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ABSTRACT

This study formed part of the International 3iological 

Programme project, to study the flow of energy through a fresh

water ecosystem, at Loch Leven, Kinross, Scotland. The Tufted Duck 

Aythya fuligula was the only duck species which fed entirely from 

within the loch and was present throughout the year; 500-550 pairs 

nested annually and there were 2000-4000 birds in late summer, but 

fewer than 100 birds overwintered.

Chiror.omid larvae accounted for 60% of the food of the Tufted 

Duck at Loch Leven; other important foods were caddis larvae and 

molluscs (the latter were eaten during egg production). There was 

no competition for food with other diving ducks on the loch - 

Pochard Aythya ferina. Goldeneye Bucephala clangula, but diurnal 

and seasonal variations occurred in the availability of food organ

isms to the ducks

Carcass analysis of 100 ducks taken throughout the year showed 

a pre-laying peak of reserves in the female, which provided all the 

fat and half the calcium for egg production. The remainder was 

obtained from food eaten during egg formation but reserves were the 

major determinant of clutch size. A similar amount of body reserves 

was retainer by the female for use during incubation, but again 

reserves w^re supplemented by feeding and food availability during



incubation may be an important determinant of nesting success.

Males were heaviest during winter but in all birds weight varied 

considerably in this season. Normal reserves were sufficient for 

at least 10d without food.

Liver and Pectoralis muscle analyses showed that, except in 

cases of starvation, they would not be good indicators of the 

bird's 'condition'. Liver weight varied diurnally in relation to 

feeding and in the long term with the overall plane of nutrition. 

Pectoralis muscle normally provided only a small protein reserve 

but in extreme starvation was considerably depleted. This was seen 

in Scaup Avthva marila taken after an oil spillage, but many birds 

died of exposure before their reserves became exhausted.

The most important parameters in the energy budget v/ere 

numbers and respiration energy. The annual consumption by Tufted 

Ducks was equivalent to less than 5% of the chironomid production 

and they are therefore unimportant as consumers, compared with 

Trout and Perch. Food availability, to the ducks, apparently limits 

clutch size(through the build up of reserves), nesting success and 

autumn and winter numbers of the Tufted Duck at Loch Leven.
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The Tufted Duck Aythya fuligula was chosen ss the subject of an 

energetics study, as part of the International Biological Programme 

(IBP) research at Loch Leven in East Central Scotland. This species 

is by far the commonest diving duck at Loch Leven, feeds almost 

entirely from within the Loch and is present throughout the year. It 

was, therefore, included in the IBP study of production and energy 

flow through the main food chains of the Loch.

My own study had as its primary aims the calculation of (a) the 

annual energy budget for the Tufted Duck population which could be 

incorporated into an energy budget for the Loch Leven ecosystem, and 

(b) an energy budget for individual ducks of both sexes throughout 

the year.

The International Biological Programme

From the late 19th century, Loch Leven has been the site of 

several isolated scientific studies. These involved microscopic and 

other small invertebrate animals (Scott, 189l), raacrophytic plant life 

(West, 1910), phytoplankton (Rosenberg, 1937) and a study of the 

spawning of the Brown Trout Salmo trutta (Munro and Balmain, 1956).

In 1963, after the appearance on the Loch of extensive algal blooms, 

regular and continuous observations on several aspects of the Loch's 

ecology were begun. In 1964 staff of the Freshwater Fisheries Laboiv 

atory (Pitlochry) and the Nature Conservancy (Edinburgh) met and 

proposed to carry out combined research on Loch Leven as part of the 

International Biological Programme. The first joint research was

1 INTRODUCTION
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started in 1966 by these organisations, together with the Wildfowl 

Trust, and these three were later joined by scientists from several 

universities (N C Morgan, 1974).

The initial investigations showed that, at that time, the Loch 

was almost devoid of large plants and that the major primary produc

tion was by phytoplankton. Chironoraid larvae dominated the bottom 

fauna, while Brown Trout and Perch Perea fluviatilis were the most 

important fish. These fish fed extensively on chironomids, as did 

the Tufted Ducks. Thus the main aim of the IBP project was to examine 

the production at different trophic levels and the flow of energy to 

the Trout, Perch and Tufted Duck. The project also included a bathy

metric survey and investigations of the physical and chemical 

environment of the Lo'-h. Twenty-five papers on all aspects of the 

Loch Levon IBP project were presented at a symposium in Stirling in 

1973 and published in a special volume of the Proceedings of the Royal 

Society of Edinburgh (1974). They included one paper dealing with 

part of this thesis (Laughlin, 1974).

The Tufted Duck

The Tufted Duel? is the most common member of the tribe Aythyini 

(Pochards) in Britain. It is a relatively small duck, weighing 600 - 

950g, which feeds by diving beneath the water surface in search of 

small invertebrates. I\ is not physically suited for life on land 

and, apart from the breeding season, spends most of its life on water. 

The male is a distinctive bird, almost entirely black, with white 

flanks and a long pendant crest. The female is a rich dark brown, 

with flanks striated light and dark brown, and crest short and 

truncated.

2



3
Tufted Ducks nest throughout Europe and Asia, roughly between 

latitudes 50° and 70° Nj they winter south to 25° N in Europe and 

12° N in Asia. At least since the late 19th century, the species 

has been increasing in numbers and expanding its range both in 

Britain and in Central and Western Europe. In Britain it is now one 

of the most abundant breeding wildfowl, with an estimated 1,500 -

2.000 pairs distributed throughout England and Central Scotland. 

(Yarker and Atkinson-Villcs, 1971). Native birds have been estimated 

to comprise about lQi of the British wintering population of nearly

50.000 birds, which includes immigrants from Iceland, Northern and 

Central Europe.

Although the Tufted Duck was present in Central Scotland prior 

to 1850 (Jardine, 1843), it apparently began to breed in large num

bers at Loch Leven only after that date. In 1880, Millais estimated 

that 100 broods were produced and tliat in late summer 300 - 1,000 

birds were present (Karvie-Brown, 1906). This figure approaches the 

numbers found 1966 - 72 (Allison and Newton, 1974 - hereafter A 4 N) . 

During the latter period the Tufted was the commonest breeding duck 

at Loch Leven, with 500 - 600 pairs nesting annually. Various aspects 

of its biology, which complemented my own work, were studied first by 

Boyd and Campbell (1967) and then by Newton and Campbell (hereafter 

N 4 C, 1975), who were concerned chiefly with factors affecting 

nesting success.

The number of Tufted Ducks present on the Loch changed consid

erably throughout each year, but the pattern was consistent from year 

to year (Fig. l). The main influx of breeding birds occurred during 

March and early April. The birds nested at high concentrations (up 

to 215 nests/ha), mainly on St Serf's Island, and egg-laying extended
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from the first week in Hay to the third week in June (N 4 C, 1975)« 

The ducks moulted from late June to October, the males beginning 

before the females, and were then found in large rafts offshore. The 

large late-summer peaks of population varied in size from year to 

year between 1,000 and 4>000 birds. They resulted partly from 

immigration and did not represent reproduction on the Loch (A & N, 

1974)• Nearly the entire population dispersed during late September 

and October, so that most birds had left the loch by mid-November and 

fewer then 50 birds were present during most winters up to 1969 - 70. 

In Scotland as a whole, Tufted Ducks normally overwintered in small 

groups, and flocks of greater than 500 were uncommon (Thom, 1969)• 

Evidence from ringing at Loch Leven showed that many birds dispersed 

south-westwards in autumn, chiefly to Ireland (A & N, 1974).

Previous Literature

Although much information has been collected on the Tufted Duck 

during general studies of duck biology, there have been few previous 

studies concerned solely with this species. This is perhaps partly 

a consequence of its relative unimportance to wildfowlers, many of 

whom regard it as inedible, though its palatability appears to be 

governed by its food habits (Harrison, 1963).

Food and feeding habits have previously been examined in Tufted 

Duck from several sites in Britain and Northern Ireland (Olney, 1963), 

in a general feeding study of diving ducks in Denmark (Madsen, 1954), 

and as part of a study of non-breeding dudes in South Sweden (Nilsson, 

1969; 1970). These studies provide useful comparative data for my 

own, but relate only to birds taken outside the breeding season.
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The post hatching development and growth of the Tufted Duck liave 

been well described (Veselovsky, 1951J Kear, 1970), as liave the 

associated changes in body composition (A J Evans, 1969)« Another 

study of newly liatched ducklings included Tufted, and concerned their 

cold-Iiardiness (Koskimies and Lahti, 1964) in comparison with nine 

other species. The breeding biology and nesting success liave been 

examined in some detail by Hikelsons et al (1968) in Latvia, Newton 

and Campbell (1975) at Loch Lcven, and others elsewhere (refs, in the 

papers cited), while the migrations liave been discussed by Allison, 

Newton and Campbell (1975)•

In recent years a large amount of published data has accumulated 

on energy transformations and bioenergetics of birds, both individuals 

and populations, but few of these were on waterfowl. Such studies can 

be traced bade to the observation of Odum and Perkinson (1951) that, 

although collectors had long been familiar with seasonal changes in 

the fat content of birds, there had at that time been no quantitative 

measurements made. Since then, much work has been published on the 

patterns of fat deposition in various birds (King and Farner, 1965} 

Odum, i960). Initial interest centred on one of the more obvious 

energy demanding processes in a bird, its annual migrations.

This subsequently led to studies of fat storage and body composition 

in general (Ward, 1969; Newton, 1969} King, 1970), but the major 

emphasis was on small birds (less than lOOg) mostly passerines. 

Exceptions included a few studies of commercially important game birds, 

particularly the pheasant Phasianus colchicus (Breitenbach and Meyer, 

1959} Gates and Woehler, 1968). Taken together, all these studies 

provided important information on the changes in carcass composition 

shown by various bird species and methods for their study.

f e l l - " i '■ !,wr ; i t ’ ll
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One major study of the seasonal changes in body composition of 

a waterfowl was that of Hanson (1962) on the Canada Coose Dranta 

canadensis. The bioenergetics of the Blue-winged Teal Anas discors 

were examined in captive birds (Owen, 1968) in an attempt to predict 

the energy requirements for growth of free living birds. Similar 

studies determined the energy requirements for growth and fledging of 

the Black Duck Anas rubripes, the American Coot Fulica americana 

(Penney and Bailey, 1970), and the Lesser Scaup Aythya affinis 

(Sugden and Harris, 1972).

So far as I know, my own study is the first attempt to construct 

an annual energy budget for any duck species in relation to its 

ecosystem and there are still relatively few bioenergetics studies of 

any birds heavier than lOOg.

My Own Study

An outline of the requirements for the estimation of energy flow 

through bird populations was produced for the IBP programme 

(Buckner, 1967). These were " (a) an assessment of the population and 

its energy requirements from the study of individuals, (b) knowledge 

of the food liabits of its members, and (c) an understanding of the 

ecology and dynamics of the study population."

Since the studies by the Wildfowl Trust and Nature Conservancy 

on the same population of ducks were concurrent with my own, I was 

able to participate in the overall programme. For the counts of 

population, I have relied entirely on data from the regular wildfowl 

counts in which I participated. Similarly, the study of Newton and 

Campbell (1975) provided some of the data necessary for my own. From 

the outline given above, I concentrated on (a) obtaining a knowledge

1
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of the food and feeding habits of the Tufted Duck, and (b) determining 

the energy requirements of the population from the study of individu

als. I also compared the food and feeding habits of the Tufted Dude 

with those of other diving ducks at Loch Lcven and with those of 

Tufted Duck at another site, Airthrey Lodi. This water of 9 ha in 

area is in the grounds of Stirling University, about 321on west of 

Loch Leven.

The annual energy requirements of a population can be expressed 

in the form of an energy balance equation: C = P + R + FU, where C = 

consumption, P => production, R = respiration and FU = rejecta. In 

solving this equation, I concerned myself solely with the determin

ation of P and made no attempt to measure the standard (basic) meta

bolic rate nor the existence energy requirements of the Tufted Duck. 

Not only would this have presented a considerable project in itself, 

but it was also felt to be unnecessary because the large amount of 

previous data, on the standard metabolic rate of birds of all sizes, 

has already been incorporated into a general equation relating 

standard metabolic rate to body weight (Lasiewski and Dawson, 1967).

It is unlikely that a specific study of metabolism in the Tufted Duck 

could have provided a more accurate figure than this equation. 

Similarly, an estimation of the assimilation efficiency based on 

published evidence was deemed suitable for the determination of FU.

The annual production P was determined from three sources:

(a) the biomass change (AD) of individual adult birds during their 

presence on the loch, (b) the production of eggs and (c) the produc

tion of young. Seasonal changes in the carcass composition of adult 

birds were investigated, paying particular attention to the female 

during the breeding season. I was unable to examine carcass compos-

r



ition during moult because of the impossibility of getting close 

enough to kill birds at this time. During December 1969 an oil slick 

in the Firth of Forth provided me with an unexpected bonus, a large 

number of the closely related Scaup Aythya narila, in various stages 

of exposure and starvation. These gave useful comparative data on 

the severe changes in body composition associated with starvation, 

which were not found in the Tufted Duck examined. Scaup taken from 

the same population for a feeding study (Player, 1970) during the 

month prior to the oil slick were available to determine the normal 

winter carcass condition of Scaup.

In all birds examined, the liver and pectoralis muscles were 

analysed separately from the rest of the carcass. The purpose was to 

determine to what extent, if at all, they could be used to indicate 

the condition of the whole bird. Previous authors have suggested 

that the liver should provide a good idea of body condition, while 

the state of the pectoral muscles (judged by feel) is often used for 

the same purpose by field workers. On average, in a wide range of 

bird species, the pectoralis muscles represented 15.5$ of total body 

wight (Greenewalt, 1962), and being largely protein are a potential 

resource for feather growth and egg production, as well as an energy 

source in time of food shortage (Ward, 1969; Hanson, 1962; Gorman and 

Milne, 1971) •

The annual egg production was calculated from data on clutch 

size taken from Newton and Campbell (1975) and from analyses of the 

composition of eggs. The opportunity was taken to examine variation 

in egg composition, within and between clutches throughout the laying 

season, and the relationsliip between egg composition and duckling 

composition,

t
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As growth and body composition of young Tufted Duck from Loch 

Leven were investigated in detail by Rear (1970) and A J Evans (19<->9) > 

this was not repeated. However juveniles around fledging were taken 

from the loch for carcass analysis to provide an estimate of the net 

production of young.

Study areas

Loch Leven

Loch Leven is the most important inland v/ater body in Scotland, 

and one of the most important in Europe, for breeding, migratory and 

overwintering waterfowl. Primarily for this reason, it was declared 

a National Nature Reserve in 1964. The loch contains seven islands, 

all with a good growth of vegetation. The largest of these, St Serf»s 

(42 ha) is especially important for nesting ducks, with more than

1,000 pairs, mainly Tufted Duck and Mallard Anas platyrhynchos, but 

with some Gadwall Anas streperà. Widgeon A. penelope, Teal A. crecca, 

Shoveler A. clypeata and Shelduck Tadorna tadorna (A & N, 19745 N & C,

1975).

The loch lies between the Firths of Forth and Tay on the plain 

of Kinross at an altitude of 107m, longitude 3°30' W and latitude 

56°10' N. It is 13.3km in area and lias extensive areas of shallow 

water. The mean depth is 3,9m, and 5 $  of its area is less than 3m 

deep. In the shallows along the north-east shore the bottom is kept 

clear of mud by wave action, and consists mainly of sand and gravel 

which covers 45$ of the total loch floor. Delow three metres the 

sediment is soft organic mud.

The loch is now becoming increasingly eutrophic, mainly because 

of run-off of fertilisers from the surrounding farmland. In conse-
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quence, the flora and fauna have changed during this century, espec

ially in the last 30 years (Morgan, 1970). In particular, the 

quality and species of rooted vegetation have declined greatly, and 

the emergent vegetation less so. West (1910) recorded abundant growth 

of 20 species of submerged plants, but these had declined to 12 species 

in 1972 and, whereas plant growth had extended to a depth of 4.5m at 

the beginning of the century, in 1972 it stopped at 1.5m (jupp, Spence 

and Britton, 1974)• Phytoplankton has increased; resulting in pro

longed dense blooms, and at the same time the zooplankton changed in 

species composition. Since the survey of Scott (1891), Ephemeroptera 

and Odonata have disappeared, while Trichoptera have declined in num

bers and species. Gammarus pulex (L.) has also declined, and only one 

of five species of Planorbis (Gastropoda) now remains (N C Morgan,

1974). During the period of the IBP study, there were large fluctua

tions in the numbers and species composition of the chironomids which 

now dominate the zoobenthos (Maitland and Iludspith, 1974).

In general, the variety of the flora and fauna of Loch Leven 

has become increasingly restricted and, during the course of my 

study, considerable changes in the relative importance of the remain

ing species were still taking place.

Airthrey Loch, Stirlingshire

This is a small loch (9 .3 ha), with a greatest depth of 5m, but 

with more than half its area less than 1,5m. The edges of the loch 

had a good growth of plants, with Polygonum spp., Typha sp. and Carex 

spp. predominating. A small wooded island provided nesting cover for 

three or four pairs of Tufted Duel« and several pairs of Mallard.

During the period of my study the loch was undergoing change, as the 

University was built around it.

I Ht b IF ’ • Ji 5 b 1 ■ mr
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In sharp contrast to Loch Leven, the peak numbers of Tufted 

Ducks (up to 300) occurred in November - March. Outside this period, 

the maximum number of birds on the loch was around forty. This was 

in late summer when the young birds produced on the loch supplemen

ted the 3-4 breeding pairs and the non breeders. Tufted Ducks from 

Loch Leven, known by their wing tags, were seen in the winter flocks 

at Airthrey Loch. Such birds frequently commuted to Pendreich 

reservoir, 2km to the north in the Ochil Hills.



2 METHODS

Field Methods 

Counts

Throughout the period of the Wildfowl Trust/Nature Conservancy 

studies, all duck species on Loch Leven were counted from a boat or 

raised vantage points on the shore at least once each month, except 

in the late spring and early summer (Allison and Newton, 1974).

The reliability of these counts depended on conditions. In 

view of the close association of Tufted Ducks with water, counts of 

this species did not suffer as much as those of other species which 

frequently moved to nearby land, ponds or ditches. Accurate counting 

of ducks in large flocks presented some difficulties, but checks 

between observers and repeated counts by the same observer did not 

reveal any major errors. The counts provided an order of magnitude 

for the populations, and for the Tufted Duck were probably accurate 

to within 10$. It was impossible for me alone to improve on these 

counts, because more than one observer was needed.

Breeding Success

During the duck breeding studies (N & C, 1975), the whole of 

St Serf's Island was searched, and known nests were checked, once or 

twice each week through the season. Each nest was numbered and 

marked with a bamboo cane placed a set distance and direction away.

On each visit the status of the nest was noted, e.g. number of eggs, 

deserted, predated or hatched. At the first visit two of the eggs 

were candled from each clutch to find the approximate stage of incub

ation. All these data were collated on the nest record cards which
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were made- available to me. From these were calculated the date tliat 

incubation commenced and, by assuming that one egg was laid per day 

(as indicated by many records), the date of first egg. The clutch 

size through the season was determined only from nests which were 

known to have been incubated and therefore had complete clutches. 

Clutches which were destroyed or deserted before incubation began were 

disregarded, although in some cases they provided data for determining 

date of first egg. Nest parasitism or "dump laying" affected up to 

10$S of nests in different years (N & C, 1975) , and led to some abnorm

ally large clutches. It was therefore necessary to decide upon a 

value above which clutches were to be regarded as the product of more 

than one female. I examined the distribution of clutch sizes in 856 

nests, taken over three years, and decided that these of 15 and over 

should be regarded as the product of more than one hen. The analysis 

of Newton and Campbell (1975) included clutches up to 16 eggs and 

consequently their mean clutch sizes during the early periods of the 

season wore higher than mine. An attempt was made to catch as many 

birds as possible on the nest, and some of these were weighed (to 5g) 

in the field on a spring balance.

Obtaining Birds and Eggs

A licence from the Nature Conservancy permitted the taking of a 

limited number of birds and eggs for analysis. Three methods were 

used to obtain birds:

1 Some were shot with a 12 bore shotgun or a .22 rifle, and 

when necessary carcasses were retrieved from open water using a dog. 

During the shooting season, I also obtained birds from the shooting 

parties which lease the wildfowling at Loch Leven. Four other birds,
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shot at Loch Neagh (Northern Ireland) in December 19(9, were given to 

me by R W Milleken,

2 Other birds were taken from the traps already in exist

ence at Loch Leven and from a similar trap which was constructed at 

the start of the study and placed in Airthrey Loch. The traps,,made 

of weldmesh, were 1.8m high and stood in about 1.2m of water on the 

bottom of the loch. In plan section they were kidney shaped, with a 

maximum diameter of 2.4m. The birds entered through a 300mm square 

hole at the bottom of the funnelled side, and usually remained in the 

trap feeding on the bait (barley) scattered on the bottom. To collect 

the birds a mesh door was placed over the entrance and they were 

caught in a long handled net introduced through a hatch in the top.

When in use, the traps were visited in the early morning, as the birds 

usually entered them at night.

3 During the breeding studies, incubating females were 

caught or. the nest using a net ((OOmr.i in diameter) on a long pole 

(2.5m), On approaching the nest site, the net was placed quickly over 

it, hopefully before the bird had time to leave.

Except in a few caught birds killed by cervical dislocation, 

most were given an intramuscular injection of 0.5ml of "Euthatal"

(May and Baker, LTD.) in the thigh.

In 1970 a single egg was taken from each of 100 Tufted Duck 

nests before incubation had begun; these removals were spread through

out the normal laying season. In addition 20 females were taken from 

the nest with all their eggs. These nests were selected to give birds 

over a range of incubation states, and the female was used for carcass 

analysis. Three or four eggs from each clutch were analysed, and the 

remainder were incubated to hatching. Within six hours of hatch three

I



or four ducklings from each clutch were killed for analysis.

All eggs were collected into egg boxes and transported to the 

laboratory in insulated containers. Eggs were incubated in Curfew 

Incubators (Western Incubators, Ltd) and maintained at 37«5°C and 

6(# relative humidity.

Laboratory Methods

Carcass an£ lysis

Immediately on return to the laboratory, each bird was weighed 

(to O.lg) on a top pan balance (Mettler, P1200). This weight was 

comparable with, tut more accurate than, the field weight and was 

used as the body weight. In three birds the weight of food in the 

gut was such (Q 40g) that a correction was subsequently made for the 

body weight used in physiological calculations. Measurements were 

made of wing length, length of the first and tenth primary feathers, 

end length and width of the bill. The birds were then wrapped 

individually in polythene bags and stored at -20°C until further 

processing.

After tliawing, the birds were weighed to determine any weight 

loás in the freezer, plucked and reweighed to determine the plumage\ 7
weight (wet). This was found to be more practical than weighing the 

feathers themselves. The pectoralis muscle and the liver were 

dissected from the carcass for separate analysis. The lengths of the 

sternum and of the intestinal caeca were measured. The gonads were 

removed, measured and weighed, and their condition noted, before re

placing them in the carcass. Ova from 7 gravid females were removed 

for separate analysis. After dissection the carcass was weighed and

refrezen
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refrozen.
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As the carcass was too large to analyse completely, the follow

ing method was devised to get a representative sample. The frozen 

carcass was sawn into slices using a hacksaw or an electric bandsaw, 

and these slices were then split into pieces small enough for an 

electric mincer. The homogenate produced from the carcass was put 

through the mincer at least twice and then collected into weighed 

aluminium foil trays (200mm in diameter), weighed and refrozen. A 

cork borer (25mm) was used to take eight samples of the homogenate, 

which were selected at random using a numbered grid over the tray and 

random number tables. During my study a similar process for dealing 

with large carcasses was reported by Brisbin ( 1968).

My method was initially tested to ensure that it provided an 

accurate estimate of the carcass composition. Eight samples of 

approximately 12g each had a mean water content of 80.4$. The 

standard error of the mean estimate was 0.28$ which indicated that 

the water content could be predicted to + 0.5$. As a standard dia

meter tray was used, the amount of sample taken depended on the depth, 

and therefore the amount, of the homogenised carcass. It was usually 

around 10$ which is slightly more than the 7-8$ suggested by Brisbin 

(1968) to be adequate.

The following procedures were used for drying and fat extraction 

of the carcass samples, the pectoralis muscles, liver and eggs.

Water content was determined from the wet and dry weights of the 

samples. These were freeze dried to a constant weight, using a 

modified procedure for the drier (Edwards, EF2) which speeded the 

normal drying process. Samples were held in a rack in the drying 

chamber and, as drying proceeded, the trays were moved to the top. The 

insulation lid was not used on the drier, instead a 60 watt lamp in a
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reflector was held lOOmra from the perspex lid of the chamber. Tills 

provided a radiant heat source to the samples on the top tray and 

increased the temperature gradient between the sample and the cooling 

coils. This procedure increased the speed and efficiency of water 

removal. Initially, repeated weighings during the drying process 

showed that a constant weight was achieved in all samples after 36 

hours. All drying was therefore carried out over 48 hours which was 

more convenient for routine treatment.

After drying, the samples were put into weighed filter paper 

thimbles in Soxhlet extractors. The time needed for complete extrac

tion of fat, using 60-80°C B.P. petroleum ether as solvent, was 

determined for various samples, and 12 h was found to be adequate and 

suitable for routine analysis. After fat extraction, the samples were 

dried to a constant weight at 60°C. This allowed calculation of the 

weight of fat removed from the sample and gave the lean dry weight of 

the sample. Lean dry material consisted of skeleton, protein and a 

negligible amount of carbohydrate from the bird's body; and dried food 

from the lower gut. Skeleton weight was determined in 3 samples of 

birds by boiling the lean dry material with 3 $  KOH which removed all 

but calcified skeleton (P R Evans, 1969).

Eggs

The length and maximum breadth of eggs were measured with 

vernier calipers, and »/eight was taken to the nearest O.lg. Eggs for 

analysis were then hard boiled and the shells were removed, dried at 

60°C and weighed. The contents were sliced and their composition 

determined as described above.
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The volumes of 20 Tufted Duck eggs were measured by displacement 

in a eureka flask. These volumes were then used to determine the 

constant (k) in the regression of volume upon (Length x breadth2).

The value of k was 0.516 and the intercept of the regression did not 

differ significantly from y = 0. The volumes of all eggs subsequently 

collected were therefore determined from the equation

Vol = 0.5l6.1.b2

The term lipid includes, by circular definition, all the mater

ials soluble in lipid solvents, and the term 'fat' may be restricted 

to neutral fats or triglycerides, but there is no general agreement 

on the use of these terms, I therefore used the term fat to describe 

the material extracted in the Soxhlet extractions in this study. In 

addition to using the absolute weights of the components when pre

senting data on carcass, organ or egg composition, I have used two 

other terms. The Water Index (Wl) is the ratio of water to lean dry 

material and the Fat Index (FI) is the ratio of fat to lean dry 

material. These terms have been used in preference to expressing com

ponents as a percentage of the total weight. In the three component 

system into which I have divided the carcass, any one component ex

pressed as a percentage of the whole can be affected by changes in 

either or both of the remaining components. The indices relate only 

two components and these can be examined in relation to the third.

Foods and Feeding

As already described, the gut contents of birds used for carcass 

analysis were obtained by dissection. I also obtained the gut con

tents of diving ducks killed by the shooting parties at Loch Leven.

As these birds could not be mutilated, the food was removed by

\
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washing, as suggested by Pollard (1967). A tube attached to a wash 

bottle was inserted tlirough the mouth down to the gizzard, and washing 

continued until no more food could be obtained. This procedure was 

not suitable for birds which had been shot through the digestive tract 

and these were discarded. In the laboratory the products of the wash

ing were filtered and stored in 7 $  alcohol.

The stored samples were examined in a dish with a ring-shaped 

trough which could be rotated under a binocular microscope. This 

enabled rapid, sequential scanning of the whole sample. Individual 

items were removed for identification. Plant seeds were identified 

using a key and drawings (The Seeds and Fruits of Common Scottish 

Aquatic Plants - J T Swarbrick, unpublished; Martin, 1951; 1954). 

Animals were identified at least to Order and where possible to Genus 

and Species. Chironomids were identified specifically by 

Dr P S Maitland, Institute of Terrestrial Ecology. The barley in 

birds caught in traps was disregarded.

At the start of this study, the problem of quantifying the gut 

contents was considered in relation to the aim of the study, which 

was to determine the relative importance to the ducks of the foods 

available in the environment. Three measurements were possible; 

numbers of individual items, weight (wet or dry) and volume (wet and 

dry). Counts do not allow for differences in the size of individual 

food items. However, Madsen (1954) lias pointed out that the volume 

or weight determinations can be used to advantage only for well filled 

stomachs, l/hen the only contents are broken fragments of the calcar- 

eous or chitinous parts of animals, resulting from differential diges

tion between hard and soft parts, then weight or volumetric determin

ations provide little comparative data. I recorded the types of
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food in each bird in order to estimate the frequency of occurrence 

of food items. Then I made a subjective assessment of the ‘main meal* 

in each bird where the quantity of food debris allowed this. This 

was not affected by volume of stomach contents e.g. one contained over 

200 chironomid larva headshields of little volume or weight but 

clearly indicating a large chironomid meal. The persistence of hard 

materials in the gut was not an undue bias by tliis procedure, as all 

possible food items had some calcareous, chitinous or fibrous parts.

In many of the birds the gut was completely empty suggesting that 

they either had not fed for a long time or, more likely, had cleared 

the gut rapidly. If very little or no food was found, then a main 

meal was not assigned, and if two items were equally numerous then 

both were termed \  main meals.

The feeding behaviour of Tufted Ducks was studied by observing 

several birds in a glass fibre tank (1.0 x .75 x .75m), which had 

one plate glass wall. The birds were hatched in the laboratory and 

allowed access to the tank from one day old. They were therefore 

quite practised at recovering barley and commercial food pellets from 

the bottom by the time they were observed at 5-6 weeks old.

A complete depth contour map of Airthrey Loch, prepared prior 

to the building of the University, enabled me to time birds diving to 

known depths. On several occasions, dives were timed at each of two 

places in the loch where there was a uniform depth over an area at 

least 15m in diameter.

In the statistical analysis the object has been to show trends 

in the data and I have therefore not attempted to fit complex mathem

atical expressions to the data, e.g. body weight and fat weight, body 

weight and pectoralis weight, since these could be misleading.
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Regression analyses were used where it was appropriate or necessary 

to quantify relationsliips c.g. the daily weight loss during incuba

tion.

The standard deviation (SD) or standard error of the mean (SE) 

are indicated on tables and the results of tests of significance 

denoted thusi p<0.05 - *; p<0.01 - p<0.001 - #*#.
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3 FOOD AND FEEDING

To recapitulate, the initial aim of this feeding study was to 

determine the diet of the Tufted Duck at Loch Leven, but comparative 

data were also obtained from Airthrey Loch, and for other diving ducks 

(Goldeneye Bucephala clan,'tula and Pochard Aytiiya ferina) at Loch Leven. 

Birds were collected at all seasons and not, as in previous published 

studies, just in the shooting season (September to January). There 

are few published data on how food is obtained by Tufted Duck, pre

sumably as a consequence of its diving habits and of its predilection 

to feed at night. However, some information is available on feeding 

behaviour of the closely related Lesser Scaup in North America 

(Goodman and Fisher, 1962).

Structural features

The bill and tongue of the Tufted Duck form a complex feeding 

organ; the front half of the upper mandible is slightly expanded and 

overlaps the lower mandible by up to 4mm on either side (Fig. 2). No 

difference between males and females was apparent in culmen length, 

but they differed significantly (p < 0.05) in culmen width (Table l).

In the same birds sternum length and wing length showed highly signi

ficant differences (p < 0.001) between the sexes. There were no 

differences in bill structure between the sexes, and so no differences 

in feeding habits would be expected.

The opposing edges of each mandible Iiave lamellae (A) along 

their full length (Fig. 2b). The sliarp nail on the upper mandible 

(B) can oppose or pass the flat tip of the lower jaw (Fig. 2a) but is 

capable of only a weak bite due to poor mechanical advantage and weak



FIGURE 2. Bill of the Tufted Duck (a) from side to indicate 

overlap of the upper mandible - actual sizes 

(b) from below to indicate overlap and gap between 

the uppe- and lower mandible when closed - x2.

(a)

(b)

i 1





TABLE 1. Bill and body measurements, mean (SE), of male and 

female adult Tufted Ducks« Values which differed 

significantly between the sexes are indicated:

* p<0.05, * * * p<0.001.

HALES (n=20)

SIGNIFICANCE

FEMALES (n=50)

Culmen length (mm) 38.83 (0.35) N.S, 38.90 (0.20)

Culmen width (mm) 22.45 (0.16) # 22.12 (0.10)

Sternum length (mm) 84.8 ( 0.50) 82.6 ( 0.25)

Wing length (mm) 209.8 (1.20) 204.1 (0.61)
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adductor muscle. (This feature was also observed in the Lesser Scaup, 

which had considerable difficulty in removing the kernels of coni 

from a dry cob (Goodman and Fisher, 1962).) The tip of the tongue 

(C) is wedge shaped and flexible, and along the sides of the front 

half are a series of overlapping flaps (D) fringed with fine bristles 

(Fig. 3)« The posterior half of the tongue lias a muscular raised 

portion (E) with weak forward pointing bristles on the front edge and 

a double row of backward projecting spikes (G) on the rear edge, which 

cover the glottis when the tongue is retracted. Below this portion 

on each side are 4 strong projections (H) pointing upwards and out

wards .

Feeding behaviour

The characteristic method of feeding in the Tufted Duck, as in 

other diving ducks, is by complete submergence to gather material 

from underwater. Observations on captive ducklings showed chat from 

their first introduction to water at one day old, they could all dive 

to the bottom (750mm) of the tank, although at this stage they pre

ferred to take food from the surface. This they did by swimming after 

and pecking at individual items. The feeding behaviour which I shall 

describe was of birds which were three-quarters grown. The tank was 

rather small for adult birds which could do little more than upend, 

and their attempts to maintain this position caused tpo much turbul

ence for any observations to be made, I have, however, no reason to 

believe that the juveniles studied were not already using the adult 

method of feeding.

While feeding, a bird maintained its position at 45° to the 

bottom by paddling its feet (Fig. 4). The bill was held about 20mm

I



Tongue of the Tufted Duck showing the suggested 

pathways of water during feeding, (a) Tongue 

from side - approx. x2 (b) Tongue from above - 

approx. x2

First inspiration water enters bill tip below 
tongue.

Water strained by flaps (D) at side of tongue 
on downstroke.

Second inspiration forces water above tongue out 
of the sides of the bill.

Full explanation of lettering is in text.





FIGURE 4. Feeding behaviour of a Tufted Duck during a dive.
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fiom the bottom and there was a continuous strong sucking action, 

which was indicated by the movement of grains of barley and other 

particles along the bottom of the tank and into the tip of the 

slightly open bill. In Lesser Scaup the bill opening mainly resulted 

from protraction of the upper mandible (Goodman and Fisher, 1962) and 

this was also the case in Tufted Duck. During feeding there was a 

continuous flow of fine detritus out of 'lie sides of the bill at the 

bade. At intervals of 2 - 3 seconds the bird stopped paddling and 

suckingj it then rose from the bottom a little way. The paddling 

recommenced which propelled the bird down again and slightly forward 

from its previous position. As it moved forward it restarted sucking. 

This procedure was repeated four or five times during each dive. The 

sudeing, which appeared to be produced by a pumping action of the 

tongue, was continuous while the bill was applied to the bottom and 

did not occur in spurts. Occasionally, if the turbulence of the water 

lifted grains from the bottom the bird pecked these from the water 

column, turning its beak in whichever direction was necessary.

However the Tufted Duck was similar to the Lesser Scaup, in that it 

appeared to prefer filtering to pecking.

The precise manner in which the complex structures of the bill 

and tongue were used to select and retain food could not be observed 

directly, but examination of the structures involved suggested a 

possible way in whidi they operate (Fig.3) • As the tongue is raised 

water will enter the space below it tlirough the tip of the bill (l).

On the return stroke the lateral flaps will allow water to flow past 

the tongue (2), and at the same time retain large particles. During 

the next inspiration, water above the tongue will close the flaps and
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therefore be forced out of the rear of the mouth (3). Hence the 

apparently continuous stream of water which was observed entering 

and leaving the bill. From observations it was not clear when the 

bird swallowed, but presumably this occurred in the short period 

between bouts of paddling and sucking, during the dive.

By adjusting the size of the gape and the positions of the 

lateral flaps the due!; could select and retain food items of a 

particular size. It was particularly noticeable when examining the 

stomach contents that most of the items in any one bird were of a 

similar size, but that this size varied from bird to bird. Even the 

grit in the gizzard was a uniform size and in this case, as when 

small plant seeds are eaten, the bird must be closing its gape to 

prevent entry of larger particles present on the bottom.

Feeding Depth

The depth to which the Tufted Duck can dive must presumably 

limit the feeding area available to it. Dewar (1924) investigated 

the diving ability of the Tufted and other diving duck species, by 

timing the periods of submergence in various depths of water, 

together with the intervals between dives. The few observations 

which I made were used to check Dewar's data. The average submer

gence times at Airthrey Loch were} 20.5 s (SD 1.1, n = 62) at six 

feet (1.83m) and 29.7 s (SD 1.4, n = 54) at 12 feet (-3.66m). These 

two values are shown on figure 5 which was plotted from Dewar's data 

on several species. Also included in this figure are recent published 

figures for diving times of ducks. The data from all sources are 

similar and show that the relationship between diving time and water 

depth is consistent for the four species of diving ducks observed.

26
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Relationship between depth and dive time in
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I have also collated the data which Dewar presented on the 

extent to which species differed in their preferred diving depths, 

in water up to 21 feet (6m) (Fig. 6). These data were for three 

species in fresh rater (Tufted, Pocliard and Goldeneye) and for two 

species in salt water, on the Forth estuary (Scaup and Goldeneye).

The major differences were between sites, all three species over

lapped in fresh rater and did not show any depth preferences. 

Goldeneye fed at much greater depths in the estuary tlian in the 

freshwater and Scaup ranged very widely in their feeding depth, from 

1 - 6m. These differences presumably occurred due to differences in 

the depth of the food resource, which on the estuary would vary with 

the tides. It is possible that feeding on the estuary required the 

ability to dive efficiently to these greater depths. The absence of 

the Tufted Duck from Dewar* s data collected on the Forth may indicate 

its inability to dive consistently to the greater depths.

Feeding areas at Loch leven

The depth profile at Loch Leven (Fig.7) shows tliat 50% of the 

bottom was less than three metres deep and 80$ was less than five 

metres deep.

During 1970 a map (Fig. 8) was constructed by the Reserve 

Warden showing the areas of Loch Leven in which the diving dudes 

(mainly Tufted) had been observed feeding, and also the areas in which 

the females had been seen with young ducidings (nursery areas). This 

represented the synthesis of many hundreds of man- hours of observation 

and could not (economically) have been improved upon during my study.

I liave assumed that the areas in which the birds were seen feeding 

during daylight were also those in wliich they fed at night and tliat 

the latter were not more extensive. From tliis map, I calculated tliat

^ t*- * i



FIGURE 7 . A rea -  d e p th  cu rve f o r  L o c h  Leven (fro m  S m it h , 1974)

FIGURE 8. Loch Leven showing 3m depth contour and the

principal feeding areas of diving ducks (mainly 

Tufted).
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the maximum area of the loch used by all diving duck species was 

around 35$, and that regular feeding areas extended to only 20% of 

the total loch area. Nearly all these feeding areas were within the 

3m depth contour.

Although the same general areas were used by all species of 

diving duclcs, Goldeneye showed some preference for areas where the 

bottom was stony. Also in 1970-72, when Potonageton grew well, the 

autumn flocks of Pochard graced it extensively, sometimes in water 

only a few inches deep (A & N, 1974).

Diurral rhythm of feeding

The Tufted Dudes at Loch Leven and Airthrey Loch spent most of 

the daytime resting. The amount of diving observed during daylight 

hours would not contribute significantly to their food requirements. 

However, at Airtlirey Lodi I observed considerable activity just before 

dawn, with most of the birds diving repeatedly. Further evidence that 

the study populations fed at night was that (a) the only birds tliat 

liad full stomachs were shot within one hour after d a m  and, (b) the 

birds usually entered the traps during darkness.

In winter, birds collected from the shooting parties had usually 

been shot in the late morning or early afternoon, and only 15% of the 

20 Tufted Ducks involved contained significant amounts of food. In 

contrast, 70$ of the 37 Goldeneye collected at the same time by the 

same parties contained food. This suggests a difference in diurnal 

activities between the two species, with the Goldeneye feeding mainly 

by day and the Tufted mainly by night. Little can be said of the 

other diving species, except that the Pochard that ate Potonagcton fed 

at least partly by day.



Gut contents

The samples taken from Tufted Ducks were grouped according to 

date and place of origins

(1) 127 birds taken from Loch Leven between October I9C8 and January 

1971» These included:

(a) 107 birds collected during the period April to October 

(summer) - 37 were taken by shooting, 38 in the diving trap 

and 32 from the nest.

(b) 20 shot in the period November to March (winter).

(2) 32 birds shot at Loch Leven between April and October in 1966 and 

1967 (the material from a preliminary study in the IBP programme, 

before my own).

(3) 26 birds from Airthrey Loch between November and March over the

years 1968-71. 18 were taken by shooting and 8 in the diving trap.

(4) 10 »downy* ducklings, from a creche, netted on the water at Loch 

Leven in July 1969«

The comparative gut material from other duck species was from 

37 Goldeneye, 6 Pochard and 1 Scaup, all taken at Loch Leven during 

the 1968-1970 shooting season (September to January). The gut 

contents of the Scaup from Leith had all been removed.

The results are presented according to (a) the frequency of 

occurrence of different items (table 2) and (b) the proportion of 

birds which had taken each food item as a 'main meal* (table 3). The 

two studies carried out at Loch Leven during the period 1966-1971 

showed no differences in the summer (April to October) foods from 

year to year; I liavc therefore considered the results together.

The food of the Tufted Duck from Loch Leven was almost entirely 

animal in origin. A variety of invertebrates was found, but chirono- 

raid larvae, of 4-lCmm length, predominated. These larvae were also
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TABLE 2. Numbers of birds in which specific food item occurred.

Data were separated into summer and winter samples at

Loch Leven . Only a winter sample was available at

Airthrey.

LOCH LEVENI. AIRTHREY LOCH.

Summer Winter Winter

TOTAL NUMBER 107 20 26

EMPTY 42 (40$ 6 (2950 5 (1950

Chironomid larvae 36 5 9
" pupae 6

Dipteran adults 13 1

Trichoptera (Caddis) 15 2 1

Coleoptera 4
Hymenoptera (Ants) 3
Siphonaptera (Fleas) 2
Arachnids 9

Mollusca
Valvata sp. 14 2

Limnea sp. 1 1

Planorbis sp. 2

Pisidium sp. 7 1

Crustacea
Asellus 2

Annelida
Hirudinea (Leeches) 1 1

Nematoda (Parasitic?) 10 3 4

Plant Debris 33 3 6

Seeds of
Polygonum sp. 10 5 13
Potamogeton spp. 8 5 12

Hippuris sp. 3 1 9

Eleocharis sp. 1

Ranunculus sp. 1
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TABLE 3« Numbers of birds in which food item formed the "main 

meal". In some birds the main meal was split between 

two items.

LOCH LEVEN. AIRTHREY LOCH.

Summer Winter Winter

TOTAL 107 20 26

EMPTY 42 6 5

"MAIN MEAL" 
not obvious 20 11 6

Chironomid larvae 26 1 22

Dipteran adults 3

Trichoptera 7 1

Coleoptera 1

Mollusca 
Valvata sp. 
Limnea sp.

1
1

Crustacea 
Asellus sp. 1

Plant debris 2 1 4

Seeds
Polygonum sp. 
Potomageton sp.

2
2

5
4
1

Hippuris sp.



the most important food items found in the other diving ducks at 

Loch Lcvenj but plant foods predominated in the gut contents of 

Tufted Duck from Airthrey Loch.

In Tufted from Loch Levcn, chironomid larvae were found in 55$ 

of the stomachs containing food, and made up more than 50$ of the 

food by volume or ‘main meal'. Caddis larvae (Trichoptera) and 

molluscs were each found in 20% of birds. Caddis, however, were the 

more important on the basis of volume or ‘main meal*, forming up to 

1 $  of the summer diet as against 4$ for molluscs. None of the 

molluscs found in duck stomachs at Loch Leven were larger than 3inm 

across the longest axis.

Plant material was less important; in the 1967 study it com

prised less than 25$ of the gut contents by volume and in my own 

study only six birds (6$) were considered to have taken a «main meal« 

of plant material. In many of the birds examined, the small plant 

fragments appeared to lave been ingested incidentally as detritus with 

the food.

Birds taken during the summer from 1968-1971 included 32 females 

captured on the nest. In eight of these the gut was empty and a 

further nine contained only material of terrestrial origin, presumably 

picked off vegetation while the bird incubated. The remainder lad 

only a few organisms in the gut, which lacked the normal muddy 

detritus and fine sand, suggesting infrequent feeding in water. Sev

eral birds had ingested down, presumably when plucking the breast to

32

line the nest.
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The two samples of birds collected during the winter, although 

small, showed distinct differences in the diet from the summer ones 

and between the two sites. As already mentioned, few of the Tufted 

Duck collected at Loch Levcn in winter contained many food items, 

presumably because they were shot at the wrong time of day.

Plant and animal foods were of equal importance at Loch Leven 

in winter, but at Airthrey Loch plant foods predominated. Seeds 

occurred in 7 $  of the twenty-one stomachs and formed the main food 

in 4 7fc. This difference between the sites reflects the relative 

scarcity of macrophytic vegetation at Loch Leven. Although chirono- 

mid larvae were found in birds from both sites in winter, they did 

not reach the same importance as at Loch Leven in summer.

Eleven of the 37 Goldeneye collected during winter were empty. 

The foods of the remaining 26 birds were predominantly animal: 8S$ 

of birds contained chironomid larvae, 1% caddis larvae and 2 $  

Asellns sp. Plant debris occurred in negligible amounts and in only 

five birds, which suggested incidental rather than deliberate inges

tion. Several birds contained enough material to determine main 

meals. Twelve (46^) were of chironomid larvae, 3 ( 12^) of Asellus 

sp. and one of caddis larvae.

Only one out of the six Pochard contained a significant amount 

of material, namely about 1000 chironomid larvae, 1 caddis, 2 molluscs 

and 2 leeches. The single Scaup contained 60 chironomid larvae and 

one Asellus sp. The significant point is that both individuals must 

have fed at Loch Leven or at another freshwater site, rather than on 

salt water, which is considered to be their main halitat in the Forth- 

Tay area in winter (Thom, 1969) • They contained the same kinds of 

food as the Tufted Duck from Loch Leven.
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The ten Tufted ducklings, all less than one week old, were

taken between 07.00 and 08.00 hours. Chironomid larvae were present

in seven, chironomid adults in five, while caddis, Hydracarina 

(mites) and Valvata sp. each occurred in only a single individual.

No plant material was found in these ducklings and three were 

completely empty. The presence of chironomid adults suggests that 

the ducklings were feeding from the surface, as well as from beneath

the water



4 M'MIiERS AND CREEPING SUCCESS

Seasonal and annual variations in numbers

Although the numbers of Tufted Duck at Loch Leven in any partic

ular month varied between years (Fig. I ) the pattern was similar from 

year to year. In general, the overwintering population of less than 

100 birds increased by late April to more than 1200. The apparent 

drop during the breeding season, Hay to mid-July, was due primarily 

to females being on nests and so missed during the counts. It was 

also possible that some birds which visited Loch Leven in spring 

then moved on to other waters. From mid-July the numbers increased, 

quite rapidly in some years (1966 and 1969), partly from breeding and 

partly from immigration, for many extra birds came to the loch to 

moult. The size and duration of this post-breeding peak varied from 

year to year. In 1967 no count after July exceeded 100 birds, but 

in 1966 and 1969 peak counts were around 2500 birds, and in 1969 the 

peak remained longer. In all years except 1970, the population had 

fallen below 250 by mid-October. The peak numbers in 1970 were 

exceptional (over 4000 birds in early September) and these birds 

remained on the loch for much longer than usual. Over 500 birds were 

counted in mid-November.

From five years of counts, I determined the average number of 

Tufted Ducks at Loch Leven in each month, excluding the months August 

to November 1970, which were treated separately. In May, June and 

July, allowance was made for incubating females on nests. These 

average population figures were used to calculate the number of bird- 

days, NT, on the loch through the year. This figure was 314,000 in 

roost years, but in 1970 an additional 124,500 bird-days were spent on
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the loch, an increase of 40£> over the average for earlier years.

In 1969> when nest searches were most complete, 485 Tufted Duck 

nests were found on St Serf’s Island. Allowing for nests on other 

islands and those not found on St Serf's, the treeding population of 

Tufted Duck at Loch Leven was assumed to be between 500 and 550 pairs. 

There was no evidence of any substantial changes during this study, 

so for subsequent calculations I have taken the figure as 525 nests.

Laying season and seasonal trends

The first clutches were started in the period 1-5 May in 1968 

and 1970, and in 6-!0 May in 1969 - The last clutches were started 

between 15-19 June in 1968 and 25-29 June in 1969 and 1970. Since 

incubation took 24 d, nests were active until well into July. The 

apparently shorter season in 1968 may have resulted from reduced 

efficiency of nest searching, since the total number of nests found 

in that year (177) was only about half the number found in subsequent 

years (315 and 395). In all three years, most birds (7$) started to 

lay between 16 May and 9 June, and the pattern of clutch initiation 

was similar from year to year (Fig. 9)• Mean clutch size decreased 

through the season from 11 eggs at the start to 6 eggs at the end

(Fig. 10 Table 4). The decline was slow in the first month (O.36 eggs

per week) but more rapid in the second (0.90 eggs per week). The

changes were similar in all years, the regressions of mean clutch size

for each five day period in the season upon time in the season were 

not significantly different between years in either month, but the 

pooled data for all years gave significantly different regressions 

between months (t = 2.77» d.f.31j p<0.0l) (Table 4). The mean clutch
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FIGURE 9. Distribution of first egg laying in 5d periods •

as % of total clutches started in each of three 

years.

FIGURE 10. Seasonal decline in mean clutch size for 3 years.
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TABLE 5. Mean clutch size of Tufted Duck in 3 years, 

1968 - 70.

YEAR CLUTCH SIZE SD SE N

1968 9.24 1.50 .11 177

1969 9.40 1.88 .11 248

1970 9.56 1.75 .10 261

1 '  •:

)
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size over the whole season was about the same in all years (Table 5) 

and for subsequent energy calculations an average of 9.5 was taken.

From the data on clutch size and initiation dates, the cumula

tive frequency distribution of egg laying through the season was 

calculated (Fig. ll). This method of presentation smoothed out the 

minor fluctuations between years and the time at which 50$ of the eggs 

were laid can be seen to have varied by only 2.5 d over the three 

years. In the 25 d between 16 May and 9 June, 80$ of all eggs were 

laid.

Breeding success ar.d number of young produced

The main requirement of my study was an estimate of the number 

of young produced to fledging. It is appropriate, however, to include 

some data on breeding success and the nature cf losses, because this 

is relevant to calculating an energy budget for the population and for 

an individual.

Assessment of nesting success at Loch Leven is complicated by 

the possible influence of the study programme itself, as discussed in 

considerable detail by Newton and Campbell (1975). Losses resulted 

from either desertion or predation. The main predators were Jackdaws 

Corvus monedula which, although unable to displace a duck from a nest, 

quickly took unguarded eggs whenever a duck left. Predation was 

therefore artificially increased when areas were searched during the 

study. Similarly, eggs left in the nest after hatch were quickly 

removed by predators and this precluded any determination of the pro

portion of eggs failing to hatch in successful nests.

In 1968-70, measured hatching success varied from 50$ to 71$ 

per annum, predation from 22$ to 44$ and desertion from 4$ to 7$. The



FIGURE 11. Cumulative frequency distribution of eggs laid 

during each of three successive seasons.

Ljq = 50$ of eggs laid. Spread of only 2.5 

days over three years.
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average figures of six years of study, 1966-71 were 57$ clutches 

hatched, 38/5 predated and 5$ deserted (N & C, 1975) • A general 

decline in success occuri’ed through the season even though the human 

disturbance was constant. This seasonal decline was also observed 

in other duck species at Loch Leven and appeared to occur irre

spective of predator numbers.

The sheer size of Loch Leven makes it difficult to assess 

duckling survival. In the early years, duckling production to 

fledging was thought to be very poor. Predation of young ducklings 

by Herring Gulls Larus argentatus was frequently observed, and pre

dation by Pike Esox lucius was also seen occasionally. At the same 

time, large creches of newly hatched ducklings were seen and at least 

once each year more than 500 of such young were counted. Too few 

birds were shot in winter to obtain meaningful age ratios, and in 

many years considerable immigration occurred, which would distort the 

figures on local production. An estimate of the number of ducklings 

fledged wao necessary for calculating the overall energy budget; 

allowing for losses before fledging from the maximum numbers observed 

the figure taken was 350. Although this estimate is rather arbitrary, 

subsequent calculations showed that, at the levels likely, production 

of young was not important in the total energy budget.

In conclusion, total egg production by the Tufted Duck at Loch 

Leven was taken as 525 x 9.5 = 4987*5 or approximately 5000 eggs per 

year. Of these, on average, only 57% hatched (2840), and the estim

ated production of 350 fledged young represented 12.575 of the hatched 

ducklings, or 7% of the total eggs laid.
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5 CARCASS COMPOSITION

This section concerns the changes in body composition which 

accompany changes in body weight. This information was necessary to 

determine clianges in energy constant (AC) for calculating the energy 

budget of Tufted Dude. It is also of particular value in providing 

data on the use which the Tufted Duck makes of body reserves for 

breeding and for winter survival, and in the more general field of 

bird bioenergetics.

Data were obtained from 100 adult birds collected throughout 

the year, but I paid particular attention to breeding females.

Dody weight

Body weights of adult Tufted Ducks talien in this study ranged 

from 500 to 970g (Fig. 12), the heaviest almost twice the weight of 

the lightest. Outside the breeding season weights in most months 

ranged over 200g. The heaviest males, up to 970g, were in December 

and January, although in the same months some birds weighed only 700g. 

In March the heaviest males were 850g, and no further decline in 

weight occurred until early May. Thereafter, the males lost weight 

quite rapidly, and in June most were around 700g. Outside the breed

ing season, the heaviest females, around 800g, also occurred in 

December and January. During the egg laying period some females 

exceeded 900g, but by the end of incubation, all were down to 500-650g. 

No significant differences in wing length occurred between winter and 

summer birds, indicating that these were not different sized birds 

(from different populations) present in mid Scotland at different

seasons.
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FIGURE 12. Body weight of adult Tufted Duck at different 

times of year

( • males, O females)
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Weight changes during incubation were examined in four sets of 

data, three involving regression of weight against incubation time 

(Figs. 13, 15 and 16} Table 6) and the fourth from repeat weighings 

of individual birds. The data from birds weighed on the nest in 

1969 were separated into two classes, those from nests which hatched 

successfully and those which failed (mainly from predation). The 

former lost 6 .15g per day and the latter lost 5 «25g per day, the two 

regressions were not significantly different (t = C M 726) from each 

other or from that of birds taken for carcass analysis (6g per day). 

In 1970 only six nests from which females were weighed failed to 

hatch. The weight loss, calculated only from the successful nests, 

was only 3g per day and significantly different from the 1969 value 

(t = 11.06, p «s 0.001). The initial wight of incubating females, 

predicted from the regression, varied between samples; those on nests 

winch failed in 1969 (699g) were lighter than those on nests which 

hatched (721g), but in 1970 those on nests which hatched were even 

lighter (697g). During 1970 birds recaptured during incubation 

(40 pairs of weights) had a mean weight loss of 4g per day. In 

individual birds this change varied from - l8g to + 1.7g per day, the 

latter over only three days.

Apart from the post incubating females, two exceptionally light 

birds were taken at other times: a flightless female in moult, in 

early October, weighed only 502g, and a male shot in 'March weighed 

550g but this bird had been previously wounded. These two birds pro

vided useful information on the composition of low weight birds and 

helped to confirm that there was no difference between Tufted and 

Scaup in this respect.
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FIGURE 13.

FIGURE 14.

Body weight of female Tufted Duck in relation to 

stage of incubation.

W = 739.7 - 6.03d (r = 0.607)
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FIGURE 15.

FIGURE 16.

Body weights of captured Tufted Duck females in

relation to stage of incubation - 1969«

0 females from predated nests

W = 699.0 - 5.26d (r = 0.470)

• females from hatched nests

W = 720.9 - 6.15d (r = 0.640)

3ody weights of captured Tufted Duck females in 

relation to stage of incubation - 1970.

W = 696.6 - 3.00d (r = 0.365)
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The Scaup fell into three categories (Fig. 17). (1) Normal

birds shot on the water weighed 1006-14 35g, apart from a juvenile 

of 803g. (2) Birds found dead on the sea during the oiling incident

weighed 471-133fg« (3) Birds which died at a rehabilitation centre 

through failure to feed weighed 406-758g. The smallest bird examined 

weighed lOOOg less than the heaviest, only 23% of the latter's weight.

Carcass components

The plumage represented roughly 6$ of total body weight but, 

since it did not change in relation to body weight, wide variations 

about this figure occurred. Data from small samples of birds showed 

that male breeding plumage in January to May (54.Og, SD 7>73, n = 9) 

was significantly heavier (p « O.OOl) than the eclipse plumage (45-9g, 

SD 4.43, n = 9),

The lowest plumage weights were from females at the end of 

incubation. This resulted frem the loss of down and breast feathers 

to expose the brood patches during incubationj this hormonally induced 

process is assisted in ducks by active removal of feathers to line the 

nest. In the moulting female which weighed only 502g, the plumage 

(55g) represented 11%, of the total body weight. This was due partly 

to her low weight, but also to the high water content of the growing 

feathers.

In general, disregarding plumage, Tufted Ducks of similar might 

had a similar carcass composition, irrespective of seasou (as was 

found in Bullfinches Pyrrhula pyrrhula by Newton (1969). Exceptions 

to this in Tufted Duel: were the females taken during egg laying.

These birds contained large ova and eggs which were removed and anal

ysed separately, but the remaining carcass still liad more water and 

lean dry material and less fat tlian other birds of comparable wight.

i  m tiimsjsMsi*



FIGURE 17. Distribution of weights of Scaup collected in 

this study.
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Water accounted for half to two thirds of the total weight in 

Tufted Duck. The relationship between water and body weight (Fig. 18) 

appeared to be linear, although males exceeding 750g showed little 

further increase in water content.

The wight of fat and its proportion in the body increased 

from lOg (25J) in a 500g bird to 300g (3#) in a 970g one (Fig. 18).

The actual relationship was curvilinear, lOOg of fat added for the 

first half of the total weight increase and 200g for the second.

On the other hand, the rate of increase of lean dry material, 

mainly protein, declined as total body wight increased (Fig. 19)#

The major changes in this component occurred between 500 and 700g 

(around 70g), with little further increase beyond this (lOg).

In birds over 750g the water index was fairly constant 

(2.3 - 2.75). Birds below 750g had a greater range of water index 

(2.25 - 2.9) with more high values. In particular the moulting 

female of 502g had an index of 3#7# The water index showed little 

cliange in relation to total fat between 50 and 300g, indicating tliat 

the composition of the lean body mass was unchanged. At fat levels 

below 50g the water index increased disproportionately, and this was 

more marked than the increase with decreasing body weight.

Wien considered separately, egg-laying females showed a fairly 

wide range of body weights and condition, but in general contained 

more water and protein and less fat than other birds of similar weight. 

The lean dry material was remarkably constant, with six of the seven 

birds having between 178 and l8lg, and the seventh 193g# Despite the 

relatively high lean dry weights these birds also tended towards 

higher water indices tlian the average for their weight. The major
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18. Relationship of water and fat components to total 

body weight in the adult Tufted Duck.
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FIGURE 19. Relationship between lean dry material and total 

body weignt in adult Tufted Duck.

• males, O females, 0 egglaying females.
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variation between the birds was in the amount of fat, a difference 

of lOOg between extremes.

The 6g daily wight loss in incubating birds that were analysed 

was composed of 0.87g lean dry material, 2.37g of fat and 2.79g water 

(Fig. 14). These are mean figures calculated by regression for the 

period as a whole.

Pectoralis muscle

In considering the pectoralis muscle, I have examined its 

weight in respect to total body wight to find whether this 

relationship varies with the condition of the bird. Pectoralis 

weight and body wight w r e  linearly related over the normal body 

weight range in adults of both sexes (Fig. 20), but the relationship 

with pectoralis as a percentage of body wight was negative; the peo- 

toralis represented proportionately less of the total body weight 

in the heavier birds (Fig. 21). Three birds of low body weight had 

pectoralis wights below those which would be predicted by the trend 

in normal birds. During incubation females lost around 30g (wt 

wight) from the pectoralis but all maintained their pectoralis 

wight above the median for birds weighing less than 700g (Fig.20), 

and the muscle represented a relatively high proportion of body 

weight (around 18$) throughout incubation (Fig. 22). Thus although 

the muscle provided a small reserve (of protein) during incubation it 

was presumably an advantage to these birds to maintain their flying 

capabilities throughout the relatively vulnerable situation which 

incubation presents. The greatest variation in the proportionate 

wight of the pectoralis was among those birds taken from the nests 

during egg laying or at day 0 of incubation.



FIGURE 20 Pectoralis weight in relation to body weight in 

adult Tufted Ducks.

• males, □ females, a incubating females.

FIGURE 21. Pectoralis weight as a proportion of body weight 

in relation to body weight in adult Tufted Bucks. 

<• males, o females, e incubating females.
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In Scaup, only one pectoralis muscle from each bird was 

analysed, but the results were then doubled to make them comparable 

with data from Tufted Ducks. The pectoralis in Scaup declined 

linearly with body weight down to 750g, but below this the decline 

became more rapid (Fig. 23) • The ciiangc at this point was especially 

clear when pectoralis was expressed as a proportion of body weight 

(Fig. 24). Initially with declining "body weight, -the-pectoralis pro- _ 

portion increased, then at weights less than 750g this proportion 

declined rapidly. The juveniles were identified separately since 

they increased the range of the data, though in other respects they 

were comparable with the adults (see later).

The water indices of all the pectoralis muscles examined in 

this study are shown in Fig. 25. In general there was a fairly narrow 

range of water index in the muscle of normal birds of both species. 

Both sexes of adult Tufted Ducks, including the incubating females, 

cover a similar range (2.3 - 3«3). The high value of 3.3 was from the 

injured male of 55lg, while that of 3-5 was fron a female taken dead 

from the diving trap. The female taken during primary moult also liad 

a high water index of 4.3* Fully fledged juveniles covered a similar 

range to that of adults, but all the growing juveniles liad higher 

water indices (2.7 - 5*2). To summarise, high water indices were 

associated with body or feather growth or with starvation, that is 

with accumulation of breakdown of protein tissue. This is borne out 

in Scaup, because those birds involved in the oiling had an increased 

proportion of water in the muscle. Water index increased markedly in 

birds below 750g, the same birds wliich shoi/ed a decrease in the pro

portion of the pectoralis relative to body weight.



FIGURE 23. Pectoralis weight in relation to body weight in 

Scaup.

• normal, □ oiled and starved.
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FIGURE 24. Pectoralis weight as a proportion of body weight 

in relation to body weight in Scaup.

• normal, □ oiled and starved, J juveniles.



sac
s

BO
DY

 W
EI

GH
T 

gra
mm

es



Water indices of pectoralis muscles in

(a) Juvenile Tufted Duck (b) Scaup (c) Adult

Tufted Duck.

(left axis indicates number in each class)
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It 'is worth noting tliat the four oiled Scaup with water indices 

of 2.2 and 2.3 ranged in weight from 725g to 798g, i.e. all were 

around the point at which the switch to very high water indices and 

rapidly decreasing pectoralis weight took place. Further the only 

starved Scaup with a low water index ras a juvenile of 538g; this 

bird Imd a relatively large pectoralis, and was comparable with the 

four birds noted above.

Taking all the birds examined, the fat index of the pectoralis 

extended over a wide range, from 0.01 to 0.35 (Fig. 26) with no clear 

distinctions between adults and juveniles. The normal Scaup covered 

a fairly narrow range, 0.10 to 0.22 as did the starved Scaup, 0.06 

to 0.11. In the latter, total fat in the pectoralis of most birds was 

less than 0.5g, and presumably this ras structural lipid not available 

as a source of energy.

To conclude, in Tufted Duck and Scaup, as the weight of the 

pectoralis increased, it formed a decreasing proportion of total body 

weight. Thus the pectoralis represented the highest percentage of 

body raight in the lightest (non-starved) birds, particularly the 

incubating females. In starving Tufted Duck below C50g and Scaup 

below 750g, this relationsliip changed and the pectoralis became a 

decreasing proportion of the lower body weights. At the same time 

the composition of the muscle changed, water index increased, fat 

index decreased to a constant level (about 2£ fat) and lean dry mater

ial dropped from 2#  to 2#  of total muscle weight.





FIGURE 26. Fat indices of pectoralis muscles in (a) Scaup 

(b) Juvenile Tufted Duck (c) Adult Tufted Duck, 

(left axis indicates number in each class)

M l'





49
The liver

Clianges in absolute weight of the liver were examined; also 

its weight as a percentage of body weight, in order to determine any 

relative changes. In general it was difficult to determine any 

pattern in the liver analyses, except tliat its weight in adult Tufted 

Ducks increased with increasing body weight (Fig. 27). There was 

no clear trend in the relative weight of the liver with body weight 

(Fig. 28), and no differences in liver weight between the sexes.

There was considerable variation in liver wight of birds with sim

ilar body weights; the lightest liver (12g) (excluding that from the 

moulting female) and the heaviest (43.lg) came from birds of 709g 

and 842g respectively, which were well within the normal range of 

body wight. Livers of less than l6g were found in birds ranging 

from 600g to 940g, and those of incubating females were within the 

range for females at other times of the year.

The only seasonal difference which could be detected was between 

males taken in May/june and those taken in other months. The two 

groups had liver weights of 16.3g (SE O.46, n =  11) and 27.8g 

(SE =  I.48, n = 14), which were significantly different (p «s 0.001).

Expressing liver as a percentage of body weight, the two groups 

also differed significantly (p «s 0.001); May/june 3.53# (SE 0.15), 

rest 1.1% (SE 0.15).

The seven egg-laying females included the two heaviest livers 

found in females and also one of the lightest. In the incubating 

females there was r.o change in mean liver weight as incubation pro

gressed.
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FIGURE 2 7 .

FIGURE 28.

Liver weight in relation to body weight in adult 

Tufted Ducks.

• male, A female, A incubating female.

Scatter diagram showing liver weight as a propor

tion of body weight against body weight in adult 

Tufted Ducks.

• male, A female, A incubating female.
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Over the wide range of body mights in Scaup, there was a good 

correlation between liver weight and body weight (Fig. 29). However 

a fairly wide range of liver weights among birds of normal weight was 

again evident. At body weights of less than SOOg there was a sliarp 

decrease in liver weight from 4—5/-* of the body weight to around 2$.

The water, fat and lean dry material in the liver did not show 

any clear clianges in their relative proportions (FI and Wl) in any 

of the groups of birds (Figs. 30 and 31)• The fatty livers did not 

correlate with the heavy livers. Fat index in the livers of egg 

laying females ranged from 0.122 to 0.350. The water index, fat index 

and fat weight in the liver all varied over their total range through

out incubation. The distribution of fat indices in the adult Tufted 

Ducks was skewed towards those with low values (Fig. 30). Except for 

one egg laying female, all of the birds with a fat index greater than 

2.5 were taken in the early morning (before 07.00) or while actively 

feeding. This is further evidence that they fed at night (see feeding 

section) as a fatty liver appears to be associated with recent feed

ing (Wilson and MacFarland, 1969)«

The Scaup provided a wide range of liver weights, for which the 

proportions of the major components were determined (Fig. 32). Water 

and lean dry material increased linearly with total liver weight.

The fat weight also increased but m s  extremely variable, and small 

absolute weights were involved. Evidently the major changes in liver 

weight resulted from clianges in lean tissue. The fat in the liver 

accounted for a maximum of 1(# of the total weight but was usually 

around 5£. There appeared to be an increased variation in the rela

tive components of livers in the range 40-44g which was the weight 

below which its proportion of the tody weight decreased.



FIGURE 29. Relationship between liver weight and body weight 

in Scaup.
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FIGURE 30.

FIGURE 31.
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Scatter diagram showing liver fat index against 

total liver weight in adult Tufted Duck. Dashed 

line indicates index of 2.5.

Scatter diagram showing liver water index against 

total liver weight in adult Tufted Duck.
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FIGURE 31.
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Scatter diagram showing liver fat index against 

total liver weight in adult Tufted Duck, Dashed 

line indicates index of 2.5.
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FIGURE 32 Changes in the three components, water, lean dry- 

material and fat with total weight in livers of 

Scaup.
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In general, liver weight in Tufted Due!: increased with body 

weight, but the breeding females added considerable variation to 

this relationship. In winter Scaup, both sexes were similar and 

liver weight increased from $  of body weight at 750g to 4 «5$ at 

i;00g. A similar pattern, in which the liver was proportionately 

larger in the heaviest birds occurred in the Food Pigeon Columba 

paliunbus (Ljungren, 1968).

The s!;eleton

Tufted Duck lay 6-12 eggs on consecutive days. The eggshell 

of the domestic fowl, which lays eggs of similar size, contains about 

2g of calcium and therefore, by analogy, a duel: requires 12 - 24g of 

calcium over 6 - 1 2  days. Apart from the food taken at the time, one 

possible source cf calcium is the skeleton, which in birds contains 

97_99$ of all the calcium in the body (Common, 1938).

I deterr,lined the skeletal weight in three samples of birds:

(1) males taken in April/Hayj (2) females taken just prior to or 

during egg laying, some of which had eggs in the oviduct; (3) 

incubating females which liad completed their clutches. For each bird, 

I used sternum and wing length as an indication of the overall skele

tal size (Table 7)•

The skeletal weight of incubating females was significantly 

less (p «s 0.05) than that of females prior to and during lay. In the 

latter birds skeletal weight did not differ from tliat in males which 

had significantly larger sternum and wing lengths.(p «  0.01). Evid

ently, skeletal material was used during the laying period, and losses 

were recouped before laying in the next year. The amount of this loss 

(7g) is close to the total loss of lean dry material (8g) during egg 

laying, and about 2C£ of total skeletal material at start of lay.



TABUS 7. Skeletal weight, sternum and wing lengths (+SE) of 

pre- and post-laying female Tufted Ducks. Males in 

April and May are included for comparison. Signi- 

• ficantly different values arc marked;

* p<0.05, #*p<0.01.

SKELETON STERNUM WING
WT. (g) LENGTH (mm) LENGTH (mm)

MALES (n = 9) 30.0 85.5 211.0
(SE 2.85) (1.08) (1.71)

**

FEMALES
PRE-LAYING (9) 26.8 82.0 202.6

(2.38)

*

(0.69) (1.50)

FEMALES
POST-IAYING (8) 19.8 82.6 205.3

( 1 .60) (0.94) (1.71)
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6 coircsm o:: of eggs avd duckluics

The main aims were to determine the composition of eggs laid 

by Tufted Duck at Loch Leven and of the fledged ducklings, as both 

sets of data were needed to calculate the overall energy budget.

In addition I looked at egg composition through the season to see 

whether clianges occurred, and the composition of eggs laid parasit- 

ically in the nests of other species, to determine whether these 

differed from eggs laid •normally'. I also obtained information on 

the development of the ovum within the bird, and examined the 

relationsliip between the composition of the egg and tliat of the 

newly hatched duckling.

Egg composition

In 1970, one unincubated egg was taken at random from each of 

96 nests, spread throughout the laying season. These eggs were used 

to determine the average composition of the eggs, and any variations 

in composition between eggs laid at different times during the season. 

Accidents and errors reduced the sample size.

The average fresh egg weighed 55.5g (SE 0.39, n = 82), compris

ing 5g (9/0 shell, 7.9g (K/0 lean dry material, 8.2g (1553) fat and 

34.3 (62$) rater (Table 8). The fat index was O .963 (SE O.O89) and 

this did not change significantly with egg weight. Water index 

increased with egg weight, and the correlation between weights of 

rater and lean dry material was highly significant (p *s 0.001), and 

indicated an increase in rater index from 4.00 at 7g lean dry weight 

to 4.32 at 9g. Thus the proportion of fat to lean dry material 

remained constant but the proportion of water increased in larger 

eggs. Tliis is a different relationship to tliat found in body 

composition.



TABLE 8. Size and composition of eggs laid in Tufted Duck nests 

and of those laid parasitically (by Tufted Duck) in 

the nests of other species. (Mean - SE).

NORMAL (n=82) Significance of 
difference

PARASITIC (n=13)

Weight (g) 55.45 (0.39) * 52.96 (1 .00)

Breadth (mm) 41.20 (0.10) 40.65 ( 0.25)

Shape (by )
index ( '1.100)70.00 ( 0.29) N.S. 69.59 (0.97)

Shell wt. (g) 5.05 (0.04) N.S, 4.97 (0.11)

Lean dry 
wt. (g) 8.22 (0.06) 7.85 (0.13)

Water 
wt. (g) 34.32 (0,25) ** 32.52 (0.59)

Fat wt, (g) 7.94 (0.07) N.S. 7.6 2 (0.26)

Water index 4 .17 6 (0.022) N.S. 4.142 (0.071)

Fat index 0.963 (0.009) N.S. 0.963 (0.024)
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TABLE 9. Egg size and composition in five 10 day periods of the 

1970 egg laying season. One egg was taken from each 

clutch. Clutch size was taken from Table

M A Y  J U N E

11 21 31 10 20

NO. EGGS
EXAMINED 20 21 19 14 5

EGG WT. 53.9 55.1 55.2 57.0 57.9
+ 0.74 +  0.65 +  0.79 + I.17 + 1.23

EGG BREADTH 41.0 41.0 41.2 41.3 41.8
+  0.17 +  0.23 + 0.18 + 0.27 + 0.49

SHAPE INDEX
(Length 
(Breadth x 10°) 70.S 7O.O 70.2 68.9 70.3

+  0.66 +  0.67 +  0.45 + 0.68 + 1.51

WATER INDEX 4.16 4.15 4.25 4.22 4.27
+  0.046 +  0.053 + 0.035 + O .041 + 0.058

FAT INDEX 1.001 0.938 0.968 0.985 0.936
+  0.017 +  0.024 + 0.014 + 0.014 + 0.011

C l u t c h size 10.70 10.83 9.79 8.62 7.82
(SE) +  0.26 +  0.20 ± O .15 + 0.15 + 0.37

* (n) 29 50 82 78 17

Ï  For Whole Colony

Regression equation for clutch size (y) upon egg weight (x)

y - 52.73 - 0.774 X r = 0.94'/ ( p < 0.01)

SE of b = 0.,1512



Trends in clutch size, egg size and egg composition 

through the season. Each point represents the mean 

of values for the preceding 5 or 10 d period.
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To find whether egg composition changed tlirough the season, 

the data on egg composition were separated into five 10-day periods 

(Fig. 33, Table 9). Mean egg weight increased through the season 

and the negative correlation between mean clutch size (c) and mean 

egg weight (w) was highly significant (p <  0.001). The regression 

indicated an increase of just over lg per egg reduction in clutch 

size.

The fat index declined through the season, being higher in 

the first period, lower in the middle period and lowest in the last 

period (both differences were significant, t-test,p <0.01). This 

is not incompatible with the earlier finding that fat index did not 

vary witli egg weight, but implies that all eggs, irrespective of 

size, had relatively more fat in the earlier period than in the 

later one. The increases in water index and egg breadth through the 

season were not significant and the shape index of the eggs did not 

change. In respect to these two latter parameters, the Tufted Duck 

was unlike the Shag (Phalacrocorax aristotelis) for which egg breadth 

varied significantly during the laying season, and could be used to 

determine the age composition of the population (Coulson _et al.,

1969). A similar change in egg size and sliape with age of the 

breeding birds was also demonstrated in the Kittiwake (Coulson, 1963).

As indicated elsewhere, 'dump-laying1 by Tufted Ducks was quite 

common at Loch Leven, often in nests of other Tufted Ducks but some

times in those of other species. In I97O, I found 13 Tufted Duck 

eggs laid in the nests of other species, where they were readily 

distinguishable from the host eggs. Nine of the 13 dumped eggs were 

laid between 26 May and 4 June and two each in 16-20 May and 10—14 

June. They were therefore evenly distributed about the period of



maxinnua egg laying. The mean weight of dumped eggs (52.96g SE 1.00) 

was significantly less than the mean weight of eggs laid normally 

through the season (p <  0,05). They were also significantly narrow

er (p «s 0.05), but did not differ in any other respect (Table 8).

Seven females taken during the study for carcass analysis 

contained eggs or enlarged ova which were examined separately to 

determine che period and course of egg development. In examining 

the data I assumed that one egg was ovulated each day, and numbered 

the ova accordingly (Fig. 34). However the ova from different birds 

varied considerably and it was not possible to synchronise them with 

respect to ovulation time. Eggs in the oviduct provided little use

ful information as they had varying amounts of albumen or shell 

added. The largest ova in each bird had wet weights of 15.6 to l8.0g, 

except one (bird no. 148) in which it was only 9.5g. The second ova 

were more variable, ranging from 6.1 to 11.lg and again that of 148 

liras much smaller, 4*3g* In one bird five enlarged ova could be dis

tinguished quite readily and in a second, four. Thus yolk material 

must be provided to at least five ova at a time. The difference in 

weight between successive ova showed that there was a progressive 

increase in the amount of yolk material deposited in the ovum each 

day. The maximum amount deposited by the bird in any day would not 

exceed the total amount of yolk in the largest egg produced by the 

bird, since this also is the sum of the daily increments, in one egg. 

Each day during egg laying albumen and shell for one egg must be laid 

down. Bird 143 was shot while feeding with a male and this would 

suggest that the small ova were just beginning to develop prior to 

egg laying.



Weight of ova and eggs dissected from ^ Tufted 

Ducks. Eggs in the oviduct varied considerably 

in the amounts of albumen and shell. The ova 

were numbered in descending order of size and the 

symbols represent individual ducks.
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Duckling composition

mu

In 1970, as a result to taking incubating females from the nest 

for carcass analysis, lS complete clutches of eggs were obtained.

These eggs were used to examine the relationship between egg composi

tion and duckling composition, though five failed to liatch.

Since many of these clutches had been incubated by the duck, 

for differing lengths of time prior to collection, the analyses of 

eggs from each clutch were first examined to determine whether any 

changes had taken place, which would invalidate comparisons between 

clutches. A very wide range of fat indices was found (1.061 - O.876), 

tut no trend with incubation stage except for a low value in a clutch 

incubated for 21 d before analysis. Within clutches the eggs showed 

little variation in their composition, the ranges of the two extremes 

of fat index noted above being 1.049 - 1.085 and 0.823 - 0.923 

(both n = 3)•

Individual clutches were similarly consistent in their duck

ling fat indicesj the highest mean clutch fat index 0.644 consisted 

of ducklings ranging from 0.616 - O.691, and the lowest, 0,432, 

ranged from O .383 - 0.453* However, the coefficient of variation of 

duckling fat index was twice that of egg fat index taken from the 

same clutches (Table 1C). The reason for this is not immediately 

apparent, but it is unlikely to have been related to the time between 

hatch and being killed, since this was never more than 6h. In eggs 

and young of the Herring Gull Larus arr.cn tatus. incubated and hatched 

naturally, the correlations between egg volume and chick lipid 

(r = O.634), and dry chick weight and chide lipid (r = 0.623) were 

much less tlian the correlation between egg wight and yolk lipid 

weight (¡3,810) (Parsons, 1970). This also suggests a greater variation 

in composition between chides than between eggs of a clutch.





Wien examining the differences between ducklings produced from 

different clutches I considered there to be an advantage of size per 

se, and also that fat index was a good estimate of duckling quality 

since it relates the energy reserves to the quantity of energy 

utilising tissue. There was a highly significant correlation 

(r =0.843, p<0.00l) between mean egg volume and mean duckling weight 

(of each clutch) (Fig. 35)« Mean egg volume was positively correlated 

with mean duckling fat index (Fig. 36} p<0.05) and in general clutches 

with high egg fat indices gave ducklings with high fat indices (Fig. 

37) but the correlation was not significant (r =0.162). Thus the 

largest eggs produced the largest ducklings and also ducklings with 

high fat indices, however there was considerable variation in the fat 

index of ducklings from clutches having similar egg fat indices.

There are two possible reasons for the variation in the condition of 

ducklings hatcliing from similar eggs: (1) the hatching process was 

not equally demanding in all cases or (2) the overall energy costs 

to the egg during incubation were not a constant proportion of the 

energy available to the egg. The former is possible, but all eggs 

within clutches were similar in their relationship to egg condition. 

The latter is also possible because, although all eggs of each clutch 

were subjected to the same incubation conditions, the length of arti

ficial incubation varied between clutches.

Using the data on egg fat weight and duckling fat weight, I 

calculated the average loss of fat during incubation at 3.28g 

(Table 10). This would provide 130I:J, which is 3 $  more than the 

energy used during incubation of chicken eggs of comparable size
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Relationship between egg volume and duckling 

weight. Each point is the mean value for a clutch. 

Y = 0.814 X -  4.59 , r = 0.843
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FIGURE 36. Relationship between egg volume and duckling fat 

index. Each point is the mean for a clutch.
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(Murray, 1925)« In my study fat represented only 11.8# of the 

newly hatched duckling weight, which included the yolk sac, whereas 

Evans (1969) found 12.0# fat in ducklings from which the yolk sac 

liad been removed, and since the latter contains mainly equal amounts 

of fat and lean dry material, ducklings containing the yolk sac would 

be expected to contain a higher proportion of fat than Evans' 

estimate. These two facts suggest the possibility that ducklings 

examined in the present study had lost an excessive amount of fat 

during incubation. This could occur if the incubation temperature, 

37.5°C, was too high; since the embryo behaves as a poikilotherm and 

its metabolic rate is proportional to temperature (Earrott, 1937).

Juvenile Composition

The main aim was to determine the carcass composition and 

energy value of the fledged duckling; data were also obtained on 

first winter birds. This was possible since many birds retained the 

notched tail feathers until the spring after hatch, the latest these 

were found was 3 April.

In juveniles, weight increase is rapid up to fledging at eight 

weeks, then slows down. As it was not possible to put precise ages 

on birds taken in this study, I have related the weight to the wing 

length (Fig. 38), which allowed a comparison to be made with similar 

data from captive birds of known age and wing length. I have calcul

ated the relationship between these two measurements given by Rear

(1970) for birds liatched from eggs from Loch Lcven and reared in 

captivity up to 10 weeks of age. The wild birds obtained prior to 

fledging were heavier at a given wing length tlian those reared in 

captivity. This implies either better feeding or food conversion

1



FIGURE 38. Relationship between wing length and body weight 

in juvenile Tufted Ducks. This shows a discon

tinuity around 500 - 600g body weight. The lines 

represent mean values calculated from Rear (1970); 

solid - males, dashed - females.
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efficiency in the wild birds, or that feather growth and fledging 

took longer in the wild and therefore birds were heavier when this 

occurred.

Host of the juveniles obtained in this study were fledged, so 

my data on body composition is mainly from post fledging birds.

There was a steady increase in lean dry material with increasing 

body wight up to lCOg at 700g (Fig. 39). Juveniles had lean dry 

weights lower tlian the mean for adults of the same body wight, but 

the relationship betwen fat content and body wight was similar in 

juveniles and adults (Fig. 40), with most of the fat increase occur

ring above 700g. Several juveniles had more fat than adults, 

particularly around 500g body wight, which was abnormally low for 

adults.

The water index is similarly distributed against body wight in 

juveniles and adults (Fig. 41) • High water indices occurred at low 

body wights, a feature also noted in juvenile domestic and Tufted 

Ducks by Evans (1969) who suggested that the gradual decrease in water 

index during growth was part of the attainment of general ' chemical 

maturity* (Moulton, 1923) •

A fledged Tufted Duck wighed on average 650g, which was com

posed of 470g (7#) water, 140g (2$) lean dry material and 40g (($) 

fat.

There was a marked bimodal distribution in the pectoralis 

wights of juvenile Tufted Ducks (Fig. 42), which changed around 

500-600g body wight. This change could be related to fledging, and 

the use of these muscles for flight. The pectoralis wights of pre- 

flcdging birds represented only 2 - Cft of total body wight, but in
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FIGURE 39.

FIGURE 40.

Relationship between lean dry material and body 

weight in juvenile Tufted Ducks. Line represents 

the median value for adults, a males, a  females.

Relationship between fat and body weight in 

juvenile Tufted Ducks. Line would contain values 

for adult birds of this species (from figurel8 ) 

a males, a  females.
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FIGURE 41. Plot showing water index against body weight in 

juvenile Tufted Ducks. The line would contain 

all values for adults of this species 

a males, a females.
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Pectoralis weight as a proportion of body weight 

against body weight in juvenile Tufted Ducks. 

Sexes not separated.

Plot of liver weight against body weight in 

juvenile Tufted Ducks.
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fledged birds 12 - 1 C'fj, as in adults. The locomotor muscles would 

be of little use before the flight feathers grew, but their growth 

concurrent with the production of the flight feathers must increase 

the protein requirements which occur over a short period.

Liver weight in juvenile Tufted Duchs increased with body 

weight but, as in adults, the range was wide for a given body 

weight (Fig. 43)• The livers of juveniles were generally heavier 

then those of adults of similar weight and in birds below 600g 

represented up to of body weight.

The composition of the pectoralis muscle and liver of juveniles 

was dealt with in the main section on carcass composition.
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7 THE ENERGY BUDGET

The main aim of this study was to construct an annual energy 

budget for the Tufted Ducks at Loch Leven, itself necessary to 

determine the role of these birds in the total Loch Leven ecosystem. 

Certain parts of this budget, considered in detail, for specific 

months or for individual birds, also provided information on how the 

duck itself copes with periods of heavy demand.

In constructing an annual energy budget for the population, the 

main concern was to determine values of the correct order of magni

tude and thus the relative importance of the various components. For 

each parameter in the equation, a mean value was used, whether this 

was for numbers of birds on the loch, or for weight or body composi

tion in a given month. No measure of spread was included, because 

this would become meaningless in calculations involving the products 

of several values. Where values were critical, for example in deal

ing with individual birds, the full range of figures was considered.

A population bioenergetics model was developed as part of the 

Grassland Biome project of IBP by Wiens and Innis (1974). They wrote: 

"In the absence of direct field measurements, one must couple the 

relatively scanty field information with values in the literature and 

a certain amount of sensitive guesswoi'k to obtain realistic estimates 

of the population dynamics and bioenergetic demands of bird popula

tions". In my study, many values were determined with considerable 

precision, but at several points it was necessary to use values from 

the literature or some "sensitive guesswork".
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The definitions of the terms used in the classic energy- 

balance equation, C = R + P + FU, are: C = consumption, the total 

intake of food; R = respiration, that part of the food intake con

verted to heat and dissipated in life processes; P = production, the 

net balance of food transferred to the tissue of a population; FU = 

rejecta (faeces and urine), that part of the total intake not used 

for production or respiration (Petrusewicz and MacFadyen, 1970). I 

have dealt with each of these partitions in turn, and throughout the 

development of the energy budget, where relevant, I have compared my 

values with those estimated by the more complex model proposed by 

Wiens and Innis (1974)• In many cases differences arose because their 

model was based on data from birds of less than 50g body weight, 

Dickcissels Spiza americana and Horned Larks Eremophila alpestris, 

whereas Tufted Duck weighed 500 to lOOOg.

In autumn 1970 an abnormally high population of Tufted Ducks 

occurred at Loch Leven, and I therefore made a separate estimate for 

August to November in that year to determine the effect of the increase 

over normal years (Table ll).

It was necessary to have an estimate of body weight and compos

ition in each month for both sexes to serve as the basis for determin

ing the energy content of individuals (Fig.44). As no males were 

obtained between July and October, and no females between February and 

March, the weights in these periods were judged by extrapolation.

These estimates may be subject to error for the months concerned, 

although the total budget will not be unduly altered.



TABLE 11. Monthly Totals for number of 'Bird days' (NT) spent 

at Loch Leven by Tufted Ducks. Compiled from 

figure 1.

av. popn. NT (rounded to 250)

January 62.5 2000

February 250 7000

March 525 16250

April 1270 38000

May 1200 37250

June 1200 36000

July 1800 55750

August 2250 69750 + 500 + 7000

September 1000 30000 + 1500 + 45000

October 500 15500 + 1750 + 52000

November 135 4000 + 650 + 20000

December 75 2300

Total 318000 +124000
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Respiration

Petrusewicz and MacFadyen (I97O) pointed out the difficulty of 

relating the laboratory measurement of respiration, basal or standard 

metabolic rate (SMR), to the actual respiration of animals in the 

field. In a study of the energetics of small mammals, Górecki and 

Grodzynski (1968) used the "average daily metabolism", and corrected 

this for thermoregulation to determine the "daily energy budget".

Until a method of measuring the metabolism of free living animals is 

devised, some such correction involving intuitive guesswork will 

always be necessary,

I have used the calculated SMR for birds of known weight and 

multiplied this by a factor of 2,5 to determine the 'existence energy' 

of the free living bird (Laughlin, 1974), This calculation was based 

on the equation derived by Lasiewski and Dawson ( 1967) which related 

SMR ( in kcal/d ) to body weight, W ( in kg ) for non-passerine birdss

SMR = 78.3 W0,723

The factor for correcting SMR to existence energy was determined 

by comparing the values predicted by the Lasiewski/Dawson equation 

with the values for metabolised energy in several published studies on 

captive birds of similar size to the Tufted Duck, These were 2x for 

captive Ring Doves Streptopelia risoria (Brisbin, 1969) and Blue

winged Teal (Owen, 1970), 2.2x for Willow Grouse lagopus lagopus 

(West, 1968) and 2.5x for wild Mourning Doves Zenaidura macroura 

(Schmid, 1965). Therefore the value of 2.5x allowed for a slight 

increase in the activity of free living birds. West (1968) showed that 

there was little seasonal change in metabolised energy, even though
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temperature varied over 50° C. The extra demands of thermoregula- 

tion in winter were balanced by increased activity in the summer,

Wiens and Innis (1974) determined R differently, using the 

equation of Kendeigh (1970) relating the existence energy, EE, to 

body weight, W, at different temperatures.

At 30° C EE = 0.54 W0,75

At 0° C EE = 4.4337 W0,53

Whereas the Lasiewski/Dawson equation relates to birds at thermo

neutrality, Kendeigh» s equation incorporates ambient temperature, 

and his existence energy includes "the energy expended in standard 

metabolism, specific dynamic action, thermoregulation and limited 

locomotor activity,"

The existence energy requirements can be extrapolated linearly 

through 0° and 30° C, and I determined the existence energy require

ments for several weights over the range found in the study (Fig. 45). 

Wiens and Innis further modified Kendeigh»s existence energy by a fac

tor of 1 .4x to "allow for activity over and above the limited loco

motor activity permitted by Kendeigh". The calculations for Wiens 

and Innis» model are therefore more complicated than for my own.

The monthly energy costs of respiration were calculated for 

males and females (Tables 12a and 12b) using both these methods 

applied to the estimates of average body weight and population size. 

For the estimation using Kendeigh's equation the mean monthly air 

temperatures at Loch Leven were taken from Smith (1974).

The overall difference in the totals calculated by both methods 

was less than It#; the monthly differences were largest during the 

winter (20Jg) but it is possible that the correction of 1.4x for 

activity, used by Wiens and Innis, is too high for Tufted Duck in
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winter. My figures represent an increase of 20$ on the Kendeigh 

existence energy estimate during winter. There does not appear to be 

any reason to change from the previous method (Laughlin, 1974) of 

determining R from 2.5x SMR and this estimate has been transferred to 

the total budget (Table 15).

Production

The production (P) is made up of three components! (l) the 

net change in the biomass of the standing crop during its presence on 

the loch, AB, (2) the production of eggs, (3) the production of 

young to fledging,

Change_in the Biomass ,_AB

It was necessary to convery data on body weight to energy terms.

This was done by using a summary of the data on carcass composition

described earlier (Fig. 46), calculating the energy content for birds

of several weights (Table 13) and constructing a graph of body weight

in relation to energy content (Fig. 47)» Then by taking the average

values of body weight in each month for each sex, the average energy 

were
values of the birdsAread from the graph. This was plotted at the mid 

point of each month and the net change in each month read from the 

graph. These values were then converted to population biomass changes 

using the population counts. From March to August the pattern of 

monthly changes was quite different for the two sexes; females 

increased in weight from March to May and then lost heavily in June 

and July, during egg laying and incubation, while males lost most 

during May and June. The net annual increase in biomass of the Tufted 

Duck population during its presence on Loch Leven was 29 x l o \ j . In 

the year of exceptional autumn numbers this increased to 5474 x lo\j 

(l88x), though this was still only 2$ of the annual budget for respir

ation. (Table 14.)

»§•:£ **?,>'*.**. tiff»-?*: **•*■*’
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Carcass composition of Tufted Duck in relation to 

body weight, all birds except juveniles. Areas 

are shaded so as to enclose all individual values.
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TABLE 13. Carcass composition and energy content of birds 

of different weights. Data from which figure 

was constructed.

Weight Lean dry 
material

Fat Energy
content

g g g k j

500 105 7 .5 2104

600 U S 25 3487

700 165 80 60 U

800 175 U 5 8767

900 180 225 12029

950 180 275 14014
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production_-_e£gs

The average egg weighed 55.5g, and contained 8.2g lean dry- 

material and 7.9g fat, an overall energy value of 455kJ. At 

8.20kj/g, this is not greatly different from the 7«53kj/g given for 

anseriformes by King (1973). In the domestic fowl the cost of egg 

formation is 33% of the value of the egg itself (D W F Shannon, 

pers. comm.), which is comparable to the 73% net efficiency of egg 

production given by El-Wailly ( 1966) for Zebra Finches Taenopygia 

castanotis and used by King (1973) and Wiens and Innis (1974) •

Using 75% as the net efficiency of egg production, each egg costs 

605KJ above existence requirements to produce. Since the breeding 

females numbered about 525 birds and average clutch size was taken to 

be 9.5 eggs, the cost of producing all eggs laid at Loch Leven each 

year was: 525 x 9.5 x 605 = 3.0 x 10^ kj. This figure for egg pro

duction was divided equally between the months of May and June on 

the evidence of Fig. 11 .

Production_-_yoimg

As already indicated, the number of young produced at Loch Leven 

in each year was extremely difficult to assess. The costs of pro

ducing young which hatched but failed to reach fledging were not taken 

into account, but this would not represent a significant error in the 

energy calculation, and anyway many would return to the loch ecosys

tem.

Carcass analysis showed that the 650g juvenile (taken as the 

fledging weight) comprised 140glean dry material and 40g fat, 4000kJ 

of stored energy. The conversion efficiency of metabolised energy 

into body tissue during growth was taken to be 30%, as suggested in a



recent review of growth in the domestic fowl (Fisher and Wilson,

1973) . This includes the maintenance cost (R) during growth and 

therefore differs from the growth efficiency value used previously 

(Laughlin, 1974)• The net energy cost of each fledged duckling was 

therefore 13,300kJ.

Assuming 350 fledged ducklings, as derived earlier, the total 

energy used in duckling production was 4.6 x 10^ kj per year. This 

cost had to be apportioned between the three months during which 

ducklings were growing. This was done by assuming the ducklings were 

produced with the same distribution as the eggs hatched, and multi

plying this by a series of growth curves to estimate the population 

weight increase in each month. This was approximately in the ratio 

Is5:4 in June, July and August, and the total energy expenditure was 

apportioned accordingly.

Rejecta

It was necessary to consider the efficiency with which the 

Tufted Duck obtained energy from its food but, as indicated earlier, 

the assimilation efficiency was not determined experimentally in this 

study. Published data for digestive efficiency was 70-80$ in American 

Coots and Black Ducks (Penney and Bailey, 1970) and 70-75$ in Blue

winged Teal, measured when production was zero. The digestive 

efficiency must vary between species and between foods eaten. For 

Trout feeding on chironoraids a digestive efficiency of 80$ was used 

( R I G  Morgan, 1974), based on published digestibilities of up to 

85$ for Gammarus, Tuhifex and housefly larvae. When considering grass

land birds feeding on terrestrial insects and seeds, Wiens and Innis 

assumed that 70$ of the energy intake was metabolically available.

74
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I therefore have used 75$ as the digestive efficiency of the Tufted 

Duck feeding at Loch Leven and this was applied to the net energy 

costs of respiration and production (Tatle 14).

The figures for respiration, production and rejecta gave the

total energy consumption by Tuf ted Duck at Loch Leven (Table 15) •

2
This was tiien converted to a per m" basis over the loch as a whole 

in order that comparisons could be made with other values deter

mined for the ecosystem. In the year with a large persistent 

population, the energy budget increased by 40$ over the more normal 

year. The major cost in the budget (73$) was respiration; total 

production represented only 2$ of the energy budget in normal years 

and 3$ in 1970. In determining the annual energy budget in this way, 

the most important figures are the population data and the changes 

in body weight through the year, since these form the basis of the 

respiration value. The two different approaches to determining 

respiration did not lead to any major difference in the total budget. 

When considered in the context of the total budget, the figures for 

the production of eggs and young are relatively insignificant, but 

they are of considerable importance in the budget of individual birds.

Some details in the energy budget of individuals

Between March and July the female Tufted Duck built up her 

reserves, laid and incubated eggs and reared young. It was therefore 

of value to investigate the energy budget over this period in some 

detail.

The b ird s  taken du ring  egg  form ation  averaged  865g w ith  eg g s
and ova , and 820g when th e  l a t t e r  were rem oved. I t  was d i f f i c u l t  to
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assess the weight just before egg formation commenced, but 850g 

seemed a likely figure. Four estimates of body weight at the begin

ning of incubation were available from the four regressions (Table 6 ). 

These varied from 696g to 740g, and therefore 720g was used here, 

which gave a weight loss during egg formation of 130g. This com

prised 94g fat, 8g lean dry material and the rest as water, roughly 

3850kJ in all. An average clutch of eggs (9.5) contained 78g fat and 

75g of lean dry material, and its production (assuming 75$ efficiency) 

added 5748kJ to the energy budget of the female. Therefore the major 

requirement for the female during laying was 70g of the 78g lean dry 

material needed for egg production, since she evidently provides all 

the fat ana over 65$ of the energy requirements for egg production 

from her reserves.

The costs of egg production are distributed over the period 

from when the first ovum begins to enlarge to the laying of the last 

egg. Maximum production of egg material is reached in the 24h before 

the first egg is laid and begins to slow down 5d before the last egg 

is laid, when no new ova are enlarging. This maximum daily need will 

not be more than the cost of the largest egg, since it is the sum of 

the daily additions to each of the developing ova. If the ovum 

begins enlarging five days before the ovulation (or six days before 

oviposition) then the maximum production must be maintained for 

(clutch size -6) days. During this period the costs of daily egg 

production, 605kJ, represent an increase of 88$ on the normal daily 

existence energy requirements (2.5 x SMR).

After egg laying the bird must retain sufficient reserves to 

allow her to successfully incubate the clutch. During incubation,
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weight loss was estijnated at 6g per day, 2.37g fat and 0.87g lean dry 

material, which would provide llOkJ d”1. The SMR of a 670g bird (the 

weight at 12d incubation predicted from the regression) is 245KJ and 

this must therefore represent the minimum requirements. Metabolism 

of body tissue would provide only 45% of this need and a smaller 

proportion of the actual metabolic costs of incubation. These costs 

are difficult to assess, but in the Zebra Finch metabolised energy 

increased by 10-15% during incubation over the pre-laying level 

(El-Wailly, 1966). Assuming some activity is essential for feeding, 

then the actual existence energy requirements during incubation 

could be as high as 1.5x SMR, 368kJ. The female would then need to 

collect 258kJ per day during incubation. Thus the female provided 

30$ of her energy requirements during incubation from body reserves 

and 70% from food eaten at the time, but the latter may be increased 

in years of good food supply.

I obtained little information on which to make estimates of 

energy costs for individual females after incubation was finished. 

Three of the four females taken in October still weighed less than 

650g and one was still moulting her remiges. This would suggest that 

the females do not recover from breeding and moulting until well into 

autumn.

Turning now to the male, the most obvious feature in the energy 

budget is the rapid weight loss during May and June, around 125g or 

3100kJ, It is not possible to say how much this loss resulted from 

reduced feeding and how much from increased activity during court

ship. None of the males shot in June had begun their wing moult, so



this did not contribute. Two of the three males shot in October 

were over 850g body weight indicating that they recovered before 

the females.

In the event of ice cover, it is relevant to assess how long 

Tufted Duck could last without food,given the weights I found. Since 

temperature is important in this situation I have used Kendeigh's 

estimate of existence energy requirements at 0°C, as this includes 

the costs of thermoregulation. Taking a 950g bird and assuming it 

could lose at least 200g without major distress; this weight loss 

would provide 6700kJ and the daily requirement of a bird of mean 

weight 850g is 640kJ, Thus this bird could last 10.5 days without 

food. A further reduction to the very low weight (in winter) of 650g 

would yield 2700kJ which with a new daily requirement of 580kJ would 

last a further 4.5 days. Thus the reserves become progressively less 

valuable as they are used up. This example is an extreme case, as 

many birds may be lighter to begin with and air temperatures may go 

below 0°C. It does however indicate that the birds could sit out 

long periods of ice cover, possibly by shifting to salt water (Thom, 

1969). Even allowing for the increased energy expenditure of flying, 

these birds have adequate reserves to allow time to find open water 

in the event of cold weather and icing.

The food energy available in the ecosystem

Work on the zoobenthos in the IBP project at Loch Leven mainly 

concerned the estimation of production of larval chironomids 

(Maitland and Hudspith, 1974; Charles et al. 1974). From the data on 

numbers and dry weights of different species in different months,
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and those given by MacFarlane and McLusky (1974), I have produced a 

crude estimate of the monthly standing crop of the main chironoraids 

at Loch Leven. The most complete sets of data were available for 

May 1970 - December 1971 and some figures were missing in certain 

months, but they still provide an indication of the seasonal changes 

in food supply (Fig. 48) . On the figure, I have also shown the 

calculated requirements of the Tufted Duck at Loch Leven through 

the year.

The minimum standing crop of chironomids was in July in 1970 

and June in 1971, and these were 10 - 100 times less than those in 

other months. Eggs were laid during the period of declining biomass 

of chironomid larvae and in 1971 some birds were still laying when 

the minimum occurred. This reduction in standing crop of the larvae 

was however associated with the emergence of adults, and they were 

abundant during much of this period. In June 1971 the standing crop 

of larvae, 3kJ ra“2, approached the monthly energy requirements of the 

Tufted Duck population, and in this month when most birds are incub

ating such a reduction in the food supply was critical, as the 

variety and abundance of alternative foods was limited {Maitland and 

Hudspith, 1974). Hatching success in 1971 (45/0 was significantly 

worse than in 1970 (7$) (N & C, 1975).

In 1971 the main duckling hatch occurred during the period of 

minimum biomass of chironomid larvae but in 1970 the minimum occurred 

later and emerging adults and larvae would be available for many 

newly hatched ducklings. In both years the biomass of larval chirono- 

■aids exceeded lOOkj/m by August, at which time ducklings from the 

peak hatch would be one month old and growing rapidly.
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The total annual production in 1970 was estimated by MacFarlane 

and McLusky (1974) to be 36# greater than that of 1971 for 5 species 

of chironomid, and 2.5 x greater for three species by Maitland and 

Hudspith ( 1974). The standing crop of cliironomids between September 

and December 1970 was twice that of the same months in the following 

yearj 1970 was the year of the unusually large Tufted Duck numbers on 

Loch Leven. Hence both numbers and nesting success may have been in

fluenced by food supplies.
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8 DISCl'SriPN

Feeding Behavirur of Tufted r̂d other Divine Dunks

Although Dewar (l9°d) collected many data rn diving birds, 

he '’id no+ discuss their implications on feeding efficiency. The 

time ta’-en for dives to any giver depth w^s rimilar for the three 

species consider'd here and, at depths greater than one metre, the 

relationship betveen the depth and time was linear. This implies 

that if a bird travels thro-gh the water at constant speed it should 

spend a similar period on the bottom at all depths. This would be 

ten seconds at depths greater than one metre. The alternative 

explanation is that the bird accelerates during the dive and the 

return, and thereby spend; progressively longer on the bottom at 

increasing depths. This explanation requires that the bird "knowfi" 

the depth, and t’mes its foraging accordingly. I have assumed that 

the first explanation is the most likely.

Goldeneye divine more than 0.8m had dive: surface-pause ratios 

varying from 2 .5 to 3; but this showed no clear trend with depth, 

and Nilsson (196 9) concluded from this that the birds dived with equal 

economy in both deep and shallow water. Dewar's data indicated an 

increase in the dive: pause ratio from 2 to 3 as depth increased; 

ie. the pauce time increased with the dive time, although not 

proportionately. A dive and pause sequerce took 25s at lm and 40s 

at 3m. Therefore if unit time was spent on the bottom for each dive 

then feoding at 3m would be temporally lees efficient than at lm. 

Taking these values over a continuous feeding period of one hour,



84

the number of dives at ltn and 3m would be 14f and 90 respectively.

An increase in de'th from lrn to 3m would therefore decrease the time 

spent in food fathering by 40$. To spend an equal period on the 

bottom at 3m would t"ke a total feeding time of lh 36min. Longer 

periods of feeding in greater depths presumably require the expenditure 

of n re energy and so, to feed efficiently, the bird must balance the 

amount of food available at various depths with the tine required to 

gather it.

Pos ibly the potential feeding areas for Tufted Duck at Loch 

Loven are limited in the first instance by depth, since diving to 

greater depths becomes progressively less ‘■'fficient. The deepest 

dive which Dewar (l9?4) recorded for the Tufted Duck was 4.5m, but few 

dives exceeded 3m. I'asden (1954) stated "the species feeds mainly 

at smaller depths, l-2m but may dive to 5m", and at an estuarine site 

in Sweden the 3m contour wa° regarded as the limit of the Tufted Duck 

feeding area (Nilsson, 1969; 197 0• The areas used for feeding by

the Tufted Duck at Loch Lever, represent only 40$ of the ar a less 

than 3m, so factors other than denth a’e also restricting. Tufted 

Duck do not appear to use the extensive shallow (sandy) area along 

the north east shore of the loch. Until 1950 this area was choked 

with an impenetrable growth of weeds, rendering it almost useless to 

bottom fe-’din" ducks (A & N, 197^)- This area now has a rich 

invertebrate fauna including chironorrid larvae (Maitland and Hudspith, 

1974), but was classified as 'wave dominated* by Smith (1974).

Perhaps it is its exposure that makes it unsuitable for diving ducks, 

but shallowness combined with the wave action may also cause the 

benthic animals to burrow more deeply i„ the substrate, making them

n
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unavailable to ducks.

The Tufted Ducks at Loch Leven fed by night. This was also 

the case in southern Swed n (Nilsson, 1969; 1970), where birds were

observed flighting from the resting areas about 40 minutes after 

sunset and arriving back before sunrise At a seco d lake which was 

used both as a resting and a feeding site, Nilsson noted a general 

dispersion of the birds from the restirg areas at dusk. During 

periods of cold weather, however, these birds fed durin'* the daytime 

and the intensity of daytime activity was inversely correlated with 

the daily mean temperature.

There were no differences between the four duck species in the 

time taken for feeding at a given depth, nor in their preferences for 

feding depth. This suggests that there were no species differences 

in the efficiency of feeding at a given depth. At a given site, 

different species dived to the same depth, and at different sites all 

4 species showed different depth preferences (Dewar, 1924). It is 

therefore unlikely that differential diving depths would reduce any 

competition for fo^d at Loch Levon between the four species of diving 

duck which occur there.

One possible advantage of night-time feeding to Tufted Duck is 

that certain srecies of clironomid larvae are more available then.

At Loch Levon these larvae periodically leave the substrate and become 

planktonic (Davies, 1974), and during ?4h studios of zooplankton,

Walker (1970) col’ccted chirononids from the water column only at night. 

A similar night-time pcav of planktonic activity by larval chirononids 

vas observed in certain Canadian lakes (l-'undic, 1999; Hamilton, 1965). 

Thus animals which are normally unavailable to the Tufted Duck owing
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to their depth in the substrate may become available at its surface 

during this nocturnal migration and may partly explain the predilection 

for night-time fe ding in the Tufted Ducks at Loch Lcven. In view of 

the darkness, and from observations of feeding behaviour it is 

unlikely that the Tufted Duck would toko the larvae from the water 

column.

One alternative possibility, that nirht-time feeding in the Tufted 

Duck could have been an anti-predator function is unlikely, since 

except when nesting, I know of no predators other than man and anyway 

similar pressures would ap-ly to the Goldeneye, which fed by day. 

Nilsson (1969) also observed that Goldeneye in Sweden spent most of 

their day seeking food, while several authors (Breckenridge, 1953;

King, 1961 i Linrell, I969) have noted evening gatherings to roost 

on open water.

In comparison, Pochard. fed equally by day and by nirnt (Klima, 

1966), and Olney (1970) suggested that since their foods were mainly 

vegetative and belonged to the benthos, they were little influenced 

by differences betwee" light and dark. At Loch I.even feeding during 

darkness would be little different from during the daytime since for 

much of the year little light penetrated beyond lm owing to the dense 

algal bloom (Bailey-V.'atts, 1974)•

Thus the three species of diving ducks, which occur regularly

at Loch Leven, differ in diurnal rhythm of feeding, probably according 
(

to diurnal availability of the respective foods, or to the total food 

needs of thp birds themselves.

*  *  M f f ,9V * i. *  > * v- r -v  r v u 1  « $ • j: «
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Food of the Tufted Duckg

An important feature of the food habits of the Tufted Duck almost 

everywhere that it has been studied is the predominance of a single 

fo d item. At Loch Leven chiroromid larvae formed the main food dvrin 

cummer; and studies by Madsen (1954) in Denmark, Olney (1963) in 

various parts of Britain, and Nilsson (l?69) in Sweden, on birds shot 

in the autumn, all reported molluscs to be of prime importance, though 

at one site Olney found the crustacean Asel1us to predominate. In 

the only other studies of summer feeding, at Lake Myvatn, Iceland, 

chironomid larvae and the molluscs Limnea and Pisidi’m predominated 

(Benftson, 1971) •

A further common feature of Tufted Duck foods is that they all 

belong to the benthos; the plant seeds are presumed to lie on the 

bottom mud. When examining the .'rut contents of Tufted Ducks it was 

noticeable that al1 items from a single bird were usually of one type 

or, when more than one type was present, all were of a similar size.

A possible method whereby the birds ’hoover' the substrate and select 

and retain items of a particular size was described earlier, and for 

feeding to be efficient the Tufted Duck probably reavires a large 

number of densely aggregated food items of similar size.

In view of this conclusion, the importance of molluscs in the

food studies of Madsen (1954) and Nilsson (1969) was probably a

reflection of the importance of this gioup of animals in the estuarine

benthic fauna. In fact seasonal changes in th" food of ducks 

ed
corresnond^sufficiently well to the general composition of the fauna 

for Nilsson to determine a change in the feedinr niter fr n a muddy 

bottom in autumn and spring to the Zostora. marina meadows in deeper
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water (hiring December. Olney svgr-ested that at tro sites where 

tie diet included 3®/“ plant material the varied diet occurred because 

no single food item vas prerent in sufficient abundance.

In mv ovn study the birds did not shov any distinct food 

preference durirg vinter, either at Loch Levon or at Airthrey Loch. 

Although individuals took a large meal of a single item, each took 

whatever food was available. Perhaps in winter there 'ere no large 

aggregations of food items in these waters, although estimates of 

standing crop suggested that large numbers of chiroromids were present 

at Loch Leven during the winter (ï'aitland and Pudspith, 1974 i Charles 

et si., 1974)- However, Davies (l97d) did not record any planktonic 

activity by chiron rid larvae between October and Parch. Therefore 

if this behaviour is important, in making the chiron'mids available 

to Tufted Ducks, then its cessation during there months may exrlain 

the reduced numbers of birds on the loch during tie same period.

This indicates the importance of considering the availability of food 

to the rreda+or, and not just its physical presence in the habitat.

Thom (IO6 9) explained the small numbers of birds present on 

Loch Leven in winter on the basis of weather, in particular the 

threat of ice. However this rarely lasted more than two weeks 

(Smith, 1974), and birds on other waters of the Forth-Tay region 

remained until these waters froze over and then moved o- ly tr the 

nearest free water or onto the Forth estuary. Thus the departure 

of Tufted Duck from. Loch Leven during the autumn is more likely to 

result from reduce’’ food availability, especially in view of the 

larger autumn numbers in years of good total food supply.
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Food of other diving duck spfcies at Loch Leven

Kost of the Goldeneye taken at Looh Leven during winter had oaten 

sore chirononids, hut more than a quarter took caddis larvae, ard a 

similar number the crustacean Asellur. The latter ras found only in 

birds taken in vinter. One of the Tufted Ducks had taken a large 

number also, which indicated that at this time the divin" ducks may 

be fe ding in a different area possibly with a stoney substrate, of 

the loch, from that used in the summer.

The single Scaup examined had fed on chironomid larvae, but 

Scaup are r-’re visitors to Loch Leven. Pochard occur irregularly 

but then often in large rrmbers, e.g. peak numbers of several thousands 

occurred in June 1966, January, 1967 and October 1968 (A & N, 1974)» 

fy own studies gave little indication whether t!ese birds fed on 

the loch or merely rested there. Pochard were known to feed on the 

Forth estuary and possibly one of their main reasons for visiting 

Loch Levon was to roost. The only bird examined wVich contained 

food had taken a large number of chiror.omid larvae. From data in a 

review of Pochard foods (Olney, 1970), I estimated that 90'ii were 

from plants. In recent years up to 1970, the macrophytic vegetation 

at Loch Leven was very restricted, and in 1966 no fruiting higher 

plants were found (Poliand, 1966). Therefore durin^ this period 

if food attracted Pochard to,Loch Leven it must have been 

animal, nrobably chironomid larvae, which have been*recorded as foods 

elsewhere (Game Conservancy, 1971 ). From 1970-7? '-hen Potorameton 

returned to the Loch, Pochard shot in the autumn had fed on the buds 

of these plants (A & N, 197-0.

To summarise, there appeared to be little competition for food
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hotvccn th« diving duok species at loch Leven, mainly Scarce they 

r«roly ooeurred on the looh together in large numbers. Further, 

the Tufted Duoks and (loldoneye fed at different t.'reo in the ?4 hours, 

and poreibly in different nreas (over different substrates) of the 

looh. The noa'-ro data on Pochard suggested that they mainly fed on 

Pl-’nt nrteri?1 except when large numbers of chironomid larva'' vore 

aval lable.

Pos-ibie r,ontr of fo d run-ly on Due’- numbers.

Tuf*ed Dvok are particularly veil adapted to rather foods which 

occur on the bottom in fairly dense aggregations at depths of less 

than 3m. Theso m o  Jurt th« sort of feeding oprortunities wh'Ch 

hove increased in recent years, in both Britain and Europe, and 

ray a* least partly account for the increase and spread of Tufted Ducks.

-any r» v reservoirs and flooded gravel pits are characterised by 

’Vforrr de-t.h and relatively simple ecos'-stem-- in which ore or two 

ônthi'* crrrnirrc predominate. Also ir nat’.'ral lakes, both in Britain 

and Europe, a loss of variety is associated with the widespread 

eutrophication, itself due to increasing nutrients draining from 

Ppricultursl lard (I’crran, 1971)«

|W l  ern-ly and Tirin'- of breeding

The two m-in periods of fo'd demand are during egg laying and 

duel-ling gro'-th. At Loch Levon the peak of egg laying by Tufted Ducks 

occurred at a tire of maximum biomass of chironenid larvae. This 

followed by the erergence of adults, which reduced the biomacs of 

larvae considerably. The timing or minimum biomass o'" el’ronomid 

larvae, in June/July varied by a month in the two years or whi ch data



were collected (KcLusky and KacFarland, 197/). However in both 

years during this period of minimum benthic food supply small 

ducklings were on the loch.

In the laboratory, ducklings up to one week old pecked food from 

the w-’ter surface in preference to diving, but they occasionally took 

Dnohnia sp. from the water column. The peak biomass of zooplankton 

at Loch Leven occurred in late June in 1969 (Walker, 1970) and early 

Juno in 197? (Johnson & Walker, 1974) whilst the peak hatch of ducklings 

in 1966-1970 occurred in every year between 24 June and 7 July.

Therefore the two even+s coincided in at least one year, but the small 

cample of wild ducklings did not contain any evidence of zooplankton 

foods; the main foods of ducklings were the larvae and adults of 

chironcmids. The food web drawn up for Loch Leven (Morgan and 

i'cLusky, 1974) does not reveal any other pathway from zooplankton to 

the divinr ducks so peal: zooplankton production and peak duckling 

ketch may be a coincidence, with no immediate benefit to the ducklings.

A situation similar to that at Loch Leven has been described 

in North America; at Delta Marsh the hatch of many species of 

ducklings, knovm from laboratory studies to he capable of feeding on 

daphnids, coincided w;th the peak population of Danhnia sp# (Collias 

and ColUac, 19 6 3). However, Bartonek and Hickey (1969) working at 

a different site, found that (as at Loch Leven), zooplanktonic 

c’adocerars and copepods were conspicuously absent from the guts of 

North American diving ducks even though they were readily eaten by 

ducks fed under artificial conditions.

In conclusion, the food ne'ds of the female, both prior to and



during laying, are important in determining the timing of breeding. 

Fena’e Tufted Ducks at Loch Leven build up their reserves after 

returning to the loch, but laying must take place before the emergence 

of adult chirorcmids reduces the mu ber of larvae available as food. 

Chironomid adults were eaten by young ducklings and their availability 

pay affect duckling survival, but their ocourercc is irregular and 

varied fron year to year, so it is unlikely that this would affect 

the timing of breeding.

Calcium Budget

Any breeding female needs enough calcium for egg shells. In 

domestic fori, from about ten days before laying the amount of calcium 

retained from a given diet increases (Simkiss, 1967) and the amount 

excreted declines (Co’ mon, 1933» Taylor, 1965). This coincides 

vith the deposition of medullary bone. In the Tufted Buck, skeletal 

weight during the egg laying period van greater than at the start of 

incubation. For a Tufted Duck laying 9 eggs t! is estimated loss of 

7g from the skeleton represented 39^ of the l8g of calcium required 

for eggshells. Estimations for the domestic fori of the amount of 

calcium for eggshells which cones from the skeleton include 50J? per 

egg (l.02g) (I'ueller et al., 1964) 25-40^ (Jowsey et al., I956) and 

65"’ (Driggers ana Comar, 1949). Conpartmental analysis of the skeleton 

(Solomon, 196 ') indicated that 36.i of the calcium entering the blood

stream in a laying fourl was derived fron skeletal sources. Thus the 

proportionate use of skeletal calcium in the Tufted Duck was of the 

came order as in the don Stic fowl, and at least half the calc’um 

respired for the eggs must have come from the diet on the day of laying.
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Intercstingy, although only 18 of the 127 birds taken at Loch 

Levan contained mollusc remains, 14 of these (9 females) were taken 

in Kay—June, when eggs were laid. Three of the seven birds which 

were taken with eggs in the oviduct had eaten 50-100 molluscs. There 

included tv;o birds which had taken ’meals’ of Valvata and Limnea.

Hence, molluscs probably formed an important part of the diet during 

the egg laying period.

The energy value of Gastropod molluscs (total wet weight) is only 

20/5 of the value of an equal weight of chirononid larvae (Cummins,

1969). Analyses of clnronomid larvae taken from Loch Leven showed 

then to contain only 0.l6/( of the dry weight as calcium, or 0.03'/;* of 

the wet weight. Thus to obtain lg of calcium the Tufted Duck would 

need to collect 3.3kg of chironorr.ids (wet weight). The birds must

therefore search for the molluscs which occur in relatively small

2 —2 -2 
ru-bers (99mg m for Pisidium: 125mg m for Gastropoda; cf. 5 S m

for chironomids - Maitland and Kudcpith, 1974)» and take them in pre

ference to the much mere abundant and more energy-rich chironomids.

Hughes and Wood-Gush (l97l) have demonstrated a specific appetite for 

calcium in laying domestic fowl given a calcium—free diet, and female 

Arctic Sandpipers Calidris sp. eat Lemming bones as a source of calcium 

during egg laying (MacLean, 1974). Possibly the inability in sono 

environments to find or to collect an adequate supply of molluscs, or 

other calcium rich foods, during the egg laying period may restrict 

the number of eg"s laid by Tufted Ducks, since severe calcium restriction 

in the diet of the domestic fowl delays or stops egg production (Gilbert-, 

1972).



Seasonal ch a n g e s  i n  w e ig h t

It was extremely difficult to obtain regular large samples of 

Tufted Duck from a known population excert during the brendinr season; 

in '.’inter they occurred in small groups on individual waters and moved 

around too much (Thom., 1969). The wide range of body weights and 

the seasonal distribution of the samples made it difficult to detect 

a clear seasonal pattern of weight change. Maximum weights occurred 

in both sexes in early winter and also in the female prior to egg 

laying while, in both sexes, minimum weights were near the end of 

incubation. In a study of Mallard throughout the year in 

Czechoslovakia (Folk et al., 1966), birds were heaviest in December 

with a second peak for the fe-ale at the beginning of the breeding 

season, and lightest immediately after the breeding season, similar 

to the pattern of Tufted Duck at Loch Leven. Most of the other 

previous studies on weights in ducks were restricted to the shooting 

season, September to January. Mallard and Fintail Anas acuta (Bellrose 

and Hawkins, 1947) and Blue-winged Teal (Cwen, 1969) are heaviest 

in late autumn.

The spring gain in weight of females simultaneous with the decline 

in males has been shown in the Eider (Gorman and Milne, 1971)» several 

gallinaceous birds (Kirkpatrick, 1944) and in song birds (eg. finches; 

Newton, 1972). In the Eider, fat deposition in. the iem-.le war due 

to hyperphagia, since the feeding rate of the female increased by 10$( 

while that of the male decreased by 40fe, fror the normal ' inter rate, 

(Corman and Milne, 1971). In this bird and in the gallinaceous birds 

(Kirkpatrick, 1944), the weight loss of the male has been ,attributed
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to the exigencies of the breeding period. Likewise the few Tufted 

Ducks which I observed feeding during the egg laying period were 

paired, and the rales spent a considerable tine protecting their 

nates from unpaired males. Lo-̂ s of weight in the mal” Tuf+ed Duck 

therefore ap-ears to result from increased activity ^nd reduced 

fee ’ing whilst defendin'* the mate and allowing her uninterrupted 

fe-ding; no measure was made of feeding rate, but the molluscs 

found in the stomach of males shows that they did feed at this time.

The vn.de range of bo^y weights found in Tufted Ducks in winter 

may result from different energy demands and food supplies occurring 

in different groups of birds at particular times. By comparison, 

in some small birds (less than $0$) 'the seasonal changes in maximum 

daily weight occur in a predictable way and can be related to the 

specific demands of survival over one night, in low temperatures 

with no feeding (F.R. Svans, 1969; Newton, 1969). Such smal1 birds 

could not last more than one day without food, but, as I have shown 

(pamo79), survival for a single night would not be limiting for a 

bird of around 800g. However the Tufted Duck may be prevented from 

feeding for several days and then have to move to other vaters in search 

of food. Therefore although individual weights may vary according 

to local supplies and recent demards, the maximum reserves found in 

birds at any tine may be related to the probability that a restriction 

in feeding will occur and also indicate the potential for birds that 

have experienced good feeding conditions.

Oil^d birds and Starvation

Many of the Scavp killed in the oiling had considerab'e reserves
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an^ had preci’innhly therefore died of exposure; the metabolic rate 

of the birds being insufficient to balance the heat loss, resulting 

in hypothermia and death. The metabolic rate of oiled ducks increases 

in proportion to the amount of oil on the plumage, since this reduces 

its insulating ability (Hnrtung, 196?). A heavily oiled bird at 

15°C has a metabolic rate eq’ ivalent to a normal (fully feathered) 

bird at -?0°C. In spite of this Hartung concluded that oiled duels 

can survive extended periods at low temperatures as long as they have 

energy reserves, ard death is therefore only indirectly due to 

exposure to cold; this is contrary to the evidence obtained in this 

study. Hartung's conclusion however, disregards the fact that in all 

his experiments the birds were in air, wvich has a thermal conductivity 

Q.Oifj of that of water, with which most oiled birds are in c-ntact.

The layer of boundary air around the experimental birds v:ould further 

increase its insulation relative to water arou’d a swimming duck.

The heat loss (from birds.) would therefore be considerably greater 

on >-ater ard, as my data show, birds nay die directly from exposure 

while still havin" adequate reserves.

The starved Scaup in this study lost more weight (J2?) before 

death than wild Kallard (55?>) (Jordan, 1953) but this may be because 

they had more reserves to begin »nth or were kept warm artificial^ 

in the rehabilitation centre. "be data on 1'allard indicated that no 

birds survived a weight loss of more than 43?- Birds which did 

recover regained 8 0 of their normal vreight in the first week. The 

food intakes for the three weeks of recovery were ?78'-, and 154

of normal. This indicates the ability of these ducks to recover



rapidly if an adecuate food supply if available and is relevant 

to the rehabilitation of injured birds or the recovery of normal 

veifht in wild birds subjected to food sh^rtape or environmental

Etress.

Carcass comnosition

I'y study provided data which are relevant to published work 

on carcass composition in other species, and help to clarify one 

debated issue, namely homeostasis of the non-fat components. The 

hypothesis of horeostasis of the nonfat components of birds 

(Odum et al.. 1964) has received considerable attention over the 

past ten years. A certain amount of corfi’sion has arisen since this 

was variously interpreted to mean a constancy of weight of the 

nonfat components (Hicks, 1967; Helmset al., 1967; Finp and 

Farner, 1967) or a constancy of the proportion of the lean body 

components (Child and Far shall, 1969 ; Farrar, 1966; Johnston, 1968), 

and the original paper is rot explicit. However, homeostasis is 

strictly a term which implies maintenance of the constancy of 

conditions in the internal environment (i.e. the proportions of the 

components and not their absolute aments).

The heaviest Tufted Ducks contained the larpest reserves of 

fat, and there was relatively little increase in lran material as 

birds increase'1 from 75Of to 950f% In this respect the Tufted duck 

was similar to those birds -hich how prenimratory fat depos tion with 

no associated oharre in the other components (Connell et al., i960). 

However at body weights- of less than 700p the Tufted Duck lost an 

increasing anourt of lean dry material as body weight declined. A
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big variation in the lean dry material has leen shown in the

Bullfinch (Newton, 1968; Merton ard Evans, 1966), and Bulbuls

(Hard, I960) which had small amounts of body fat of total weight)

compared to migrants (up to ?8, ). Bata in the present study cover

birds with fat contents ranging from to 31$ of body weight and

spa the range of both groups of previous studies. Depending on the

range of th« fat contents it would be possible to draw different

conclusions on the constancy of weight of the nonfat components in

the species. In other words the differences found between species

probably result from differences in the fat levels involved rather

than inherent physiological mechanisms. Considering water index,

which ’elates the water and the lean dry materials; in my data

water index was fairly constant over the complete range of body weight

in healthy adult Tufted Bucks. This implies true homeostasis of

the nonfat components even though their absolute weight varied quite

considerably during the initial stages of fat deposition. When 

a
considering much larger bird, the Domestic Goose, Benedict and Lee 

(1937) concluded that "increases in body weight above the normal 

adult weight are chiefly additions of water and fa.+ and are not assoc

iated with a cor res-ond ins' increase in protein". A cursory 

examination of the summarised data on the carcass c-mnonents in the 

Tufted Duck (Pig. fS) might lead to the same conclusion. However 

ea.ch unit of lean dry material (essen+ially rrotein) is associated 

with ?.5 units of water The latter therefore appears significant 

and thp former insignificant in changes of total weight. The water
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is however just an essential accompaniment of changes in lean dry 

material, and the two maintain the same ratio as weight increases.

i'uch of the confusion over the homeostasis of lean dry material 

apparently arose from the different levels of fat in the carcasses of 

the birds studied, and uncertainty over the meaning of the term 

'Homeostasis'.

In Tufted ducks of very low b^dy weight (d0$ below normal), there

was some eviderce of increasing water index; and in Scaup there was

a change in water ‘balance of the muscle tissue during extreme weight

loss (to ?'$ of normal). High water indices similar to those of

starving birds were found also in the pectoralis' of juvenile Tufted

Ducks. In rats,water soluble proteins were lost '"rom the muscle

during fart’np, but tissues showed ro evidence of oedema (Hagan and
during

Scow, 1957)» In the King Salmon^igration .water index of the muscle 

increased from 3 .7  to 5 .8 in association with reduced body reserves 

(Greene, 1919)• A high water content is known to be characteristic 

of newly formed tissues (Koulton, 1927; Kochakian 1950» Newton, 1968; 

A.J. Evans, 196 9) but is apparently also associated‘with the catabolism 

of muscle protein in a wide range of animals. This may be necessary 

either for mobilisation of the water soluble proteins or to maintain 

tissue mass (or both).

The pectoralis muscle

The pectoralis major is not only the main locomotor muscle in 

birds, but may also be an important source of energy for flight 

(George and Jyoti, 1957), and of protein at times of protein deficiency
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the re”fonal changes in the weight and composition of the pectoralis 

enircle, I hoped to deterrinn the innortance of this mnrcle as an 

Wergy and protein re'erve in the Tufted Duck, end its role ir the 

wnu.il cycle.

Considering first tie energy content of the muscla in relation 

to flight, George and Faik (i960) suggested that the fat in the 

pectoralis muscle war a transient store for immediate use by the muscle, 

which wrs already known to be capable of using fat as a fuel for 

naintaned activity (Ceorge and Scaria, 1956). A comparative study of 

10  ̂ species showed tlat actively flying birds can be characterised by 

the high fat cortent of this muscle (5  ̂of the vet weight) (H-rtraann 

and Brownell, 196l). The Tufted Buck tended towards these higher fat 

levels but showed considerable variations. Scaup shot in this study 

rerreserted the largest sample of similar birds, end had pectoralic fat 

contents varying from 3.3 to 5.3'f of total weight, but possibly these 

relate to the activity of the bird just ’•rior to shorting. Similar 

variations of 2-1'" were seen in published data on a single species 

(George and Faik, 19^0j Hartmann and Brownell, 1961).

Caldcr and King (1974) calculated that the average co-t 0^ flight 

in non-passerine birds was 9.6 x SKR. Thus for a Tufted Buck of 800g 

tiis would be llOkJ.h-^. The same bird was found Jo have on average 

about 5g of fat in the muscle which, allowing for sore structural 

Upids, would provide fuel for a flight of up to 1.5h. Therefore 

unless fat is replaced immediately it is used up, a flight of half 

an hour could reduce the muscle fat levels by at lea.st one-third.
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Only for flights over 1.5h world the bird ne-d to rnobil-ise fat from 

its other reserves during flight.

In extreme conditions, below ¡>0# of maximum body weight, Scaup 

used the pectoralis muscle as a reserve, but incubating Tufted Duchs 

dropped to 60g without using using noticeable amounts of the pectoralis 

muscle. The latter may be linked to the greater need to retain 

their flying capability when on land during the relatively vulnerable 

conditions of incubation.

Some of the evidence collected in this study relates to the field 

assessment of pectoralis size as an index of the birds' condition. 

Although the absolute weight of the rectoralis muscle decreased with 

tody weight, it did not do so proportionately ever the normal weight 

range. Further, the loss of subcutaneous body fat during the initial 

stages of weight loss would affect the assessment of the muscle 

condition. In cases of starwition the sternum may protrude 

considerably, but then, and at other times, the weight of the bird 

relative to normal weights would give a better indication of condition. 

Therefore assess ert of the pectoralis muscle is probably useful only 

in detecting cases of extreme starvation.

To Conclude - the pectoralis muscle can provide a supply of enrgy 

for Tufted and Scaup ducks, but normally it is only important as a 

protein source and as a reservoir of fat for immediate u~e in flight.

In extreme conditions, however, it may -rovide a significant proportion 

of tho energy requirements of the bird.

The Liver

The liver functions in intermediary metabolism, in that all
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foodstuffs are absorbed by the liver after digestion, and from there 

are transported to other tissues. It is therefore likely that 

changes in the gross biochemical composition of the liver would 

reflect rate of metabolism rather than body condition, and the 

findings of this study tend to support this.

When considering the liven weight in Canada Geese, Hanson (1962) 

attributed the difference between the relative weight of 1-2',? in this 

bird and that of 51» in the Starling Sturnns vulgaris (Stegman, 1952) 

to tho higher metabolic rate of the smaller bird. But liver weight 

representing 2(? and 5$ occurred in different Tufted Ducks, showing 

that relative liver weight can vary over a similar range in one species.

The changes in tho liver found in this study occurred both over 

the long and short term. Diurnal variations in liver weight were 

correlated with the predominance of night-time feeding, with the 

largest livers in the morning. Polic ing the ingestion and absorption 

of food, the liver of Japanese quail Coturriac .jaronica assumed a tan 

colour characteristic of a fatty liver (Wilson and McFarland, 1969).

In Redwinged Blackbirds Amelins nhocniceus Fisher and Bartlett (1957) 

also noted a striking difference in the colour of the liver, depending 

on the time the birds were killed, (Presumably in relation to feeding 

activity.) Both thos” species also showed a diurnal rhythm in liver 

weight with up to 30^ decrease overnight in Redwinged Blackbirds.

However, in the Tufted Ducks the heaviest livers did not correlate

with the highest fat indices.

The changing composition of the liven with size conforms with the
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role of the liver in respect to carbohydrates and amino-acids proposed 

by Shoemaker and Elwyn (1969). These authors sug,'rested that the 

liver acts as a buffer for the diurnal supply of nutrients from the 

put and also responds to the specific tissue requirements by varying 

the surely of nutrients to other tissues. In respect to lipids, this 

role is shared with the adipose tissue; the relative importance 

varies depending on size of the latter. In Scaup the large changes

in liver weight were mainly accounted for by lean dry material and 

associated water. For an increare in total weight from lOg to 50g 

the fat weight increased by only 4g and no liver in Tufted Duck 

contained more than 2g of fat (8$). Similarly in Japanese Quail the 

changes in fat and glycogen levels accounted for only 19g and Ir

respectively of the toial changes in liver weight (Wilson and KcFarland, 

1969). Thus histological and visual evidence of fatty livers may 

give a disprorortion-te idea of the amount of fat present in the liver 

and thereby its importance. At all times, the amount of fat stored 

in the liver represents a small fraction of the total body fat.

Long term changes in liver weight were seen in this study and 

have been reported in other species. Hanson (196?) found low liver 

weights in incubating females and suggested that these reflected the 

stress of egg production on body reserves. Dftta collected in this 

"tudy do not sup-ort this, as the incubating females had relatively 

high liver weights. However if liver weight is related to feeding 

activity the difference may reflect the fact that Canada Geo;e do not 

normally feed during incubation (Newton, in press) while Tufted 

Duck do (this study). In the male Tufted duck, liver weight was low



in May ar.d June, v.’hen the body weight also declined. If the latter 

decline resulted from a reduced food intake as well as increased 

activity, then the correlation 'between plane of nutrition and liver 

weight is seen here also. Similar situations have been described 

in the White Crowned Sparrow Zonotrichia lercophys gambe1i (Oakson, 

1956), in which liver weight declined as testis weight increased, and 

male Canada Ceese which on the breeding grounds had higher body weights 

and lower liver weights than wintering birds (Hanson, 1962). The 

relatively large liver weights of grovinp juveniles (5$ of body weight) 

probably reflected the high level of feeding associated with growth.

In conclusion, liver weight showed short term and long term 

variations, both of which could be related to intensity of feeding.

The diurnal variations, related to specific bouts of feeding activity, 

could be of such magnitude that they masked the general trends; e.g. 

the incubating female with some of the heaviest ard lightest livers.

The seasonal trends were associated with seasonal changes in the overall 

plan» of nutrition, e.g. the low liver weights of courting males. 

Therefore, unless large samples of birds could be taken at regular 

times with respect to feeding activity, the liver is unlikely to give 

any indication of the condition of the bird, since it mainly reflects 

dynamic and not static status. Nonet)eless it is widely stated in 

the literature as reflecting the condit.on of the bird.

Weight loss and use of reserves by breeding females.

The lack of captures of birds during the first week of incubation 

may be explained partly by the greater • ariness of birds at this stage,
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but more importantly because mort nests vere not found till then, 

and birds vere not caught until the nests had been marked.

The large weig! t range of birds on unincubated eggs (6)0-915g) 

resulted from two factors. Firstly, a bird may have been taken on 

tke nest at different stages of laying before incubation began. 

Although all birds vere taker from nests containing at least 8 eggs, 

two had eggs in the oviduct plus one large ovum. These birds weighed 

851g and 915g» corrected to 79^g and 875/? respectively after removal 

of the eggs and ova. These weights rust approach the maximum vreights 

for birds beginning incubation as each had then produced 8 egr-s, and 

were forming 2 others, more than the average clutch size. Secondly, 

at the other extreme, birds v.-eighing only 600g were taken from nests 

of unincubated eggs. These vreights were very low for birds at the 

start of incubation and were as low as many 1 irds taken at then end. 

horribly these birds had previously incubated for sore ti o at nests 

which bad been 'estr yed, but still showed some 'Incubation drive'.

The most likely nests for such birds to usurp would be those left 

unattended by other birds between ovipositiers. Evidence to support 

this comes also from three birds taken from unincubated eggs which 

had low plumage weights and bare brood patches. Loss of the breast 

feathers ai d down is normal1 y a slow process occurring over several 

days after incubation has begun, and is therefore unlikely to be so 

far advanced ir. birds which were supposedly still Uyinr.

The incubating female Tufted Duck lost 20;' of her gross body 

weight, and the ratio of fat to lean dry material that was lost was 

2.7»1. This ermnnres with the ratio of 2:1 in the Eider, which loses



¿0/3 of its prose body weight (Gorman and Mine, 1971), and 2.d:l in 

the domestic fowl, determined M;rinf p riods of negative enerry balance 

(Shannon and Brown, I969). Ketabolism of fat recuires a suprly of 

oxalo-acetate (Hanson, 1962: Gorman and Mine, 1971)f v.’hich is 

normally available from carbohydrate metabolism. In a bird which is 

not feeding, carbohydrate reserves are used up within 2/Jh (Benedict 

ard Lee, 1937)» and then oxalo-acetnte must be obtained from glucogenic 

amino-acids deri ed from protein. Benedict and Lee (1937) suggested 

that the ’’roteir ray represent 10% of total catabolism. This would 

result in a ratio of 9*1 if all the remainder were fat This is 

a cons’derablv higher ratio than any noted above, ar.d indicates that 

more protein is Veins used than just that required for oxalo-acetate 

production.

In the Tufted Duck both lean dry material and fat declined at a 

steady rate during incubation. The *ta presented by Gorman and Mi n e

(l97l) do not indicate whether fat and protein ’re used simultaneously 

and steadily in the Eider, since they are based on one sample prior 

to incubation and one after. Prior tc egg layinr the Tufted Duck 

female had 8g more lean dry material than at the start of incubation, 

which was equivale't to 40% of the lean dry lo's during incubation 

(?>). The total lean dry weight loss from before erg layinr to the 

end of incubation was less than 20% in the Tufted, but in the Eider 

total protein loss was 'j0%o. Since the proportion of fat to protein 

in the total carcass is similar in both species prior to egg layinp, 

the main difference is .in the total amounts available and the preator
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use made of body protein by the Eider. Although the smaller Tufted 

Duck can lay down considerable reserves of fat, its reserve!- of 

protein must be sup-'ler.ented dvrinf- both egg lcyinr and incubation.

This difference betv.-een srecies may depend chiefly on their difference 

in body siae.

Juverile rrovth

The decrease in weight shown in th<= relationship between weight 

a-d. wing length in the data calculated from Kear (19 70)» occurred 

at 8 weeks of age when the birds v.-ere fledging. Similar disconti nuities 

in the growth curves are well documented for other Anatidae reared 

in captivity, Teal Anas crecca. Mallard, Gadwall, Shovelor A. clyposta, 

Pochard, Common White-eye Avth.va rurnca, Tufted Duck (Veselovsky,

1953) and Redhead Aythya aner-c~v a (Weller, 1957)» Koar suggested 

that a drop in weight during ■'ledging may occur in the wild in less 

than optimal conditions (presumably food shortage or low temperatures)} 

and the wild birds collected in this study also displayed a step in 

the relationship between weight and wing length. It is difficult 

to say whether conditions -̂ere less than optimal at Loch Leven, but 

the weights of wild juveniles throughout growth were more than those 

of captive juve^il-’E of similar wing length taken from the same parent 

population.

Clutch sire and er" size

It is first worth oonsi'-’ering the physiological changes which 

take place during follicular development and the mechanisms which 

control it. This inferrntion has been gathered in studies on the



1 0 7

use r;ade of body protein by the Eider. Although the smaller Tufted 

Duck can lay down considerable reserves of fat, its reserves of 

protein must be supplemented during both egg laying and incubation.

This difference between species may depend chiefly on their difference 

in body sine.

Juvenile rrowth

The decrease in weight shown in the relationship between weight 

a'd. wing length in the data calculated from Kear (197^)» occurred 

at 8 weeks of age when the birds were fledging. Similar discontinuities 

in the growth curves are well documented for other Anatidae reared 

in captivity, Teal Anas crccca. Mallard, Gadwall, Shovelcr A. clyponta. 

Pochard, Common White-eye Avtbya nvroca, Tufted Duck (Veselovsky,

1953) and Redhead Aythya amen"c~va (Weller, 1957)» Kear suggested 

that a drop in weight during hedging may occur in the wild in less 

than optimal conditions (presumably food shortage or low temperatures)} 

and the wild birds collected, in this study also displayed a step in 

the relationship between weight and wing length. It is difficult 

to say whether conditions ’’ere less than optimal at Loch Leven, but 

the weights of wild juveniles throughout growth were more than those 

of captive juveri l°E of similar wing length taken from the same parent 

population.

Clutch sire and eg1* size

It is first worth considering the p! ysiological chan'-cs which 

take place during follicular development and the mechanisms which 

control it. This information has been gathered in studies on the
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domestic fowl (reviewed by Cilbert, 1971, 197?l), but is rot 

generally recognised among ornithologists.

The development of the oocyte occurs in three phases:

(l) and initial phase of slow growth when trirlycerides are deposited, 

lasting months or ovon yearej

(?) an intermediate phase, beginning 60d before eg" layinr and 

involving the addition of some yolk protein;

(3) the final phase of rapid growth from 'roi’nd 0.5g to ?0g.

This takes place over the last 7-11 days before oviposition, and varies 

between individual birds and species, but is constant within an 

individual.

The amount of yolk material produced in the liver on any day will 

of course depend on body reserves and food supply, but the total 

amount deposited varies with the overall levels of follicle stimulating 

l or'ore /F?H). The differential rates of deposition of material in 

each of the follicles is under ovarian control, effected by the blood 

supply to the follicles.

In the domestic fowl control of the secretion levels of the 

pituitary hormones, including FSH, may involve calcium, because the 

rreduction of a shelled egg affected the number of maturing follicles 

and. also feeding low calcium diets terminated laying within a few days 

(Gilbert, 1969} 197?i.

It would bo of value to know who her the smaller clutch sizes of 

late restin'’ ducks, as reported in thi study, re ult from atresia of 

the developing follicles or because fewer follicles enter the p'riod of
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rapid growth. The evidence on calcium reduction in the fori, part

icularly the speed of its action, would indicate that, if a similar 

mechanism reduces clutch size in wild bird, tier follicular atresia 

would occur.

In the throe years for which I obtained detailed information,

mean clutch size in the Tufted Duck at Loch Lcven did not alter

significantly, nor did the timin'’ of laying. Constancy of clutch

size between years has been noted in other duch species (Ecniison, 1971

I'ilne, 197/) but clutch -size can be reduced by extreme food shortage.

At Lake I'yvatn, Iceland, Bcngtson (1971) studied eight duck species

over nine years ar.d fourd a significant reduction in clutch size in

five species in only one year. Clutch size for Tufted Duel' in his

study averaged 10 egg3, but was ^educed to 9 in a year when the food

suppl’' dvring the laying period was only an ostimated 18'.'. of the

lev 1 in the preceding two years. Thus a very large reduction in

food supply caused only a small decroa.se in clutii size; the laying

season war not delayed. Unfortunately Bengtson did not give any data

on egg size. In the JDider, significant reductions in clutch size

occurred in only two of the 10 years studied by i'ilne (1974). These

reductions of approximatnly 10/5 were apparently associated with 1 or.  in
temperatures at the start of the normal laying period, and these cases 

eg- laying was delayed by up to two weeks ard egg size was reduced, 

also by If'. In both those species a ma;or decrease in food supply 

of increase in food requirement was necessary to alter clutch size and 

the timing of laying. In contrast, the Greylag Goose A.nser error



chov’od changes in the mean clutch size between years, during a 

five year study, which were equal in extort to the seasonal decline 

in ary one year (Newton and Eerbes, 1974). There was also a range 

of l6d in the date on which the first eggs vrere laid over th- five years 

Egg production in these geese is apparently much norc susceptible than 

that of diving ducks to the variations in food oupnly (or female 

reserves) between years. Newton (in press) has reviewed the data 

showing that in tundra nesting geese, egg production is totally 

dependent on the reserves col’ected on the wintering grounds.

Apparently the extent of arnual variations in clutch size of different 

species is linked with how much of the retirements come from reserves 

and how much from food eaten at the tine. In Tufted Ducks food 

supplies do not usually vary sufficiently between years to produce 

differences.

The decline in clutch size through the season, found in Tufted 

Ducks, was also recorded in the four species of dabbling ducks at Loch 

Levon, and in all five species el cwhere (N and C, 1975). Although 

part of the decline in the dabhlers could be accounted for by repeat 

nesting, it war already evident before much repeat nestin'* occurred, 

and in Tufted there was no evidence for repeat nesting. This seasonal 

decline has beer, reported in Eiders and oth«r ducks (1'ilne, 1974),

Greylag and other geese (Newton and Kerbea, 1974, Newton, in press), 

various seabirds (Coulson, 1963; Couleon et -1., 1969; Parsons, 1970), 

raptors (Cave, I968; Newton, 1976), passerines (iClonp, 1971), and 

is evidently widespread in birds.

In at least throe seabirds, egg size -Iso declined through, the
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laying season, varying in ext- t from 4.5,' in the Kittiwake Rissa 

tridactyla to ll̂ c in the Shag Phalacrocorax nristotelis, (clutch size 

was reduced more in the former tha- in the latter). Coulson et al.

(1969) suggested that the decline in clutch size freed material to 

c'mpensatc egg volume, otherwise the decline in egg size would have 

been greater. Domestic fowl on restricted feeding reduced egg numbers 

but not eg'- weight (Heywarg, 194O; Walter and Aitken, 1961), and in 

Ring-necked Fheasants eg"S laid later in the season were not sipnifican' ly 

lighter than those laid earlier (Labisky and Jackson, 1969)« In the 

Great Tit Pams major, Perrins (l.970) found an increase in egg weight 

during the laying season; which is similar to the situation which I 

found in the Tufted Duck. In the Herring Gull, egg size declined 

through the season at cert-in sites (Parsons, 1970) and in certain years 

(Davis, 1975), but not in other sites and other years (Davis, 1971?)t 

although clutch size invariab'y declined. Hence, whereas a decrease 

in clutch size through the season aprears to be widespread in birds,

. seasonal changes in eg- size very between species, ard in some 

species also between seasons and between local;ties.

In sea birds, the change in egg size has been partly attributed 

to the fact that older bird' which lay larger eggs also nest earlier 

in the season (Coulson, 196 3). Coulson et al. (1969) concluded that 

the seasonal decline in clutch size and egg size s'own in Kittiwakes,

Shag and Great Skua (Stercorarius rkua) was unlikely to result from 

food shortage, but rather fro- individual differences in reproductive 

development, the earlier birds showing a "higher reproductive drive". 

However, Ferrinc (1970) attributed tic larger eggs in later clutches



of Great Tits to the increased food 6up~ly later in the season, and 

he suggeatea that a reduced clutch size in late season had evolved 

hecavee small clutches laid thee rroduced more offsnring than large 

ones. This may operate because, by reducing the clutch size, the 

time of hatching would be advanced. This explanation is reasonable 

if the eyes are laid totally from food supplies at the time and if 

the food during the nestlin'" period decreases. However, if the eggs 

are laid partly from the reserves of the bird, as in the Tufted Duck, 

then these reserves ray influence egg numbers, while the immediate 

food supply influences egg size. This would be likely if the reserves 

provide materials that must go into every egg and cannot be ouickly 

replaced, e.g. fat or calcium. The Tufted-Duck provides mairly fat 

from reserves and most of the lean dry material of the egg (except 

she1!) from food eaten at the time, while the calc un is apparently 

suprlied equally from both sources. Although egg size increased 

through the season, fat index in the egg decreased and that this change 

was independent of eg* size. Thus there is some evidence that the 

reserves (i.e. fat) were restricted in the later layers, but that 

egg size was maintained, and even increased, as a result of feeding.

In the year in which these analyses were done, food supplies at Loch 

Leven were unusually go^d, and possibly in years of poor or decreasing 

food supply egg cize may not increase. Similarly, the conflicting 

data on egg size in Herring Gulls may result from, annual variations in 

food sup~ly.

Lack (1967) examined the factors affecting clutch size in the 

Anatidae and it is pertinent to consider my data on a single species



in re Lit ion to his concliw-ions. The inverse correlation between 

eg<’ size and clvtch size shown by Lock for all Anatidae was found also 

in Tufted Du<'k. Although Lack suggested that the average clutch size 

in each species evolved in relation to the average availability of 

food for the female around the time of laying, it has been suggested 

by Johnsgard (1974) that other factors may influence clutch size.

The first of these was the efficient partitioning of energy between 

egg production and incubation. Ryder (197^) suggested t! at in Ross’ 

Goose Chen rossi clutch size has evolved ’n relation to +he food, reserve 

accumulated by the female and that these are split between the eggs 

and the energy recruired for incubation. Recently, Newton fin press) 

showed that th-' situation described by Ryder is t”pical for all tundra 

nesting geese. Ky data suggest a similar situation in Tufted Duck, 

where a considerable reserve of energy was retained at the start of 

incubation; the amount of energy used, in incubation war 70 of that 

used ir. eg<" reduction, but in both cases (unlike the geesp) it was 

supplemented by feeding. In the Eider, whose eg's represented only 

25f> of gross body weig11 (compared with 60'/ in Tufted) many females 

incubate entirely without feeding. As indicated earlier these 

differences in the contribution made by reserves may relate to the 

absolute size of the birds.

Irrespective of the proportionate use of reserves in rgg production 

if the reserves provide essential nutrients then their size may 

determine cluth size. Reynolds (1972) proposed a model to explain 

tie decline in clutch size in the Mute Swan Cyg^us olor through the 

season. In the model laying is initiated when food reserves reach a
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threshold value, which decreases with tine and is set by some 

external factor. If clutch size is determined by food reserves, 

then the relationship between clutch size and date follows. I would 

suff^st a modificati<n of this model which dees not involve an 

external charge in the threshold. Rather, the threshold to which the 

bird responds would be a function of the rate of deposition of reserves 

which is itself a function of th" food availability ot feeding ability 

of the bird. Thus the birds which father reserves quickly reach a 

hi,""her level before laying is initiated (and then lay more erfs) 

compared with birds which father reserves slowly and have therefore 

reached a lower peak (later) when layinr is initiated. A difference 

in the rate of accumulatinf reserves is ’npliod in Reynold's model.

The averafe availability of food may therefore determine clutch size 

as surrested by Lack, but operate via the accumulation of reserves 

rather than directly on eff production. In this way the timinf of 

lay in" would, als- be affected.

Johnsrard (1974) noted a decline in clutch size with the decreasinf 

July isotherm and duck species restirf at hirh latitudes fenerally 

have smaller clutch sizes than those at middle latitudes (Lack, 1968). 

The mean clutch size at Loch Leven war less than that in Iceland, 10 

(Benftson, 197l) but more than the 8 .5 o~rs cited by Lack (1968).

However since data are not available refardinf the incidence of brood 

parasitism at these other sites, or the number of effs assured to be 

normal when clutch size was calculated, it cannot be determined whether 

the differences betweer sites arc real.
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In extreme years, up to 10' of Tufted Duck nests at Loch Leven 

contained eggs from more than one female. Tufted also regularly 

laid in the nests of other species. This ’parasitic* nesting 

behaviour has also been reported for Tufted Ducks at other nesting 

sites (Hilden, 1J6/!; Fredrikson, 1968) and for other duck species 

(Friedmann, 1932; Weller, 1959» Vermeer, 1968; Torse and Wight, 1969). 

At Loch Leven th° incidence of parasitic nesting was greatest at times 

and in places of greatest nesting density (N & C, 1975) but it is not 

known which birds lay paras'tically. Tufted eggs found in the nests 

of other species were lighter and narrower than the average for the 

population. In some seabirds, the young birds lay lighter and 

narrower eggs than elder birds but also lay nearer the end of the season 

(Coulson, IQfil)» At Loch Leven egg size in the Tufted Duck increased 

through the reason; thus if younger birds lay late in the season, 

it is not possible (on the basis of egg size) also to implicate then 

in the rarasitic laying.

The incidence of brood parasitism is so widespread in the Tufted 

and other ducks of the tribe Aythylni. that it is difficult to believe 

that it results merely from reduced breeding drive. Rather, as Lack 

(1968) suggested for the evolution of brood parasitism in general it 

rust be presumed that it loads to th" individual concerned producing 

more offsrrin" than they would otherwise have done. In ducks, body 

reserves are apportioned between egg production and iacubation; so 

even though reserves could be saved by laying fewer e~gs, the costs 

of inoubatio" presumably vary Httlo according to the clutch rise, 

o.rd are ’all-or-notbin-’. Thus a duck with limited reserves before 

0mg laying has only one ohanoo of producin'- h-tchod youn-, to lay eggs
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in the nests of other birds. Ary problem of asynchrony with the 

tort errf will be redveed by the fact that the nests of unin'-ubated 

e~."c are left unattended and are therefore most likely to be 

par,'■sitired. Provided that the t ort car incvbate seme part of the

increased clutch then this beh-viour night be relected over an attennt 

at incubation by a female in poor condition.

Duckling size

In waterfowl egg size chows limited variation (Lack, I960) and 

L"ck (19 6 7) concluded that a relatively large egg is of advantage to 

the newly hatched chick in prcvidlrr it with a relatively large reserve 

of food. There were no geographical differences in the published 

data in egg weight of Tufted Pucks (Kear, 1970) > (Except ti nt eggs 

from captive birds of Loch Levon stock at the Wildfowl Tru t were 

lighter than ♦ hope fron the wild population at Loch. Leven. A similar 

difference in which newly hatched Mallard ducklings from southern 

Sweden we re heavier than ducklings produced at +he Wildfowl Trust was 

explained or the basis of latitude (I'arcstrcra, I966). ) Further 

evidence is available which suggests the importance of maintaining 

egg size, and hence the size of the reorate, in the Tufted Duck ar.d 

other Epecies. The Tufted, duckling represents 4*7 of the adult female 

weight; this was the highest proportion found by Kear (1970) in any 

of tie Merthorn Aythya species, which swgr-'sts that there is some 

advantage in ,? large drcklin-" size. Milne '1974) suggested the 

possible advantage of size ¡¡er in th" Eider dveklirg, cii ce a 

larger animal would have ho‘ ! er heat retortion properties t! an a

smaller one, firmly or the raiio of r ' f,aco to v 'mo.

Parsons (1973) has demonstrated the importance to Herring Culls
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of production of a large egg. Chick mortality was least in the young 

from large errs, even when eggs with the same order in the clutch and 

the cane date were compared. Davis (1975) also found a good 

correlation between hatching weight and survival to l/Jd in the Herring 

Gull. Parsons reported that the major cause of mortality in the 

Herring Gull was exposure, but the situation in this bird is slightly 

different from that in diving ducks since the latter can thormoregulate 

while the gull cannot (Koskirics and bahti, 196d). Body temperature 

in the day old Herring Cull declined rapidly and immediately on 

exposure to a temperature of 8-10°C, while Eider and Tufted ducklings 

maintained their body tem-erature for at least l80min. Thuc although 

the surface area law h^lds, the larger Herring Cu11 chick would be 

unable to make use of its greater reserves, since it apparently does 

not have the thermoregulatory mechanisms. In fact, the demonstrably 

crld-hardy Tufted Duckling had at hatching 3*>'* of it dry weight as 

fat, while in the Herring Gull fat formed only 20/ (Parsons, 1970).

Host of the advantage of size in the latter species could be operating 

indirectly through the formation of a stronger parent-chick bond, which 

determines that the larger chick (with the stronger bond) receives 

more food (Parsons, 1970).

Cold-hardiness is apparently essential ir. young waterfowl, -Inch 

obtain a k  their food from water and must maintain their body temperature 

dvrin"- feeding; and the evidence from the IIerr;ng Cull indicates that 

temperature decline is immediate in a bird which does not have this 

thermoregulatory ability. In th" thermoregulating bird, the surface 

area law is important, and hence there is a nend to maintain egg size,

; ■' . v.
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cind thereoy duckling size o.nd to provide p.decjun.te supplies of energy 

(fat) to supply the thermoregulatory mechanism. Cold hardiness of 

the duckling has a further advantage: i* reduces the need for 

brooding by the female and this, covrled with creche behaviour, frees 

the female to spend more time feeding to repln.ee the considerable 

weight loss incurred during egg laying and incubation.

Dustin™ success

In coriract to the stability of clutch size and layin<~ date between 

yars in the Tufted Duck considerable variation was found in the 

proportion of clutches which hatched at Loch Lcven (N & C, 1975)»

In 1966-7 1, this proportion varied from 64—S6'Jj in the undisturbed parts 

of the colony and 45-71$ in the disturbed (intensively studied) ones.

In general the two figures varied in parallel. Of particular relevance 

to my own study are the facto that (a) hatchin: success was 

significantly vor'O in 1969 (50$) and 1971 (45 ) than in 1970 (71$)
p

(X test, p»0,05); (b) weight loss of incubating birds captured on
t

the nest was significantly less in 1970 than in 19 9» (°) gross food

supply (estimated standing crop of chironcmid larvae) was considerably 

greater in June 1970 than in June 1971 •

As the reserves of the Tufted Duck are not adequate to supply 

the metabolic needs of incubation, s me feeding must take place. The 

data on food, sup-ly suggest that t! e large feed supplies in 1971 reduced 

the dependence of the incubatin • females on their reserves, and that 

these reserves were most important when food was not readily available.

If food is readily available, then the fema’e can p esumably make fewer 

or shorter departures from the nest and thus reduce the ch-rce that



her eg-s are ta'-en by a predator. This r.iey account for tee 

differences in predation rates between years. If chironomid larvae 

are available, moreover, feeding may take place at night and reduce 

still further the rick of predation .since Jackdaws (the main predators) 

were not active then. However in years when chiroronid larvae were 

not readily available during the incubation period, alternative foods, 

(possibly emerg' ng adults) must be sought, and these would involve 

longer periods of feeding during daytime, thu" increasing the risk of 

predation. Newton and Campbell, (1975) suggested that the decline in 

nesting success could be due to the late nesting birds being on average 

in poorer condition, and having to leave the nests exposed for longer. 

They supported this argument with the fact that the decline occurred 

at different dates in different species according to when they bred, 

and that in the Tufted, which did not renest, the decline was least 

marked. It is further possible that the Tufted normally rely to a 

greater extent on their body reserves than do the dabbling ducks and 

the.t in certain years, as suggested above, they can stay on their nests 

by day and feed by night. In all years, however, fewer chirononid 

larvae wore available ar the season progressed ard this may partly 

explain why late rests were less successful.

nin e  (1974) has suggested that the ferdinr efficiency of the 

female m i o r  to laying is of crucial jmportarce to the Eider in 

preparing to breed, ard he indicated that the role of the male in 

keeping intruders away may be rore important than the gross amount o' 

food available. The considerable dec1ire in weight of the male 

Tufted Duck during the egg layin~ period would sup ort this. A 

reduction in foding in the mole woi Id, apart from allowing more time



for defence, also reduce competition for food between the sexes; though 

evidence from the males which had eaten molluscs suggested that some 

fe-ding by males did take place.

To summarise - It is clear that many factors contribute to influence 

breeding success in the Tufted Duc’-r. The reserves of the bird, 

collected prior to egg laying, provide much of the essential material 

for eg- production and are therefore important in determine clutch 

size. Egg size may be modified by food availability during the egg 

laying period, and although some reserves are retained and used during 

incubation the food supply during this period is critical in 

determining nestin" success; since the major factor affecting losses 

from nests is predation during the absence of the female from the 

nest. Little is known of the factors which affect dv.ckling survival 

after the initial reserves are depleted but there are known to be 

large variations between years in the food available during the period 

of maximum duckling growth.

Energy budget of population

Calculation of the energy budget involved a certain amount of

oversimplification and approximation of values. However in mo- t

cases these occurred et points in the calculation which would not

greatly alter the total budgeh. For example,1he estimation of the

production of yovng at Loch Leven has presented a problem in all

studies at this site, but an error of - 100,' on this figure would

.1.
have altered the total annual budget by only - 1; , and the total budget 

for any month by no mere than -2g. The most important contribution 

t the total budget was respiration (R), and this has been shown to
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be little a: fected t)y the precise method of its determination.

The important rerruirenonts for the calculation of R are (a)an 

estimation of body weight and (b) population size. An error of 

I Wj (over 10 ) would alter the estimated daily metabolic ra.te figure 

by only 10' , and errors in the population would affect the result 

proportionately to the size of the error. Viewed retrospectively 

it would have been possible to provide an estimate of the annual 

energy budyet of the Tufted Due1: population at Loch Leven accurato

"4* .d *1" ^
to within -20/ knowing only the population fibres to -10f> and body 

weights to ilOOg. Such an estimate would indicate that the Tufted 

Duck consumed less than J?> of the food available to it duriny the year, 

but would of course fail to explain any of the precise interactions 

between the duck and the loch ecosystem.

Considering only the data from the annual energy budyet the

rerruiromentc of Tufted Duck, 20.9 kJ m- represented 4/ of the avoraye

(based on two years) net production cbirononiid larvae (Koryan and

-.P
f'cLusky, 1974), compared with 144 kJ m~ (28/) taken by Trout and 

398 kJ n~? (76 ') by Perch which were the other two v ain vertebrate

consumers. The Tufted Duck is apparently an unimportant predator of 

the benthic fauna at the loch in relation to the fish which must also 

be takinv foods other th ui chirenemids.

However certain con1 raints ray be operating?. . Rouyhly 50, of 

the lech is over 3rr deep and, since Tufted Duck prefer fecdir.y at 

depths less than 3n, the potential feeding areas may be reduced accord

ingly. The obr^-rv^d feediry areas at Loch Leve amounted to only 

20'/' of the total area. If it is assumed that this restriction resulted
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from rhysicsl features (depth ard exporuro) rather than aggregation

of the food (and that ford is evenly distributed ever the loch ’, then

the Tufted duck takes ?.0[ of the food ’available and not /]/. Further,

the vork on chi ronornid larvae at Loch Levon has shown that they may

he distributed through the bott'n sediments to a depth of 100mm 
eta!.

(Maitland, 1972). If they were evenly distributed in the substrate 

column and the feed! nr methods of the Tufted Duck limit it to the 

top 20mm, then the food 'available' would be reduc'd fivefold a: d 

the duck is now found to be taking all the food available to it.

This exercise illustrates the value and limitations of a purely 

energetics approach which does not consider food aval lability.

This study based on energetics has .however, determi ned the importance 

of hedy reservos to the energy demanding processes of egg laying, 

incubation and survival of food shortage in winter. It is clear 

that, in addition o gross energy reserves, specific nutrients must 

also be accumulated for egg laying, that durino incubation birds are 

still dependant on food, ard that body reserves may supplement poor 

feeding conditions in winter.
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9. C O N C L U S I O N S

Chironnnid lnrvne were the most important food of Tufted Ducks 

at Loch Leven. Tho annual energy reruircmonts of tie population, 

however, represented less than 5 of tho chiroror.id production. The 

ducks are therefore relatively unimportant in the ecosystem in comprison 

with the other main consumers, Trout and Perch whose annual energy 

rorruirerents were pro.-ter than chironomid production, hut took other 

foods also. Pood supply, and the ability of the ducks to collect it, 

may however, influence clutch size (indirectly through the reserves 

of the bird), hatching success and the autumn t-umb-rs of Tufted Duck 

at Loch Leven. f’olluscs were essential foods of females dvrinr er£ 

production and must then have been taken in rre.ference to cnirononid 

larvae.

Tufted Ducks are ideally siited to gather food items of similar 

size, occurring in dense a/rfrrerations on the substrate of shallow 

water bodies; t! is may explain the recent general increase i.i ■‘heir 

numbers, with the ircroase in man-made shallow waters and of simple 

f ■ os' water ecosystems resulting from eutrophication. I overrents of 

ohironepid larvae in the substrate, noted in other studies, indicated 

a possible advantare of nimht-timo feed!nr, and the lack of such 

movements in winter may also explain the departure of the Tufted Duck 

from *ke loch then.

At least half o^ the loch area was rot used for feedinr by any 

of the divin- ducks but there is unlikely to be competition for food 

between them, since they rarely occur ’n larme numbers simultaneously 

•and showed differences in tho diurnal rhythm of feedinr and the foods

eaten
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There were largo variation? in weight between birds within 

any month; both rexes reached hirh body weights in December, but 

females were heaviest before err layinr. In winter, birds approaching 

peak weight would be able to si'rvive at least ten days without 

feedinr. ’any oiled Scaup died of exposure before rrinr all their 

reserves, but if body temperature was maintained artificially their 

weight was reduced to one third of normal before death.

At low body veirhts, fat free weight changed with total weight, 

but as the la+ter increased the major change was in proportion of fat 

in the carcase. At the lower weights, however, the water index of 

the tissues remained constant (except in starvation), confirming true 

homeostasis of the ron-fat components. A high water index, known 

to be characteristic of growing birds, war found in juveniles and 

also in ot',rvirg birds which were catabolirirg protein.

The pectoralis muscle is a protein reserve which is used mainly 

in extreme conditions e.g. starvation; it ir used by incubating 

females, but then its proportion of body weight retrains relatively 

high, presumably tc maintain adequate flight rowers. The muscle

contains a Frail reservoir of fet for immediate use. An external

assessment of pectoralis muscle coi ’’ tiers as an index of body co r’itior 

is rrobably useful only in -’e'^otin'- cases cf starvation.

Doth long and short term changes in liver weight were fevrd; 

the former in relation to the cv r'll plane of nutrition and the latter
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to immediate feeding ctivit.y. I view of tho affect of foedinr, 

sapling of birds for liver eyaminat'' on rust taVe ’nto account diurnal 

feeding pa+terne. Major changes in liver weight were related to a 

cfcanr** in lean tirrve weight. Bata on thin orran would provide little 

information or tho overall conditirn of the bird.

The reserves of the female prior to egg laying wore used both 

for egg production and as an energy source during incubation. All

the fat and about half the cal c’ urn for egg production cane 

from reseryes. During incubation th? amount of body reserves used differed 

betveer years ard apparently depended on food supply. In all years, 

however, food would be required to supplement reserves, and food supply 

during incubation vac probably the major factor influencing hatching 

success (between years). Brood parasitism may have resulted from 

extreme cases in which the bird would have had insufficient reserves 

remainin'* after egg layinm for successful incubation.

Egg size is im ortant (for survival of the newly batched Tufted 

Duck) and this did not decline, with declining clutch size, through 

tho seasrn; nor did it differ betvfcen breeding sites. Mean clutch 

size apparently differs between sites, tlougl its deter ¿.nation may 

be affected by brood parasitism, and it slows little variation between 

years, except in response tr extreme food shortage. The smaller clutches 

late in the eason can be explained by t' o accumulation of fewer 

reserves (fat or calcium) by the females which lay then.

Tho most important parameters for estimating the energy budget



of the Tufted Duck at Loch Loven were numbers of, and energy used for 

respiration by, the birds. The latter was estimated from a general 

equation relating standard metabolic rate to body weight in birds 

ard then correcting this (by ?.5x) to rive existence energy. A 

calculation vein," only there data would have indicated the relative 

importance of Tufted Ducks as consumers in the Loch Levon ecosystem.

A bioeror^etic study of the Tufted Duck indicated also the relative 

importance of carcass reserves ard food for epr production, hatching 

success and winter survival of these birds.
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