and apimal foods used by adults and young in late sunmer in Minmedosa.,
The individual items that constitute the plant and animal foods may be
different, due to a difference in ability to feed in varying water depths, but
the totsl foods should be the same. The sample of adults teken in late June
and Jﬁly was not large emough to statistically compare with young, but the few
samples teken tend to substantiate my belief. The food of 7 adults collected

from June 16 to August 15 consisted of 85.6% animal materials whereas, foods
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of young taken from the same period were 90.3% animal origin.

Food of Adult Mallards

Annual Variations

The data presented in Tables 6 snd 7 show that the only significant
change in overall abundance of edge organisms occurred between 1958 and 1959.
waéver, because the majority of adult mallsrds were collected prior to
June 15, the sbundance of‘edge«qrganisms during this period must be used for
comparison; these data are presented in Tgble 25. The comparison of foeds.
consumed by adults (Tables 13 and 1) with abundance of edge organisms

(Table 25) is. illustrated in Figure 6.

Teble 25. Edge fauna collected from.ponds during the period
- May 1 to June 15 in 1957, 1958 end 1959

Organisms per Confidence Sample
Year square foot limits size
0.05.level
1957 187.1 98.0 14
1958 126.3 51.7 31
6.9 19

1959 4.5

There was a Significent decrease (t=4.00) in sbundance of edge
organisms from 1957 to 1959, but this alone was not enough to cause the change
in food habits. The relative availability of plent and amimal materials.

played an important part in determining the food selected, In the Minnedosa

area, the most commonly grown crops were barley (Hordeum vulgare) and wheat

(Triticum aestivum) both of which supplied the majority of plant foods in
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1957. The a@bundance of these grains did not change during the study but use
that was made of them decreased in 1959.  At the beginning of drought
conditions in 1958, many roadside ditches and shallow ponds went dry and
created ideal seed beds; one of the main species to colonize these areas was

the common weed, lamb's quarters (Chenopodium album). In 1958, lamb's

quarters was very common in dried ditches and pond edges and under these ideal
conditions produced a heavy crop of seeds. With the,temporary return of water
to ponds and ditches the following spring, lamb's quarters seeds were shed in
the water and were very numerous; in sSome areas, théy formed windrows along
the shores. Although they were probably not as abundant as cereal grains in
stubble fields, they were more readily availsble to birds and received a
higher use in 1959 then did cereal grains.

The relative availability of enimal versus plant foocds cannot be measured
therefore one must assume that plants, particulariy lamb's quarters, were more
readily aveileble in 1959 than were pond orgenisms which decreased in numbers
thet year. Even if animals had not decreased, lamb's quarters would probably
have still been an important source of food because the seeds could be
obtained by skimming the water surface without the necessity of dabbling or
diving. In 1957 on the other hand, fields with waste cereal grains were the
major source of plant foods, however, becasuse they were removed from ponds,
plant foods received less use than did pond animals.

The relative availsbility of various pond organisms is difficult to
assess, however, if underwater feeding is a random process availability of
bottom dwellers must be closely related to the sbundance of them in shallow
waters. Availability of pond organisms living in association with vegétation,

either submergent or emergent, must also be closely related to abundance as
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well as to density of plant cover. Although larvae of Trichoptera were more
sbundant in center samples than they were in edge samples, they were found
élong the edge of the emergent vegetation zone or‘just outside the area used
in edge sampling. Trichoptera increased in cente; samples from 1957 to 1959
and with the decrease in water levels, it is possible that they were available
in 1959 to mallards feeding by dabbling and diving. The increased use that
was made of Trichopteré in 1959 indicates that thié was the case., Odonata
nymphs, which live in close association with vegetation decreased both in
sbundance end in valug as a food source in 1959. Other pond organisms showed

little change in use from 1957 to 1959 (Table 15).°

Sexual Differences

Foods utilized by adult male and female mallards were significantly
different at the 0.10 level of probability (t =1.84); males consumed a higher
proportion of plant foods (54:1%) than &id females (36.5%). Examination of
Téble 16 shows the majority of plent foods consumed by females‘were those
uSually associated with water and waste areas; the Chenopodiacese and
Cyperaceae Tamilies made up 61.7% of the plant foods. Of plant foods utilized
by males, 6L.7% were obtained from the Gramineae family found in cultivated
fields. Another comparison that can be made is between utilization of both
plant and animal foods found in or near ponds and utilizati&n of essentially
field foods. Female mallards obtained 8£6.6% of their food from ponds or pond
edges and 13.4% from fields, Wheregs, males obtained only 64.7% of their food
from ponds and 35.3% from fields.

"There was a difference in feeding habits of adult male end female

mallards during the breeding and nesting seasons. Males were extremely mobile



- 60 -

over a large home range where a wide variety of foods were available. On the
other hand, females were less mobile; their main feeding activities were
restricted to a few water areas within a small home range where the variety of

availeble foods was limited.

Food of Juvenile Mallards

Age Differences

A recent study of food habits of mallards was made by Chura (1961) in the
Bear River Migratary Bird Refuge in Utah. He condw ted an extensive research
program designed to determine availability and preferences of food of juvenile
mallards., Little other detailed information is availsble in the literature;
unfortungtely, most food hebits research has been of a very general nature.

Chura (op. cit.) féund a marked chenge in feeding habits from Class I to
Class IITI ducklings. He étates that Class Ia ducklings consumed animal foods
almost exclusively; 90% animal foods were consumed by Ib and n5% by Ic.. He
considered Class II ducklings to be at the "threshold of maturity™. At this
stage Class IIa consumed 50% animal foods; IIb, 30% snd IIc, 11% animal foods.
The change over in diet was complete in Class III where the diet was less than
I% animal material. Of equal interest is the fact that almost all animals
consumed by Class I young were terrestrial insects, whereas, almost agll
animals used by Class II were aquatic forms. He states that "this rather
instantaneous switch- to agquatic forms mey be caused by a sudden maturing in
feeding beheavior involving the head submersion amd tip-up feeding of the
adults". Chura contends that the change from emimal diet at hatching to plant
diet at maturity is directly correlated with age and related body requirements.

The proportions of animal foods consumed by juvenile mallards on the



Minnedosa study area are shown in Teble 26. Examination of the table shows
94.0% * 4.3% (0.05 level) of the diet of flightless ducklings was animal
foods. Chi sguare value of 0.57 with 2 degrees'of freedom, indicates there
was no significant difference in the diets of the three age classes of non
flying young. There was however, a significant difference (t=2.75) in the
proportion of animals in the diets of non flying end flying young. The food
of flying young consisted of 71.1% % 36.5% (0.05 level) animals and 28.9% *

36.5% plants.

Teble 26. Proportion of animal foods consumed by young
mallards in 1957, 1958 and 1959

Proportion of Confidence Sample
Age class animal foods © limits size
C 0.05 level '

I 98.8 2.5 19
I 89.4 10.8 20
111 93.9 5.5 15
Total non

flying 940 4.3 54
Flying 71.1 36.5 8

With flying young, one ﬁould expect a shift in diet from enimal to plant
foods. Young mallards with their newly acquired powers of flight, are
extremely mobile and are not limited to a home range as were the adults during
the breeding season. The small sample of flying young obtained for this study
were collected in early August and did not exhibit the complete change over to
a plant diet. DPond fauna were still the most ebundant source of food; aguatie

and field plants were beginning to reach maturity and harvesting of early
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cereal grains was just starting. An adequate sample of birds taken in late
VAngust would probebly have revealed they were living almost exclusively on
fafmers' erops.

I Believe that the difference in food hebits of Bear River ducklings
(Ghura,VOp. cit.) and Minnedosa ducklings was due to a‘difference in relative
availability of plant and animal foods. Chura admits that although meany
different varieties of potential foods were‘ppesent in the marsh, few were

-abundant, whereas, the Minnedosa ponds produced large crops of fauna. The
almost exclusive use of terrestrial fauna by Class I mallards on the Bear
River marshes indicates a paucity of -available aquatic orgemnisms. The fact
that Geyr von Schweppenburg (1959) reported two to three dagy old mallards
actively feeding on ground barley further suggests that young mallards are
able to survive on many types of food, the main consideration being an

sbundant supply, regardless of surce.

Annual Varistions

In the section dealing with faunal characteristics of ponds, only overall
annual changes in abundance of éenter and edge organisms were considered.
However, since the majority of mallard ducklings obtained for study were
collected between June 16 and August 15 edge fauna sampled during this period
must be considered separately. -Table 27 shows the abundance of edge fauna
during the period June 16 to August 15 in 1957, 1958 and 1959. The comparison
of foods consumed by young (Tables 20 and 21) with sbundance of edge fauna
(Teble 27) is illustrated in Figure 7. Examination of Figure 7 shows that
there was no significant difference in abundance of bottom fauna between 1957

and 1959 but there was a significant.increase (t =1.67) in 1958. The use
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Table 27. Edge fauna collected from ponds during the period
June 16 to August 15 in 1957, 1958 and 1959

Organisms per Confidence Sample
Year square foot limits size
0.05 level
1957 195.5 69.7 29
1958 377.2 168.2 45
1959 205.5 109.4 24

that was made of bottom fauna by ducklings increased significantly from 1957
to 1958 (t=2.05) and from 1957 to 1959 (t=2.54).

In 1957, when water levels in the ponds were high, emergent vegetation
was sbundant along the shallow edges. Iarly maturing plants such as whitetop

grass (Scolochloa festucacea), sedges (Carex sp.) and spikerush (Eleocharis

palustris (L.) R. & S.) were utilized as a food source. With the oﬁset of
drought condiéions in 1958, emergent vegetation began to decline and by the
brood season of 1959 was almost non-existent. Although there was very little
change in abundance of pond fauna between 1957 and 1959, the relative
availability of the bottom orgenisms increased as emergent and shoreline
vegetation died out. Thus the importance of plant foods decreased as young
changed to an almost exclusive animal diet.

The importence of animal foods_increased dur ing the study but the change
could not be attributed to a specific animal. Gastropoda showed the greatest
change in use; they supplied 9.3% of the animal foods in 1957, 17.0% in 1958
and 6.0% in 1959. Hemiptera and Odongta decreased in bottom samples (Table 8)
but increased in use from 1957 to 1959 (Tsble 21), a change which was probably

brought about by an increase in availsbility as the water levels receded. The
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change in abundence and availability of Coleoptera was reflected in their
increased use as a food source. Trichoptera and Diptera decreased both in the

ponds and in utilization by mallard ducklings.

Relationship of Food Use to Availability

Availability 6f various foodé is difficult to assess because so meny
factors must be éonsiderad. As wés pointed out in previous éections, food
availability is a relative factor dependent upon meny éonditions; it is
determined by abundance of the food, location .on land or.in’'water, mobility of
the birds and-prdximiﬁy of other food sources. .Qther factors, such as the
Sstage of. development of the feod organism and density of the cover .in‘which
the food isfound, must also be considered.-

' Aﬁy;single factar or combination of facters pleys an important role in
: ﬁetermihing utilization of a food source; relative availabilitj of & food ‘is
not fixed, it veries from area to area and from season to season. For

instance, lamb.'s gquarters (Chenopodium album) was more available in 1959 than

in the previous two years because it was more &bundant in the ponds., Lamb's
quarters had a higher use by females than did the more -distant field seeds,

whereas, 'in the case of the more mobile male, the reverse was true. .

Hyalella azteca (Amphiopoda) comprising 40.1% of the edge fauna (Teble 8)
was almost unused by mallsrds, supplying only 3.1% of the animal diet of -young

(Table 18) and 1.8% of adults (Table.1l4). -Hyaslella was relatively safe from.

feeding . ducks because of the protection afforded them by the dense beds of
filementous green algae in the Minnedosa ponds. Hemiptera and Coleoptera were
not as ebundant as the amphiopod but received more use because their habitat

was not as dense and did not provide the same protective cover. In ponds with



dense algae beds, Hemiptera and‘Coleoptera frequented the edges whereas,
Hyalella was most @bundant within the beds.

The stage of development of certain organisms played an important part in
determining their relative availebility. Larval stages of Tendipedidae, which
inhapited the deep éreas of the ponds, were not as availaeble to young mallards
as they were to adults, but the pupae, as they came_to the surface, were
equally availasble. It was common to see ducklings actively skimming the
surface of ponds feeding on pupae during a Tendipedidae hatch. Most of the
Tendipedidae found inlthe gullets of young were pupae.whereas, larvae
predominated in the adults; unfortunately, adult stomachs were not taken at
this period for comparison.

Data collected in the Minnedosa study area and in other parts of the
ﬁallard renge, show that the feeding haebits of mallards are varisble. The
utilization of a food or group of foods appears to be determined by its

relative availability.
CONCLUSIONS

1. Emergent and pond shoreline vegetation was almost eliminated. by the
change in water levels from flood conditions in 1957 to drought conditions in

1959.

2. i_ Availabilii:); of seeds during spring and summer is dépéndent upon the date
of maturity of the seeds, the time of the year they are shed and the
understory on which they'fail; Availebility decreases in spring as
germination and plant growth takes place and incréaseé in late summer as neﬁ

crops of seeds mature.
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3. There was 'no significant annual change in abundance of bottom fauna
during the study but there was a general seasonal inerease in the spring until
a peak was reached in May, this was followed by a slight depression and

another increase to a much higher peak of abundance in mid August.

Le Gizzerd analysis is not a relieble method of determining mellard food
habits; initial digestion in the proventriculus and subsequent grinding action

- of the gizzard renders soft foods unrecognizable.

5. Animals, particularly aguatic insects, were the most important source of
the spring and summer foods of mallards in the Minnedosa area. Animals

contributed 54.3% of the food of adults and 91.0% of the food of ducklings.

6. The food habits of mallards changed during the spring and summer Season
due to a change in the relative availebility of the plant and animal foods.
Plant foods decreased end animal foods increased in abundance during the

season.

7. | There was a significant change in the diet of adult and young mallards
from 1957 to 1959. Utilization of animal foods by adults decreased from 66.3%
of the diet in 1957 to 41.1% in 1959. Animal foods consumed by young mallards

increased from 76.5% in 1957 to 98.8% in 1959.

- 8, There was a significant difference in the food of breeding aﬁd nesting
adults and the food of ducklings; the majority of adult birds were collected

prior to June 15 whereas, the majority of ducklings were collected after this

date.

9. During the breeding and nesting seasons, there was a significant
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difference in the proportion of plant and animal foods consumed by male and
female mallards. The males travelled freely over a iarge home range where a
wide variety of foods were availsble. The females were less mobile; their

feeding was restricted to a small home range where the variety of availeble

foods was limited.

10. There was no significant difference in foods consumed by the three age
classes of non flying ducklings but there was a difference in the foods of non
flying and flying young. When juvenile mallards learn to fly they are more

mobile and have a wider variety of foods from which to choose.

11. Utilization of plant and enimal foods appears. to be determined by
sbundence and location of the food source in the environment, the proximity of
other foods, stage of development of the food organism, density of cover in

which a food is found and by the mobility of the bird using the food.

12. The relative proportions of plant and animsal foods consumed by waterfowl
may not be of primary importance; mallards appear to be sble to balance their

diets with many different kinds of food.
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Appendix 1. Bi-weekly changes in the number of organisms per square foot
sample found in the centers of ponds studied in 1957, 1958 and

1959
Center samples
Date
1957 A 1958 | 1959
Nunber Number Number
of Sample of Sample of Sample
- orgeanisms size organisms size organisms size
May 1-15 . 95 .0 8
16-31 4,08.6 7 314.8 13 168.4 8
June 1-15 299.5 10 193.4 10 173.7 11
16-30 178.3 12 28.7 11 435.2 -9
July 1-15 229.2 8 276.1 11 558.6 8
16-31 392.4 9 435.9 15 820.6 7
Aug. 1-15 178.9 i 656.5 8

Appendix 2. Bi-weekly changes in the nunber of organisms per square foot
S sample found in the edges of ponds studied in 1957, 1958 and

1959
Edge samples
Date
1957 1958 1959
Number Nunber Nunb er
of Semple of Semple of Sample
organisms size organisms size organisms size
May 1-15 93.5 8
16-31 213.8 6 133.6 13 2.0 - 8
June 1-15 167.1 8 143.0 10 27.2 11
16-30 117.7 9 250.7 11 101.8 9
July 1-15 168.5 6 132.2 11 616.5 8
16-31 245.8 8 4L48.2 15 . 146.0 7
Aug. 1-15 272.2 6 754.6 8
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Appendix 3. Bi-weekly changes in the number of organisms per square foot
gample found in the centers and edges of ponds studied in 1957,
1958 and 1959

Center Edge : Mean
) : "Edge and center
-. - Date

Nurb er Limits Number Limits  Number Limits

of 0.05 of 0.05° of 0.05

organisms level orgenisms level organisms level

May 1-15 95.0 67.8 93:5 93.9 94.3 51.5
16-31 296.4 145.6 118.1 60.3 208.7 81.2

June 1-15 220.6 68.6 105.7 51.1 165.1 Lh .6
16-30 267.9 111.5 160.0 62.0 216.6 4.2

July 115 345.9 122.1 223.8 101.8 287.2 79.3
16-31 510.1 227.7 322,2 195.2 417.7 148.0

3 © 547.9 327.8 488.8 192.4

Aug. 1-15 433.6 248,

Appendix 4. Occurrence of edge ﬁauna in the study ponds in 1957, 1958 eand

- 1959
Occurrence of fauna
Orgenism .
1957 1958 1959
Number Numb er Number
of .Per of Per . of Per

ponds cent ponds cent ponds cent
Hirudinea 37  69.8 | 53 69.7 'i1> 25.6
Amphiopoda . 43 8l.1 61 80.3 9 20.9
Hydracarina 13 24.5 19 25.0 17 39.5
Ephemeroptera 8 15.1 24 31.6 2 Le'7
Odonata 27- 51,0 21 27.6 7 16.3
Hemiptera 30 56.6 38- 50.0 16 37.2
Trichoptera 46 86.8 57 75.0 26 60.5
~ Coleoptera 45 84.9 63 82.9 38. 88.4
. Diptera 52 98.1 72 9L.7 41 95.4
Gastropoda L, 83.0 37 L8.7 27 62.8

Total 53 ‘ 76 43
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Appendix 5. Volume and mean proportion of plant foods found in the gullets of
96 adult mallerds collected in 1957, 1958 and 1959

Plant Volume of food Mean proportion of food
(milliliters) (per cent )
Spargeniaceae tr tr
Sparganium sSp.
Greminese 252,9 24.6
Hordeum vulgere L. 148.9 12.0
Triticum aestivum L. 65.7 9.6
Echinochloa crusgalli (L.) Beauv. 38.1 2.9
Beckmannia syzigachne (Steud.) Fern. 0.1 tr
Scolochloa festucsacea (Wild.) Link 0.1 tr
Agropyron repens (L.) Beauv. tr : tr
Setaria viridus (L.) Beauv. tr K tr.
Cyperaceae : 1.2 - 0.5 :
Carex Sp. - 1.2 : © 0.5 .
Seirpus sp. . tr . tr .
Eleocharis sp. tr tr
Lemnaceae tr tr
Lemna sp. ‘
Polygonacese 0.7 0.1
Polygonum lapathifolium L. 0.5 0.1
Convolvulus L. 0.1 : tr
Hydropiper L. tr tr
Rumex persicarioides L. 0.1 tr
maritimus L. tr tr
Chenopodiaceae 76.4 20.0
Chenopodium album L. 6.4 20.0
Ceratophyllaceae 0.1 tr
Ceratophyllum demersum L. 0.1 tr
Rosacesae 0.1 0.2
Rosa blanda Ait. 0.1 0.2
Leguminosase tr tr '
"Melilotus alba Desr.
Halorgeceae 0.1 ' 0.1
Myriophyllum exalbescens Fern. 0.1 0.1
Compositae tr tr :
Sonchus arvensis L. , tr tr
oleraceus L. tr tr

TOTAL PLANTS : 331.5 45.7
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Appendix 6. Volume and mean proportion of animal foods found in the gullets
of 96 adult mallerds collected in 1957, 1958 and 1959

Animal

Volume of food
(milliliters)

Mean proportion of food
(per cent)

ANNELIDA
Hirudinea
ARTHROFPODA
Crustacea
Amphiopoda
Arachnoidea
Hydracarina
Insecta
Ephemeroptera
Odonata
- Anisoptera
Zygoptera
Hemipters
~Notonectidae
Corixidae
Trichoptera
i Coleoptera
Haliplidae
Dytiscidae
Gyrinidae
Hydrophilidae
Hydraenidae
Chrysomelidae
Staphylinidae
Unidentified
Diptera
Tipulideae
Culicidae
" Tendipedidase

Ceratopogonidae
Stratiomyiidse

Anthomyiidse
-Hymenoptera
MOLLUSCA
Gastropoda
Lymnaeidae
Planorbidae
Physidae
Unidentified

TOTAL ANIMALS
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5.0
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Appendix 7. Volume end mean proportion of plant foods found in the gullets of
« 62 juvenile mallards collected in 1957, 1958 and 1959

Plant Volume of food Mean proportion of food
(milliliters) (per cent)
Unidentified plants ‘ . 0.5 0.4
Spafganiaceae tr tr

Sparganium sp.

- Zosteraceae _ 0.3 . - 0.9
Potamogeton pusillus L. 0.2 ' 0.8
: pectinatus L. 0.1 0.1
Gramineae- . . 15.8 : 2.7
Hordeum vulgare L. . 1l.5 .1.6
Scolochloa festucecea (Wild.) Link . 4.3 1.1
Cyperaceae 12.4 4.7
Scirpus sp. . 0.2 0.9
Carex sp. 5.0 1.9
atherodes Spreng. o 6.8 1.8
Eleocharis palustris (L.) R. & S. 0.4 0.1
Lemnaceae 0.5 . 0.1 .
Lemna sp. .- 0.5 0.1
Polygonacesae 0.1 . tr
Polygonum convolvulus L. 0.1 : tr
Rumex persicarioides L, . tr tr .
Ghenopodiaceas‘ 0.1 .
Chenopodium album L. : 0.1 tr
Leguminoseae tr tr
Melilotus alba Desr,
Haloragaceae' ' - 0.2 0.1
Myriophyllum exalbescens Fern. 0.2 0.1
{ .
Lebiatae 0.1 ‘ tr .
Teucrium occidentale Gray - 0.1 tr

TOTAL PLANTS : 30.0 . 9.0
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Appendix 8. Volume and mean proportion of animal foods found in the gullets
of 62 juvenile mallards collected in 1957, 1958 and 1959 ;

Animal Volume of food Mesn proportion
(milliliters) (per cent)

BRYOZOA

Plumatellidae (Plumatella repens L.) 51.2 3.7

ANNELIDA
Hirudinea 4e9 1.2
ARTHROPODA ' )

Crustaces
Amphiopoda 6.2 2.8

Arachnoidea ) ‘
Hydracarina ' 0.1 tr

Insecta
Unidentified insects 5.1 3.3
Ephemeroptera 0.1 tr
Odonata ’ 8.3 ' 6.0

Anisoptera
- Zygoptera
Hemiptera 2.7
Notonectidae
Corixidae .
Gerridae
~Saldidee
‘Trichoptera L6.
Coleoptera . 2
Unidentified coleoptersa
Haliplidae
Dytiscidae
Hydrophilidae
Curculionidae v
Diptera 56,6 31.4
Unidentified diptera '
Tendipedidae
Ceratopogonidae
Stratiomyiidae
Tabanidae
Syrphidae
Anthomyiidae
Hymenoptera 0.1 - 0.3
MOLIUSCA ,

Gastropoda 36.0 ‘ 11.2
Lymnaeidae 34.7
Planorbidae 0.7
Physidae 0.6

CHORDATA
Pisces 1.7
TOTAL ANIMALS 221.8
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Appendix 9. Plants found in the gizzards of 211 adult (4)
‘ and 135 ‘juvenile (J) mallards collected in 1957,
1958 and 1959

Sparganiacea _
Sparganium sp. : AT

Zosteracesae
Potamogeton sp.
pectinatus L.
pusillus L.

=
ey

' Gremineae

Beckmannia syzigachne (Steud.) Fern.
‘Echinochloa erusgalli (L.) Beauv.

Hordeun -jubatum L.

vulgare L.

Phleum pratense L. .
Scolochloa festucacea (Wild.) Link |
Setaria viridis (L.) Beauv.

Triticum aestivum L. _ a
Puccinellia Nuttalliana (Schultes) Hitche.

ey

P R A S

Cyperaceae

'Carex sp.

atherodes Spreng.

aqualilis Wahlenb.
' sychnocephala Carey
Eleocharis sp.

palustris (L.) R. & S.

‘Seirpus sp.

‘ acutus Muhl.
americanus Pers.
heterochaetus Chase
paludosus Nels.
Validus Vehl,
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Lemnaceas
Lemns minor L.
trisulca L.

L
ooy

Polygonaceae
Polygonum sp.

' aviculare L.
Convolvulus L.
Hydropiper L.
lapathifolium L.
Persicaria L.

Rumex sp.

maritimus L.

mexicanus Meisn,

persicarioides L.

ey ey ey
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Appendix 9. Plants found in the gizzards of 211 adult (&)
and 135 juvenile (J) mallards collected in 1957,
1958 and 1959 '

Chenopodiaceae

Chenopodium album L. AT
Cruciferae .
 Brassica sp. ‘ ‘ J

Rorippa islandica (Oeder) Borbas A
Saxifragaceae

Sexifraga cespitosa L. A
Caryophyllaceae . -

Silene noctiflora L. A
Ceratophyllaceae

CeratoPhy;lm demersum L. - A7J
Rosacesas |

Geum triflorum Pursh S A

Potentilla sp. J

Rosa blanda Ait A

Rubus s8p. J
Leguminosae -

Astragalus tenellus Pursh A

Melilotus alba Desr. AJ
Onegraceae

Geura coccinea Pursh . A
Haloragaceae .

Myriophyllum exalbescens Fern. AJ
Hippuridaceae

Hippuris wvulgaris L. A
Umbelliferae AT
Cornaceae

cornus sp. A
Polemoniaceae -

Collomia linearis Nutt. A
Verbenaceae

Verbena sp. Iy
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Appendix 9. Plants found in the gizzards of 211 adult (A)
and 135 juvenile (J) mallards collected in 1957,
1958 and 1959

Lebiatae
Unidentified AT
Teucrium occidentale Gray J
Planteginaceae
Plantego sp. : A
eriopoda Torr. A
Rugelii Dcne. A
Caprifolisceae
-Symphoricarpos occidentalis Hook. A
Compositeae
Agoseris glauca (Pursh) Raf. A
Antennaria aprica Greene A

Sonchus arvensis L. J
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Appendix 10. Animals found‘in the gizzards of 211 adult (4)
and 135 juvenile (J) mallards collected in 1957,
1958 apd 1959

BRYOZOA-
Plumatellidae (Plumatella repens L.) J
ANNEILIDA
- Hirudinea
ARTHROPODA
Crustacesa
Amphiopoda
Arachnoides
Hydracarins
Insecta : -
Unidentified insects
Epbemeroptera
Odonata
~ Anisoptera
Zygoptera
Hemiptera
Corixidae
Gerridae
Saldidae
Trichoptersa
Coleoptera
" Unidentified coleoptera
Healiplidae
Dytiscidae
Hydrophilidae
Chrysomelidae
Curculionidae
Dipters
Unidentified diptera
Tipulidae
Culicidae
Tendipedidae
Ceratopogonidse
" Stratiomyiidae
Tabanidae
Anthomyiidae
Hymenoptera
MOLIUSCA
Gastropoda
Unidentified gastropodsa
Lymnaeidae
Planorbidae
Physidae
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Appendix 11l. Mean proportion of plant and amimal foods consumed by adult and
young mellards during the summers of 1957, 1958 and 1959

Mean propdrtionv Confidence Sample size
' Bi-weekly pe:iod 0 é;migjel
Pleant Animal Adult Young
April 16-30 67.4 32.6 15.2 35
May 1-15 53.5 L6.5 26.6 14
16-31 249 75.1 23.17 13 2
June 1-15 27.6 72.4 16.2 27 2
16-30 14.3 85.7 33.8 2 5
July 1-15 8.5 91.5 14.3 2 13
16-31 3.8 96.2 3.3 2 24
19.5 80.5 16.7 1 16

Aug. 1-15




