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ABSTRACT

Nutritional aspects of size-related sex differences in the diets of
free—-1living mink were investigated in laboratory-based feeding trials with
adult farm-bred mink maintained on 'natural' diets. As preliminary studies
had shown that carcase utility was virtually complete, the rations presented
comprised the minced whole carcasses of wild rabbit Qryctolagus cunniculus,
eel Angquilla anguilla, 1laboratory rats and mice, and domestic fowl.
Determinations of gross composition revealed significant differencecs between
these diets; the smaller prey types, including rodents, birds and fish, were
found to have a higher ratio of Apparent Digestible Energy to Nitrogen than
larger items such as rabbits, although comparisons with data presented by
other workers demonstrated that the variations between species within these
prey groups are as great as, or greater than, those Dbetween the diets
themselves. From the results of the feeding trials, it was also apparent
that such diets do not differ significantly, either in digestibility or
biological value and attempts to classify particular prey items in terms of
their nutritional value are, therefore, of limited application in analyses
of the feeding ecology of a generalist predator.

Nutrient intake was related to diet composition and varied widely
between trials, although the mass-specific requirements of females were
higher than those of males. Comparisons of gut morphology indicated that,
in females, hypertrophy of the alimentary tract may develop in response to
increased energy demands. A similar adaptation was evident in Dboth males
and females from wild populations, suggesting that the natural diets of
free-1iving mink are generally of a lower quality than the rations fed to
commercially raised animals.

Feeding trials were also carried out on growing kits from 56 to 105
days post partum. Sex differences in nutrient metabolism were not
significant but the growth rates of males were higher than those of females.
In both sexes the growth rates of kits feeding on 'natural' diets were lower
than those of animals raised on commercial rations. This effect was most
pronounced in males, a finding which supports the hypothesis that the degree
of sexual dimorphism in this species is dependent on the extent to which the
growth potential of males is constrained by dietary regime during the early
phases of development.




(%ii)

List of Materijials

All reagents were of analytical grade unless stated otherwise.

Materials were obtained trom the following suppliers:-

Alltech Associates/Applied Science, Carnforth, Lancashire., U.K.

Alltech (CS-5, on chromasorb WAW support (100 - 120 mesh) GLC fatty

acid methyl esters (12:0 - 22:6)

BDH Chemicals, Poole, Dorset, U.K.

Acetic acid, glacial

Ammonium sulphate

Amyl alcohol

Calcium chloride

Chloroform

Cupric sulphate

Diethyl ether
Dimethyldichlorosilane (G.P.R.)
Di-Sodium Hydrogen orthophosphate
n-Hexane

Hydrochloric acid (G.P.R.)
Hydrogen peroxide

Iodine

Kieselgel 60H (Merck)

Nitric acid



Petroleum spirit (B.P. 60-80°C fraction)
Petroleum spirit (B.P. 40-60°C fraction)
Potassium di-hydrogen orthophosphate
Potassium hydroxide

Silica gel

Sodium hydroxide

Sodium hypochlorite

Sodium nitroprusside

Sulphuric acid (G.P.R.)

Toluene

Tri-Sodium orthophosphate

Urea

Zinc dibenzyldithiocarbamate (G.P.R.)

llos]
o]
(@]

Ltd., Birtley, Durham, U.K.

Air
Hydrogen
Ooxygen

Nitrogen

Farm Feed Formulators, Northallerton, Yorkshire, U.K.

Vitamin supplement MA2

Gallenkamp, Loughborough, Leicestershire, U.K.

Benzoic acid (thermochemical standard)

(xiii)



1.c.1.

[l
T4

Ltd., Welwyn Garden City, Hertfordshire, U.K.

Tensol no. 12 plastic cement

,
3
3
=
o)
"3
4
o)
[+t
E
le=
.
N
5

Glass GLC columns

Sigma Chemical Co., Poole, Dorset, U.K.

Special

Boron trifluoride
Ethylenediaminetetra-acetic acid (EDTA)
Palmitic acid

Phenol

Triethanolamine

Triolein

Urease

Diet Services, Ltd., Witham, Essex, U.K.

Solkafioc

Thompson and Capper, Ltd., Runcorn, Cheshire, U.K.

Kjeltabs AAOAC

(xiv)



Figure

rJ
b=

N
\S}

List of Figures

Relationship of Observed to Estimated

Dietary Energy Content

Apparent Partition of Ingested Gross Energy

Nitrogen Metabolism

Metabolism Cage

Feeding Trials and the Moult

Variation in Body Weight of Animals Over

Trial Period (Diet = RBBT)

Variation in Body Weight of Animals Over
Trial Period (Diet = STAN1)
Variation in Body Weight of Animals Over

Trial Period (Diet = CK12)

Variation in Body Weight of Animals Over

Trial Period (Diet = STAN2)

(xv)

Following Page

>
~J

49

62

62

74

76

88

88

88

88



(xvi)

Figqure Following Page

3:9 variation in Body Weight of Animals Over

Trial Period (Diet = E-MIX) 88

3:10 Relationship of Metabolisable Energy Intake

to Body Weight (All Diets) 30

3:11 Relationship of Urine Nitrogen to Apparent

Digestible Nitrogen 101

3:12 Relationship of Gut Length to Body Weight

in Wild and Farm-bred Mink 103

3:13 Relationship of Intestinal Surface Area:Volume

Ratio to Body weight in Wild and Farm-bred Mink 104
4:1 Weight Gain of Kits During Trial Period 123
4:2 Growth Rates of Kits During Trial Period 124

4:3 Relationship of Metabolisable Energy Intake to

Body Weight (Kits) 125



List of Tables

Sexual Dimorphism in the Body Size of the

Aramm 2 e X I
Al L 1eall I\’l_Ln)\

Summary of Published Information on Food

Habits of Free-living Mink

Summary of Published Information on Sex

Differences in the Diet of Free-living Mink

Live Weights of Prey used in Feeding Trials

Proximate Composition and Energy Content of

Diets

Comparison of Dietary Dry Matter Content

Comparison of Dietary Ash Content

Proximate Composition of Diets

Weight-specific Energy Content of Diets

Comparison of Dietary Energy Content

Comparison of Dietary Protein Content

{(xvii)

Following Page

[8)

29

30

33

47

47

47

48

48

48

48



Table Following Page

2:11 Comparison of Dietary Lipid Content 48

2:12 Comparison of Observed Caloric Value of

Diets and Estimates Calculated from Proximate

Composition 49

2:13 Retention Times of Fatty Acid Methyl Ester

Standards 49

2:14 Fatty Acid Composition of Rabbit and Eel Diets 50

2:15 Proximate Composition of Diets Used in

Laboratory Studies on Mink 57

3:1 Proximate Composition of E-MIX Diet 78

3:2 Mean Body Weight of Subject Animals During

Feeding Trials 87

3:3 Comparison of Body Weights of Subject Animals

Between Trials (Males) 87

3:4 Comparison of Body Weights of Subject Animals

Between Trials (Females) 87



Table

9%
.
~J

Changes in the
During Feeding

Rate of Weight

Changes in the

During Feeding

Body Weight of
Trials (I):

Change Between

Body Weight of

Subject Animals

Comparisons of

Sexes

Subject Animals

Trials (II): Rate of Weight

Change Within Trials

Changes in the
During Feeding

Rate of Weight

Changes in the
During Feeding

Rate of Weight

Body Weight of
Trials (IIla):

Change Between

Body Weight of
Trials (IIIb):

Change Between

Subject Animals
Comparisons of

Trials (Males)

Subject Animals
Comparisons of

Trials (Females)

Weight-Specific Food Consumption of Subject

Animals: Comparisons Between Sexes

Food Consumption of Subject Animals per Unit

Metabolic Weight

Comparison of Food Consumption Between Trials

Gross Energy Intake of Subject Animals per

Unit Metabolic

Weight

(®xix)

Following Page

88

88

89

89

90

91

91

91



Table Following Page

3:13 Comparison of Gross EkEnergy Intake Between Trials 91

3:14 Nitrogen Intake of Subject Animals per Unit

Metabolic Weight 92
3:15 Comparison of Gross Energy Intake Between Trials 92
3:16 Lipid Intake of Subject Animals per Unit

Metabolic Weight 92
3:17 Comparison of Lipid Intake Between Trials 92
3:18 Apparent Digestibility of Dry-Matter 93
3:19 Apparent Digestibility of Gross Energy g3
3:20 Comparison of Apparent Digestibility of Gross

Energy Between Trials g3
3:21 Apparent Digestibility of Nitrogen 94
3:22 Comparison of Apparent Digestibility of

Nitrogen Between Trials 94

3:23 Apparent Digestibility of Lipid 94



(xxi)

Table Following Page

3:24 Comparison of Apparent Digestibility of Lipid

Between Trials 94

3:25 Estimated Urine Energy as a Proportion of

Ingested Gross Energy 94

3:26 Comparison of Urine Energy Losses Between Trials 94

3:27 Metabolisable Energy as a Proportion of

Ingested Gross Energy 94

3:28 Comparison of Metabolisable Energy Retention

Between Trials 94
3:29 SDA as a Proportion of Ingested Gross Energy 96
3:30 Comparison of SDA Between Trials 96

3:31 Net Energy as a Proportion of Ingested Gross

Energy 96

3:32 Comparison of Net Energy Retention Between

Trials 96

W
.

w
W

Energy Invested in Deposition of Adipose

Tissue as a Proportion of Ingested Gross Energy 97




(xxii)

Table Following Page

3:34a Apparent Mass-Specific Partitionment of

Ingested Gross Energy During Feeding Trials 9g

@]
~h
i
(V]
ct

3:34b Apparent Mass-Specific Partitionment

Energy During Feeding Trials gg

3:35 Comparison of Mass-Specific Energy Retention

Between Trials 98

W

:36 Apparent Mass-Specific Partitionment of

Ingested Nitrogen During Feeding Trials 100

3:37 Retained Nitrogen as a Proportion of Apparent

Digestible Nitrogen 101

3:38 Comparison of Nitrogen Utility Between Trials 101

3:39 Retained Nitrogen as a Proportion of

Ingested Nitrogen 101

3:40 Comparison of Nitrogen Retention Between Trials 101

3:41 Variations in Nitrogen Metabolism Associated

with Moult 102

3:42 Bowel Transit Times 102



Table

3:43a

3:43b

4:5b

Gut Morphology: Comparisons Between Wild and

FParm-bred Animals (Males)

it

Gut Morphology: Comparisons Between Wild and

Farm-bred Animals (Females)

Body Weights of Kits: Experimental Litters

Body weights of Kits During Study Period

Growth Rates of Kits During Study Period

Mean Body Weight of Subject Animals During

Feeding Trials

Weight-Specific Nutrient Intake of Subject

Animals: KIT1

Weight-Specific Nutrient Intake of Subject

Animals: KITZ2

Apparent Digestibility: Kits

Apparent Digestibility: Adults

Apparent Digestibility: Comparisons with Adults

(¥¥iii)

Foliowing Page

103

121

124

124

124

125

125

126



(xxiv)

Table Following Page

4:8 Apparent Mass-Specific Partitionment of
Ingested Gross Energy During Feeding Trials 126
4:9 Apparent Mass-Specific Partitionment of
Ingested Gross Energy During Feeding Trials:

Comparisons with Adults 126

4:10a Breakdown of Energy Metabolism in Relation

to Ingested Gross Energy (Kits) 127

4:10b Breakdown of Energy Metabolism in Relation

to Ingested Gross Energy (Adults) 127

4:11 Breakdown of Energy Metabolism in Relation
to Ingested Gross Energy: Comparisons with

Adults 127

4:12 Apparent Weight-Specific Partitionment of

Ingested Nitrogen During Feeding Trials 127

4:13 Apparent Weight-Specific Partitionment of
Ingested Nitrogen During Feeding Trials:

Comparisons with Adults 127

4:14a Breakdown of Nitrogen Metabolism in Relation

Ingested Nitrogen (Kits) 128




Table

4:14Db

4:15

{(xxv)

Following Page

Breakdown of Nitrogen Metapolism in Relation
Ingested Nitrogen (Adults) 128
Breakdown of Nitrogen Metabolism in Relation

Ingested Nitrogen: Comparisons with Adults 128



Chapter One

GENERAL INTRODUCTION
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1:1 The American Mink - an Introduction to the Species

1:1.1 Distribution and Habitat

A member of the family Mustelidae (Order Carnivora), the American Mink

Mustela vison {(Schreber) is a prv

P R P i S \ K ;
clalturly , S~ llJ.“&kiLlOt_LC mammal Or;glnally

native to the Nearctic, with a wide-ranging distibution extending throughout
North America and most of Canada, except the high arctic. It is less common
in the more arid south-western areas of the continent, and is absent from
Mexico. Hatler (1976) presented a thorough account of the taxonomy and
distribution o©of the species, documenting the extent of it's range in North
Lmerica.

In recent times, this range has Deen extended to the Palearctic region
through introductions associated with tne fur trade. During the 1920's anc

1930's fur farms were established in most countries in northern Europe and

-y

the small numbers of animals escaping led tc the growth of sizeable feral
populations. In the U.S.5.R., commercial farming was combined with
deliberate release of animalg intoc the wiid, to providas a population
available for nhunting and trapping (Pavlov, 1970). The country has now beern
extensively Ccoicnised, the species being present thrcughout most of the
temperate forest zones of the north and extending into the tundra. In
western Europs the mink ic widespread ir Finland and Scandinavia, Germany,
France, Spair, Britain and Ireland, anc Irceland.

The mink iz generally associated witlh aquatic habitats, particularly
eutrophic streams and 1lakec which provide dense cover and a selection of
potential den sites (Erlinge, 1572; Allen, 1983). It is @&also common in
marshes and wetlands (Sargeant, Swanson and Doty, 1973; Eberhardt and
Sargeant, 1975), and in reedbarks or carr (Chanin, 1976, 1981; Birks 1981;

Birke and Linn, 1982). Gerell (1967, 1968, 1970, 1971) and Erlinge (1972)



recorded the presence of mink in a variety of habitats in Sweden including
coniferous woodland, farmland and off-shore islands. Though less common in
oligotrophic environments where waterside cover is sparse (Chanin 1981), the
mink may occupy stretches of rocky coastline, provided that sufficient prey

is available and suitable cover close by, as reported by Cuth

v
o3
m
1
ct

o
\0
~J
e}

—
93]
i}
ol

Dunstone and Birks (1983) of populations in Scotland, by Hatler (1976) in
British Columbia, and Gereil (1968) in Sweden.

The species is tolerant of man, and is found in urban areas close to
rivers and canals, allotments and other secluded situations affording
shelter and a plentiful supply of food (Birks and Linn, 1982). Habitat

reqguirements have been extensively reviewed

9]

nd evaluated by Allen (1983).

The mink ig an opportunistic predator, taking a wide variety of mammal,
fish, bird and invertebrate prey. The composaition of the diet wvaries with

ceason and habitat, according to changing availability of prey.

(i) Variation with habitat

n

Ir riparian habitats, coarses fish, froogs and crayfish constitute the

(

nighest proporzion of the diet, with small Dbirds and rodents also Dbeing
taken, together with beetles, molliusce and, occasionally, earthworms (Chanin
and Linn, 1980; EBurgess and Bider, 48C¢; Chanin, 1981; Wise, Linn and
Kennedy, 19€1; Gilbert and Nancekivell, 1982). Ground-nesting birds such as
waterfowl are selectively predated where available, as in marshes and

wetland areas (Gerell, 1968; Sargeant et al, 1973; Eberhardt and Sargeant,

1975; Chanin and Linn, 1980; Wise et &1, 1981), while in coastal habitats



gulls, taken as carrion or juveniles, often make up a significant proportion

of the diet (Cuthbert, 1979; Birks and

coastal-living mink foraging in the 1littoral

Dunstone, 1984, 1985). For

zone, shore crabs form an

important food source (Hatler, 1976; Cuthbert, 1979; Birks and Dunstorne,

1985; Dunstone and Birks, 1987), particularly in late summer when the crabs

migrate inshore to breed. Rockpool fish are also taken (Hatler, 1976; Birks

and Dunstone, 1984, 1985).

Regional differences in the «compesition of the diet are related, in

part, to the distribution of the prey species.

For instance, rabbits are

heavily predated where present, and in the British Isles may form the most

ot

important prey item (Wise et al 198

; Birks and Dunstone, 1985). In Sweden,

Gerell (1967, 1968) and Erlinge (1963, 1972) found cravfish to be the major

compcnent, while in North America, muskratse and cother small rodents are

repcorted tc bhe the species most freguently taken (Secalander, 19432

0

555 .

Korschgen, 195%%; Hamiiton,

[

(ii) Variation with season

The occurrence of different prey tvpes :=n

seasonal chnanges in their abundance. i

.
!

L raries with the

the winter months, fish are

rt

frequently found to be the major food source (Wise et a:, 18981; Birks and

Dunstone, 192%; Zunstone and Birks, 1987). Gerell (1968) suggests that thic

is due to their greater susceptibility to capture in colder waters. in

summer, craviish become increasingly important as their mobility (and hence

vulnerability) increases with the rising water
1968). Similarly, predation upon rodents
peaking in autumn, while lagomorpn predation

juvenile rabbits are most numerous. Dunstone

temperature (Gerell, 1967,
varies with their abundance,
is maximal in summer when

and Birks (1987) contend that



o

in coastal-living mink, increases in predation of rockpool fish in winter
derive in part from the decreased availability of alternative prey types,
principally lagomorphs, at that time.

The diets of wild mink and the wvariations in their composition are

reviewed in greater detail in Chapter Two.

1:1.3 Social Organisation and Breeding System

Social organisation is Dbased upon individual territories contiguous
with those of animals of the same sex, but often overlapping tc a great

zrell, 197C; Birks,; 1981; Birks and

G

extent with those of opposite sex (

c

[
H
(o]

Linn, 13982). The territoriez nave well-deiirne boundaries which are

(1))

patrolled regularly and delineated by scent-marking, usually in the form of
scats or droppings deposited in prominent places.

As is true of many carnivore

wn
E.
=3
)

ranges vary in size, depending cn
nabitat, prey density and season (Rosenzweig, 196&; Dunstone and Birks,
1985). They are generally linear in shape since activity is usually

corncentrated alcng water margine. Ranges of 1.5 - &.0 Km in  length have

teen described for males (Gerell, 1870; Chanin, 1€76; Eirks and Linn, 198Z;

Dunstone and Birks, 19€5), while those of females are slightly smaller, with
1 - 3 Km Dpeing mOore CCmNOnL. Deriz  «re cituated throughout the range and
several may be in use at any ong time iB:rke and Linn, 1982). Locatea in
rabbit Dburrows, amcngst rocks angd Qense vegetation or beneath waterside

trees, their use is related to foracirg s.taivity, which is often 1localised
and centred upon areas in which prey is s<asonally abundant.

Puring January and February the territorial system begins to break down
with the cnset of the spring mating season, when resident males may vacate

their territories in search of females and transient non-residents become




more numerous (Gerell, 1970, 1971). The mating system is promiscuous and
polygynous, with strong intra-sexual competition between males for access to
receptive females (Marshall, 1936; Birks, 1981). Successful males may mate
with several females in the course of the season and individual females may
be mated by several males (Hatler, 1971, 1976). There is no evidence of
pair-bonding or male parental care.

Mating takes place in February to March, ovulation being induced by
coitus. A second mating is necessary for fertilisation, which may be by the
same or a different male. In instances of multiple matings by different
males, 1litters of mixed paternity <c¢an result, a phenomenon Kknown as
superfetation. Implantation may be delaved by a variable period of time,
such that gestation may last from 39 - 76 days, with females bred in early
March having the longest gestation period (Enders, 1852). The kits are
usually born in May, approximately 28 days after implantaticn, the average
litter size being 4 - 6. Lactation lasts 6 - 8 weeks, ancé the kits are
weaned at about 6 weeks old (Pilbeam, Concannon and Travis, 1979).

Adult size js attained in approximately 4 nmonths, with mean weightg

being around 1400 ¢ and 720 g for males and females, re
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ectively (see Table
1:1). The voung are sexually mature at 12 monifns 3and can breed the

foliowing vear.
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Sexua. Dimorphism in Muste.s
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Sexual dimorphiism is a cnaracteristic teature of mustelids,
particularly of the Mustelinae, the subk-family to which the mink belongs and
which includes the stoats, weaseis and martens.

Males are always the larger sex and may be more than twice the size of

females, though the ratio wvaries with species and geographically within



Table 1:1 Sexual Dimorphism

Location Author

Oligotrophic Chanin, 1983

stréam,

England

Coastal, Birks and

Scotland Dunstone,
1983

Farm-bred, This study

England

Male

Female

Maie

Femaie

Maie

Female

N

48
32

11

14
16

Bo
(Kg

1

0

. 153
.619

. 196

.688

.823
. 861

y Wt . S.

(0.045)

(0.020)

(0.051)
(0.022)

in the Body Size of the American Mink

Range

0.
0.

850-1.
450-0.

.930-1.

.560-0.

.130-2.
.660-1.

805
810

530

770

040
020

Dimorph-
I sm

2.05
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species (McNab, 1971; Ralls and Harvey, 1985). Dimorphism is evident not
only in size but in shape aiso. The practice of measuring skulls for
taxonomic purposes has afforded details of sex differences in the mink
(Kruska, 1980; Wiig and Rolf, 1980; Wiig, 1980, 1982a, 1982b, 1985; Wallace

Park and Nowosielski- Slepowron, 1981) as well as polecats Mustela putoriusg

(Ashton and Thomson, 1955; Buchalczyk and Ruprecht, 1977; Ruprecht, 1978),
weasels M. nivalis (King, 1980), martens Martes spp. (Hagmeier, 1961;
Leach, 1977; Gerasimov, 1985), badgers Meles meles (Wiig, 1986), and otters
Lutra Jlutra (Hysing-Dahl, 1959; wvan Eree, Jensen and Kleijn, 1966; Wiig,
1986). Birney and Fleharty (1966) and Ondriac (1966) have reported

secondary sexual variation in th

M

pcst—-cranial skeleton too. For the
purpcse of the present work, however, the term ‘'dimorphism' will be used
only in reference to dimorphism in body size (expressed as weight), unlesc
stated otherwise.

The sexual dimorphism of mustelids

$ode
n

striking in both it's magnitude
and universality. Several theories, falling into two main groups, have beern
advanced tc¢ exXrlain this phenomenon. Those in the first group are based on
the premise that sexXual dimorphism has arisen as a means of ncreasing niche
separation Dbetween males and femaleg, whnile theie included in the second
seek to explain dimorphism in terms of  selective fpressurec for promoting

large size in malesg and/or small
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(i) Sexual dimorphism and the reductior ©f niche overlap

The +theorieg belonging to the first catagory invoke the concept of
differential niche utility and draw upon data from a number of vertebrate
groups, particularly birds, in which dimorphism appears to have arisen as &

means of reducing competition for food between the sexes. Selander (1966)




and Holyocak (1970) noted that, in some species of Dbirds, there are
differernces in the feeding apparatus as well as size, which enable males and
females to exploit different food resources. Feduccia and Slaughter (1974)

found similar developments in various species of skate (Chondrichthyes:

%

ajidae); sexual dimorphism 1in the mouthparts is related tc the depths at
which each species 1is normally found. At greater depths, with fewer prey
items available, intra-specific competition increases, wWith the concomitant
development of the observed sex differernces.

The dimorphism in the skull shape of mustelids lends support +to this
theory, as noted by Erlinge (1979). A1l the differences recorded are
related t0 increases in the size of the canine and carnassial teeth in the
male. and the greater development of these anatomical features by which

larger and more powerful jaw muscles, particularly the temporalis, might be

Maynard Smith (195%2); Herring and Herrinag (1974); Emmerson and Radinsk

7

o

The absence ¢f consaistent difference

n

irv. the diet of some markedly
dimorphic carnivores however, may mean tnat Suclh compariscons are misleading.

For instance, there is marked sexual dimerphisa irn  foxes Vulpes spp.

(Churcher, 1960) and in otters and padgers (Wiig, :286), even though in each
of these speciec the gdiet 1¢ Comprised mainly of items smaller than
themselwves. That the observed dimorphism indicates specialisation for a

particular size clasc is neither likely nor evident. Wiig (1985) found a

similar pattern in the hooded seal Cystopheora cristata, a species to which
the same considerations apply. As in mustelids, the changesz seem to Dbe
related to age rather than diet (Birney and Fleharty, 1966; van Bree, 1966;
King, 1980; Kruska, 1980; Wiig, 1982), though it is ©possible that the

pronounced dimorphism seen today is a relict of former times, when different



ecological conditions pertained (MacKinnon, 1974).

Mustelids have evolved a disproportionately long, slender Dbody shape,
presumably as an adaptation enabling pursuit of fossorial prey into their
burrows. Brown and Lasiewski (1972) have postulated that having such a
shape incurs a penalty in the form of nigher energy demands, since Lheir
greater heat losses require an elevated metabolic rate. Sexual dimorphism
might therefore be selected for as a means of reducing the competition for
available food resources.

Similar considerations are thought to apply to birds, particularly
predators such as hawks and owls, for which prey density may be a 1limiting
factor (Storer, 1966; Earheart and Johnson, 1970). In these dgroups reversed
sexual dimorphism is the ncerm i.e., females are larger than males. Reynclds
(1972) argued that small <cize in one member of a breeding pair should be
seiected for to alleviate competition and to reduce the net eneragy
regquirement of the pair. Femalecs should alwave be the larger of the two,
given consideration to egg guality and the aerodynamic 1limitations placed

upon  an  avian predator during the breeding period (Greenwood and Wheeler,
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n accordance with the predictions made by Elren (1S27) regarding
the ‘'pyramid of numbersg', prey density is inversely re.ated to size. Thus
pregators specialising in such small prey types, Dy a reduction in their own
size, wWOuld accrue the Dbenefites of having a mere avindant food supply.
Hence the evolution of smaller males (Storer, 1
In the case of mammals, the constrainte imposed upon female body size
by reproductive considerations do not apply and there is no necessity for
maintaining a large size. Small size may be selected for if, as Storer
(1966 ) suggested, an advantage were to Dbe gained in so doing, through
specialising in a different feeding niche. However, the theory that

differential niche utility developed through size dimorphism, as proposed by




Brown and Lasiewski (1972}, has been criticised by several authors (Erlinge,
1979; Moors, 1980; Ralls and Harvey, 1985) who cite a number of features of
mustelid ecology which are incompatible with the theory.

Erlinge (1979) pointed out that sexual dimorphism is a characteristic
of all the solitary mustelids whether or not they possess the elongate Dpody
form, though Powell (1979a) found evidence that sexual dimorphism was
positively correlated with the degree of elongation. This relationship has
since been shown to be apparent rather than real (Ralls and Harvey, 1985).

If dimorphism arose as an adaptation by one sex to the predation of a

particular <cize of prey, there should be a discernable relationship between
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rey. No such relaticnship has been found in
any o©f the mustelid species studied (Rosenzweig, 1968; Ralls and Harvey,

1985), though in the stoat Mustela erminea, in which the female 1is
g

considered to be a vole specialict, female size isc more closely correlated
with nge, 1979; Simms, 1979). Ralils
and Harvey (1985) demonstrated that the degree of sexual dimorphism is not
related to either the number of vole species dresent ¢or their size range,
and concluded that while a positive relationship eristed petween the two,
prey size was not & good, nor even the best, predicter of predator size.
Rosenzweig (1968) notec that analyses of this kind were confounded by the
problem of gefining nrey size n a oDiclogically meaningful way.

Predator c©ize 1ig governsa 1not oniy by the size relationship between
predator and prey but also by that cetween sympatric predatoers. Rosenzweig
(1966, 1968) introcuced the concept of 'hunting sets' to describe groups of
closely related predator species sharing the same habitats and employing
similar hunting strategies. Their coexistence, he asserted, was made

possible because of the differences in size between the species and between

the sexes within each species. This minimised exploitation competition for
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food resources, a phenomenon known as character displacement.
In North America, five mustelid species may be included in such a set,

the (least) weasel Mustela nivalis, the stoat M. erminea, the long-tailed

weasel M. frenata, the American marten Martes americana, and the fisher M.

pennanti. McNab (1971) found a uniform gradation in size from the smallest
to the largest, with body weight increasing by a factor of approximately
2.00 at each step. This suggested that an even spacing of ecological niches
had arisen; a finding predictable from the ideas of Hutchinson (1959),
elaborated upon by Schoener (1974).

McNab concluded from his analysis that the maximum and minimum size
attained by a predator was constrained by the occupation of adjacent niches
by other members of ihe set. In those parts of a species' range in which
one or more of these potential competitors was absent McNab found that body
size increased, such that the adjacent niche could be filled. Thus M

erminea was held to grow larger in the north, in the abgsence of it's larger

competitor M. frenata, while M. nivalis showed an increase in size witnh
iatituce beyvond the western limits of distribution for M. erminea. Similar

size increases were recorded for Martes americana to the north of the rance

of the larger M. pennanti. However, Ralls and Harvey (128%) demonstrated
that the observed geodgraphical variations in the size of M. erminea were
not correlated with the presence or absence of either M. nivalis or M.
frenata. Furthermore, neither ¢f the latter covaried in size or degree of
dimorrhism with M. erminea, thus confounding the argument for character
displacement as the means by which dzmorphism in competing predators might
arise. Moors (1980) argued that exploitation competition between the sexes
could be reduced without evolving dimorphism, and suggested the use of
different hunting strategies, activity patterns or foraging habitats as

lternatives. 1In addition, he reasoned that sexual dimorphism could lead to
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an increase in interference competition between the seXes, since social
dominance in mustelids appears to be closely correlated with body size in
both intrasexual and interspecific confrontations (Lockie, 1966; Erilinge,
1977; King and Moors, 1979; Simms, 1979). Wilson (1975) demonstrated that
while 'larger anaimals eat things which are unavailable to smallier
competitors, the reverse is much less true', implying that there would be a
severe selective disadvantage in being the smaller c¢f a dimorphic pair. As
Moors (1980) pointed out, the ©Denefits of sexual dimorphism cannot be
related to reducing competition for limited vresources, since it is the
scarcity of prey which creates the conditions in which such competition
arises.

Finally, as described above, sexual dimorphism is evident in a number
of mustelids in wnich no differences in diet or niche utility are apparent,
for example the otter and the badger. It may be concluded therefore, that
sexual dimorphism is not primarily an adaptation for avoiding intersexual
competition for food, though the niche separation resulting from such large
differences in size may accrue cgecondary advantages which would serve to
augment the selective pressures favouring the trait.

The theories which seek L2 explain sexual imorphism in  terms of

o))

differentzal niche utility not only fail to account for a number of
important aspects of mustelid biology, but alsc do not explain the direction
of the dimorphiism. Consequently, the alternatives which have been propocsed
attempt to explain the phenomenon with reference to those factors selecting

for large males and small femaies.



(ii) Selection for large size in males

Gittleman (1984) observed that sexual dimorphism was most pronounced in
polygynous carnivores. Large size is selected for in the male, with strong
intrasexual competition between males for access to breeding females.
Fighting bhetween males during the Dbreeding season has been recorded in
stoats (Lockie, 1966; Erlinge, 1977), weasels (King and Moors, 1979),
polecats (Poole, 1972, 1974) and mink (Maclennan and Bailey, 1969), with
dominance usually being dependent on body size.

Concemitant with increased Dbody size is greater mobility and a
proporticnately higher encounter rate with femalies, which are generally more
seder.tary in habit (Gerell, 197¢, 1971). Large body size would also be an
advantage toc a male in subduing females (Simms, 1879). In addition,
maintaining a greater Dbody size necessitates an increase in home range,
which in carnivores is directly related to metabolic requirements (Harestaad
and Bunnell, 1979; Gittleman and Harvey, 1982; Mace, Harvey and
Clutton-Brock, 1983). Since larger home ranges would be likely to contain

more females, the possibility of more frequent matings would be an advantage

A

19]

ainst which the energetic cost of maintaining a large bodyv size, and the
home range needed to sustain it, might be offset.

Though Erlinge (1279) ans Moors (1980) have outlined the factors
selecting for large size irv. males, these alone may not be sufficient tco
account for the magnitude ©of the sexual dimorphism in mustelids (Ralls and
Harvey, 198%&). The observed cize differences bpetween the sexes may result
from the combined effect of selective pressures acting separately upon each

sex, for larcer males on the one hand, and smailer females on the other.




14

(iii) Selection for small size in females

The arguments for reduced body size as an adaptation for predation of a
certain prey species or size class have already been discussed. Early
sexual maturity in smaller temales has been suggested as being of selective
advantage (Erlinge, 1979), though no consistent pattern in the reproductive
piology of mustelids has emerged to suggest that this is of primary
importance.

Powell (197Sb) and Moors (1980) favour the theory that smaller females
are selected for Dbecause of their reduced energy demands, particularly
during the breeding season. The cost of reproduction in mammals is high;
during gestation the female's energy needs increase by approximately a
qguarter and double during lactation (Kaczmarski, 1966; Migula, 1969). East
and Lockie (1964) reported an increase in food consumption of approximately
127% during the lactation of a weasel with a litter of four. Reduction of
the total energv redquirement through smaller body size would therefore be of
very great benefit, especially in carnivores which must continue providing
food for their litters even after weaning, until the young can hunt and kil:
for themselves. Moors (188C) calculated that a male-sized female weasel
would need to catch an extra half a vole per day simply to meet her own

increased metabolic costs. Powell and Leonard (:S83) similarly estimated

M,

the extra nergy expenditure in the female fisher Martes pennanti to be

300 - 500 KJ/day.

The 1dea that smaller females make a saving on their own eneragy
requirements which can be channelled into reproduction has been met with
scepticism by Ralls and Harvey (1985), who argue that this would only be the
case if hunting efficiency remained constant for predators of different

sizes. As has already been indicated, niche breadth may in fact decrease



with size (Morse, 1974; Wilson, 1975; Moors, 1980), and Erlinge (1975)
observed that male weasels averaged only 12.5 minutes per successful capture
compared with 50 minutes for females, though females were able to guadruple
their efficiency when supporting a litter. Conversely, Powell and Leonard
(1983) contended that the foraging strategy employed by lactating femaie
fishers differed very little from that normally used by male fishers at that
time of year, indicating that Dboth males and females were foraging
optimaliy. The maximum daily energy expenditure of Dboth sexes were
estimated to Dbe about the same (2000 - 2500 KJ), which suggested that the
reduced maintenance reguirement of females almost exactly compensated for
the higher costs of reproduction.

The findings of Ralls and Harvey (1985) indicate that sexual dimorphism

is probably not directly related to energy requirements. The smallest of
the North American mustelids, M. nivalis is less dimorphic than either of
the next iargest speciecs, M erminea and NM. firenata, yvet it has the
highest surface area: veclume ratic and weight specific cCcosts. Moreover,
while it is possible that the advantages of 1lower energy demands or
specialisation in certain prey types have led to & reduction in female size

in some species of mustelid, it is uniikeliy that selective pressure for
small females 1s the major cause of extreme dimorphism, as the
characteristic is not always associated with small female size.

Thne large regional variations in body size and sexual dimorphism that
occur within Sﬁecies led Ralls and Harvey (1985) to conclude that local
environmental conditions were gprimarily responsible for the patterns
observed. They proposed that differences in adult body size were determined
mainly by variations in prey aburdance during the period when the young were

growing.
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East and Lockie (1964) provided striking evidence of this in their
study of a weasel 1litter raised in captivity. Fed ad libitum, females
attained an adult weight of 85 g, compared with an average of 60 g for wild
females from the same population. Males reached 300 g, nearly twice the
weight of wild males, which averaged only 160 g.

Laboratory studies have shown that adult size in males is much more
dependent on the plane of nutritiorn than in females, and may be greatly
reduced if food resources are restricted during the initial growth period
(Widdowson, 1976). Sinclair, Sibbald and Evans {(1962) monitored the
performance of male and female mink kits of similar birth weights on four
different diets for the first five months after weaning. Females were
largely unaffected by experimental regime, but the growth of males on the
same diets was depressed to varying degrees, depending on the levels of
energy and protein. Tauson and Alden (1985), also working with mink, found
that 1imiting energy intake for the first few weeks after weaning
significantliy affected adult body size. After this period, similar
restrict:ons had no detrimental effect. It has also Dbeen shown that energy
restriction affects kits of a higher initial weight to a greater extent than
smaller animals (Jgrgensen, Clausen and Haagen—-Petersen, 1962). Males,
being larger, have higher maintenance requirements and thus such a
restriction is of greater conseguence in males than in females.

In the light of these findings, Ralls and Harvey (1985%) have postulated
that sexual dimorphism is likely to be dgreatest in areas where prey is
abundant and male dgrowth rates maximali. Conversely, it will be lowest in
those areas in which fo0d resources are limiting and male body size is
reducedg. Since dimorphism 1s aliready pronounced by the time the kits are
weaned (Sinclair et ai, 196Z; pers. cbs.), the extent to which it continues

to increase may depend both on the efficiency with which males predate those
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species for which the females are the optimally-sized predator, and the
availability of larger sized prey. In this case, species differences in
diet and size of prey taken could account for much of the variation in
sexual dimorphism both within and between species.

Supporting evidence for this explanation comes tfrom Powell's (1973a)
study of two fisher ©populations in North America. Animals taken from
Minnesota were released in Michigan into an area having abundant prey
resources not exploited by other predators. After fifteen vyears, male
fishers in the introduced population were found to be significantly heavier
than the males of the parent population in Minnescta. Female weights had
not changed. Powell attributed these changec to the large number of

porcupines Erethizon gorsatum, the fisher's main prey, which were to be

found in Michigan. Such an abundant food supply would enable their

predators to achieve maximal growth rates during their early development.

The theories advanced in explanation of sexual dimorphism in the body
size of mustelids are many and varied, and it is unlikely ihat any one of
them can fully account for the civersity of patterns within the group.

Sex cGifferernces in the diets of most of the smaller species are
well-documented; in the weasel (Day, 1968&; Erlinge, 1975; Brugge, 1977;
King, 1977); stoaz (Day, 196g£; Brugge, 1977; Erlinge, 1979); polecat
(Brugge, 1977); REmerican marten (Murie, 1961; Buckirk and MacDonald, 1984);

pine marten Martec martes (Pullianen, 1980); and mink (Sealander, 1943;

Birks and Dunstone, 1985; Dunstone and Birks, 1987). Arguments in favour of
differential niche utility as the basis for dimorphism are, however,
confounded by inconsistencies in the relationship between predator and prey

sizes, and the theoretical difficulties in justifying the evolution of size
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dimorphism as the most effective way of reducing intersexual competition,
particularly for the smaller of the dimorphic pair (Moors, 1980). Moreover,
the absence of any firm evidence o©of character displacement in sympatric
populations of carnivores indicates that niche separation is achieved by
other means and that it is propbably not the mechanism Dby whicn size
differences between males and females would arise (Ralls and Harvey, 1985).
The Moors-Powell hypothesis identifies a selective advantage in small
size for females Dbecause of their reduced energy requirements. There is no
doubt that the total cost of reproduction is substantially lower for a small
female than for a hypothetical male-sized female (Moors, 1980; Powell and

Leonard, 1983), but it remains to De proven that these costs
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easier
to meet 1in a&a smaller animal. Since the differences in hunting efficiency
and prey utilisation contingent upon body size have yet to be quantified it

is difficult to Qqetermine the eXtent tc which small body size is truly
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in the context of a predator's feeding ecology.

If Dbody size has no appreciable effect con hunting efficiency then, as
Ralls and Harvey (1985) point out, it is necessary toc seek an explanation
for increased body size in males, to account for their growing so large and
energetically inefficient. Intrasexual competition for females provides the
necessary selective pressure, and has been presented as the explanation of
extreme size dimorphism in groups as diverse in their ecology as primates
(Harvey, Kavanagh and Cluttcn-Brock, 1578) and turtles (Berry and Shine,
1980).

The extent to which males are larger than females is thought to depend
on the guality and amount of food available to voung males during their
early development (East and Lockie, 1964; Powell, 1979a). It has also been
postulated (Emlen and Oring, 1977; Ralls, 1977) that in those areas where

prey abundance is low, female home ranges should be larger. As a result the



potential for ©polygyny, and hence male competition, would be diminished,

thereby further reducing the potential for increased male size.

It is clear from the above that a knowledge of the relationship between
nutrition and the energy requirements for growth and maintenance is central
to an understanding of sexual dimorphism in the body size of mustelids.
Diet quality governs the extent to which males achieve their maximum growth
potential and is basic to those arguments for a selective advantage in small
female size. 1t is pertinent then, to review briefly what is Kknown about
the effect of nutrition on the growth and develcpment of carnivores, the
degree to which the sexes differ in their requirements, and the capacity of

different types of diet tc meet those requirements.

A vast amount of material has been published on the food habits of wila
carnivores, mostly dealinc with aiet content and preferred prey species.
Relatively few studies have Dbeen devoted to the chemical compositiorn,
nutriticral guality or digestibility of these diets.

With the aQomestication of several types of herbivore, research in
animal nutrition has been directed towards those species which are of
economic importance. In cattle, sheep and swine, therefore, the
relationship between nutrition and production has been the subiect of
extensive and detailed investigation. Conversely, for most species of
carnivore the requirementes for growth anc¢ maintenance are still 1largely
unknown, though the increasing use of the domestic cat Felis catus and

certain breeds of dog Canis familiaris in scientific research has meant that
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the situation has begun to change.

Rosenthal and Allison (1951) reported on the effect of caloric intake
on Nitrogen balance in dogs, Miller and Allison (1958) and Greaves and Scott
(1960) carried out similar studies on dietary protein and energy
requirements of the cat. More recently, Barbiers, Vosburgh, Ku and Ullrey

(1982) have calculated the digestive efficiency and maintenance requirements

for scme of the larger felids, including the puma Felis concolor, leopard

Panthera pardus, 1lion P. leo, and tiger P. tigris. Though studies on

captive wild carnivores are still relatively rare, data have been collected
for a number of species.

Inman (1941), Inman and Smith (1941) and Smith (1942) determined the
digestibility of a wvariety of artificial, meat-based diets fed to North
American red foxes Vulpes fulva. Natural diets (composed of prey species
known tc Dbe taken in the wild) were used by Vogtsberger and Barrett (1973)

to estimate energy utiiisation in growin

18]

cubs, while Litvaitis and Mautz
(1376) made similar determinations for adults. Energy balance and prey
digestipility in the bobcat LynxX rufus have been investigated by Golley,

Fetridec, Rauber and Jenkins (1965) and Johnson and Aldred (1982), andé in

the Polar bear Ursus maritimus by Best (1985). Feeding trials and energy

balance studies have also been carried cut cn grey sealc Halichoerus grypus

by Ronalc, Keiver, Beamish and Frank (1984), arid con narp seals Phoca
groeniandica by Keiver, Ronald and EBeamish (1984). Despite the interesting
issues raised by the peculiaritiec of their ecclogy, the nutrition and

b

energetics ©f mustelids have receivecd little attention.

Golley (1960) conducted feeding trials on a single male weasel Mustela
nivalis fed a vole diet, while Moors (1977) investigated the metabolism,
food consumption and assimilation efficiency of both male and female weasels

on natural diets comprising rodents, lagomorphs and birds. Significant sex
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differences were found, with females having substantially lower energy
requirements for maintenance and a higher assimilation efficiency on each
diet. These observations later formed the basis of the theory propounding
increased energy efficiency as the explanation of small size in female
mustelids (Moors, 1980). Similar work undertaken on the fisher Martes
pennanti (Davison, Mautz, Hayes and Holter (1978); Powell, 1979a, 1979b;
Powell and Leonard, 1983), provided corroborative evidence for the
hypothesis. The results presented by these workers, though confined to only
two species, complete what is presently known of the metabolism of mustelids
feeding on natural diets.

While academic interest in carnivore nutrition has been limited, an
expanding market for the pelts of some species, notably the American mink,
has nevertheless ensured that it has been the subject of keen commercial
interest.

A substantial trade in furs has existed since the late 17th. century,
but thrcughout the 18th. and 18th. centuries intencsive commercial trapping
in North Emerica led to the cerious depletion of many wild populations, and

for one species, the sea mink Mustela macrodon, over-explcitation 1led to

extinct:ion  (Waters and Ray, 1961). It was soon found, though, that many of
the cmaller members of the mustelidae and canidae were relatively easy to
rear in captivity. A surge in the demand for fur in the years after the
First Werld War, together with the high prices of wild-caught pelts quickly
led to the establishment of 'fur farms', and the husbéndry of fur-bearing
carnivores became a profitable and widespread business. The American mink,
together with the Silver or Black fox Vulpes fulva , the Arctic or Blue fox

Alopex iagopus and their hybrids, now form the mainstay of a world-wide fur

industry. For these species, as for others bred for profit, the economics

of nutrition and production came to pbe of increasing importance.



Feedstuffs for animals reared on a commercial basis must meet three
main criteria, they should be: 1) comparatively cheap, 2) available all year
round, and 3) of a consistent composition which promotes fast growth rates
and high adult body weight, thus giving the breeder maximum returns for a
minimal financial outlay.

The food requirements of carnivores make them unigque among animals
domesticated for man's use; all the fur-bearers have very high protein and
energy demands, with mink having the highest of all in proportion to it's
size. Protein is the most expensive component of the ration, and
consideration of criteria 1) to 3) has led to the development of feeds which
in composition are far removed from the natural diet.

Initially, 'wet-feed' mixtures were used, comprising poultry offal,
slaughterhouse by-products and fish waste, together with cereal and milk
products. In Britain andé much of western Eurocope this is still the practice

on most farms but, cver the last twenty vears, artificia

]

dry-pelieted feeds
have come intc increasing use, especially in the U.S.A. and Scandinavia.

These generally concist of a cereal base, with fishmeal or livermeal and

milk pcwder a: the protein source, andg additicnal fats and oils to raise the
energy contert ¢f the ration. Existine information on the nutritionail
energetics cf mink derives almost entirely from research into the

formulation c¢f such feeds; through stucdies of the growth and development of
kits on different types of ration, and estimationse ©of the requirements for
maintenance in adults.

The biological utility of a diet depends on the digestibility of it's
constituent proteins, fats and carbohydrates. In the case of protein this
varies with the source; some types of animal and vegetable protein are more
digestible than others (Leoschke, 1959; Roberts and Kirk, 1964; Glem-Hansen

and Eggum and Christensen, 1974; Skrede, 1978a, 1978b, 1978c; Kiiskinen,
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Huida, Pastuszewska and Berg, 1985). To a lesser extent this is also true
of fats (Leoschke, 1859), which differ in utility depending on the
composition of their constituent fatty acids (Jgrgensen, 1985). Feeds must
therefore include these ingredients in amounts calculated to meet the needs
of the animal.

Farrell and Wood (1968b) estimated the energy requirement for
maintenance in adult mink, though the needs of an individual vary with age,
season and reproductive status. During the moult, for instance, food
consumption and Nitrogen retention are reported to increase, as high levels
of both energy and protein are required to support the metabolic cost of new
fur growth and provide material for the synthesis of new protein (Seier,
¥irk and Bragg, 1970).

In addition, while guantity is clearly important, formulation of a
suitable raticn requires that attenticon alsc Dbe given to qualitative
considerations. The effectiveness o©f the protein complement in promoting
fur production ic dependent not only on it's digestibility, but also it's
aminc acid composition (Moustgaard anda FRiis, 1887). Ideally the latter
shouid approximate that of the proteins to¢ pe cynthesised. Those of fur,
the EBE-keratins, have a very high proportion of the Sulphur-containing aminc
acics, such as methionine and cystine. The feed of moulting animals should
therefore contain these amino acids in increased amounts. The importance of
their inclusion in the diet was recognised by Leoschke and Elvehjem (1959),
anc¢ it has been shown that proteins of low biological value, in which these
amiric acids are limiting, have a deleterious effect on fur development
(Skrede, 1978a; Tauson, 1985b).

The requirements for reproducticon can be evaiuated on a similar basis.
Though such requirements are comparatively l1ow in males, it has been found

that a positive relationship exists Dbetween the plane of nutrition and
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litter size (Tauson, 1985a), presumably indicating increased sperm
viabhility. In females, as has already been described, the costs of
reproduction are high and sustained for 1long periods. The constitution of
feed protein influences both the development of the foetuses in uterco
(Moustgaard and Riis, 1857), which is sometimes reflected in the
birth-weights of the kits and, during lactation, affects the composition and
nutritional value of the mother's milk (Glem-Hansen, 1979).

Optimising the nutrition of the kits is of critical importance to the
breeder, and numerous studies have pbeen carried out on all aspects of their
growth and development. The young differ considerably from adults in their
requirements, ac the demands for tissue deposition and fur development have
tc be met simultaneously. Glem-Hansen (1280c), and Glem-Hansen and Enggaard
Hansen (1981) have reported on the changing rates of amino acid assimilation
and deposition during the growth period.

For all these procecses to take place, the diest must provide both the
substrates and the energy needed for their metabolism and synthesis. As in
adults, the efficiency with which constituents of a diet are assimilated is
related to their source. Kits have a lower digestive efficiency than adults
(Skrede, 1978c), ang their performance on different types of diet and
dietary regime has Dbeen extensively documented (Seier, Kirk, Devlin and
Parker, 1970; Harper, Travis and Glinsky, 1978; Skrede, 1978c; Chwalibog,

Glem-Hansen, Thorbek, 198C, 1982; Kiiskinen et ai, 1985; Tauson, 19E5b).

Males have been found tc have a higher growth rate than females (Sinclair et
al, 1962; Allen, Evans and Sibbald, 1964; Skrede, 1878a), and also a higher

digestive efficiency (Allen et al, 1964). Because of their greater demand

for energy and protein their performance is dependent on dietary regime to a
much greater extent than is that of females, especially over the first five

months, the initial growth period (Sinclair et al, 1962; Allen et al, 1964;




Glem—-Hansen, 1980a, 1980b; Tauson and Alden, 1985).

1:4 The Purpose of the Present Study

In the preceding sections, the hypotheses seeking to accoun

~
L

t

extreme sexual dimorphism have been reviewed, together with the evidence,
both direct and indirect, for the mechanisms by which it is thought to have
arisen.

In the light of existing data on mustelid hiology, it has been reasoned
(Moors, 1980; Ralls and Harvey, 1985) that dimorphism did not develop
primarily as & means of increasing niche separation, though the sex
differences in diet are evidence of differential niche utility. That these
differences are always mutually acdvantaceous has been gquestioned by some
authors (Wilson, 1975; Moors, 1980) and arguments have recently Dbeen

advanced for separate selective pressures in each sex

m

, which are independent
of niche utility (Moors, 1980; Powell and Leonard, 1983; Ralls and Harvey,
1985).

It ig pertinent, therefore, to consicer in  greater detail the

conseguences of thece ecialisations in terms of the
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nutritional demands of the individual. The sex differences in the diets of
wild mink are notable in view o©f recent research into the effect of
nutrition on the growth and development o©of mustelids, particularly the
disparity between the responses o©f males and females to variousrdietary
regimes. Moreover, it is irteresting to cpeculate upon the extent to which
the diets o©of each sex in the wild accord with the estimates made of their
requirements by nutritionists. The purpose of the present study is to

address four main guestions:-—




1). How does the composition of prey items consumed by wild mink

compare with that of diets used in laboratory studiesg”?

The validity of any assumptions made about the feeding energetics of
wild mink based on such studies depends upon the degree to which the diets
of free-1living and farm-bred animals are comparable. Therefore, it is
essential to carry out quantitative analyses on prey items representative of

those of which the natural diet is typically composed.

o)

2). How do the different types of prey compare in their digestibility

and nutritional value?

Gross intake can readily be estimated from biochemical analyses of the
diet, but the wutility of ingested material is contingent upon it's
digestibility, which <can only Dbe determined by feeding to animals under
carefully controlled conditions. From such feeding trials, the relative
value of items of various size from each of the major prey groups can be

guantified, and estimates made of the needs of bDoth males and females

feeding cn & particular prey type.

™

[

2).

i

there any sex differences in the digestion and metabolism of

ingested material?

Seiection for large size in males may have favoured the developﬁent of
a more efficient digestive metabolism tc promote and sustain high growth
rates in young animals. Females, having higher mass-specifiCc maintenance
costs and restricted Dy virtue of their size to predating smaller prey of
relatively low nutritional value, may have undergone similar changes in

response to selective pressures for irncreased energy efficiency. The



validity of these two hypotheses might Dbe established by comparing

assimilation efficiencies on different diets.

4). To what extent is the growth of kKits raised on a 'natural' diet

comparable with the performance of similar animals on commercial diets?

The magnitude of sexual dimorphism is thought to depend on the quality
and amount of food available to young males during their early development.
Since it has been shown (Tauson and Alden, 1985) that the first few weeks of
growth are critical in the determination of adult body weight, it is
relevant to compare and contrast the performance of male and female kits fed
a 'natural' diet during this critical initial period. The validity of the
supposition (Ralls and Harvey, 1985) that adult male size would be
substantially reduced by restriction tec feeding on low-value prey items

might also be tested in this way.

In  Chapier 7Two, an attempt is made to answer the first of these

guestioneg.



Chapter Two

DIET ANALYSIS
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2:1 Introduction

The mink is an opportunistic predator of catholic tastes and reference
has already been made to the variable composition of the diet of free-living
animals. Table 2:1 gives some indication of the regional differences
between populations from North America and Europe, respectively, and
highlight the relative importance of the major prey species in different
habitats.

It is evident that, in North America, the muskrat Ondatra zibethicus,

cottontail rabbits Sylvilagus floridanus and microtine rodents predominate
(Sealander, 1943; Burgess and Bider, 1980; Gilbert and Nancekivell, 1982;
Casson and Klimstra, 1983) with crayfish and cyprinids such as carp Cyprinus
carpio becoming more important in riparian habitats (Hamilton, 1959; Burgess

hY

ané bBider, 19%20; Melguist et al, 1981 j. In Europe the pattern is 1le

on
o

consistent. bvian prey are taken more often, especially the larger species
of the Orders Ralliformes and Anseriformes (Gerell, 1968; Day and Linn,

872; Zhanin and Linn, 1S80), but again lagomorphs, principally the rabbic

f—t

Oryctolagus cunnicuius, voles and fich are recorded in  the diet of most

populations (Erlinge, 196%, 1972; BAkande, 1972; Rcsser, 1980). As in North

Lmerica, shore crabs Carcinus maenas andé CAncer spp. are a major Ccomponernt

)

of the diet in coastal habitats {(Hatler, 1%27¢; Durstone and Birks, 1987).

In reference to sex differences in the c¢ietse of mustelids, Snﬁbin and
Shubin (1975} remarked that 'the ecological differences between males and
females are so great in these animals that particularly as regards their
obtaining food, their Dbehaviour and their activity, they are as different

from each other as absolutely different species'. Moors (1980) reviewed the

evidence for this assertion in seven species of mustelid and found a



Table

2:1 Summary c¢f Published Information on Food Habits of

Free-1living Mink

Prey items have been allocated toc one of eight major classes,

breakdown of diets carried out on the Dbasis of percentage
occurrence (of all prey items). Main prey families and
genera are indicated.
Key:-
Season Sp = spring, Su = summer, A = autumn,
W = winter, Y = all year round
Sample size a = stomaclh content, b = intestine content
Frev dgenera:-
Esox Esox lucius Northern pike
Lota Lota lota Burbot
Pugettia Pugettia Droduéta Kelp crab
Anguilla Anguilla anguilla Eel
Cambarus Cambarus bartorni Crayfish
Oryctolagus Oryctolagus cunli:-ulus European rabbit
Culaea Culaea inconstans Brook stickleback
dndatra Jndatra zibethicus Muskrat
Sylviiagus sSylvilaqus floridanus Cottontail rabbit
Ciliata CTiliata mustela Five-bearded rockling
Lipophrys Lipophryvs pholis Blenny
Feromyscus Peromyscus maniculatus Deer mouse




Author and
Region

Sealander, 1943

Michigan
Sealander, 1943
Michigan
Hamillton, 1959
New York

Korschgen, 1959
Missouri

Gerell, 1968

Sweden

Erlinge, 1969
Sweden

Akande, 1972
Scotland

Day and Linn, 1972
England and Wales

Habitat

various

various

tidal flats,

streams, marshes

various

bog

eutrophic lake

eutrophic river

river

various

various

Season

Sp,Su
AW

Sp
Su

Table 2:1

Sample
Size

102a

101b

56la,b

630a,b

372a

32
18
45
27
122

88

204

Summary of Published Information on Food Habits of Free-living Mink
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15.7

26.6
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2.5

Main Prey ltems (% Occurrence)

Ondatra (36.0), Anura (23.0)

~ S IO !
Onaatra {

Sylvilagu

Anura (18.9), Cambarus (14.1),
Cyprinidae (14.0), Microtus (12.4)

fish (30.9), Anura (25.5),
Muridae {(22.6)

Cyprinidae, Astacus, Microtus, Anura
Microtus, Anseriformes, Rana

Microtus, Salmonidae, Cottidae

Lota (40.6), Cyprinidae (18.7), Esox (18.7)
birds (66.6), Lota (22.2)

Lota (44.4), mammals (20.0), birds (17.8)
Lota (44.4), Esox (25.2), Salmo (18.5)

Lota (31.1), birds (22.9), Esox (11.3)

Salmonidae (52.0), voles (13.9),
Saricidae (7.8)

Ralliformes, lagomorphs






consistent trend for females to consume smaller prey than males, with
rodents being the most important prey item. In contrast, males toock a
significantly higher proportion of large rodents and lagomorphs. The extent

to which these generalisations apply to the feeding ecology of mink can be

ceen from Table 2:2, &and it 15 Cciear thiat this species conforms to the
pattern observed in the other members of the family. Males appear to

specialise in the larger mammals such as muskrats, rabbits and hares, while

females take mainly small mammals, fish and frogs.

2:1.2 Aspects of Prey Utility

h

The utility of any particular prey item, as defined in terms of it's

ct

ogical value to the precator, may De measured in a variety of ways. For
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free-1iving carnivores actively p ing prey population (as distinct
from carrion-feeders), +the Dbiclocgicel value of & single prey item is a
function not only of it's nutritional guality, butr alse of it's abundance
reiative to other prey types, and the enercy experiged in search, pursuit and
capture. With larger prey items, the cost of handiing the carcass may also
be significant. Ly adaiticonal cersideration 1$  the proportion of the
carcase which the predator is able to digest. Components of relatively 10w
digestibility, such as bone, fur and feather, comprise varying percentages
of the total, depending on the size of the animal.

Since these qualities can only be aquantified with reséect to a
particular predator, ecological studies have generally been directed towards
evaluating 4groess or whole-body composition. This may be limited simply tc
the determination of energy value (Golley, 196C, 1961; Gorecki, 1965;
Cummins and Wuycheck, 1971; Bergeron, 1976; Kaufman and Kaufman, 1976;

Kitchell, Magnusson and Neill, 1977; Craig, Kenley and Talliny, 1978;



Table 2:2 Sunmary of Published Inf

Author and
Region

1. Sealander, 1943
Michigan

2. Sealiander, 1943
Michigan

3. Casson and Klimstra,

1983

l11inois

4. Birks and Dunstone,
1985
Scotland

Habitat

various

var ious

various

coastal

ormation on Sex

Season Sample

Size
W 101b
wW 102c¢
wW 210b,
70b ,
Y 512

Differences

Large
Birg
11.0

9.0

3.9

in the Diet of Free-living Mink

Smal |
Bird

2.0
( 7.0)

3.0

2.2
( 4.2)

Large

Marma |

65.
(35.

(26.

24.
(13.

49 .
(16.8

0
0}

Smal |

Marnma |
9.
(28.

16.
(35.

34.
(60.

0
0)



Table 2:2 Surmary of Published Information on Sex Differences in the Diet of Free-living Mink (contd..)
Fish Crust. Amphib./ Insect/ Dietary Main Prey ltems (% Occurrence)
Reptile invert Overlap
16.0 5.0 18.0 - 0.84 Ondatra (49.0), Sylvilagus (16.0), Anura (16.0)
(26.0) ( 7.0) (28.0) 5.0 smail marmals (28.0), Anura (26.0), Ondatra (23.0)
7.0 14.0 9.0 - 0.82 Ondatra (35.0), Small mammais (16.0)
(14.0) (22.0) {14.0) ( =) small mammals (35.0), fish (27.0), Cambaridae (22.C
27 .0 14.0 22.0 10.0 0.87 fish (27.0). Anura (21.0), Sylvilagus (17.0),
(11.0) (14.0) (19.0) (13.0) Peromyscus (21.0), Anura (19.0), Microtus (17.0)
20.4 18.8 - - 0.75 lagomorph (48.4), Carcinus (15.6)
(37.5) (29.2) ( -) ( - Carcinus (24.3), Lipophrys (11.9), lagomorph (15.2)
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and Gavrilov
Dolnik4A1979) but estimations of protein, fat and carbohydrate content have
become more common as the facility with which such determinations can be
made has increased.
Data have been published on many species of fish (Karrick, Clegg and
Stansby, 1956; Thurston, Stansby, Karrick, Miyauchi and Clegg, 1959; Dugal,

1962; Murray and Burt, 1969; Sidwell, Foncannon, Mocre and Bonnet, 1974;

Craig, 1977) and bird (Turcek, 1958; Brisbin, 1968; Newton, 1968; Myrcha and
Pinowski, 1970; Chilgren, 1977), together with several genera of mammal,
including deer (Robbins, Moen and Reid, 1974; Torbit, Carpenter, Alldridge
and Swift, 1985) and shrews (Myrcha, 1969). Of particular relevance to the

present study are the investigations carried out by Hayward ({1965) on the

pody composition of deermice Peromyscus maniculatus ané Myrcha (1968) on the

European hare Lepus europeus, both of which are found in the diet of wiid

D

mink (Sealander, 1943; Hamilton, 1959; Korschgen, 19:5%; Burgess and Bider,

)

1980; Melcguist et z1, 1981; Casson and Klimstra, 15&3; Eirks and Dunstone,

|

1984).

Such studiecs are, however, c¢f limited application in the evaluation of
prey utility as defined above. By definition, the determination of gross
body compesition entails the use of samples from whole—animal preparations,
usually in the form o¢f a homogerneous mince t0 ensure uniformity and
comparabil-iy between sub-samples. Exceptaions to this procedure include the
work of Myrcha (:968), Sidwell et al (1%74}) and Dolnik andg Gavrilov (1979),
who carried cut separate analyses on various compcnente of the carcasses.

Ideally the diet should reflect the composition of the material
normally ingested by the predator, which may differ substantially from that
of the carcass as a whole. The use of whole carcacsses in feeding trials
with carnivores has theoretical advantages in that it is the closest

apprcximation to the natural situation, but there are several practical
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considerations which militate against it. The composition of the ingested
material would be estimated from comparisons of whole carcasses with those
parts remaining at the end of the trial period, necessitating many
small-scale determinations with an attendant 1oss in accuracy. Moreover,
with larger prey species, the presentation of a whole carcass is otten
impractical and, for smaller items, simultaneous provision of the many small
carcasses which would be required to meet the subject animal's daily needs
may result in a pattern of prey utility entirely different from the natural
situation (Heidt, 1972). By employing a mincec diet these problems are
aveided, while retaining the advantages of consistency between presentations
and convenience of storage and cleaning. Estimations of ingested material
can be made on the basis of the weight of food consumed. The wvalidity of
the results so cbtained is assured, provided that the composition of the

mince is comparable with those parts of the carcass normally consumed.

The first wpart of this chapter concerns & series of experiments by
which carcass utility was eztimated, prior tc the preparation of the mincec
diets used in the feeding :rials described in CThapter Three. In the second
part, the methods used to determine their nutritional wvalue are described
and a breakdown of their compositicn presented. Comparisons are then made

between these varioug 'natural' diets and raticns used in other studies.
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2:2 Assessment of Carcass Utility

2:2.1 Materials and Methods

The carcasses used in this series of experiments were chosen as being
representative of those prey types found in the diet of wild mink and

included laboratcory mice and rats, wild rabbit, perch Perca fluviatilis, and

domestic fowl Gallus domesticus aged one day, four weeks and twelve weeks.

These were adjudged to correspond with small, medium and large mammal prey,
fish, and small, medium and large bird, respectively. Mean carcass weights
are presented in Table 2:3, from which it may be seen that the size classes

used were typical

o]

f & variety of potential prey species.
The mean weights of laboratory rats and mice (257 g and 32 g) accorded
well with those recorded for their wild counterparts; the body weights of

prown rats Rattus norvegicus range from 200 - 485 g, and those of house mice

{walker, 1975). Day-ocld chicks, which averaged
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15 - 30 g
36 g, were ¢f a similar size to many small ground-nesting birds potentially

available to the mink, such ag tne wheatear QOenanthe oenanthe (body weight

7.1 - 41.% g), corn buntine Emberiza calandra (38 - 55 g), skylark Alaude
arvensis (27 - BZ c¢) and Zuniin Caiidris zipina :38.% - 5.0 g). (Data fron
Fockling, 1282). The mean weight of twelve-week 0ld ckicks (1341 g) wacs

Troadily comparable  withr those recordec by Cramp and Simmons (1980) for
Leveral species here classified as 'large DPpird', including herring guil

Larue argentatus (body weight 813 - 1385 g! and mallard Anas platyrhynchos

(750 - 1572 g). The figure of 366 g for four-week o©0ld chicks may be

compared with thcse published for medium-sized birds such as pheasant Perdix

perdix (310 - 455 g), moorhen Gallinula chloropus (186 - 493 g), Coot Fulica

atra (300 - 1200 g) and rock dove Columba livia (200 - 370 g) all of which

feature in the diet of wild mink.



Table 2:3 Live weights of Prey ltems used in Diets

Prey |tem N Body Weight (g)
Laboratory mouse 20 32 ( 1.47)
Laboratory rat 20 257 (10.29)
Wi ld Rabbit 44 1638 (43.28)
1-day old chick 18 36 ( 1.09)
4-week old chick 16 366 ( 6.97)
12-week old chick 14 1341 (29.62)

Eel 50 290 (16.72)




Mice and rats were supplied from colonies maintained in the Department,
while fowls were bought in from a commercial hatchery as day-old chicks andg
maintainec in  the Department until they had grown to the necessary size.
Kabbits were obtained as carcasses, either shot or snared by local farmersg,
and perch were caught by net-fishing in a local reservoir (Hallington) by
courtesy of the Northumbrian Water Authnority. All carcasses were stored at
-20 “C ana thawed for 24 hre. prior to use.

Four adult mink were used in each trial, two males and two females of
either the 'pastel' or 'standard' strains. These animals had been acquired

from

bl

local mink farmer as eight-week o©ld weanling kits, and subsegquently

maintained in the D

m

animal hou

[43)

w

-partment’ ing faciliti

M
"

cn a diet of f
wastes and c¢iavghterhouse by-products identical with that used on the mink
farm (for general details of animal housing and managdement see Chapter
Threz}). Kcre of the mink had any experaience of natural whole-animal foced
cf thece expsrimentg

the mink w2re kept <
wooden nest~-box measuring 0.26 x .26 » (.ZE m. For all the other triais,
anzmals were housed individuasliv 1 'weldmesh' cawues of 1.0 x 0.5 % 0.5 m,
tc which were attached wooden nest-hoxes of the gstandard type. In both
situaticne, a 12:12 1light regime obtained throughout. Water was provided ad
libitum. Animals were deprivea of food for twelve hours preceding a trial.
Each trial commenced with the presentation of a single carcass to which
—he mink had free access for a period of up to 3% hrs. During this time the
animal's response te, and treatment of, +the cCarcass was observed
continuously for the first 60 min. and then for & min. periods at hourly

intervals thereafter. At these times carcass weights were alsc recorded ang

corrected for evaporative loss by comparison with similar specimens which
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had Dbeen dissected to expose the viscera. Trials were terminated according

to one of three criteria:-—

a). The 36 hr. periog had elapsed.

pb). The carcass had been completely consumed.

¢). No discernable change in the appearance of the carcass had
been recorded for an interval of € hrs. (Based on decreases

in weight not attributable to evaporative losses.)

Carcasses of esach type were presented in random order to each of the

h

mink on three separate occasions, at interv

- -

ls of one week. NO attempt was

A7)

'

made tc study the effect on carcasc utilit

he

of =imultaneous presentation of

carcasses of different types and sizes.

3

2.2 Rkesults and Discus

mn
=
o

All the prey tvpes presented were readily accepted by the mink except
for perch, which were congistently refused by every animal, even after
alternative diets hLad beern withheld for up t¢ six successive days.

On first presentation of a carcass, all thne mink displayed signs of
intense excitement. Typically these includec¢ arching of the back and
stiffening of the tail, together with erectior of the body hair,
particularly along the spine. 2 heightening of animation was also no£ed,
usually accompanied by gaping of the -a&ws and nissing vocalisations, as
described by Gilbert (1969) and MacLennan and Bailey {(1969). The intensity
cf these responses, which have Dbeen interpreted as Dbehaviour patterns

associated with aggression and threat displays when directed towards other

mink {(Maclennan and Bailey, 1969), declined in later +trials as the mink



became more familiar with natural prey items.

Within the first 15 min. some action

carcass was usually observed. In males this

single Dbite at the Dbase of the skull or

maintained for periods of up to a minute. Of

followed by frenzied thrashing or a spinning

of the mink's body, possibly an adaptive move

the integument of the carcass. Females, in

behaviour but, instead, shook or dragged the

the room or the floor of the cage. The la

sexes when dealing with larger prey item

Though the time taken to finish with

and with individual differences between

figence

-

types were consumed without any e

nd dav-

U

entirety, usually without ©pause.
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other than the possibility that individual variations may have assumed
unusual prominence through the use of such a small sample size.

Despite siight differences in the handling of the various prey types, &
consistency in carcass utility was evident throughout. It was further noted
that no portion of a carcass seemed to be unpalatable except, in the case of
rabbit, the content of the lower alimentary tract. This was of particular
relevance to the present study. Fur, feathers and teeth were all consumed,
even in trials with the largest prey items, rabbit and twelve-week o0l1d
chick, of which virtually nothing remained at the end of the trial period.

Although feet, wings or shreds of skin were occasicnally left behind, this

wa

n

not taken as evidence that these parts were not normally eaten by the

e}

mink.

It might Dbe argued that their relative lack of experience in handling
natural prey could invalidate comparisons between the Dbehaviour of these
farm-bred animals and that of their wild counterparts. The establishment of
feral populations in such a wide variety of habitats, however, is an
indication that the 'domesticated' animals dquickly develicp the skills
necessary for a successful predator. As described above, certain behaviour
patterns, such as the 'k:illing bite', appear to be innate and are exhibitecd
in animals not previously exposed to natural prey (Rasa, 1973). Heidt
(1972) found similar responses to live prev in young weasels which had been
separated from mother and littermates while ztill blind, demonstrating that
the skill is not acguired throuch parental =netruction, or learned from
siblings, as asserted by Eibl-Eibesfeldt (19701).

Birks and Dunstone (1984) have reported on the prey remains collected
from the dens of feral mink, including skulls, feet, wings and tufts of fur
and feathers from a variety of prey species. The results of this short

series of experiments suggest that these remains should Dbe seen as an
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indication of the extent to which prey of a given size (usually the larger
species) are utilised before another foraging bout begins, rather than the
palatability of their constituent parts. Powell (1984, pers. comm. )
provided corroborative evidence of this kind of feeding behaviour in a
number of a mustelids including fisher, marten, mink, stoat, weasel,
long-tailed weasel, ferret, and Siberian polecat M. eversmanni. All of
these species were ohserved to consume the whole of a carcass, often at one

sitting, if all the parts were edible. Powell suggested that fur, feathers

and bone provided a source of roughage or 'fibre' which assisted in the

passage and digestion of food. Consumption of semi-natural diets which
lacked these constituents was found to lead tc constipation and other Dbowel
discrders.

I conclusion, the interpretation placed upon these results is  that,
for the types of prey used in this study, minced whole-animal preparations
are comzarable in their composition to those parte of a carcass normally

congumed by wild mink, and therefore their use in laboratory feeding trials

is & valid procedure.

3 Determination of Gross Composition of Diets

NS}

:3.1 Materials and Methods

:2.1.1 Preparation of the Diets

. . . o)
For all diets except rabbit, carcasses were stored intact at -20 “C and
thawed at room temperature for 24 hrs. bpefore mincing. Because of heavy
infestation with tapeworm {(Cittotaenia spp.) in the wild rabbit used, the

alimentary tracts were removed from these before freezing.

Eel Anguille anguilla repiaced perch as the species chosen for the fish

diet. Eels had been used in the Department for several yvears as a 'reward'
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food item in benaviour studies, and were known to be palatable to mink. The
eels were bought in live from commercial dealers and killed by freezing.
Slime was remcved after thawing by washing in cold water.

Mincing operations were carried out at a 1local mink farm using
large-capacity commercial machines, either a Wolfking 160 or Palmia 200,
with sieve plates having a 13 mm pore size. Diets were prepared in Dbatches
of 50 - 100 Kg which were minced twice to give a mix of uniform consistency,
then packed in polythene bags in portions of 1 Kg and re-frozen until

required.

Z2:3.1.2 Determination of Dry Weight and Ash-free Dry Weight

Samples of 10 - 20 g wet weight were placed in glass petri dishes and
dried in an c¢ven for 24 nhrs. to constant weight. To minimise
volatilization of energy-rich organic cJomponents such as  1lipid, the
temperature was maintained at 80 C  (Paine, 1964). Water content was
obtainea bpy difference. Samples retained for subseguent analyses were
stored in a desiccator over either Calcium chicoride or silica gel.

Lsh-free dry (AFD) weight wag determined by further combustion of
samples placed in 1idded porcelain crucibles in a muffle-furnace for 3 hres.

at 55%C TC, as advocated by Cummins and Wuycheck (12871). The mineral or ash

content of the samples was obtained by difference.



2:3.1.3 Determination of Caloric Value

Samples of each diet were dried by following the above procedure and
the material was then ground in & micro hammer mill (Fisons Scientific
Apparatus) using a 0.8 mm mesh screen, to vyield a fine powder.
Approximately 0.5 ml of plastic cement (Tensol no. 12, ICI Ltd.) was added
to each sample to act as a binding agent and pellets of 0.3 - 0.8 g were
then prepared in a pellet precs. The solvent, a dichloromethane mixture,
was evaporated off by heating the pellets in an oven at 40 OC for a further
24 hrs. Pellets were stored at -20 C over a desiccant of silica gel for up
to 48 hrs., until reguired.

Energy content was determined using a GallenKamp ballistic bomb
calorimeter, callibrated by direct proportion using benzoic acid (26.45 KJ/g
in air) as a thermochemical standard. Pellets were placed in tared

Nickel-Chromium crucibies and weighed in a balance chamber containing silic

-t
9

gel imwmediately prior t< combustion. Galvanometer deflections were recorded

at & standarad interval oif 45 sec. after ignitioen, &t which time the reading

was assumed tsc have reached a maximum.

An alternative procedure wac zdopted for analyses of eel and

i

twelvz-waek 0ld chick (CK12) diets. These diets had a relatively high lipic

content, and after drying to constant weight, samples were still 'wet' due
to the presence of an  o0ily reciaue which made 4grinding and pelleting
impracticable. Therefcre, these stages were omitted and determinatione

carried out on small samples of 0.5 - 1 g. which were dried down in the

crucibles and ignited directly.
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2:3.1.4 Determination cf Protein Nitrogen

(i) Digestion of samples

B variant of the Kjeldahl procedure was used, in a modification of the
method of Fleck and Munro (1965). Samples of 1 - 2 g wet weight were placed
in Kjeldahl flasks of 300 ml capacity, to which were then added equal
rolumes (65 ml) c¢f concentrated sulphuric acid and hydrogen peroxide (100
volumes), and two catalyst tablets each containing 5 g Potassium sulphate
and 0.35 g Mercuric oxide (Kjeltabs AAOAC, Thomson and Capper, Ltd.)

The flasks were then heated gently in a fume cupboard using a Soxhlet
heating unit, until effervescence ceased and the contents became clear and
colcurless. They were then heated mcre vigorously for a further 2 hrs.,

until digestion was complete.

Assavs of total Nitrogen were performed using a procedure based on the
method of Mitcrell (1972). The technigue utilised the phenol-hypochlorite
or Bertholet reaction, in which a coloured complex, indophenol Dblue, isg
formed from ammeonia and phenol in the presence of alkaline Socdiurn
hypochlorite.

Samples of 1 ml were trancferrecd from the digestion flasks to smalil

beakers and neutralised to pH 7 usaing za sclution of 10-M Scdium hydroxide in

the presence of a buffer consisting of Lcotassium hvdroxide in 1-M Potassium

[

di-hydrogen orthophosphate. After diluticr to 500 ml, 1 ml aliquots were
placed in tubes containing C.1 ml of EDTA (1%, w/v, pH 10), 6.9 ml of water
ané 1 ml of phencl reagent comprising ©.13I-M phencl and 0.17-pk¥ Sodium

nitroprusside. Colour was developed by the addition of 1 ml of hypochlorite




reagent comprising 26-mM anhydrous di-Sodium hydrogen orthophosphate, 84-mM
tri-Sodium orthophosphate, 0.125-M Sodium hydroxide and 10-mM Sodium
hypochlorite solution (approximately normal in 0.1-N Sodium hydroxide).
Absorbance was measured at 625 nm after 2 hrs.

Standard curves, prepared using a 0.1-M solution of ammonium sulphate
were found to be 1linear for concentrations from 0.007 - 0.035-mM and
determinations of dietary Nitrogen made on the Dbasis of direct
proportionality. Protein content was estimated using the standard
multiplication factor of 6.25. The effect of increasing digestion time on
Nitrogen yield was tested using internal standards of ammonium sulphate, and
the percentage recovery of known guantities of Nitrogen agetermined by direct
assay, as described above.

De-ionised water was used throughout in the preparation and execution
of all assavs. Reagents were stored in the dark at 4 “c and replaced as

necessary at intervals of not more than

-

4 days.

Z:3.1.5 Determination ¢t

(i). Saponificatior andé erxtraction

Total 1lipid was assayed in the form of free fatty acid. Saponification
of dietary fats was carried out according to the procedure devised by van
der Kamer, Bokkel Huinink and Weyers (1949).

Samples of 1 - 4 g wet weight were placed in 'guick-fit!' flaské of
250 ml capacity, to which were added 10 ml of 5.88-M Potassium hydroxide
solution and 40 ml of 96% ethanol containing 0.4% amyl alcohol. Each flask
was then attached tc a condenser (400 mm effective 1length) and the joint
sealed with silicone lubricant before boiling under reflux for 30 min. Heat

was supplied from a water bath, and coolant water was drawn from the mains
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supply. After refluxing, the water bath was drained and refilled with water
and crushed ice, and the digests allowed to cool for a period of 20 min.
Free fatty acids were 1liberated by the addition of 17 ml of 1.15-M
hydrochloric acid, and the digests again cooled before extraction of the
fatty acids into petroleum spirit (b.p. 60 - 80 e fraction).

Measured volumes of petroleum ether (50 - 100 ml, depending on sample
weight and estimated 1lipid content) were introduced into the flasks using a
bulb pipette of 25 ml capacity and the necks sealed with ground glass
stoppers. The flasks were then shaken vigorously for 1 min. Separation of
organic and agqueous layers was complete after approxXimately 5 min., and the

extraction after a further 25 min.

(ii). Assay of free fatty acids

ns a modification of the method descr

[N

Fatty acid:s were assaved us

n

by Antonis (1965). This entailed the production of their copper salts ir
chiorciorm, followed by estimation of the copper content of the organic
phase by reaction with Zinc dipenzy.dithiocarbamate (ZnLDC).

Aliquots of 100 ul were transferred from the digestion flasks to glac:

centrifuge tubes which had previously Dbeen treated with a solution of

dimethvldichlorosilane (1%, v/v), and evapcrate

to drynecss under a strean

o]

+

of Nitrogen. The lipid residue wa:s tnen re-dicsclved in 5% ml of chloroformn,
to which was added 2.5 ml of Copper reagent comprising 3.8% (v/v) cupric
suiphate pentahydrate, 0.45-M triethanolamine and 50-mM glacial acetic acid.
The preparations were mixed thoroughly for 12 - 15 sec. on a ‘'whirlimixer'

(Fisons Scientific Apparatus), then centrifuged at low speed (16000 G) for

10 min.
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Following centrifugation the aqueous upper phase was removed Dby
aspiration with a Pasteur pipette, and a 3 ml aliquot of the lower organic
phase transferred toc another tube. Colour was developed by the addition of
0.5 ml of zZnDDC (0.3%, v/v) in chloroform, and the absorbance of each tube
measured after 15 min. at 440 nm using a Pye-Unicam SP&-100
spectrophotometer.

Standard curves, prepared with a 0.7&-M sclution of palmitic acid in
chloroform, were found to be linear for concentrations of 15 - 150-uM and
calculations were performed on the basis of direct proportionality. All
assays were carried out in triplicate, with blanks and standards included in
each series. Stock standard soliuticns were stored under Nitrogen at -20 °c
in sealed glass receptacles. Copper reagent was replaced every 10 days.

Extraction efficiency was estimated usinrg tricleir (glycerol trioleate)
as an internal standard. Measured dJuantities of a 3.39-mM solution of
triolein in anhydrous isopropanol were boiled under reflux and saponified as
described in (i) above. The resulting oleic acid recidues were then assaved

using the method described above.

2:3.1.6 Gas—-liguig Crhromatographic Analysis f Dietary Fatty A

@]
o
0

Composition

(i) Thin-layer chromatographic separation of lipids

TLC separation of 1ipid clagses was carried out to ensure that only
fatty acid methyl esters derived from the methanclivsis of fatty acid would
be present in subseguent GLC anaiyses. Samples of lipid, extracted into
petroleum ether as descrivced in 2:z.:.- above, were evaporated to dryness
under Nitrogen and re-dissolved in & small volume of chloroform. Aliquots

of 25 ul were then applied in duplicate as 1 cm ‘streaks' to activated




plates of Kieselgel 60 H. A solvent system of petroleum ether (b.p.
40 - 60 °C fraction)/ diethyl ether/ acetic acid (60:40:1, by volume) was
used to separate lipid classes. Plates were run in chromatography tanks
which had been flushed with Nitrogen immediately prior to use.

After development and drying, one set of each pair of duplicate sets
was visualised by exXposure of the appropriate portion of the plate to Iodine
vapour. Silica gel was scraped off the non-exposed portions of the plate
from those areas corresponding to the position of the visualised samples,
and the scrapings stored under Nitrogen at -:20 “c in tightly sealed bijou
bottles, until reguired. Subsequent visualisaticn of entire plates was
carried out to ensure that scrapings had been taken from the appropiate

areas.

(ii) Preparation of fatty acid methyl esters

Fatty acid methyl esters were prepared using the method of Morrison and
Smith (1964). Boron trifluoride in methanol (14%, w/v) was added to the
bidcu kottles in sufficient guantity to 'wet' the silica gel and, after
plarinc 'Tuf-bond' teflon seals in the screw caps, the bottles were tightly
sealed and heated at 100 “C for 1% min.

Efrer cooling, a stream of Nitrodgern was passed over the samples to
vCciatrlise residual Bororn triflucr.de ;esageri anc other contaminants. Fatty
acid methyl esters were eluted from tne Jried samplies with n-hexane and each
suspension was filtered through a Pasteur pipette plugged with glass wool.
After evaporation of the filtrates tec minimal volumes (approximately 20 pl),

aliquots of 0.5-1.0 pl were injected directly onto the GLC column.




(iii) Gas-ligquid chromatography of fatty acid methyl esters.

Separations were carried out using a Shimadzu GC-9Z gas chromatograph
fitted with glass columns 2 m in length, of internal diameter 2.0 mm and
external diameter 6.0 mm (J.J. {(Chromatography), Ltd.). The columns were
packed with a cyano-silicone stationary ©phase, 10% Alltech CS-5, on a
chromascrpb WAW 100-120 mesh support. Nitrogen was used as the carrier gas,
with a flow rate of 5% ml/min and resolved components were detected by a
flame jonisation combustion system (hydrogen/air). Pilot studies using

pentadecancate methyl ester had shown the response to be linear over the

8 4

range 10 ° g - 10 ° g (Talbot, 1986). During each separation the two
columns (sample and@ reference) were run in a temperature program having a

single temperature ramp, described by the parameters listed below:-

Initial temperature 210 “c
Initial time 10 main.
Progran rate 4 CC/min.
Final temperature 250 “C
Final time 7 min.

Peaks were identified by comparing their retention times with a series
of fatty acid metﬁyl ester standaras. A1l retention times were expressed
relative to palmitic acid (Cl6:0) ang stearic acid (Ci8:0), to facilitate
comparison between samples having different absolute retention times.

Determinations of tne percentage mass contribution of individual fatty
acids to the total fatty acid present were made with the aid of a Trilab 2

computing integrator (Trivector Scientific, Ltd.) connected to the flame




ionisation detector. Calculations were carried out on the basis of peak

area.

2:4 Results

The gross composition of the diets analysed is depicted in Fig. 2:1.
Sample means of each of the main constituents are presented in Table 2:4,
together with the standaré errors of the means. Comparisons Dbetween diets
were made using 'Student's ' t-test, and the results are tabulated in Tables

Z2:5 and 2:6, and in Tables 2:2 - Z:11. Values

WQ

iven therein are the levels

of significance, expressea as maximum valiues of 'p'.

2:4.1 Variations in Gross Composition

Dry-matter' was calculated py difference from determinaticons of water
content. As can be seen from Table 2:4, the proportion of dry-matter varied
over a relatively narrow range. 1In EEL, dry-matter constituted on average
41.16% of the wet weight, in RBBT only 30.7%. Values for the other diets
were intermediate petweer thece two. Comparison of the means revealed that
there were significant Saifferences hetween the diets, and the results are
presented in Tapis L:%. The dry-matter content ©f EEL was significantly

higner than for each -i the othsr diets, and that o©of RAT (34.04%) higher

than the remaining three, RBRT, CK(04 an

o))

CK12, which were not significantly
different from each other.

Ash content was found to be more variable, ranging from 2.43% of wet
weight in CK12 to 4.99% in RAT (see Table 2:4). Both RAT and CKO4 contained
a high proportion of ash, and were not significantly different from each

other, though in each the value was higher than in the other diets. As



Fig. 2:1 Composition of Diets Fed to Mink
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Table 2:4

Protein
Lipid
Ash
Water

TOTAL
Dry-Matter

T™R378Y

Proximate Composition and

RBBT

24 .61
2.84
2.53

69.30

99.28
30.70

6.27

11)

RAT

97.
34.

va
.89
.96

37
04

.56

Energy Content of Diets

.40)
.74)
.56)
.20)

o O O O

(0.09)

CK04

21

99.
31.

7.

.36
5.
4.

68.

15
22

.57)
.32)
.12)
.19)

.09)

CK12

24.

4.41

68

100.
31.

.43
.93

(0.
(2.
(0.
(0.

(0.

68)
92)
02)
22)

06)

EEL

18.
22.
.50
58.

102.
41.

12.

76

22

84

32
16

95

.59)
.25)
.28)
.29)

.22)



Table 2:5 Comparison of Dietary Dry Matter Content

Diet N RBBT RAT CKO4 CK12
RBBT 10 * 0.001 0.05 N.S.
RAT 9 * 0.001 0.001
CKO4 10 * N.S.
CK12 12 ¥
EEL 10

Table 2:6 Comparison of Dietary Ash Content

Diet N RBBT RAT CK0O4 CK12

RBBT 8 ¥ 0.01 0.001 N.S.

RAT 8 * N.S. 0.01

CKO4 8 * 0.001
CK12 7 *

EEL 5

)

EEL

N.S.
0.001
0.001
N.S.
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shown in Table 2:6, no significant differences were found between RBBT, CK12
and EEL.

The variability in water and ash content as a percentage of wet weight
has led several authors (Cummins and Wuycheck, 1971; Paine, 1971) to
advocate the use of dry weight or ash-free dry weight as the basis for
comparative studies of gross composition. To facilitate comparison of these
results with the findings of other workers, the valuecs presented in Table
2:3 have therefore Dbeen re-calcuiated using standard units of gramme dry
weight and gramme ash-free dry weight, as shown in Table 2:7. For the
purposes of the present study, however, compesition 'as fed' is clearly the
most appropriate bpasis for comparison, and statistical analyses were
conducted only on data expressed in thcse terms.

The caloric values of the diets (KJ/g wet weight), which are included
in Table Z:4, and corrected to dry weight and ash-free dry weight in Table
2:8. Each cone was significantly different in energy content from ever
other diet, as shown in Table 2:9, with EEL having the highest value of
12.95 KJ/g and RBBT the lowest, at only £.27 KJ/g.

Protein content was highest in CK1Z2 and RBBT, at 24.95% and 24.61% of
wet weight, respectively, and there was no significant difference Dbetween
these <twc. The EEL diet was found to have the lowest protein content, with
a value of 1&.76% wet weight, which was significantly 1lower than all the
other diete except RAT (19.82%) (see Table Z:10;.

»pected, the EEL diet contained the highest proportion of 1lipid

As e
which, at 22.22% cf wet weight, was far hicgher than any of the others (see
Tables 2.4 and 2.7). Values for RAT, CK(04 ana CKi2 were all similar, though

significant differences were found between RBBT (2.84%) and CK12 (4.41%), as

shown in Table Z:11. Lipid content was lowest in the RBBT diet, at only

N

2.84% of wet weight.




Table 2:7

Protein

Lipid

Ash

Proximate Composition of

we t
dry
ash-free dry

we t
dry
ash-free dry

we t
dry

Diets

RBBT
24 .61
80.15
87 .34

2.84
9.25
10.08

2.53
8.24

RAT
19.
58.
67.

19.
23.

82
23
99

.71

71
02

.89
.36

CK04

21

.36
67 .
78.

81
30

.15
16.
18.

35
88

.22
.39

CK12

24.
80.
87.

14

95
30
12

.41
.19
15.

40

.43
.40

EEL
18.
45 .
48.

22.
53.
57.

76
58
53

22
98
48

.50
.07



Table 2:8 Weight-specific Energy Content of Diets

KJ/g RBBT RAT CKO4 CK12 EEL

We t 6.27 8.56 7.69 7.22 12.85
Dry 20.42 25.16 24 .43 23.07 31.47
Ash-free Dry 22.25 29.38 28.20 25.03 33.51

Table 2:9 Comparison of Dietary Energy Content

Diet N RBBT RAT CK0O4 CK12 EEL

RBBT 15 * 0.001 0.001 0.001 0.001
RAT 15 * 0.001 0.001 0.001
CKO4 15 * 0.001 0.001
CK12 21 ? 0.001

EEL LN *



Table 2:10 Comparison of Dietary Protein Content

Diet N RBBT RAT CKO4 CK12 EEL
RBBT 8 * 0.001 0.001 N.S. 0.001
RAT 10 * 0.05 0.001 N.S
CKO4 10 * 0.001 0.005
CK12 10 * 0.001
EEL 9 *

Table 2:11 Comparison of Dietary Lipid Content

Diet N RBBT RAT CKo4 CK12 EEL

RBBT 7 * 0.001 0.001 0.005 0.001
RAT 8 * N.S. 0.05 0.001
CKO4 8 * N.S. 0.001
CK12 11 * 0.001

EEL 6 *
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From Table 2:4 it can be seen that summation of the values obtained
from direct assay of each of the individual constituents of the diets yields
a total of approximately 100%; the overall mean of 99.78% for all diets
indicating that the wet-weight composition of the diets 'as fed! had been
accurately determined. As an additional check on the results obtained by
calorimetry, data from these analyses were compared with expected values
based on proximate composition. L figure of 23.83 KJ/g was used as the
caloric eguivalent of protein, and 29.71 KJ/g for 1lipid, to derive an
estimate of the dgross energy content of each pellet combusted (Kleiber,
1961). The relationship between observed and expected values is depicted in
Fig. Z2:2, and the means for each diet tabulated in Table 2:12. Again, the
reliability of the data discribed above is borne out by the results

obtained, there Deing no significant difference between the two values in

any of the diets.

Z2:4.2 Compeariscn of Fatty Acid Composition

As described in cection 2:3.1.6, the constituent fatty acids of the
lipid fractions analvsed were identified by comparing their retention timec
with those of a series of fatty acid methyl ester standards. The standaradg
used, together with their mean absolute retention times are listed in Table
2.13. Alsc given are the retention times relative to palmitate and
stearate, which were calculated to enable positive ideentification of
individual fatty acids from different samples.

GLC analysec were carried out on two diets, RBBT and EEL. Previous

)

assays of total 1ipid (section 2:3.1.5) had revealed that RBBT had the
lowest lipid content at only 2.84% of wet weight, and EEL the highest at

22.22%, a 7.8-fold difference. As noted in section 2:3.1.3 above, the




Fig 2:2 Relationship of Observed to
Estimated Dietary Energy Content
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Table 2:12 Comparison of Observed Caloric Value of Diets and
Estimates Calculated from Proximate Composition

Diet N Observed Value Estimated Value
(KJ/g) (KJ/g)
RBBT 15 12.40 (1.09) 13.86 (1.21)
RAT 15 19.54 (1.10) 16.92 (0.99)
CKO04 15 17.28 (1.19) 16.14 (1.24)
CK12 21 12.80 (0.97) 13.85 (1.10)

EEL 11 23.17 (1.90) 23.61 (1.73)



Table 2:13 Retention Times of Fatty Acid Methyl

Peak
No.
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time {min.)

.08
.87
17
.30
.73
.93
.60
.75
.37
.75
.82
.45
.35
.13
.02
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Ester Standards

Familiar

Name

Laurtic
Myristic
Myristoleic
Palmitic
Palmitoleic
Stearic
Oleic
Linoleic
Linolenic
Arachidic
Gondoic
Behenic
Arachidonic

Lignoceric

Systematic

Name

Dodecanoic

Tetradecanoic
Cis-9-tetradecenoic
Hexadecanoic
Cis-9-hexadecenoic
Octadecanoic
Cis-9-octadecenoic
Cis,cis-9,12-octadecadienoic
All cis-9,12,15-0ctadecatriencic
Eicosanoic

Cis-11-eicosenoic

Docosanoic

All Cis-5.8,11,14-eicosatetrienoic

Tetracosanoic
4,7,10,13,16, 19-docosahexaenoic



physical properties of lipid derived from RBBT differed from those of EEL,
which had a lower melting point and was liquid at room temperature. This
suggested that there were both guantitative and qualitative differerices
between the two.

The fatty acid composition of each of the diets is depicted in Table
2:14, from which it can be seen that the mest important constituents were
myristic (14:0), palmitic (16:0), palmitoieic (16:1), stearic (18:0), oleic
(18:1), 1linoleic (18:2) and linolenic (18:3) acids. These seven accounted

for 91.9

oo

and €2.3% of the total lipid mass in RBBT and EEL, respectively.
The 1lipid moiety of EEL was characterised by relatively high proportions of
the long-chain fatty acids, especially the polyunsaturated fatty acids such
as cleic and docosahexaencic acid (22:6), which together made up 35.7% of
the tctal. The percentages of myristic, palmitoleic and Dbehenic (22:0)
acids were alsc significantly higher in EEL than in RBBT (p < 0.05).

REBBT lipid comprised a higher percentage ©f snorter chain and saturated
fatty acids. Palmitic, stearic, 1linocleic ancd 1l1inolenic were the most
important, constituting 70.23% of the total. Each was found tc Dbe present
in significantly higher proportions (p < 0.05) in the lipid fractions of the

RBBT diet compared with those from EEL.
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Though the diets were all superficially of a similar gross composition,
compariscn of the proportions of the major constituents revealed significant
differences between the diets.

CK12 and RBBT were both characterised by a relatively high proportion

of protein and lower levels of 1lipid than RAT and CK04, a result which may




Table 2:14 Fatty Acid Composition of Rabbit and Eel Diets

Peak Familiar Formula Pct. of total fatty acid
No. Name

RBBT EEL
1 Lauric 12:0 1.04 0.5
2 12:7 0.39 0.22
3 Myristic 14:0 3.45 * 6.67
4 Myristoleic 14:1 0.70 0.87
5 14:2 1.03 * 0.36
6 14:3 0.17 0.15
7 Paimitic 16:0 29.03 * 23.75
8 Palmitoleic 16:1 4.44 * 10.51
9 16:2 7 0.38 0.96
10 16:3 7 0.25 0.57
1 Stearic 18:0 7 .96 * 3.73
12 Oleic 18:1 13.78 ¥ 33.03
13 Linoleic 18:2 12.18 ' 9.96
14 Linolenic 18:3 21.06 * 1.66
15 Arachidic 20:0 0.05 0.05
16 Gondoic 20:1 0.34 1.43
17 20:2 7 0.20 0.24
18 20:3 ? 0.17 0.22
19 Behenic 22:0 0.14 * 0.95
20 22:1 7 - _
21 Arachidonic 20:4 - 0.05
22 Lignoceric 24:0 0 06 0.02
23 - 22:6 0.17 * 2.67

96.99 98.57
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have Dbeen attributable to the increased muscle mass of the larger items.
The low lipid content of the RBBT diet may be explained by the fact that,
apart from the eels, rabbit was the only one of the five prey types obtained
from a wild populaticn; RAT, CK04 and CKlZ diets were all composed of
animals maintained under artificial conditions, with food provided ad
libitum and the opportunity to lay down substantial amounts of depot fat.
Hayward (1965) found similar differences in the lipid content of wild-caught
and laboratory-raised deer mice P. maniculatus, with animals maintained in
the 1laboratory having a fat content twice that of their free-1living
counterparts.

The composition of eel was so radically different from that of the
other species examined that meaningful comparisons are difficult, though
clearly the very high levels of 1lipid in the body tissue account for most of
tnhe differences observed. Recalculation of body composition con a basis of
lean or fat-free d4ry weight is an expediency employed Dby many woOrkers in
studies of species in which fat content is highly variable, for instance
certain migratory birds (Newton, 1968; Myrcha ané Fanowski, 1970; Chilgren,
1977; Dolnik and Gavrilov, 1279). By applying the technigque to the data
collected in the ©present study it can be chown that the basic body
composition of eel does not differ great:iy from that of other species. The
values for protein content as a percentage of fat-free dry weight were
81.89, 8C.Z4, B2.532, 91.1% for RBBT, RAT, TKO04, CK1Z respectively, and 88.25
for EEL. For ash, the revised figures were 9.32, 19.8, 16.5, 8.89 and
11.76.

The comparatively high proportion of ash in CK04 and RAT is perhaps
suprising, given that it is derived mainly from <skeletal material. The
massiveness of the skeleton is related to age and body weight, with younger

animals having a lighter and less robust frame (Gorecki, 1965). Relative
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increases in the mass of muscle and adipose tissue Wwith age and size,
however, may explain the differences observed between these two and the
larger and older individuals of which the RBBT and CK1Z diets were composed.
Progressive pheumatisation of the avian skeleton as development proceeds may
also be a contributory factor. Similar findings were reported Dby Leoschke
(1959) in studies of several poultry-based diets fed to mink. Rations
comprising chicken heads and feet were found tc have the lowest level of
protein, due to the very high ash content of these components.

Differences in the energy values ¢of the diets were attributable mainly
tc variations in protein and lipid content. The use of caloric equivalents
of these components to derive estimates of enercy content demonstrates the
close correlaticn Dbetween these three parameters, and explains the high
energy values obtained from the lipid-rich RRET, CKO4 and EEL diets.

The carcasses of which the experinental diets were composed were chcesen
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cIcurring  in the diet of wild mink. With recara =zc¢ cize, rats, rabbits and
eels were all assumed to be of a similar weight to the prey types which they
were intended to represent, and the twe size classes of domestic fowl chosen
were thought to provide accep:iable substitutes for large and medium-sized
avian prey.

For comparisons of grcss composition, however, it is also necessary to
ensure that the chemxTal rnrake-ur of the animals analysed does not differ
from that of their free-living countervarts, and that the species or type of

animal used is typical of the grcup it represents,

n

This was assured only for the rabbit diet, which comprised individuals
of a known prey species, culled from a natural population. Moreover,
eimilar investigations by other workers have yielded results which are in

close agreement with those obtained in the present study; Golley et al




(1965) estimated energy content to be 19.44 KJ/g dry weight, while Moors
{1977) recorded a value of 20.69 KJ/g, suggesting that these figures are
typical of the species.

The importance of lagomorphs in the feeding ecology of mink is well
documented (Wise et al, 1981; Casson and Klimstra, 1983; Birks and Dunstone,
1985), and the wild-caught specimens used in the present study were assumed
to be of a similar chemical make-up tc other members of the group.
Comparisons with the findings of other workers, however, indicated that this

was not the case. Myrcha (1965) found the caloric value of European hares

Lepus europeus to be considerably higher (23.75 KJ/g dry weight), owing to

the larger proporticon of 1ipid in this species (19.4% of dry weignt).
Protein constituted only 33.68% of dry-matter. By comparison, Snowshoe

hares Lepus americanus have been shown to contain much less protein and fat

(72.2% and

.7% of dry weight, respectively) than either of the other two

w

cspecies  studied (Daviscn
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, 187¢€). In fact, variation between species

t

within this group (large mammal, lagomorph) ig areater than that Dbetween
groups for some of the prey types used ir thig study. These findings

indicate that while the compositicn 0of the REET diet nay accurately reflect

9]

that of rabbits predated by wild mink, it is nct necessarily true that the
diet itself is representative of that catagory of prey items designated
'large mammal', even when the term is restricTed t< lagomorphs alone.
Consideration nas already been given tc the varzations in  the Dbody
composition o¢f smalil rodents, particularly with regard to fat content.
Diet, age, season and habitat have all been found to contribute to observed
differences betweer and Wwithin species (Gorecki, 1965; Sawicka-Kapusta,
1968; Myrcha, 196%; Kaufman and Kaufman, 1975; Bergeron, 1976). The
relatively large preportion o¢f lipicd in the laboratory rats used in these

experiments was attributed in part to their nutritional history, as
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postulated by Hayward (1965), though again there is evidence of considerable
variability within the group.

Golley (1960) determined the caloric value of Microtus spp. to be
19.44 ¥J/g dry weignht, while Moors (1977) gave a figure of 21.1 KJ/g and
Davison (1975) 21.57 kKJ/g. Values ranging from 21.44 to 26.46 KJ/g have
been quoted for P. maniculatus raised in the laboratory, depending on age
and size (Kaufman and Kaufman, 1975}, and race (Hayward, 1965). Hayward
noted marked differences in the fat content of wild and laboratory bred
individuals (12.46% and 34.3% of wet weight, respectively), with concomitant
changes in the proportion of protein (21.33% compared with 15.12%). In
contrast, Rergeron (1976) reported energy contents of 19.68 - 25.16 KJ/g dry
weight for wild-caught individuals of the same species. These results,
which are comparable to those obtained from analyses of laboratory rats

Brockway, 1985; present study), again demonstrate the need for

o))

(Barri an
caution in making any generalisations about the body composition of a
particular species or group.

Relevant studies on birds have generally been confined e
investigations of 1ipid metabolism in relation to the energetics of moult

and migration. Wide wvariations 1. 1ipid content (4.43 - 23.9% of we

+
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weight) have been reported by Chiigren {1%977) for the white-crowned sparrow

Zonotrichia leucophrvs, while Myrcha and Finoweski (1270) have guoted similar

values for =the European tree-sparrow Fasser montanus, in  which lipic

[A%]

[S8]

accounted for -c.4 - .9% of 1live weight. A greatr deal of information hac
been collected on the fat content and caloric value of many species but, in
general, detaiied determinations of gross composition have only been carried
out in the course of nutrition studies cf other species. Thus Davison et al

(1978) reported on the protein, lipid, ash and dry-matter content of the

quail Coturnix coturnix in the course of feeding trials with fishers Mustela
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pennanti. Caloric values of 27.09 KJ/g dry-matter were recorded for samples

)

consisting of 49.2% protein and 39.2% lipid. Similarly Moors (1977),
working with weasels, determined the energy content of starlings Sturnhus
vulgaris to be 24.33 KJ/g dry weight, while Golley et al (1%965), feeding
bobcats Lynx rufus a diet of domestic fowl, derived a value of 23.64 KJ/g.
These results are very close to the figures of 23.07 and 24.43 KJ/g found
for CK0O4 and CK1lZ2 in the present study.

Investigations into the composition of fish are usually o©f much more

limited application, often being confined to analyses of the edible portions

of the carcass, and sometimes of the fillet alone (Karrick, Clegg and

8]

Stansby, 1956; Dugal, 1967; Murray and Burt, 1969; Sidwell, Foncannon, Moore
and Bonnet, 1974). Others are concerned only with the biochemical
compcsition of the o0il derived from the fish (Gruger, Nelson and Stansby,
1564; Ackman, 1967; Ackman, Eaton, Bligh and lLantz, 1967; Kinsella, Shimp,
Mau and Weinhrauch, 1977).

Craig, Kenley and Talling (1978} determined the caloric content of

perch Ferca fluviatilis somatic tissue to be 5.32 KJ/g wet weight, though

Craig (1977) had previously shown body compositicn in  this species to be
highliv variable in relation tce season and breeding status.
Thurston et al (1959) presented data on 21 specics of freshwater fish,

incliuding Perca, burbot cta lota, and Northern pike Esox lucius, all

speciec featuring in the diet of the mink. Whole body composition of these
species averaged around 0.5 - 2% lipid and 1Z - 20% protein, cn a wet weight
pasis. The level of protein was relatively constant between the species and
the figure of 18.76% obtained for eel in the present study is in close
agreement with these findings. Data on eel have been published by Murray
and Burt (1969), and Sidwell et al (1974), though in both cases the analyses

were performed only on the edible portion of the fish. Sidwell et al (1874}
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gave a figure of 18% wet weight for protein, 1.3% ash, 67.2 - 70.1% water
and 12.7 - 21.5% 1lipid, with a caloric value of 9.9 - 10.66 KJ/g. The data
of Murray and Burt (1969) were similar, though lipid content was given as
] - 31% of wet weight.

As with the other groups discussed, variation in the gross composition
of fish was related mainly to differences in lipid content. In the eel, a
migratory species, this varies within very wide limits and to a much greater

extent than in most other inshore and freshwater fish.

2:5.2 Nutritional Value: Commercial Rations and the Natural Diet

Determinations of gross composition and caloric value revealed
significant differences Dbetween the diets, and comparison with data
collected by other workers indicates that the chemical make-up of the

animals used was similar to that of the natural ©prey types they were

intendec¢ to reprecent. It is also clear, however, that the variations in
the protein, lipid and energy content within these different groups are
cften asg great as, or greater than those found between the diets themselves.

Thus while it may be caid that eaclh of these diets reflects the composition
of prey itemg potentially available to wild mink, none should be considered
as typical of any particular prey type c¢r group. Since it is impossible tc
generalise on the nutritional consequences of feeding on any one prey groug
rather than another, labels such as 'fish diet’' or 'small mammal diet' as
descriptors of nutritional guality should be used with caution.

Proximate analyses provide a means by which the composition of any prey
type can De estimated, but give no indication of it's nutritional value to
the predator; the relative proportions of protein, lipid, ash, etc., are no

measure of a diet's suitability for promoting fast growth and large adult




body size. Rations used in commercial mink farming are carefully formulated
to achieve these objectives, and by reference to Table 2:15 it is possible
to compare the Dbasic composition of these artificial feeds with that of
natural food sources.

In contrast with the diets analysed in the present study, commercial
feeds ceontain, on average, less than half the protein of most animals, and
more than twice the lipid, though energy content is approximately the same.
As has been discussed in Chapter 1:3, economic considerations oblige the
mink farmer to reduce the protein content to the lowest level consistent
with a good growth performance, and therefore the values depicted are an
indication of minimal requirements. These are usually expressed as caloric
equivalents of digestible protein, as a percentage of metabolisable energy
(see Table 2:15). For weanling kits the figure is 45 - 50% of metabolisable
energy, declining to 25% for maintenance in adults (J@grgensen, 1985). These
vaiues are equivalent to approximately 38% and 22% of dry-matter {Leoschke,

The amount of protein reguired depends on the ratio of protein to
energy in the diet. Sinclair et a. (1962) found that raising the caloric
value of the ration by increasing the lipid content had the effect of
‘sparing' for growth and metabolic processes, protein which otherwise woulad
have ©beer: degraded to provide energy. 3Since the energetic effijciency with
which fat ic aepcsited in the mink averages S(%, compared with 45% for
protein, the superiority of the high-fat, low-vrotein ration over other
formulations becomes apparent (Jgrgensen, 1985).

Digsparities in the composition of natural and artificial feeds are due,
then, partly to economic considerations as well as those of nutritional
energetics. According to the criteria outlined above, most natural diets

would be superoptimal in terms of ©protein and energy content. Gross




Table 2:15 Proximate aneosition of Diets used in Laboratory
Studies on Min

Author Dr Protein Lipid
Matter

Leoschke - 43.0 25.0
1959
Sinclair, et al 31.5 42 .3 10.5
1962
Allen, et al 29.5-52.8 156.3-37.0 6.3-49.0
1964

Roberts and Kirk 26.8 57.0 21.7
1964
Seier, et al 36.1 38.5 12.6
1870
Seier, et al 34.5 34.5 25 .2
1971
Harper, et al 32.2-36.5 39.0-41.0 19.3-19.6
1975
Glem-Hansen 30.4-35.0 26.5-53.9 13.2-29.4
1979
Skrede, 1979b 24.5-30.1 28.9-50.6 11.0-19.3
Glem-Hansen, 38.0-63.2 15.2-44 .5 11.8-28.2
1980a
glam—Hansen and 30.0 34.7 13.7

n

9gqaard—Hansen,

Tauson, 1985 29.3 45.0 20.7

Ash

15.0

.7-12.4

.5-10.2

.3-13.5
.7-10.5

14.7
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21.4 GE

18.6-28.0

23.2

20.8

23.5

21.7-23.1

19.4-38.7

15.2-17 .4
15.5-20.7

14.3

17.6
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GE
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composition is not, however, a reliable indication of nutritional value, as
has already been noted.

The formulation of artificial feeds is based on the use of components
of high digestibility. That of protein varies with it's source, being low
for proteins derived from fur, feathers or other highly keratinised parts of
the Dbody, such as birds' heads and feet. Moreover, the compositicn of the
protein must be such that digestion yields a mixture of amino acids
appropriate to the needs of the animal: i.e., the protein must have a high
biological wvalue, a guality entirely independent of digestibility
(Moustgaard and Riis, 1957).

The utility of lipide is related to their fatty acid composition, as
the fatty acids themselveg vary in digestipility. Evidence has been found
of interactions between certain constituent fatty acids which may act either
to increase or depress the digestibility of others (Artman, 1964), while
J@grgenser. ané Glem-Hansen (1976) demonstrated an  inverse relationship
between digestibility and the proporticon of gzearic acid in the lipid.

Cieally, these are gualities which <cannot Dbe assessed using the
technigques of proximate analysis. For instance, all specimens of a given
type are ::kely to contain approximately the same proportion of protein
Nitrogen, but those of a smaller size might be expected to have a higher
percentage of low-digestibility proteins derived from pelage, simply from
consideration of their reiatively larger surface area. Though sharing the

same gross composition, these individual

{n

would be of a lower nutriticonal

quality than the larger items.

Tnerefore, to extend the evaluation of prey utility to considerations
of gize and scurce as well as composition, it is necessary to carry out

digestibility trials with each type of diet so that these factors can be
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accurately quantified. It is with this aspect of the study that the

following chapter is principally concerned.



Chapter Three

FEEDING TRIALS WITH ADULT MINK

60
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3:1 Introduction

As discussed in the preceding chapter, the nutritional value of a diet
is defined in terms of it's gross composition and the biological utility of

it's constituents. The latter can only Dbe determined through in vivo

studies carried out under carefully controlled conditions.

Reference has already been made in Chapter One to the 1large body of
literature which now eXxXists, pertaining to the nutrition of captive mink
feeding on artificial or semi-natural diets. Investigations directed
towards determining the requirements for coptimal growth and development,
have been made using poth adults and growing Kkits. The requirements of
kits, which differ considerably from those of adults, have been extensively
documented by a number of workers (Harper et al, 1978; Skrede, 1978b;
Glem-Hansen, 1980a, 1980b, 1980c; Chwalibog et al, 1982) and will be
considered in greater detail in Chapter Four.

The present chapter is concerned with studies of adult mink feeding on
natural diets, and the comparison of data so obtained with results published
by other workers for similar trials in which artificial rations were used.
To facilitate such comparisons, however, it 1s expedient first to define the

terms by which studies in animal nutrition are described.

3:2 Animal Nutrition: The Rationale of Feeding Trials

The term 'feeding trial' pertains to a wide variety of experimental
procedures designed to investigate an animal's response to different types
of diet. The most elementary consist of studies of palatability, and
estimations of food consumption and nutrient requirements under different

conditions, such as temperature, reproductive status, etc. More detailed




investigations include the determination of a ration's digestibility, or the
digestive efficiency of the subject animal, through comparative analyses of
ingested and faecal material. 'Balance' trials incorporate estimates of
urinary losses, and aim to provide a complete Dbreakdown of energy and
nutrient metabolism.

The energy metabolism of an animal may be described according to the
scheme delineated in Fig. 3:1, derived from Robbins (1983). Nitrogen
metabolism, which follows the same basic pattern, is illustrated in
Fig. 3:2. By referring to these two schematic pathways, it may be seen that

studies of an animal's nutritional physiology are directed at four main

(i) Ingestion

The amount of food ingested is primarily a function cof body size. The
relationship is non-linear as the weight-specific reguirements for
maintenance decrease with size; thus metabolic rate and it's covariates, of

which food intake is one, are related to body weight by the equation:-

M= a.wb

in which 'M' is metabolic rate, 'W' is body weight and '‘a' and 'b' are
censtants. The wvalue of 'b' generally lies between 0.6 and 0.9, and for
most species approximates to 0.75 (Kleiber, 1961). 'W ' is known as the
Metabolic Weight, and in linearising the relationship between size and

metabolic rate provides a standard which forms the basis of most comparative



Fig. 3.1: Apparent Partition of Ingested Gross Energy
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Fig.3.2: 'Nitrogen Metabolism
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studies in animal physiology.

Food intake is known to be correlated with the gross energy content of
the ingested material, with intake increasing on rations of low energy value
(sibbald, Bowland, Robblee and Berg, 1957; Miller, 1975; Savory and Gentle,
1976). Intake also varies with metabolic demands. Seier et al, (1971)
noted increases in the food consumption of mink during the moult, and a
number of workers have reported on the changes associated with pregnancy and
lactation (Lockie, 1964; Kaczmarski, 1966; Migula, 1969; Fell, 1872; Cripps
and Williams, 1975; Glem-Hansen, 1979).

It is evident that the magnitude of these variations depends largely on
the degree to which the composition of the diet meets the animal's needs at
any particular time. During the moult, for instance, the requirement is
chiefly for protein and in particular, for Sulphur-containing amino acids
such as cystine and methionine (Skrede, 1978a; Glem—Hansen and
Enggaard-Hansen, 1981; Tauscn, 1985b). For diets rich in these substances,
the wvariations in intake are likely to be much less than for those in which
amino acid content is limiting (Seier et al, 1971; Glem-Hansen, 1980a).

Ultimately, however, the amount of food which must be ingested depends
on the digestive capabilities of the animal, and the proportion of ingested
material which is assimilated into the metabolic process. Thus, it is with
the determination of digestibility that feeding trials are principally

concerned

(ii) Digestion and Absorption

The 'digestibility' of a substance has been defined as the proportion

of the amount ingested which does not appear in the faeces (Robbins, 1983).

It is described by a Coefficient of Digestibility, which may be either True
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{net) or Apparent (gross), though the latter is the most commonly used.
Apparent Digestibility is calculated from direct determinations of faecal

losses according to the formula:-

Apparent Digestibility = 1 - {(Amount in Faeces)

(Amount Ingested)

(Egqn. 3:2)

and estimates of Apparent Digestible Energy (ADE), Nitrogen (ADN), Dry
Matter (ADDM), etc., are obtained by difference from comparisons of intake
with output. They are, consequently, estimates of the absolute amount of a
substance absorbed from the lumen of the gut.

An underlying assumption of this method is that there is no endogenous
component to the faecal output, the materials assayed being derived solely
from the diet. In practice, however, faeces contain not only non-digested
feed residues but also metabolic products such as mucus, enzymes and
fragments of the intestinal epithelium. Because of this continuous
excretion of metabolic faecal Nitrogen and 1lipid (and their caloric
equivalent), Apparent Digestibility coefficients are curvilinear functions
of dietary content. Those of True Digestibility include a correction for

endogenous faecal losses:-

True Digestibility = Amount Ingested - (Total Faecal Loss - Metabolic Loss)

Amount Irgested

(Eqn. 3:3)



and are often used in preference, particularly for comparative studies
(Eggum and Christensen, 1974; Kiiskinen et al, 1985). Glem-Hansen and
Jgrgensen (1973), working on mink, devised a means of estimating metabolic
faecal Nitrogen from a knowledge of body weight, age and the dry matter
content of the diet, though Farrell and Wood (1968b) had previously shown
that, in carnivores, metabolic faecal losses were relatively small and the
difference between True and Apparent Digestibility was minimal. Endogenous
faecal 1losses can only be accurately quantified by feeding a protein-free
diet or by regression of faecal losses on various levels of intake, both of
which procedures necessitate carrying out a further series of trials;
coefficients of True Digestibility are, therefore, seldom used for general
applications.

Efficient digestion and absorption of foodstuffs results from the
interaction of Dboth chemical and physical factors. The biochemical and
physioclogical processes Dy which digestion is achieved have been
comprehensively reviewed elsewhere (Munck, 1981; Thomson and Dietschy, 1981;
Carey, Small and Bliss, 1983) and a detailed discussion is beyond the scope
of the present work. It is relevant, however, in the context of the feeding
trial, to consider the extent to which physical factors affect the
digestibility of the rations consumed.

The efficiency with which the animal utilises the ingested material is
dependent upon the rate of passage of material along the gut, and the
relative magnitude of the surface area across which nutrients are absorbed.
Both wvary, according to diet quality and nutrient requirements. Rate of
passage, for instance, has been found to increase in animals consuming feeds
containing a high proportion of non-digestible matter, as gut capacity
constitutes a limiting factor on the intake of a sufficient quantity of

digestible material to meet the animal's needs (Robbins, 1983).



Rate of passage is usually estimated Dby the introduction of
indigestible markers into the diet and measurement of the time interval
between ingestion and first appearance in the faeces, a value known as Bowel
Transit Time (BTT) (Kostelecka-Myrcha and Myrcha, 1965; Kotb and Luckey,
1972). The apparent universality of the relationship between rate of
passage and the proportion of non-digestible material in the diet has led to
the widespread wuse of BTT as an indicator of diet quality. This is
particularly so in trials with animals of economic importance, such as mink,
in which the rations fed often contain materials not normally consumed by
the animal in it's natural environment (Wood, 195%6; Sibbald, Sinclair, Evans
and Smith, 1962; Slawinski, Slawon and Bednarz, 1962; Bleavins and Aulerich,
1981).

Diet quality is, however, only one of the determinants of Bowel Transit

Time. In studies on the BAmerican badger Taxidea taxus, Harlow (1981)

reported increases of 18% in the rate of passage in animals which had been
fasted. He also noted that Apparent Digestibility was correspondingly
higher post-fast than it had been before the fast was begun. Fell (1972)
described similar increases in transit time during pregnancy and lactation
in a variety of domestic animals, though in contrast with the findings of
Harliow (1981), Apparent Digestibility remained relatively constant
throughout.

Fell (1972) related these observations to the hypertrophy of the
alimentary tract which is known to take placé during repreduction. This
widely reported phenomenon is believed to be an adaptation permitting the
consumption of large quantities of food without 1loss of digestive
efficiency, and may be characterised by increases in the volume of the

stomach and intestine, and in the size and density of the mucosal villi.

(Myrcha, 1964; Boyne, Fell and Robb, 1968; Cripps and Williams, 1975; Barry,
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1976; Karasov and Diamond, 1983).

The adaptive value of gastrointestinal hypertrophy is not confined to
meeting the metabolic demands of reproduction; similar developments have
been found to occur in animals feeding on low-quality diets, for which the
same requirement for a high rate of food intake pertains.

Leopold (1953) examined the alimentary tracts of various species of
gallinaceous bird and concluded that the observed differences in gut
morphology were attributable mainly to the type and quality of diet
consumed; Al-Joborae (1980) found that the dimensions of the digestive tract

in the starling Sturnus vulgaris changed with seasonal variations in the

diet. These changes have been shown to take place over a comparatively

small time scale. In the mallard Anas platyrhynchos and quail Coturnix

coturnix, significant increases in the size of the gut were reported after
only three weeks on low-quality diets (Miller, 1975; Savory and Gentle,
1976). Gross, Wang and Wunder (1985) noted similarly rapid changes in the

digestive tract of cold-stressed meadow voles Microtus ochrogaster, in

response to increased energy needs. Conversely, Moss (1972) demonstrated
that the reverse of these adaptations also took place; in successive

generations of red grouse Lagopus lagopus scoticus, fed ad libitum on a

super-optimal diet, the length of the intestine was observed to diminish to
only 72% of that typical of wild birds from the same population.

It is evident, then, that neither True nor Apparent Digestibility may
be regarded as constant for any particular substénce. Both are altered by
variations in the absorptive capacity of the animal, effected through
changes in the gross morphology of the alimentary tract and the rate of
passage of material along it. To some extent these changes are correlated
with the nutritional gquality of the material ingested, though they arise

primarily in response to variations in the animal's metabolic demands.
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Comparative investigations of digestive efficiency must, therefore,
take into account such factors as the physioclogical status of the subject
animals, their age and nutriticonal history, and even the duration of the
feeding trials themselves, such is the dynamic nature of the processes being

studied.

(iii) Metabolism and the Specific Dynamic Effect

Determination of Apparent Metabolisable Energy (ME) is the nexXt step in
the partition of ingested gross energy, and is inextricably 1linked with
Nitrogen metapolism (see Figs. 3:1 and 3:2). It is defined as the ingested
energy which is available for the various processes of metabolism, and 1is
equivalent to the Apparent Digestible Energy, less urine losses. Thus, the
Coefficient of Metabolisable Energy is calculated according to the general

formula given below:-

Metabolisable Energy = ADE - Urinary Losses - Gaseous Losses

ADE

(Egqn. 3:4)

though in carnivores and other non-ruminants, gaseous losses are negligible
and usually ignored. ;

Urinary losses result mainly from the katabolism of protein and other
Nitrogen-containing substances. In the degradation of protein, the
constituent amino acids undergo de—amination in the liver, after which the

carbon skeletons are usually retained as a source of energy, while the

Nitrogen-bearing amine groups are excreted in the form of urea and, to a
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lesser extent, uric acid, creatine and other associated compounds. The
energy contained in the urea so-derived (3.77 KJ/g) constitutes 16% of that
which would result from complete oxidation of the original protein
(23.83 KJ/g), and thus the amount of energy actually available to the animal
is only 20.06 KJ for every gramme of protein ingested. For this reason it
has bpecome standard practice for proximate analyses of diet composition to
incorporate a correction for Metabolisable Energy content, so that more
realistic estimates of the ration's physiological value may be obtained (see
Table 2:15).

The coefficient of Metabolisable Energy is highly variable and reflects
changes in Nitrogen metabolism in response to diet and metabolic
requirements. In animals feeding on diets of relatively high protein
content, intake of Apparent Digestible Nitrogen (ADN) may exceed immediate
requirements. Most animals lack the capacity to store surplus Nitrogen and
therefore, as katabolism of this excess proceeds, urinary Nitrogen (and
hence energy) output increases, with a corresponding fall in the level of

Metabolisable Energy (Peters and van Slyke, 1946; Sibbald et al, 1957;

Sinclair et al, 1962; Allen et al, 1964; Varley, Gowenlock and Bell, 1980;
Keiver et al, 1984; Ronald et al, 1984).

Increases in energy demand also depress Metabolisable Energy retention,
as reported by Chwalibog, Glem-Hansen, Henckel and Thorbek (1980) of
cold-stresscd mink. In these circumstances carbon skeletons derived from
amino acid Aegradation are used to supplement ADE as substrates for
oxidative phosphorylation (Sinclair et al, 1962; Allen et al, 1964; Eggum,
Chwalibog, Nielsen and Danielsen, 1985).

Conversely, Metabolisable Energy levels rise with increases in Nitrogen

retention such as take place during pregnancy (Noblet and Close, 1980) and

lactation (Fell, 1972), and the moult (Seier et al, 1971), when urinary



losses are minimal. With reference to the last of these three processes, it
is interesting to note, however, that on high-protein diets which are
deficient in the necessary Sulphur amino acids, compensatory increases in
intake lead to higher levels of protein katabolism, and a consequent fall in
Metabolisable Energy (Dolnik and Gavrilov, 1979).

A knowledge of Nitrogen balance 1is clearly of importance in the
estimation of Metabolisable Energy. Nitrogen retention may be determined
either directly, by carcass analysis (Harper et al, 1978; Glem-Hansen and
Enggaard Hansen, 1981), or indirectly, by assay of urine Nitrogen (Sinclair

et al, 1962; Glem-Hansen and Jgrgensen, 1973; Glem-Hansen, 1980a; Chwalibog

=

et ai,

982). From a knowledge of urine Nitrogen it is also possible to
calculate urinary energy losses using a caloric equivalent of urea (Street,
Butcher and Harris, 1964; Paladines, Reid, Van Niekerk and Bensadoun, 1964;
Eggum et al, 1985), though generally, direct combustion is preferred (Moors,

1977; Chwalibog t al, 1982; Ronald et al, 1984; Kiever et al, 1984; Harri

and Brockway, 198%5).

Bs with faecal matter, urinary losses include an endocgenous component
derived from the normal katabolism of body tissues, and there 1is thus a
parallel dichotomy of True and Apparent Metabolisable Energy. Endogenous
urinary Nitrogen is a correlate of Metabolic Weight and may Dbe quantified
using regression techniques, as described previously (Glem-Hansen and
J#rgensen, 1973), or by the presentation of a Nitrogen-free ration having an
energy contént high enough to ensure that calorigenic degradation of body
protein is minimal. Glem-Hansen and J¢rgénsen (1973) used the term

'Biological Value' (BV) to describe the efficiency of utilisation of

absorbed dietary protein. This index, defined by the formula
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BV = N Intake - (Faecal N - Metabolic N) - (Urinary N - Endogenous N)

N Intake - ( Faecal N - Metabolic N)

(Egqn. 3:5)

incorporates all the parameters mentioned, and constitutes a relative
measure of Nitrogen metabolism of widespread application (Glem-Hansen and
Eggum, 1974; Glem-Hansen, 1979, 1980a, 1980b).

Though Nitrogen metabolism may be fully described by the five variables
combined in the expression above, the partitioning of ingested energy is
taken further, with the evaluation of Net Energy. This is the fraction of
metabolisaple energy which 1is available to the animal, either tfor
maintenance or production.

Apparent Net Energy coefficients are a measure of the efficiency with
which metabolisable energy is utilised, and reflect the energy losses of
digestion, absorption and metabolism of the food consumed. The work done in
assimilating a given amount of food is indicated by a rise in metabolic rate
shortly after ingestion, a phenomenon variously described as the calorigenic
effect, heat of nutrient metabolism, or specific dynamic action (SDA). SDa
is usually expressed as a percentage of the total calcric value of the
digested material. For lipids and carbohydrates, the figure 1is
approximately 5 - 10% (Hill, 1976); in proteins it is much higher, 25 - 30%,

due to the processes o0of degradation and synthesis associated with their

metabolism (Ashworth, 1969; Garrow, 1973).



(iv) Maintenance and Production

Net energy may be apportiocned between the tasks of maintenance and
production. The energy redquirement for maintenance has been defined as the
energy needed to sustain Dbasal metabolic rate, body temperature and the
normal activities of maintenance, such as tfeeding, in an animal undergoing
zero weight change (Robbins, 1983).

To some extent the costs of thermo-regulation may be met by heat
derived from nutrient metabolism; thus, the assumption that the net energy
value of lipid and protein may be reduced by 10 - 30% as a result of the
work done in assimilating them is not always valid. Nevertheless, the
maintanence reguirements of mustelids are high, due to their
thermo-energetically inefficient body form (Brown and Lasiewski, 1972), and
elevated metabolic rate (Iversen, 1972; Moors, 1977; Casey and Casey, 1979;
Powell, 197%9a). Numerous attempts have been made to estimate maintenance
requirements, in terms of ADE (Farrell and Wood, 1968b; Davison et al,

1978), and ME (Moors, 1977; Harper et

l, 1978; Chwalibog et al, 1980,
1882).

Production energy incorporates energy stored in new body tissues
arising from growth or reproduction, fat deposition (adipose tissue) or the
synthesis of new pelage, and the work done in their production. The
energetic cost of protein and lipid deposition, and the efficiency with
which it is carried out, has been evaluated by Millward and Garlick (19765
and Pullar and Webster (1977). With a knowledge of these parameters and the

gross composition of the new tissues, the partitionment of ingested energy

may be completed.




3:3 The Present Study

From the fore-going discussion, it 1s apparent that the results
obtained in feeding trials depend not only on the composition of the rations
fed, but also on the nutritional physiology of the subject animal. Food
intake and the efficiency with which ingested material is assimilated vary
with changes in the digestive capacity of the animal in response to diet
quality and nutritional requirements; these adaptations may be effected
through changes in gut morphology and in nutrient metabolism.

Though extensively documented in the laboratory environment, the
interaction of these factors in the context of the ecology of free-living
animals has Dbeen 1little studied. In mustelids, the extreme sexual
dimorphism in body size characteristic of most species is an additional
consideration, though again it 1is one which few investigators have
addressed.

Feeding trials with adults are usually conducted on groups of animals
of the same seX, in order to reduce the effect of individual variation in
subsequent analyses of the results obtained; of the nine studies carried out
on adult mink gquoted herein, five used all-male samples and four all-female.
This practice of using single sex samples makes comparisons of male and
female requirements difficult, though such comparisons are central to an
understanding of this species' ecology.

In the present study, therefore, analyses of the nutritional value of
various prey types have Dbeen combined with an investigation of the
relationships between body size, energy requirements and nutrient
metabolism, in both males and females. The results obtained are placed in
the context of sex differences in the diets of free-living mink, which are

believed to be size-related, in order to evaluate the significance of +this



particular aspect of sexual dimorphism.

3:4 Materials and Methods

3:4.1 Animal Housing and Management

Animals were obtained from a local mink farmer as eight-week old
weanling kits. All were of either the 'standard' or 'pastel' strains. The
young mink were kept in mixed-sex peer groups of s$ix to eight individuals,
in a large, well-ventilated room permitting sufficient exercise for healthy
growth and development. Wooden nest boxes ceontaining straw bedding material
and sawdust were provided, and water was available ad libitum.

The kits were fed once daily on a semi-liquid mixture of fish waste and
slaughterhouse by-products identical with that used on the mink farm (the
percentage composition of the rations presented is given in Appendix A).
This procedure was continued until the kits were approxXimately three months
old, when competition for food began to lead to unacceptable levels of
aggression between individuals; they were then transferred to standard
'weldmesh' cages measurinc 1.0 X 0.5 x 0.5 m, to which were attached wooden
nest-boxes of dimensions 0.28 x 0.28 X 0.28 m, and subsequently maintained
in the Department's animal-housing facilities. There, the once-daily
feeding schedule was again followed, and water provided ad libitum. A 12:12

light regime obtained throughout.

3:4.2 Apparatus

During each feeding trial, animals were housed in 'metabolism' cages of
the type illustrated in Fig. 3:3, which permitted the determination of food

consumption and the separate collection of urine and faeces. The design of
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the «cages, based on those published by Sinclair and Evans (1962) and
Glem-Hansen and Jgrgensen (1973), was intended to minimise contamination of
excreta with undigested food, a problem particularly associated with studies
of mink, in which waste and spillage of feed are commonplace due to the
mink's habit of carrying mouthfuls of food from one area of the cage to
another (Sinclair et al, 1962; Glem-Hansen and Jgrgensen, 1973; Bleavins and
Aulerich, 1981).

Observing that it is the natural habit of the mink to assume an
arched-back posture during urination and defecation, Sinclair and Evans
(1962) reasoned that these activities could be confined, by dimensional
restrictions, to one part of the cage some distance from the feeding area
and, by making the route between the two sufficiently indirect, the tendency
to carry food from one to the other discouraged.

Accordingly, the metabolism cages used in the present study were
designed to incorporate both of these features. Each cage consisted of an
exercise pen of dimensions 0.5 x 0.5 X 0.5 m, constructed of 25.4 mm (1 in.)
stainless steel mesh, to which was attached a wooden nest-box measuring
0.27 x 0.27 % 0.27 m. The nest-box was fitted with a perspex panel which
permitted observation of the animal at all times, and a hinged wire-mesh 1id
to enable retrieval of orts and unconsumed feed.

Rations were presented on a removable steel tray contained in a food
pox, also equipped with perspex panel, to which the mink gained access via a
narrow tﬁhnel. The tunnel was constructed of 10 mm wire mesh for ease of
cleaning, and a different size was used for each sex; 120 mm diameter for
the males, 80 mm for the smaller females.

With these arrangements it was anticipated that defecation and
urination could be restricted to the exercise pen, and consumption of feed

to the food box. Faeces were collected on a 5 mm mesh screen placed beneath
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the pen, and urine channelled into plastic collecting bottles wvia the
stainless steel tray below. Feeding behaviour was monitored by fitting each
tunnel with a photo-electric trip by which the presence of the mink in the
feed Dbox <could be recorded. The trip was activated by interruption of an
infra-red beam passing across the threshold of the feed box to a detector
(R. S. Components, Corby, Northants.) in the side of the tunnel. Entry of
the mink into the box caused a break in the signal, which was registered as
a deflection on a chart recorder. By examination of the traces from each
tunnel, the relative frequency of feeding bouts and the proportion of time

spent feeding by each individual could be calculated.

3:4.3 Experimental Procedures

Feeding trials were run according to the schedule depicted in Fig. 3:4,
in which their relationship to the onset of spring and autumn moult is &lso
indicated.

The spring moult is generally assumed to exXtend from April 15th to July
21lst, and autumn moult from September 1st until November 15th (Bassett and
Llewellyn, 1949; Rust, Shackelford and Meyer, 1965; Boissin-Agasse, Maurel
and Boissin, 1980). These dates, however, relate to the pelage cycles of
animals reared in North America and Canada; in Northern Britain the onset of
the moult occurs slightly earlier in the year, with spring moult beginning
in the figst week of April, and the autumn moult in the last week of August
(local mink farmer, pers. comm.). To facilitate comparisons with the work
of other investigators, Fig. 3:4 includes both dates.

The extended duration of the moulting process, which in mink may last

for seven months of the year, constitutes an obvious complication in the

organisation of feeding trials, particularly studies of Nitrogen balance;



Fig. 3.4: Feeding Trials and the Moult
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Glem-Hansen and Eggum (1974) stated that such trials could only be carried
out during the months July to September, if the variations in nutrient
metabolism attributable to the moult were to be avoided. Clearly, such an
approach is impractical and, while comparative studies are made more
difficult by the fact that the animal's metabolism is changing continuously
for most of the year, a number of alternatives are available. For instance,
Glem—Hansen and Eggum (1974) used laboratory rats as surrogates for the mink
to estimate True Digestibility and Biological Value of protein diets, having
first 'calibrated' the animals during the summer months.

In the present study, a reference diet, comprising minced rabbit, was
fed to a group of standard animals prior to each feeding trial. This
permitted comparisons between experimental diets, controlling for the effect
of the moult, and also made possible a direct evaluation of the moult as a
determinative factor in work of this kind.

Three diets were chosen for use in the feeding trials, RBBT, CKiZ andg
EEL. These were selected as having both diversity of composition, and
ecological relevance (Birks and Dunstone, 1985; Dunstone and Birks, 1987).

Eight adult mink were used in each trial with the experimental diets,
four males and four females 1 - 3 years old. The standard group comprised
two males and two females aged 1 - 2 years.

Each trial consisted of two phases, a pre-trial phase lasting four
days, and a trial period of five to eight days duration. The pre-trial
phase allowed time for the subject animals to grow accustomed to the new
diet, and to their confinement in the metabolism cages. It also provided a
period during which residues from the previous diet could be eliminated and
the faecal matter equilibrate with the ingested material. The pre-trial
phase was used to assess the palatability of the diet presented and to

determine each individual's consumption; the rations subsequently presented
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during the trial period were thus calculated to Dbe commensurate with the
animal's level of intake.

All the diets proved toc Dbe highly palatable to the mink, though
consumption of the EEL diet declined sharply after the second day and the
faeces collected during this period were of a 'tarry' consistency and voided
with difficulty. These were indications that the diet was of a very high
digestibility, such that the minimal amounts o©of residual matter were
insufficient tc¢ maintain normal passage of material along the gut (see
section 2:2.2).

Attempts were therefore made to modify the composition of the ration,
in order to provide a higher proporticn of indigestible material. Minced
rabbit was added as 10, 25 and 50% of wet weight, and each mix presented to
the mink. No significant improvement in palatability was observed with the
10% and 25% rations, but intake increased markedly on the 50% miXx. It was
felt, however, that using a ration containing such a2 low proportion of the
experimental diet would Dbe of 1little theoretical value, and so a second
mixture was prepared comprising 60% EEL and 30% RBBT by weight, to which was
added approximately 10% powdered cellulose ('Solkafloc', Special Diet
Services Ltd.) as a filler. This feed, named 'E-MIX', was taken readily.
Its composition as fed is shown in Table 3:1.

Data collection commenced on the first day of the +trial period.
Portions o©of feed were weighed on the presentation trays to 0.01 g and
inserted into the food boxes. An additional portion of similar size was
placed Dbeside the cages, as a control for evaporative losses in the
determination of food consumption. The body weight of each mink was then
determined to the nearest b5 g before release into the exercise pen, from
which access to the food tray could be gained via the nest-box. Standard

water Dbottles were attached to each cage and 1 - 2 ml toluene placed in the



Tablie 3:1 Proximate Composition of E-Mix Diet

Percentage We t Dry Ash-free
Dry

Protein 18.65 42.73 45.0

Lipid 14 .92 34 .18 36.0

Ash 2.20 5.05 -

Water 56.35 - -

Other 7.94 18.19 19.12

Total 100.06

Dry-Matter 43 .65 - -

Gross Energy (KJ/g) 11.54 26 .44 27 .84
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urine bottles as a preservative (Greaves and Scott, 1960). Ambient
temperature within the experimental room was also recorded, and the animals
then left for a period of 24 hr.

The following morning, the food intake of each animal during the
intervening period was calculated Dby weighing the feed remaining in the
tray, together with orts and undigested food found in the tunnels, nestboxes
and pens. Corrections for evaporative losses were made by comparison with
the reference ration.

Faeces were collected and weighed to 0.01 g then put into screw-top
plastic cartons and retained for later analysis. Urine vclumes were
measured to 1 ml, from which aliquots of approximately 2 ml were taken and
placed in stoppered plastic vials. After these measurements had been made,
the faeces screens and urine trays were cleaned and replaced. The food
trays were also washed and dried, and the water Dbottles emptied and
replenished, after which further rations of feed were presented. This
marked the start of the next trial day.

At the end of each complete trial, the mink were returned to the
Department animal-housing facility, and were there maintained on the regime
detailed in section 3:4.1 until required for subsequent experiments. The
metabolism cages were dismantled and thoroughly cleaned in hot water and
disinfectant; urine trays and funnels were steeped in nitric acid (50% v/v)
for 30 min. and rinsed in distilled water prior to reassembly, in order to

remove accumulated mineral deposits.



3:4.4 Analytical Procedures

3:4.4.1 Faecal Analysis

Faecal analyses were carried out according to the methods detailed in
section 2:3.1. Determinations of Nitrogen and lipid content were made on
the day of collection, and water content after the wusual period of
oven-drying (24 hrs.). Samples each comprised several stools, in whole or
in part, to ensure consistency of composition and minimise individual
variation.

Estimations of caloric value were usually made within 14 days of
collection, on sub-samples of the dried material which had been stored at
-20 ©Cc in sealed plastic bags until regquired. After thawing, the procedure

followed was as described in section 2:3.1.3.

3:4.4.2 Urine Analysis

(i) Determination of urine Nitrogen

Assays of urine Nitrogen were performed using the method of Martinek
(1964). The technique, 1like that of Mitchell (1972) employed in the
determination of faecal Nitrogen (see section 2:3.1.4), made use of the
phenol-hypochlorite reaction, following enzymatic Dbreak-down of urea to
ammonia by the action of urease.

Urine samples of 0.5 ml were diluted to 50 ml with de-ionised water,
and aliquots of 0.02 ml placed in tubes containing 0.2 ml of a urease

solution, buffered to pH 6.6. The solution was composed of 0.5% (w/v)

urease (urea amidohydrolase from Jack Dbeans, type VI, Sigma Chemical



Company ), 20-mM Potassium di-hydrogen orthophosphate and 27-mM EDTA. After
gently shaking each tube to ensure adequate mixing, foil caps were fitted
and the samples incubated in a water bath at 56 °c for 10 min.

On completion of incubation, 5 ml of phencl reagent consisting of
0.11-M phenol and 0.17-pgM Sodium nitroprusside was added to each tube, and
colour developed by the addition of 5 ml of hypochlorite reagent comprising
0.126-M Sodium hydroxide and 10-mM Sodium hypochlorite solution
(approximately normal in 0.1-N Sodium hydroxide), followed by incubation for
a further 15 min. Absorbance was measured immediately at 640 nm.

Standard curves, prepared using a 36-mM solution of urea were found to
pe linear for concentrations 0.35 - 14-mM, and determinations of urinary
Nitrogen made on the basis of direct proportionality. Three assumptions

were made in doing so:-—

1). Non—-urea Nitrogen comprised a negligible proportion cf total
urinary Nitrogen (Keyes, Barron and Ross, 1971; Keiver et al,
1984)

2). Urea Nitrogen was mainly of dietary origin

3). Non-urea Nitrcogen was derived largely from endogenous sources

(varley et al, 1980)

Readings obtained were consistently higher than the values given by
Martinek (1964), but no explanation of the observed differences could be
found. There was no evidence of any colour-promoting contaminant in the
urea standards, as equimolar series of ammonium sulphate standards run in
parallel gave identical results. Blanks with and without active urease were

found to have the same absorbance, and standards run with de-natured urease
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(heated at 100 °c for 1 min.) gave readings similar to those of the blanks,
demonstrating that no colour development took place independent of the
action of urease on the urea present.

As a final <check on the reliability of the procedure, the molar
extinction coefficient 'E' was calculated for indophenol blue, using the

Beer-Lambert equation,
Absorbance = E X concentration

(Egn. 3:86)

for molar solutions of urea and ammonium sulphate. A value of 2.187 X 10+4

was derived with urea, and 2.265 X 10+4 with ammonia, both of which were
within the range recorded by Mann (1963). Since no fault could be found
with the procedure, this assay was implemented without further modification.

All determinat;ons were made in triplicate, with blanks and standards
included in each series. Reagents were stored in the dark at ¢4 OC and
replenished as necessary a£ intervals of not more than 14 days. Aliquots of

urease solution were stored at -20 OC in stoppered plastic wvials until

. required.

(ii) Determination of urine energy

The energy content of urine 1is usually determined directly by
combustion of freeze-dried residues in a bomb-calorimeter (Moors, 1977;
Keiver et al, 1984; Ronald et al, 1984). Due to technical difficulties,

however, freeze-drying of the samples collected during the present study was

not practicable, and the alternatives tried, such as oven-drying under
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vacuum (Harri and Brockway, 1985; Dewey, 1985, pers. comm. ), were
considered too time-consuming in view of the schedules to which the feeding
trials were run. Therefore, a procedure pased on the methods described by
Street et al (1964) and Paladines et al (1964) was employed, by which urine
energy was estimated from assays of urinary Nitrogen.

Following determination of urea Nitrogen content by the assay described
in (i) above, the energy value of each sample was estimated by substitution
of a caloric equivalent of the urea present. The caloric value of urea was
determined directly by combustion of pellets of powdered urea in a ballistic
bomb calorimeter; benzoic acid was used as a promoter to ensure a complete
burn and contributed approximately 20% of the total energy released. The
value obtained, 10.87 KJ/g (S.E. = 0.49), was slightly higher than that of
10.57 KJ/g, quoted by Robbins (1983), but was used in preference to the
latter in order to retain comparability with the other analyses carried out
during the study. The caloric equivalent of urine derived therefrom was
23.29 KJ/g urea Nitrogen, which is in close agreement with the values of

24.36 - 28.5 KJ/g determined empirically by Litvaitis and Mautz (1980) for

the urine of the coyote Canis latrans.

The substitutive method is to be contrasted with those of Paladines et
al (1964) and Street et al (19€4), in which regression techniques were used
to estimate energy content for wurines of varying composition; it's use
required that several assumptions were made about the composition of the
urines on which the estimates were based.

The first of these was that total urine energy was derived almost
entirely from urea. The second was that the absolute amounts of the
norn-urea constituents remained constant with changes in diet, and correlated
changes in Nitrogen retention associated with the metabolism of dietary

protein, and also with the requirements of the moult (Varley et al, 1980)




With the use of diets having a very high protein content, these
assumptions were taken to be valid, and subsequent calculations made on this

basis.

3:4.4.3 Bowel Transit Time and Gut Morphology

(i) Estimation of bowel transit time

Bowel transit time (BTT) was estimated by faecal marker recovery. The
markers used were variously coloured strips of polyethylene, measuring
approximately 1 X 15 mm. Observaticns were made over a two-day post-trial
period and entailed presentation of the experimental diet, supplemented with
cne of the several markers, with BTT being measured as the interval between
ingestion and first appearance in the faeces.

To enable several determinations to be made on each animal, the usual
ration was divided into portions, to each of which was added a different
coloured marker. The portions were then presented in succession, each one
being replaced by the next on first appearance of that marker in the faeces.
On passage of the last coloured marker, the Dbalance of +the ration was
returned to the food tray, and the trial concluded.

Implicit in the use of particulate markers in studies of transit time
is the assumption that the rates of passage for marker and faecal matter are
equivalent. Though not valid in certain applications (Kotb and Luckey,
1972; Robbins, 1983), in the present study, similar transit times were
ascribed to marker and ingesta, in view of the large amounts of indigestible

material (bones, hair, etc.) which the experimental diets contained.
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(ii) Examination of gut morphology

Superficial examinations were carried out on the alimentary tracts of
wild and farm-bred mink to investigate the effects of sex, body size and
nutritional history on the gross morphology of the gut.

The sample comprised the carcasses of 28 farm-bred mink (15 males, 13
females) aged approximately nine months, together with 12 wild adult mink (6
males, 6 females) of undetermined age, caught during a trapping programme
organised by the Ministry of Agriculture.

After weighing each carcass, the viscera were removed and the total
length of the intestine measured from pylorus to anus. An incision was then
made along the 1length of the organ and the tissue spread out to enable
measurement of the circumference. Five measurements were taken at equal
intervals along the length of the tract, and the mean of these incorporated
into a formula by which the approximate capacity (volume) of the gut could

be estimated, as shown below:-

Luminal volume = (Circumference)2 X length

( 4 x Pi )
(Eqn. 3:7)
Serosal surface area, given by the product of length and circumference

(Barry, 1976), was also calculated in order +to determine the ratio of

surface area to volume.
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:5 Results

lw

:5.1 Behaviour of Subiject Animals

All animals adapted well to confinement in the metabolism cages, though
most individuals displayed various forms of aberrant, stereotypical
behavicur. Those most commonly seen included gnawing or scratching at the
bars of the <cage and the perspex panels of the food boxes and nest boxes.
Males, in particular, developed a habit of repeatedly Dbutting the water
bottles and fittings, which occasionally led to leakage of water into the
urine trays and subsequent dilution of the urine samples. More deneralised
motor activity was also frequently observed, often as a characteristic
weaving motion of the body, or repeated leaping into and out of the nest
box. These types of activity usually occurred in bouts, sustained for
periods of 10 - 15 min. For much of the time, however, the animals were
guiescent, or sleeping.

Feeding tock place at intervals of 2 - 3 hrs. throughout the 24 hr.
period but, contrary to experimental design, was not confined to the food
boxes. The animals were observed to remove feed from the boxes, a mouthful
at a time, and deposit it either in the nest boxes or on the floors of the
cages. In general, feeding did not commence until a large proportion of the
ration had first been removed from the feed tray. The practice of caching
food in various parts of the apparatus was noted as being more prevalent
among females, though with bofﬁ sexes spillage of feed was considerable;
estimation of consumption entailed retrieval of orts from the tunnels, nest
boxes and also from the mesh screens beneath the cages. Though defecation
and urination were confined to the exercise pens, as anticipated, the
contamination of excreta with waste feed remained a possibility throughout,

and constituted a serious flaw in the design of the apparatus as used in



these trials.

It was further noted that, after emptying the feed trays, the animals
often sat in the tunnels for extended periods, scratching at the perspex
panels of the feed boxes, and the smaller females were observed to sleep
there in preference to the nest boxes. This habit was discouraged by adding
a metal partition to the feed tray, which effectively reduced the size of
the box by half. Although this prevented the animals from sleeping in the
foocd Dboxes, the tendency to sit in the tunnels connecting them to the cages
remained and, since consumption of the rations usually took place outside
the feed Dboxes, attempts to measure the frequency and duration of feeding
bouts were abandoned, and the infra-red movement detectors subsequently

removed.

3:5.2 Changes in the Body Weight of Subject Animals

(i) Changes in bedy weight between trials

Mean body weights of males and females on each trial were calculated
from the means for individual subject animals over the trial period and are
presented in Table 3:2, together with the standard errors of the means.
Comparisons of mean body weights Dbetween trials were made for males and
females separately, using 'Student's' t-test, and the results are tabulated
in Tables 3:3 and 3:4. STAN1 and STANZ refer to presentations of the
reference diet to the Standard animals prior to the CK1l2 and E-MIX trials,
respectively.

No significant differences were found in the body weights of males,
although the Experimental animals weighed substantially more during the
trials with the CK12 diet (1.929 Kg) than either RBBT (1.810 Kg) or E-MIX

(1.805 Kg). Similarly, the mean body weight of the Standard animals was



Tablie 3:2 Mean Body Weight of Subject Animals During

Trial

RBBT

STAN1

CK12

STAN2

E-MIX

Feeding Tria

N Males
4 1.810
2 1.716
3 1.929
2 1.825
3 1.805

I's

(0.

Body Weight

167)

.046)

.059)

.046)

.087)

Females
0.895 (0.
0.739 (0
0.957 (0
0.800 (0O
0.824 (0.

025)

.081)

.023)

.032)



Tabie 3:3 Comparison of Body Weights of Subject Animals
Between Trials (Males)

Trial N RBBT STAN1 CKie STANZ E-MIX
RBBT 4 * N.S. N.S. N.S. N.S
STAN1 2 * N.S. N.S. N.S

CK12 3 * N.S. N.S
STAN2 2 * N.S
E-MIX 3 *

Table 3:4 Comparison of Body Weights of Subject Animals

Between Trial!s (Females)

Trial N RBBT STAN1 CK12 STANZ E-MiX
RBBT 4 ¥ N.S. N.S. N.S. N.S
STAN1 2 ¥ 0.05 N.S. N.S
CK12 3 * N.S. 0.05
STANZ 2 i N.S

E-MIX 3 *
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considerably dgreater during the STAN2 trial than STAN1 (1.825 Kg in
comparison with 1.716 Kg) though, again, the increase was not significant.
The Dbody weights of females also remained relatively constant between
trials, and comparison of means for the Experimental animals revealed no
significant differences. The slight variations observed paralleled those
recorded in the males, with Dbody weights being markedly greater during
presentation of the CK12 ration (0.957 Kg) than on the trials with RBBT
(0.895 Kg) and E-MIX (0.824 Kg). Standard animals gained weight between the
STAN1l and STANZ2 trials, but not significantly so, although in both instances
the mean values (0.739 Kg and 0.800 Kg, respectively) were significantly

lower than that recorded for the Experimental animals on the CK1l2 trial.

(ii) Changes in body weight during feeding trials

The Dbody weights of subject animals during the trials are depicted in
Figs. 3:5 - 3:9, from which it may be seen that most individuals underwent
a slight gain in weight over each trial period. 1In order to determine the
rate of change in weight, the body weights of each animal were recalculated
as a proportion of the 1initial weight, recorded on the first day of the
trial, and analyses of covariance performed using this transformed value as
the dependent variable and trial day as the covariate. Data from males and
females were examined separately, using the daily mean values for each sex.

The slopes of the regressions so-obtained are tabulated in Table 3:5.
Comparisons between males and females made using the variance-ratio test
revealed no significant differences in the rate of weight gain on RBBT and
STAN1. On CK12, however, males underwent a net 1loss in weight at
appproximately 0.09% of initial body weight per day, while females gained

weight at a rate of 1.08% per day. Sex differences were also apparent



Fig. 3:5 Variation in Body Weight

of Animals Over Trial Period
(Diet = RBBT)
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Fig. 3:6 Variation in Body Weight

of Animals Over Trial Period

Diet = STAN1
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Fig. 3:7 Variation in Body Weight

of Animals Over Trial Period
(Diet = CK12)
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Fig. 3:8 Variation in Body Weight

of Animals Over Trial Period
(Diet = STAN2)
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Fig. 3:9 Variation in Body Weight

of Animals Over Trial Period
(Diet = E-MIX)
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Table
Trial
RBBT
STAN1
CK12
‘STAN2

E-MIX

Table

Trial
RBBT
STANI1

CK12
STAN2

E-MIX

3:5 Changes

nZ nZ nmZ mZ

mZ

nZ nI

nZ

N Si
8 0
8 (0]
6 0]
6 0
6 -0
6 0
6 0
6 -0
7 0
7 0]
Changes

in the Body Weight of Subject Animals
During Feeding Trials (l): Comparisons of Rate
of Weight Change Between Sexes

ope

.0030 (0.
.0079 (0.

.0029 (0.
.0078 (0.

.0009 (0.
.0108 (O

.0088 (0.
.0028 (0.

.0274 (0.
.0092 (O

in the

During Feeding
Within Trials

16

12

S

lope

.0054

. 0054

.0009
.0108

.0088
.0028

.0274
.0092

S.E.

0021)
0027)

0014)
0017)

0007)
.0009)

0030)
0029)

0026)
.0038)

F-Value

2.0966

4.8055

100.49

7.6233

16.0327

d. f.

12

10

Sig.

N.S.

0.001

0.05

0.005

Body Weight of Subject Animals
i1): Rate of Weight Change

Trials (

S.E.

(0.0018)

D
(0.0132)

A

(0.0007)
(0.0009)

(0.0030)
(0.0029)

(0.0026)
(0.0038)

T-Value

3.065

4.071

1.278
11.400

2.950
-0.947

10.740
2.438

d.

14

10

f.
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during STANZ2 and E-MIX, though most marked in the 1latter. The gain for
males, at approximately 2.74% of initial body weight, was nearly three times
higher than that for females (0.92% per day) and represented an average
daily weight gain of nearly 49 g, in comparison with only 7.6 g per day in
the females. On each of these diets; the sex differences were statistically
significant (p < 0.001, p < 0.05 and p < 0.005 for CK12, STAN2 and E-MIX,
respectively).

To evaluate the importance of the observed changes in body weight,
'Student's' t-test was applied to the regression coefficients for each diet
as & test that the slopes differed significantly from zero. For the RBBT
and STAN1 trials, data from males and females were pooled and the test
applied to the common slope; for CK12, STANZ and E-MIX, the regression
coefficients were tested separately. The results are presented in Table
3:6.

Significant weight changes were recorded in both sexes on the RBBT and
STAN1l trials, for which an average daily weight gain of 0.54% of initial
body weight was recorded (p < 0.005). On CK12, females underwent a
percentage weight gain of 1.08%, though no such changes were apparent on
STAN2 or E-MIX. In contrast, the males underwent highly significant
increases in . body weight over the +trial period on each of these diets
(STAN2, p < 0.05; E-MIX, p < 0.001).

Since the rations presented differed in their capacity to promote gains
in weight, the regression coefficients derived for each diet were compared
by means of the wvariance-ratio test. Analyses of the data for males and
females were carried out separately, and the results are given in Table 3:7
and 3:8. Reference to Table 3:7 indicates that, in males, weight gains were
similar on all diets, though the very 1large increases recorded during

presentation of E-MIX were significantly greater than those observed during



Table 3:7 Changes

Trial

RBBT

STAN1

CK12

STAN2

E-MIX

Table

Trial

RBBT

STAN1

CK12

STAN2

E-MIX

in the Body Weight of Subject Animals

During Feeding Trials (lila): Comparisons of
Rate of Weight Change Between Trials (Males)

N RBBT STAN1 CK12

8 * N.S. N.S.
{0.000) (1.849)
6 * 0.05
' (6.230)
6 %
6
7

STAN2 E-MIX

N.S. 0.001
(2.480) (56.13)
N.S. 0.001
(3.161) (55.65)
0.05 0.001
(9.987) (82.08)
* 0.01
(22.11)

*

3:8 Changes in the Body Weight of Subject Animals
During Feeding Trials (111b): Comparisons of
Rate of Weight Change Between Trials (Females)

N RBBT STAN1 CK12

8 * N.S. N.S.
(0.000) (0.582)
6 * N.S
(2.370)
6 *
6
7

STAN2 E-MIX

0.05 N.S.
(6.746) (0.087)

0.05 N.S.
(9.579) (0.087)

0.005 N.S.
(19.401) (0.127)

* 0.05
(5.356)

*
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presentation of the other rations. 1In females, a different, though less
consistent, pattern emerged (see Table 3:8). Gains in weight were dgreatest
on the CK12 ration, and were significantly higher than on STAN2 (p < 0.005),
though comparison with RBBT, CK12 and STANZ revealed no such difference.
These anomalous results may be attributable to disparities in the variances

of the data sets compared.

3:5.3 Relationships Between Body Size and Feed Intake

Food consumption during each trial, expressed per unit body weight
(g/Kg/day), is presented in Table 3:9. On RBBT, the weight-specific intake
of females (214.2 g/Kg/day) exceeded that of males (173.3 g/Kg/day) by
23.6%, and on STAN1l, by 75.4% (mean values for males and females 148.6 and
260.6 g/Kg/day, respectively), and on all diets the food consumption of
males was markedly lower than that of females, in proportion to their size.

To enable comparison of individuals independent of body size, a measure
of metabolic weight was derived by calculation of the constant 'b' (equation
3:1) from a double-logarithmic regression of metabolisable energy intake
(KJ) on body weight (Kg), as depicted in Fig. 3:10. Since each datum was
the aggregate mean of several sample means, both dependent and independent
variables had an attendant error and, consequently, the computation of a
regression equation was inappropriate. The data were therefore
characterised using the method of principal axes, as described by Sokal and
Rohlf (1981), and the equation of the principal axis is included in
Fig. 3:10. The slope 'b' so-derived (0.762) accords well with the value of
0.75 which is generally employed in comparative studies of this kind, and
computation of the 95% confidence 1limits of 'b' (0.745 and 0.779)

demonstrated that the latter value was not significantly different from this



Table 3:9 Weight-Specific Feed Consumption of Subject
Animals: Comparisons Between Sexes

Trial N Consumption Sig.
(g/Kg Body Wt . )

RBBT M 4 173.3 3.80) 0.05
F 4 214.2 (17.41)

STAN1 M 2 148.6 ( 3.00) 0.05
F 2 260.6 (21.75)

CK12 M 3 149.6 ( 7.986) N.S
F 4 186.2 (15.58)

STAN?2 M 2 166.1 ( 6.56) N.S
F 2 185.7 (22.19)

E-MIX M 3 129.9 (12.72) N.S
F 4 154.7 { 6.19)



Table 3:9 Weight-Specific Feed Consumption of Subject
Animals: Compar isons Between Sexes

Trial N Consumption Sig.
(g/Kg Body Wt.)

RBBT M 4 173.3 (13.80) 0.05
F 4 214 .2 (17.41)

STAN1 M 2 148 .6 { 3.00) 0.05
F 2 260.6 (21.75)

CK12 M 3 149.6 ( 7.96) N.S.
F 4 186.2 (15.58)

STAN2 M 2 166.1 ( 6.56) N.S.
F 185.7 {(22.19)

E-MIX M 3 129.9 (12.72) N.S.
F 4 154.7 | 6.19)



Fig. 3:10 Relationship of Metabolisable Energy Intake ¢to

Body Weight (All Diets)

Double logarithmic regression of metabolisable energy intake
against body weight. Figure includes equation of principal

axis.

n.b: When males and females are treated separately, no
relationship between metabolisable energy intake

and body weight can be established.
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standard. Therefore, in order to facilitate comparison of the results
obtained in the present study with those of other workers, metabolic weight

was calculated as body weight (Kg)o"/5

, and subsedquent weight-specific
measures of nutrient metabolism were made on this basis. (For a derivation
of the principal axis equation and it's descriptors, see Appendix B).

Following recalculation of food consumption per unit metabolic weight
(g/KgO'75/day), comparisons between males and females on each diet were
effected by means of 'Student’'s' t-test. Though the disparity in intake on
STAN1 remained statistically significant (p < 0.05), there were no
significant sex differences on any of the other rations, and therefore, data
for males and females were pooled. The means for each diet are presented in
Table 3:10.

'Student's' t-test was again used to evaluate observed differences
between trials, and the results are tabulated in Table 3:11, from which it
is apparent that, with the exception of the very low value recorded on the

. 0.75
E-MIX ration (148.1 g/Kg

/day), weight-specific intake did not vary
significantly between trials. Feed consumption on the latter diet was,
however, significantly lower than on each of the others, particularly in

comparison with RBBT, for which a mean intake of 204.7 <3/I<(3C)"75

/day was
recorded (p < 0.001).
Mean values for gross energy intake are included in Table 3:12,

statistical comparisons in Table 3:13. The figure of 1720 KJ/KgO'75

/day
calculated for E-MIX was significantly higher {(p < 0.05) than those for RBBT
(1277 KJ) and STAN2 (1158 KJ), both rations of comparatively low energy
content (see Table 2:4). No significant differences were observed between
any of the other trials.

Disparities in the mass-specific intake of the various elements of the

diet were, 1in part, correlated with the level of feed consumption, though



Table 3:10 Feed Consumption of Subject Animals per Unit
Metabolic Weight

Trial N Consumption
(g/KgOJB)
RBBT 8 204.7 { 8.77)
STANT 4 205.4 (21.13)
CK12 7 180.9 ( 9.12)
STAN2 4 184.5 (11.11)
E-MIX 7 149.1 ( 6.83)

Table 3:11 Comparison of Feed Consumption Between Trials

Trial N RBBT STAN1 CK12 STANZ2 E-MIX
RBBT 8 * N.S. N.S. N.S. 0.001
STAN1 4 ¥ N.S. N.S. 0.05
CK12 7 * N.S. 0.05
STAN2 4 * 0.05

E-MIX 7 *



Table 3:12 Gross Energy Intake of Subject Animals
per Unit Metabolic Weight

Trial N Intake

(KJ/Kg 0-75 )
RBBT 8 1277 ( 54.75)
STAN1 4 1282 (131.92)
CK12 7 1295 ( 65.31)
STAN2 4 1152 ( 69.34)
E-MIX 7 1720 ( 78.82)

Table 3:13 Comparison of Gross Energy Intake Between Trials

Trial N RBBT STAN1 CK12 STAN2 E-MIX
RBBT 8 * N.S N.S N.S 0.001
STAN1 4 * N.S N.S 0.05

CK12 7 * N.S 0.001
STANZ 4 * 0.001

E-MIX 7 ¥



differences in the composition of the rations presented also contributed to
the patterns observed, as analysis of Nitrogen and lipid intake during each

trial clearly indicates.

0.75

Mean values for Nitrogen intake on each diet (g N/Kg /day) are

tabulated in Table 3:14 and the results of statistical comparisons of the
means in Table 3:15. Similarly, the figures for lipid intake

(g FFA/Kg’""°

/day) are included in Table 3:16, and the results of t-tests
between the means in Table 3:17.
Nitrogen intake was highest on the rabbit-based diets, RBBT, STAN1 and

STAN? (means of 8.11, 8.14 and 7.31 g/kg’-7>

/day, respectively), and no
significant differences were found between these three though, in each case,
intake was higher than on CK12 and E-MIX (5.66 and 4.45 g/KgO'75/day), both
of which were relatively low in Nitrogen content (see Table 2:4). The mean
value for E-MIX was <21.4% 1lower than that calculated for CK12, and
represented only 54.9% of the mean daily intake recorded on RBBT.

In contrast with these results, the figures for lipid intake indicate

0.75

that daily means were highest on E-MIX (21.09 g/Kg /day) and CK12

(7.70 g/KgO'75

/day), and lowest on RBBT, STANl1 and STAN2. Again, no
significant differences in intake were recorded between the latter three
rations, though the mean values calculated (5.67, 5.69 and

0.75

5.11 g/Kg /day, respectively) were all significantly 1lower than the

figure recorded for the CK12Z diet, which was, in turn, exceeded Dby that
computed for E-MIX (p < 0.001). )

As with dietary Nitrcgen, the range in lipid intake Dbetween the five
trials was considerable, the 3.7-fold difference between the highest and

lowest values recorded being due principally to the very high 1lipid content

of the E-MIX ration (approximately 149 mg/g as fed).



Table 3:14 Nitrogen Intake of Subject Animals
per Unit Metabolic Weight

Trial N (én&iﬁg(k75 )
RBBT 8 8.11 (0.35)
STAN1 4 8.14 (0.847
CK12 7 5.66 (0.29)
STAN2 4 7.31 (0.44)
E-MIX 7 4.45 (0.20)

Tabie 3:15 Comparison of Nitrogen Intake Between Trials

Trial N RBBT STAN1 CK12 STAN2 E-MIX
RBBT 8 * N.S. 0.001 N.S. 0.001
STAN1 4 * 0.001 N.S. 0.001
CK12 7 * 0.01 0.005
STANZ2 4 * 0.005

E-MIX 7 *



Table

Trial

RBBT
STAN1
CK12
STAN2

E-MIX

Tabie

Trial

RBBT
STANT
CK12
STAN2

E-MIX

3:16 Lipid

N Intake o e
(g FFA/KgP-7° )

8 5.673 (0.24)

4 5.693 (0.59)

7 7.699 (0.39)

4 5.114 (0.31)

7 21.093 (0.97)
3:17 Comparison of Lipid

N RBBT STAN1

8 * N.S.

4 *

7

4

7

Intake of Subject Animals
per Unit Metabolic Weight

intake Between Trials

CK12

0.001
0.05

X

STANZ2

N.S.
N.S.

0.001

¥

E-MIX

0.001
0.001
0.001
0

.001
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3:5.4 Apparent Digestibility

Coefficients of Apparent Digestibility were calculated for dry-matter,
gross energy, Nitrogen and lipid, using equation 3:2. To enable statistical
analysis ot the values obtained, data were first normalised by means of the
angular, or arc sine, transformation, and the transformed means then
compared using ‘'Student's' t-test. Though Apparent Digestibility was
usually higher in males, no significant differences were found between the
sexes for any of the variables measured and therefore, data for males and
females were pooled; the figures quoted are the back-transformed aggregate
means for each group. Since confidence 1l1imits apbout these means are
asymmetrical, tables include the upper and lower bounds of a confidence

interval equivalent to the arc sine mean, plus or minus it's standard error.

(i) Apparent Digestibility of dry-matter and gross energy

The Apparent Digestibility of dry-matter did not vary markedly between
the rations presented, as may be seen from Table 3:18. The value recorded
for CK12 (0.728) was somewhat 1low in comparison with the other diets fed,
but differences were not significant (p > 0.05%). The mean for all rations
was 0.747. (Data were not collected during RBBT trials).

Coefficients of Apparent Digestibility for gross energy intake are
presented in Table 3:19, and the result; of statistical comparisons of the
means in Table 3:20. With the exception of RBBT, comparisons between trials
revealed no significant differences. Similar values were obtained for RBBT
and STAN1l, though Apparent Digestibility was significantly higher on RBBT
than on all the other rations, with ADE constituting nearly 87% of the

energy ingested.



Table 3:18 Apparent Digestibility of Dry-matter

Trial

STAN1
Ck12
STANZ2

E-MIX

Mean

(@) o C

Confidence

Lower

0.

740

w &
(@3]

~
—

I im.

interval
Upper
0.797
0.761
0.792
0.755

Fim.



Table 3:19 Apparent Digestibility of Gross Energy

Trial

RBBT
STAN1
CK12
STAN2

E-MIX

Table

Trial

RBBT
STAN1
CK12
STAN2

E-MIX

N Mean Confidence Interval
Lower | im. Upper | im.

8 0.869 0.859 0.879

4 0.830 0.808 0.851

7 0.797 0.784 0.810

4 0.798 0.774 0.820

7 0.823 0.816 0.829

:20 Comparison of Apparent Digestibility of

Gross Energy Between Trials

N RBBT STAN1 CK12 STAN2 E-MIX
8 * N.S. 0.001 0.01 0.005
4 * N.S. N.S. N.S.
7 * N.S. N.S.
4 * N.S.
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(ii) Apparent Digestibility of Nitrogen

The Apparent Digestibility of Nitrogen varied considerably between
trials, as shown in Table 3:21, with the highest values recorded on RBBT and
E-MIX (0.%40 and 0.918, respectively). A significant difference was found
between these two (p < 0.05), and on both trials ADN was significantly

higher +than on the other three, between which no significant differences

were apparent (see Table 3:22).

(iii) Apparent Digestibility of lipid

Reference to Table 3:23 shows that, on all rations, the Apparent
Digestibility of 1lipid was very high, and absolute differences between
trials were comparatively small. Comparison of the means (tabulated in
Table 3:24) revealed significant differences between E-MIX (0.988) and each
of the other trials, and between RBBT and CK1l2, for which the wvalues
recorded were 0.971 and 0.936, respectively. Observed differences between

STAN1, CK12 and STANZ were not statistically significant.

3:5.5 Partitionment of Ingested Gross Energy

Following the scheme delineated in Fig. 3:1, ADE was apportioned
between urinary energy losses and Ré£ained, or Metabolisable Energy (ME).
The former was estimated from direct assay of urea Nitrogen, as described in
section 3:4.4.2 above, the latter obtained by difference. Aggregate mean
values for urinary energy and ME, expressed as percentages of ingested Gross

Energy (GE), are presented in Tables 3:25 and 3:27. Confidence intervals

about the means (+/- one standard error of the arc sine transformed means)



Table 3:21 Apparent Digestibility of Nitrogen

Trial

RBBT
STAN1
CK12
STAN2

E-MIX

Table

Trial

RBBT
STAN1
CK12
STANZ2

E-MIX

N Mean

8 0.940
4 0.844
7 0.817
4 0.841
7 0.918

Confidence lInterva

Lower

0.

(@]

o O O

933

Nitrogen Between Trials

N RBBT
8 *

A

7

4

~J

STAN1

0.001

*

CK12

0.001

N.S.

¥

im. Upper

0.947
0.853
0.837
0.858
0.822

STAN2

0.005

E

o O O O

lim.

:22 Comparison of Apparent Digestibility of

-MIX

.05
.001
.001
.05



Table 3:23 Apparent Digestibifity of Lipid

Trial

RBBT
STAN1
CK12
STAN2

E-MiIX

Table

Trial

REBBT
STAN1
CK12
STAN2

E-MIX

N Mean Confidence interval
Lower | im. Upper 1| im.

8 0.971 0.968 0.973

4 0.954 0.941 0.964

7 0.936 0.925 0.946

4 0.941 0.925 0.955

7 0.988 0.985 0.890

:24 Comparison of Apparent Digestibility of

Lipid Between Trials

N RBBT STAN1 CK12 STEN2 E-MIX
8 * N.S. 0.01 N.S. 0.001
4 * N.S. N.S. 0.005
7 * N.S. 0.001
4 * 0.001



Table 3:25 Estimated Urine Energy as a Proportion of
Ingested Gross Energy

Trial

RBBT
STAN1
Ck12
STAN2

E-MIX

Table

Trial

RBBT
STAN1
CK12
STANZ2

E-MIX

N Me
8 6
4 7
7 4
4 7
7 2

Between
N RBBT
8 *
4
7
4

an

.29
.67
.92
.10
.57

(%)

Trials

STAN1

N.S.

Confidence

Lower

5.

[S) I

77

.51

.71

.54

.40

CK12

0.05
0.001

b3

Iim. Upper
6.82
7.83
5.14

7.69

:26 Comparison of Urine Energy Losses

STANZ

0.005

interval

I im.

E-MIX

0.001
0.001
C.007
0

001



Table 3:27 Metabolisabie Energy as a Proportion of
Ingested Gross Energy

Trial N Mean (%) Confidence Interval
Lower | im. Upper |1 im.
RBBT 8 80.47 79.04 81.85
STAN1 4 76.03 78.37 75.42
CK12 7 74 .70 73.33 76.04
STANZ2 4 72.53 70.01 74 .97
E-MIX 7 79.64 78.79 80.48

Table 3:28 Comparison of Metabolisable Energy Retention
Between Triais

Trial N RBBT STAN1 CK12 STANZ E-MIX
REBT 8 * N.S. 0.05 0.05 N.S.
STAN1 4 * N.S. N.S. N.S.
CK12 7 * N.S. 0.01
STANZ2 4 * 0.01

E-MIX

~d



are also included.

Urinary losses were greatest on the rabbit-based diets, RBBT, STAN1 and
STANZ2. Comparison of the means using 'Student's t-test revealed no
significant differences between these three (see Table 3:26), though the
value of 6.29% of GE recorded for Experimental animals on RBBT was somewhat
lower than the figures obtained for Standard animals on the same ration
(7.67% and 7.10% for STAN1 and STANZ2, respectively). On the CK12 trial,
urinary losses constituted 4.92% of GE, and on E-MIX, only 2.99%, both
values significantly lower than those derived for the other three trials,
and significantly different from each other (p < 0.001).

Reference to Table 3:27 indicates that ME remained a relatively
constant proportion of GE on all trials, and no significant differences were
observed between STAN1l, CK12 and STAN2 (see Table 3:28). The figure
obtained for RBBT (80.47% GE) and E-MIX (79.64% GE) were, however, markedly
higher, and differed significantly from the values recorded on each of the
other trials except STAN1l, at 76.03% GE.

Metabolisable Energy was resolved into two components; the heat of
nutrient metabolism or SDA, and Net Energy (NE). The calculation of SDA was
based on estimates of the daily intake of apparent digestible protein and

lipid, according to the formula

S = C t i . P . . + . .
DA onsumption. (( o Dp Cp) (Pl Dl Cl))

(Eqn. 3:8)

in which the constant 'P' is the percentage of protein or 1lipid in the
ration, 'D' is the Coefficient of Apparent Digestibility (see Table 3:4),

and 'C' a caloric equivalent. Hill (1976) reported that the SDA of proteins



approximated to 30% of total energy content, and that of lipids, 10%.
Therefore, using Kleiber's (1961) figures of 23.83 KJ/g and 39.71 KJ/g for
the total energy content of protein and lipid, respectively, a value of
7.15 KJ/g was derived as the caloric equivalent of protein, and 3.87 Kd/g
for lipid.

Net Energy was obtained by difference, and the aggregate means for each
component, exXpressed as a percentage of Gross Energy, are given in Tables
3:29 and 3:31. Statistical comparisons between the means of different
trials are tabulated in Tables 3:30 and 3:32, for SDA and Net Energy
respectively.

SDA constituted a highly variable proportion of GE, as may be seen from
Table 3:29, with aggregate mean values ranging from 15.38% GE on E-MIX to
28.25% on RBBT. The observed differences were correlated with variations in
poth the composition of +the rations presented, and their Apparent
Digestibility. Disparities Dbetween the values obtained for the three
rabbit-based diets were, accordingly, relatively small. The difference
between STAN1 (25.46% GE) and STAN2 (25.37%) was not statistically
significant (see Table 3:30), though the figure obtained for RBBT was
significantly higher (p < 0.001). On the other two rations SDA constituted
a significantly smaller proportion of GE intake (18.07% and 15.38% for CK12
and E-MIX, respectively), due to the lower protein content of these diets.

Mean values for Net Energy (NE) are given in Table 3:31, in which a
similar, though reversed, pattern may be cbserved. Again, there were no
significant differences between RBBT, STAN1l and STANZ, in all of which Net
Energy formed a significantly smaller proportion of GE intake than in trials
with the CK12 and E-MIX rations (see Table 3:32).

As shown in Fig. 3:1, Apparent Net Energy is conventionally assigned

either to Maintenance or Production energy. Maintenance requirements,



Table 3:29 SDA as a Proportion of Ingested Gross Energy

Trial N Mean (%) Confidence Interval
Lower | im. Upper | 1m.

RBBT 8 28.25 28.04 28 .45

STAN1 4 25.46 25.20 25.71

CK12 7 18.07 17 .62 18.52

STAN2 4 25.37 24 .86 25.89

E-MIX 7 15.38 115.34 15.43

Table 3:30 Comparison of SDA Between Trials

Trial N RBBT STAN1 CKi2 STANZ2 E-MIX
RBBT 8 ¥ 0.001 0.001 0.001 0.001
STAN1 4 * 0.001 N.S. 0.001
CK12 7 * 0.001 G.001
STAN2 4 * 0.001

E-MIX 7



Table 3:31 Net Energy as a Proportion of

Trial

RBBT
STAN1
CK12
STANZ2

E-MIX

Table

Trial

RBBT
STAN1
CK12
STANZ2

E-MIX

=

Gross Energy

Mean

51.89
50.16
56 .46
46 .83
64.15

(%)

Between Triais

RBBT

STAN1

Confidence

Lower
50.63
48.23
55.39
44 .92

63.26

CK12

0.05
0.05

I im.

Ingested

Interval

Upper
63.16
52.09
57 .53
48 .94
65.03

:32 Comparison of Net Energy Retention

STANZ2

.001

I im.

E-MIX

0.001
©.001
0.001
0.001



comprising the energy expended in sustaining BMR, thermoregulation and
activity at maintenance, were assumed to Dbe constant between trials.
Production costs, which include the energy invested in reproduction and
growth, and the synthesis of new tissues such as pelage and depot fat, were
eXpected to vary with physiological changes associated with the moult and
the deposition of adipose tissue.

Since all subject animals were non-reproductive adults, the costs of
reproduction and growth were discounted, and the relative proportions of
Production and Maintenance energy on different trials evaluated using
estimates of the energy expended in the synthesis and storage of adipose
tissue.

These estimates were Dbased on the assumption that the weight gains
recorded in subject animals during the feeding trials represented deposition
of Dbody fat. Mitchell (1945) found that human adipose tissue comprised
42.44% 1lipid and 7.06% protein, and determined the energy content to be
17.47 KJ/gl Pullar and Webster (1977) showed that the energy costs of
protein and lipid deposition were approximately 52.9 KJ/g and 53.4 KJ/g,
respectively. Thus, caloric equivalents of the observed weight gains were

calculated by substitution of these figures into the following formula:-

Production energy (Adipose tissue) = Weight Gain.(W .P + Wl.Pl)
p P

(Egqn. 3:9)

in which 'Pp' and 'P]' are the percentages of protein and 1lipid in the
tissue, and 'wp' and 'w1' the Pullar-Webster constants. The aggregate means
of the values so-derived, expressed as percentages of GE intake, are

presented in Table 3:33, from which it is clear that the energy expended in

lFootnote: No data on the composition of mink adipose tissue are

known to have been published.



Table 3:33 Energy Invested in Deposition of Adipose Tissue
as a Proportion of Gross Energy Iintake

Trial N Mean (%) Confidence Interval
Lower iim. Upper | im.
RBBT 8 3.096 0.216 5.976
STAN1 4 5.574 1.180 9.968
CK12 7 15.818 10.265 21.371
STAN2 4 4,783 -3.181 12.747

E-MiX 7 31.457 23.335 39.5879
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deposition of body fat was greatly increased on the lipid-rich rations CK12
and E-MIX, in comparison with the other rations having a lower 1lipid
content. Standard errors were, however, very large, owing to the
variapility in the direction and magnitude of the daily weight changes of
subject animals, from which these estimates were derived. The value of
31.46% GE obtained for E-MIX was demonstrably higher than each of the other
trials (p < 0.05), but no significant differences were apparent between
these four.

Deduction of this component of Production Energy from total NE yielded
a value here defined as 'Maintenance' Energy, which included the
requirements for maintenance and the additional costs associated with the
moult. Reference to Fig. 3:4 indicates that the presentations of RBBT and
E-MIX took place at the onset of the vernal moult, each trial commencing in
the last week of March, while those of CK12 were carried out in August,
immediately prior to the autumn moult. In contrast, both trials with the
Standard animals were undertaken during the inter-moult period. It was
anticipated, therefore, that comparisons of the energy metabolism of subject
animals at different stages in the moult cycle would provide a means of
evaluating the magnitude of the costs of moulting, thereby enabling a more
accurate estimate of true maintenance requirements to pbe made.

The partitionment of ingested Gross Energy during the feeding trials
was based on the scheme delineated in Fig. 3:1, and the means for each
element are tabulated in Table 3:34a, which alsé includes estimates of the
Apparent Net Energy Coefficient (NEC). Estimates of Production Energy
(adipose tissue) and Maintenance Energy, the two components into which NE
was resolved, are given in Table 3:34b. Data are expressed oOn a

0.75

mass-specific basis, per unit metabolic weight (KJ/Kg /day), to

facilitate direct comparison between trials.



Tabte 3:34a Apparent Mass-Specific Partitionment of ingested Gross Energy During Feeding Trials

Trial N Ingested Faeces Urine SDA Net Energy Net Energy
Coefficient

RBBT 8 1277 ( 54.7) 169.5 (16.9) 83.8 (8.9) 358 (12.8) 658 ( 21.6) 0.648

STAN1 4 1282 (131.9) 217.6 (36.1) 89.6 (5.7) 327 (31.4) 636 ( 67.0) 0.660

CK12 7 1295 ( 65.3) 267.5 (26.2) 63.7 (3.6) 234 (12.86) 739 ( 41.3) 0.760

STAN2 4 1152 ( 69.4) 236.7 (37.8) 82.3 (9.8) 292 (14.0) 545 ( 27.5) 0.652

E-MIX 7 1720 ( 78.8) 302.8 ( 9.9) 44.0 (3.4) 263 (12.8) 1110 (119.2) 0.808

MOULT 15 1484 ( 74.4) 231.7 (20.3) 65.3 (7.1) 314 (15.4) 869 ( 67.4) 0.732

NON -
MOULT 15 1253 ( 48.9) 246.0 (18.0) 75.6 (4.4) 274 (14.8) 660 ( 33.4) 0.706



Table

Trial

RBBT
STAN1
CK12
STANZ2

E-MIX

3:34b Apparent Mass-specific Partitionment of Net
Energy During Feeding Trials

N Ne t
8 658
4 636
7 739
4 545
7 1110

(21

(67.

(41

(63.

.6)

0)

.3)
.5)

7)

Production
(Adip. tissue)

145.
113.

239.

91

593.

7 (47.9)
5 (42.4)
8 (79.1)
7 (77.1)
6 (119.2)

Maintenance

Table 3:35 Comparison of Mass-Specific Energy
Retention Between Trials

Trial

RBBT
STAN1
CK12
STAN2

E-M!IX

N RBBT
8 £ 3

4

7

4

STAN1

CK12 STANZ2
N.S. 0.005
N.S. N.S

* 0.005

1§]
—t

(o]
C

(119

E-MIX

0.001
0.001
0.001

0.001

.5)

.3)
.4)

.6)
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It 1s evident from these results that absolute differences in
maintenance-energy requirements were attributable primarily to the
variationg in the relative magnitude of SDA already described, and to the
energy expended in the deposition of adipose tissue, particularly for E-MIX.
The elevated NEC's recorded tor CK12 and E-MIX (0.76 and 0.81, respectively)
indicated that SDA constituted a much lower proportion of ME on these
rations than on the rabbit-based diets, in consequence of their relatively
low ratios of protein to 1lipid. Since both CK12 and E-MIX rations were also
characterised by a comparatively high 1lipid content (see section 2:4), total
Net Energy retained per unit metabolic weight was considerably higher during
these trials in comparison with the other three, as may be seen ifrom Table

b
3:34; values of 1110 and 740 KJ/kg®:7?

/day were obtained for Experimental
animals feeding on the E-MIX and CK12 rations, in contrast with the 658 KJ
calculated for the same individuals during trials with RBBT. No significant
differences were apparent between trials with the Standard animals, nor
between RBBT, STAN1 and CK1l2 (See Table 3:35). Net Energy retention was,
however, significantly 1lower on STAN2Z2, with an estimated mean of

545 KJ/KgP:7?

/day, than on each of the other trials (p < 0.005).

Comparisons between trials revealed no evidence of a change in energy
metabolism associated with the moult; observed differences were primarily a
consequence of variations in the composition of the rations presented. For
instance, estimated Net Energy retention during the E-MIX trials exceeded
that on RBBT by 69%, while data obtained from aniﬁals on the RBBT and STAN1
trials did not differ significantly for any of the parameters measured. The
amount of energy invested in the deposition of adipose tissue paralleled the
variations in NE intake, and ranged from 3.1% GE on RBBT to 31.5% GE on
E-MIX; the residual component of NE, designated Maintenance Energy,

0.75

therefore remained relatively constant at about 513 KJ/Kg /day. There
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were no significant differences between trials (p > 0.05) and consequently,

attempts to evaluate the energetic costs of the moult were not taken

further.

3:5.6 Nitrogen Metabolism

Nitrogen metabolism was characterised with reference to three
components; ingested or dietary Nitrogen, faecal 1losses and urinary losses.
Apparent Digestible Nitrogen (ADN) was calculated by difference from
comparison of dietary intake and faecal Nitrogen, and apportioned between
urine losses, measured by direct assay of urine urea, and a residual element
here defined as 'retained' or metabolisable Nitrogen. The aggregate means
of the three components tabulated in Table 3:36. Data are expressed on a

0.75

mass-specific basis, per unit metabolic weight (g N/ Kg /day) to

facilitate direct comparisons between trials.

It is clear from these data that differences in dietary Nitrogen
content and the Apparent Digestibility of the rations presented were the
major factors in determining absolute Nitrogen retention. The mean wvalues
for retained Nitrogen per unit metabolic weight, were consistently higher on
the rabbit-based diets, RBBT, STANl and STAN2, than on the rations of lower

protein content, CK12 and E-MIX; statistical comparisons between trials

0.75

indicated that the figure of 3.99 g N /Kg /day obtained for the

Experimental animals during trials with RBBT differed significantly from

those recorded on each  of the other trials except STAN1

0.75

(3.00 g N /Kg /day ). Nitrogen retention was lowest on the CK12 diet, at

0.75

only 1.87 g N /Kg /day, though this value did not differ significantly

0.75

from those estimated for STAN2 and E-MIX (2.57 and 2.17 g N /Kg /day,

respectively).



Table 3:36 Apparent Mass-S?ec
Dur ing Feeding Tr

TRIAL

RBBT
STAN1
cK12
STANZ2
E-MI X2

MOULT

NON -~
MOULT

=

P N O 0 @

Ingested
11 (0.
.14 (0.
.66 (0.
.31 (0.
.45 (0.
.40 (0.
.76 (0.

35)
84)
29)
44)
20)

53)

39)

ial

if

i
S
Fa

—_ = O

—

C

eces

.52 (0.
.29 (0.
.06 (0.
.20 (0.
.37 (0.
.45 (0.
.16 (0.

07)
09)
03)
01)
04)

04)

01)

Urine

- W N W W

.60
.85
.73
.53
.89

.80

.24

Partitionment of

Retained

N - WWw

.99
.00
.87
.57
217

.14

.36

Ingested Nitrogen

.24)
.14)
.23)
.18)
17)

.28)

.20)



The parity in Nitrogen retention between E-MIX and the other trials,
during which intake was substantially greater, was attributable, in part, to
the greatly elevated coefficient of Apparent Digestibility calculated for
this ration (see Table 3:22). Similarly, the differences in the Apparent
Digestibility of RBBT and STANZ contributed to the disparity in Nitrogen
retention recorded for these diets, for which the estimates of mass-specific
intake were not significantly different (Table 3:15).

Urine losses constituted a relatively constant proportion of intake,
and were closely correlated with Apparent Digestible Nitrogen, as shown in
Fig. 3:11. Indices of Nitrogen utility, however, varied markedly between
trials; mean values, exXpressed as the proportion of ADN retained, are
presented in Table 3:37. Statistical comparisons of the means were made
using 'Student's' t-test, and the results are tabulated in Table 3:38.

A marked disparity is evident between the values derived for RBBT and
E-MIX (53.28 and 53.06% ADN), and the remaining three trials, in which
Nitrogen utility was considerably lower (mean values of 41.81, 39.15 and
41.74% ADN for STAN1l, CK12 and STAN2, respectively). Statistical analyses
of the differences observed were, however, inconclusive; a significant
difference was recorded between RBBT and CK12, but comparison with STAN1 and
STANZ2 revealed no such difference. 1In contrast, the means of both CK12 and
STAN1 were found to be significantly lower than the figure given for E-MIX.
These anomalies may be due to inequalities in the variances of the samples
compared.

Estimates of the percentage of ingested Nitrogen retained are presented
in Table 3:39. Again, the highest values recorded were for RBBT and E-MIX
(49.87 and 48.54%, respectively), and statistical comparison revealed no
significant difference between these two (see Table 3:40). On Dboth these

trials, however, Nitrogen retention was significantly higher than on each of




Fig 3:11 Relationship of Urine Nitrogen to
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Table 3:37 Retained Nitrogen as a Proportion of
Apparent Digestible Nitrogen

Trial

RBBT
STAN1
CK12
STAN2

E-M1X

Table

Trial

RBBT
STAN1
CK12
STANZ

E-MIX

N Mean

8 53.28
4 41.81
7 39.15
4 41.74
7 53.06

(%)

Between Trials

N RBBT
8 *

4

7

4

STANT

Confidence

Lower
49 .23
39.64
35.60
37.06
50.05

CK12

0.05
N.S.

I 1m.

:38 Comparison of Nitrogen Utility

Interval

Upper

57.

43.

42

46 .

56.

STANZ2

N.

w

30
99

.75

50
06

i im.

E-MIX

.05



Table 3:

Trial

RBBT
STAN1
CK12
STANZ2

E-MI X

Table

Trial

RBBT
STANT1
CK12
STANZ2

E-MIX

W

39 Retained Nitrogen as a Proportion of
ingested Nitrogen

N Mean

8 49.87
4 35.26
7 32.01
4 34 .92
7 48 .54

(%)

Between Trials

N RBBT
8 *

4

7

4

~J

STAN1

0.05

*

Conf idence

Lower

45 .

33.

28.

30.

46 .

CK12

0.01

N.S.

*

81
71
54
70
05

interval

Upper

53.
36.
35.
39.

51

140 Comparison of Nitrogen Retention

STANZ2

94
83
58

26

.05

fim.

E—

MIX
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the other three, Dbetween which no significant differences were apparent
{mean values of 35.26, 32.01 and 34.91% for STAN1l, CKlz and STANZ,
respectively).

The emergent pattern was thus one of increased Nitrogen retention on
those trials carried out during the moult, effected through changes in the
digestibility and metabolism of ingested Nitrogen. In order to test this
hypothesis, the data collected from each trial were assigned to one of two
groups, either Moult (for RBBT and E-MIX) or Non-Moult (for STAN1l, STAN2 and
CK12); the combined means so-derived have been included in Table 3:34, to
permit comparison with the values obtained from individual trials.
Hotelling's multiple t-test was then applied to the three principal
descriptors of Nitrogen metabolism; the coefficients of Apparent
Digestibility and utility, and the percentage of ingested Nitrogen retained.
The results of separate and collective analyses of these parameters are
tabulated in Table 3:41, from which it may be seen that the differences
between the two groups were highly significant in each case. The value for
Hotelling's T2 (81.89) provides a measure of the difference in group means
across all variables and, similarly, indicated a significant difference in

the Nitrogen metabolism of Moulting and Non-moulting animals (p < 0.001).

3:5.7 Bowel Transit Time

Determinations of Bowel transit times were made for each of the three
experimental diets, RBBT, CK12 and E-MIX, and statistical comparisons
effected wusing 'Student's' t-test. There were no significant differences
between the sexes and therefore data for males and females were pooled; mean

values for each diet are presented in Table 3:42.



Table 3:41 Variations

VARIABLE

Hotel ling-T
81.8899

MOULT (n = 15)

0.930 (0.925, 0.935)
49.25 (46.87, 51.63)
53.17 (50.69, 55.65)

F-value d.f.
25.347 3, 26

in Nitrogen Metabolism Associated with the Mouit

NON-MOULT (n = 15)

0.8317 (0.820, 0.841)
33.64 (31.69, 36.65)
40.54 (38.49, 42.61)

SIG.
0.001

SIG.

0.001

0.001

0.001



Table 3:42 Bowel Transit Times

Diet N Transit Time (hr.)
RBBT 13 2.88 (0.14)
CK1i2 13 3.25 (0.15)

E-MIX 16 3.87 (0.19)



Rates of passage were highest on the RBBT rations, with a mean transit
time of 2.88 hr.; on CKl12Z, transit times increased slightly (mean =
3.25 hr.), but the difference between the two diets was not statistically
significant. The lowest rates of passage were recorded on E-MIX, for which
the mean transit time was 3.87 hr. Though not significantly different from
the figure obtained for CK12, this value was significantly greater than that
given for the RBBT diet (p < 0.001), the difference representing a decrease

of over 25% in the passage rate of this ration.

3:5.8 Gut Morphology

The means of the measurements taken are tabulated in Tables 3:43a and
3:43b for males and females, respectively. For purposes of comparison,
derived variables based on these measures are also included.

In both sexes, the body weight of farm-bred animals exceeded that that
of the wild-caught individuals, but the relative difference was much greater
in males than in females; commercially raised animals averaging more than
twice the weight of their wild counterparts (means of 1.95 Kg and 0.85 Kg,
respectively). In contrast, the mean body weights of farm-bred females
(1.0 Kg) exceeded that of the wild-caught specimens by only 22%.

Gut length was found to be linearly correlated with body weight, as
illustrated in Fig. 3:12. Data obtained from wild males accorded well with
the general trend, and this was interpreted as an indication that the 1low
pbody weights of these individuals represented a generally smaller frame
size, rather than simply poor condition. Comparisons between the two
samples revealed that, in both sexes, the ratio of gut length to body weight
was significantly higher in wild-caught animals, although the 1low body

weights of the wild males undoubtedly contriputed to the differences



Table 3:43a Gut Morphology: Comparisons between Wild and

Farm-bred Animals (Males)

WILD

Body Weight (Kg)
Gut Length (cm)

Circumference (cm)

Ratio of Length
to Body Weight

Volume (cm3)

Weight-specific
Capacity (cm3/Kg)

Rétio of Surface
Area to Volume

(n = 6)

0.850 (0.091)
164.9 (2.92)
1.630 (0.07)

202.46 (17.7)

31.19 (3.13)
37.62 (4.14)

8.30 (0.39)

FARM-BRED

(n = 15)
1.950 (0.057)
198.3 (4.88)
1.880 (0.03)

102.34 ( 3.1)

56.38 (2.25)
28.86 (0.80)

6.68 (0.12)

SIG.

0.001

0.001

0.001

0.001

0.001
N.S.

0.01

Table 3:43b Gut Morphology: Comparisons between Wild and
Farm-bred Animals (Females)

WILD FARM-BRED SIG.

Body Weight (Kg)
Gut Length (cm)
Circumference (cm)
Ratio of Length
to Body Weight
Volume (cm3)

Weight-specific
Capacity (cm3/Kg)

Ratio of Surface
Area to Volume

(n = 6)

0.82 (0.093)
167.8 (8.40)

1.60 (0.086)
212.3 (13.8)

34.83 (3.83)
43.08 (3.44)

7.92 (0.32)

(n = 14)

1.00 (0.035)
148.3 (3.44)

1.67 (0.03)
151.3 ( 6.0)

33.53 (1.60)
33.73 (5.90)

7.55 (0.15)

0.001

o
(@
—



Fig 3:12 Relationship of Gut Length to
Body Weight in Wild and Farm—bred Mink
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observed. It may be noted, however, that in females, 4in which the
difference in mean body Wweights was much less marked, the gut lengths of
wild-caught specimens were, on average, 40% longer in proportion to body
weight than those of commercially-raised animals (212.28 cm/Kg and
151.27 cm/Kg, respectively).

The circumference of the intestine, also a correlate of body weight,
was found to be significantly greater in the farm-bred than in the wild
males (18.9 mm compared with 15.3 mm, p < 0.005), though no such difference
was apparent between females. 1In both>sexes, however, the intestine was
relatively wider, 4in proportion to length, in the wild-caught specimens.
Consequently, total gut capacity per unit bodf weight was found to be
substantially greater in these individuals than in the farm animals. For
the males, the figures obtained were 37.62 and 28.56 cm3/Kg for wild and
commercially-raised animals, respectively; the equivalent values for females
were 43.08 and 33.73 cmB/Kg, a difference which was statistically
significant (p < 0.01). Comparisons Dbetween sexes revealed that, in
farm-bred animals, the weight-specific gut capacity of females exceeded that
of males by 16.86% (p < 0.0l1); for the wild-caught specimens the figure was
14.86%, though this difference was not statistically significant.

The ratio of serosal surface area to luminal volume can be shown to
reduce to 4.Pi/circumference and, therefore, varied inversely with body
weight, as illustrated in Fig. 3:13. The regression equation describing the

relationship is also included.




Fig 3:13 Relationship of Intestinal Surface Area:Volume Ratio

to Body Weight in Wild and Farm—bred Mink
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3.6 Discussion

3.6.1 The Effect of Bodvy Size on Nutritional Reqguirements

The aims of the work as detailed in the preceding sections were
tiiree-fold; to evaluate the relationship Dbetween body-size and energy
requirements, to compare and contrast the digestion and metabolism of the
diets presented, and to investigate the possibility that males and females
differ in their capacity to assimilate ingested material.

Regarding the first of these, it i1s apparent that the relationship
between body-size and energy requirements in mink does not differ markedly

Metabolisable

from that described for other species, with Energy intake being a
function of body weight raised to a fractional power approximating to 0.75.
In consequence, the weight-specific energy requirements of the males were
proportionately 1lower than those of the smaller females; the mean daily
intake on all diets was estimated to be 832 KJ/Kg/day for males (mean body
weight 1.817 Kg), compared with approximately 1475 KJ/Kg/day for females
(body weight 0.843 Kg). Since subject animals underwent only minor Wweight
change in the course of the feeding trials, these values have been taken to
represent the energy requirement for maintenance, and are in close adgreement
with the estimate of 1141 KJ/Kg/day for mink, provided by the U.S. National
Academy of Sciences (1968),

Of wider application is the index of intake per unit metabolic weight,
the use of which permits comparison with the results obtained_in more recent
investigations. Expressed on this basis, it may be shown that the daily GE

0.75

intake of the animals used in this study averaged 1299 KJ/Kg /day. This

value is almost twice the figure of 659 KJ/KgO‘75

/day given by Chwalibog et
al (1880), who used respirometric techniques in combination with feeding

trials, to estimate maintenance requirements from measurements of retained



and metabolisable energy.

That the two approaches are directly comparable has, however, been
brought into question by the work of Moors (1977) on weasels. Using natural
diets comprising small mammals, Dbirds and rabbits, Moors found large
disparities Dbetween the estimates of energy requirements derived from
feeding trials and those obtained using respirometry. He attributed these
differences to wvariations in the amount of activity of subject animals
during each trial, although differences in the didestibility and nutritional
value of the diets used may provide an alternative explanation.

The Gross Energy intake of females, for instance, ranged from

0.75 0.75

721 XKJ/Kg /day when feeding on an Apodemus diet, to 1304 KJ/Kg /day on
Microtus, though estimates of metabolic rate during the same period were

almost identical at 1054 and 1084 KJ/Kg®-7?

/day, respectively. Natural
diets were also used by Davison et al (1978), in their studies of the

fisher, and again there were wide variations in GE intake between diets;

0.75 0.75

from 549 KJ/Kg /day on Snowshoe hare, to 789 KJ/Kg /day on Coturnix
quail.

It is evident from these findings that GE intake 1is not a reliable
predictor of maintenance energy requirements. Moreover, differences in the
digestibility and nutritional value of the rations used, and in the capacity
of subject animals to metabolise them, make inter- and intra-specific
comparisons almost meaningless. The evaluation of maintenance energy

requirement must, of necessity, incorporate estimates of ADE, ME and SDA, if

valid comparisons are to be made.
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3:6.2 Energy Metabolism

The Apparent Digestibility of dietary energy did not vary dreatly
between the rations presented, the overall mean being 81.8% of GE intake.
Exclusion of the wvalue obtained for RBBT (86.9% GE), which differed
significantly from the other four, vields a mean of 80.5% for STANl, CK1l2,
STAN2Z and E-MIX. These wvalues are somewhat lower than those obtained by
other workers for trials in which natural diets were used.

Moors (1977) estimated the digestive efficiency of weasels feeding on a
small mammal (Microtus) diet to be 81.6%, increasing to 96.05% on whole
rabbit carcasses, and similar values were given by Davison et al {(1978) for
fishers consuming rations comprising small mammals, snowshoe hare and
white-tailed deer (80.9, 90.0 and 92.6% GE, respectively). Comparable
results have been obtained in feeding trials with other carnivores; for
polar Dbear, 91.7% (Best, 1985); red fox, 85.4 - 97% (Litvaitis and Mautz,
1976) and bhobcat, 89.5 - 91% (Golley et al, 1965).

In each of these studies, however, the experimental diets comprised
either whole carcasses or, in the case of Jlarger prey items such as

white-tailed deer (Golley et al, 1965; Litvaitis and Mautz, 1976; Davison et

al, 1978) or Ringed seal (Best, 1985), those portions of the carcass
adjudged by the experimenters to be palatable to the subject animals. These
generally included the muscle tissue and viscera only; the skin, skeletal
structure and aéipose tissue being discarded. The higher coefficients of
digestibility obtained for these types of ration may, therefore, be
attributable to the removal of such compconents of low digestibility prior to
the start of the trial. In feeding trials with polar bears, inclusion of

the skeletal material in rations based on selected components of seal

carcasses reduced the Apparent Digestibility of dry-matter from 87% to 54%
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(Best, 1985). Similarly, Davison et al (1978} estimated the dry-matter
digestibility of small mammal diets fed to fishers to be 72.3%, which is in
close agreement with the mean of 75.1% obtained for the diets wused in the
present study, but found that for a ration of deer meat the value was 92%.

The use of whole carcasses in feeding trials may also have an attendant
potential for error, as discussed in Chapter Two, in that the composition of
the ration presented may differ substantially from that of the material
actually consuned. The disparity would be most significant in trials in
which subject animals displayed a degree of selectivity in their utilisation
of the carcass, as might cccur with the use of prey items of comparatively
large size in relation to themselves. This too, would result in the
derivation of higher coefficients of digestibility, such as those recorded
by Moors (1977) for weasels feeding on rabbit.

The lower digestibility of the rations used in the present study may
also be attributable to increased rates of passage of ingesta along the gut,
in consequence of the higher proportion of indigestible matter which these
diets contained. Rates of passage in carnivores have not Dbeen widely
reported, Dbut several studies of BTT in mink feeding on commercial rations
are available for comparison.

Bleavins and Aulerich (1982), using ferric oxide as the faecal marker,
estimated transit time to be approximately 3.11 hrs., which accords well
with the values of 2.88 and 3.25 hrs. obtained for the RBBT and CK12 diets,
though it is somewhat lower than the time of 3.87 hrs. recorded for E-MIX.
Sibbald et al (1962) measured the transit times of carmine-dved feedstuffs
to be between 1.03 and 2.37 hrs., while Wood (1957), employing a variety of
markers, presented values from 1.48 - 2.05 hrs.

The dicrepancies in these estimates of transit time are due, in part,

to the choice of marker in each study, with the highest passage rates being
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recorded for soluble markers and dyes, which move in association with the
gastrointestinal fluids (Robbins, 1983). For trials with feeds containing a
high proportion of indigestible material, however, the use of particulate
markers is more appropriate. By presenting rations containing
fuchsin-stained wheat chaff, Slawinski, Slawon and Bednarz (1962)
demonstrated that transit time may be considerably 1longer, ranging from
2 — 7 hrs. Their findings suggest that the passage rates recorded for the
diets used in the present study are not dissimilar from those determined for
other types of feed and, therefore, are unlikely to explain their
comparatively low digestibility.

Although ADE constituted a lower proportion of ingested Gross Energy in
these diets than in the rations used in other studies, Gross Energy intake
greatly exceeded the 1level which might be explained by compensatory

increases in food consumption. The mean daily intake of ADE was

0.75 0.75

1106 KJ/Kg /day. Similar values, ranging from 848 - 1078 KJ/Kg /day

were obtained by Farrell and wWood (1968b) for mink feeding on commercial
rations, also of low digestibility (76.1% for ADE) but, in general, the ADE
intake of carnivores is considerably lower.

0.75

Cowan, Wood and Kitts (1957) presented a value of 635 KJ/Kg /day for

mink, while Davison et al (1978) estimated the maintenance requirements of

0.75

fishers to be between 501 and 727 KJ/Kg /day. In studies with large

felids (puma, leopard, lion and tiger), Barbiers et al (1982) found that the

daily ADE intake ranged from 694 - 760 KJ/KgO'75

/day.

There is, however, some evidence to suggest that energy intake is not
always related to metabolic requirements; several species of carnivore
having been reported tc consume more food than is apparently required for

subsistence (Harlow, 1981). This has been interpreted as an adaptive trait,

conferring an advantage upon opportunist predators which exploit food



resources of varying abundance and availability. The habit of caching food,
a behaviour pattern characteristic of many carnivores and one which is
widely documented in mink (Yeager, 1943; Sinclair et al, 1962; Bleavins and
Aulerich, 1982; this study) is similarly believed to have arisen in response
to extended periods of prey scarcity (Errington, 1967).

The high levels of food consumption recorded in the present study
could, therefore, be a consequence of the ad 1libitum feeding regime
implemented. There remain, however, substantial differences between the
estimates of ADE intake during these trials and those obtained by other
workers, of a magnitude not adequately explained by aberrations in feeding
behaviour.

Errington (1967) records that during periods of prey abundance, mink
gorged on the plentiful supplies of food, but that their faeces were
subsequently found to contain large dquantities of undigested material.
Similarly, Lampe (cited in Harlow, 1981) has shown that digestive efficiency
is negatively correlated with biomass consumed. In contrast, the digestive
efficiencies calculated for these feeding trials remained relatively high
throughout, s0 giving rise to the elevated mass-specific intake recorded in
these animals.

Particularly notable in this regard were the trials with E-MIX, a
ration comprising a high proportion of lipid and, consequently, having a
very high energy content (11.54 KJ/g wet weight). Although feed consumption

O‘75/day, the mass-specific intake

during these trials averaged only 123 g/Kg
of ADE was 1417 KJ/KgO'75/day, due principally to the high digestibility of
the lipid moiety (98.8%). The Apparent Digestibility of energy was somewhat
lower (82.3%), owing to the inclusion of the cellulose filler. Very high

coefficients of Apparent Digestibility for 1lipid have Dbeen recorded in

several studies of carnivore feeding energetics: in mink, 97.2% (Leoschke,



1958) and 97.8% (Sinclair et al, 1962); in fisher, 99.4% (Davison et al,
1978); puma, 99.0% (Barbiers et al, 1982) and Polar bear, 99.3% (Best,
1985). The 1last author also noted that BTT was positively correlated with
the 1ipid content of the diet, a finding which he attributed to the 1longer
period required for the digestion and assimilation of fatty substances.
This trend was also apparent in the diets used in the present study, and it
is probable that the slower passage rate of E-MIX further contributed to the
high ADE intake of animals consuming this ration.

Such high levels of ADE intake may indicate an unusually high energy
requirement for maintenance or, alternatively, signify a low assimilation
efficiency in feeding on the rations presented. The former hypothesis was
proposed by Farrell and Wood (1968b) in explanation of the elevated levels
of ADE intake which they recorded in mink consuming a typical commercial
feed. These authors noted that BMR, determined in a previous study to be

323 KJ/RgY"7?

/day {(Farrell and Wood, 1968a), represented only one third of
the daily energy requirement, in contrast with the finding in most other
species that the energy expenditure at maintenance is approximately twice
the basal level (Kleiber, 1961).

They attributed the differences in ADE requirements to an increment in
maintenance energy expenditure associated with activity. As supporting
evidence for this hypothesis they cited significant decreases in ADE intake
following the confinement of subject animals in metabolism cages, which
permitted only a limited dedgree of activity. —Similar findings have been
reported in cats (Miller and Allison, 1958). That the measurements of BMR
in mink made by Farrell and Wood (1968a) lie within the range established

0.75

for other species of mustelid, which extends from 302 KJ/Kg /day in the

fisher (Davison et al, 1978) to approximately 400 KJ/Kg9:7®

=X ==

/day in smaller

species (Iversen, 1972), lends further support to this hypothesis.



Conversely, there was no evidence to suggest that the estimates of
assimilation efficiency derived for these animals differed significantly
from those obtained by other workers for carnivores consuming this type of
diet. In weasels, assimilation efficiency has been found to range from
71.3 - 83.1% (Moors, 1977), and in fishers from 73.9 - 86.9% (Davison,
1978); these results accord well with the values obtained in the present
study, which varied between 72.5% for STANZ and 80.5% for RBBT.

Urinary energy losses were, however, proportionately lower during these
trials than have been found in other investigations of this kind. On STAN1,
urine energy constituted only 7.67% of GE, and on E-MIX less than 3%. In
comparison, Moors (1977) derived values of 6.6 - 10.9% for weasels feeding

on small mammals (Apodemus, Microtus), increasing to between 12% and 15.5%

on a rabbit diet. In the latter case, however, the ingested material may
have contained a significantly higher proportion of protein than the rations
used in the present study (see section 3:6.1) and therefore, the elevated
urine energy losses on this diet may have derived from increases in Nitrogen
excretion.

In consequence of the comparatively high assimilation efficiency of
subject animals on each of the diets presented, the levels of ME intake were
also considerably higher than would be predicted from estimations of

0.75

maintenance requirements; averaging 838 KJ/Kg /day when on STANl, and

0.75

1369 KJ/Kg /day on E-MIX. The calculated SDA of these rations accounted

for approximately 30% of ME, so leaving a residual value for Net Energy of

between 545 and 1110 KJ/Kg®:’°

/day to sustain BMR, body temperature and
activity.
variation in the magnitude of these components was expected to Dbe

small. All feeding trials were carried out at temperatures within the

minks' thermoneutral zone, established by Farrell and Wood (1968a) to extend



from 16 - 2¢ OC, and the amount of energy expended in thermoregulation was,

therefore, assumed to be minimal.

Increments in the maintenance requirement arising from increased
activity were also assumed to be small, and constant Dbetween trials. The
suggestion that inequalities in ME intake might be explained largely Dby
differences in the activity of the subject animals (Farrell and Wood, 1968b;
Moors, 1977) was therefore rejected, particularly in view of the evident
correlation between ME and ADE intake, which was directly related to the
composition of the ration presented.

In resclving NE into the two components 'Production' and 'Maintenance!,
it was apparent that such increases in energy intake were paralleled [y &
similar increment in the amount of energy stored as depot fat. T
relationship was most marked during the trials with E-MIX; irc the
substantial gains in body weight recorded, it was estimated that the ercroy

expended 1in deposition of adipose tissue represented 31

o
o
h
[0}
1
.

comparison with only 3.1% - for RBBT. The wvalue for Maintenance Enercy

remained constant between trials and averaged 513 KJ/KgO'75

/day, or abouz
1.6 times BMR. These results suggest that energy exXpended in &Ttivaty
constituted a smaller proportion of the total energy requirement ihan

Farrell and Wood (1968b) had postulated, even though the metabolism cage:s -n

which subject animals were confined were slightly larger than those used Ly

(T
¥

these authorsg. That the animals underwent a gain in weight durins eaci
trial does, however, further substantiate the hypothesis that the ad __:r_::m
feed intake of carnivores is not commensurate with metabcolic -1
ingested GE may exceed the maintenance requirement, particular.. ~der

conditions affording only a limited dedgree of activity.
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3:6.3 Nitrogen Metabolism

The Coefficients of Apparent Digestibility for Nitrogen ranged from
0.817 on CK12 to 0.94 on RBBT and are not dissimilar from those recorded in
other investigations of carnivore nutrition. Roberts and Kirk (1964)
obtained values of 0.87 - 0.91 in mink; in fishers, ADN has Dbeen estimated
at Dbetween 78.9% and 83.5% of intake (Davison et al, 1978), and in Polar
bears, from 72.1 - 94.9% (Best, 1985). In each of these studies the lowest
values were obtained with rations containing relatively large amounts of
indigestible proteinaceous matter such as fur, feather, etc., and the
presence of this highly keratinised material may have depressed estimates of
ADN still further, by increasing the losses of endogenous faecal Nitrogen
through desquamation of the intestinal epithelium (Best, 198%).

Particularly notable are the changes in Nitrogen digestibility believed
to Dbe associated with the wmoult. As the composition of E-MIX differed
markedly from that of the other diets, direct comparisons are difficult, but
it is evident from the results of the trials with rabbit-based diets that
changes in Nitrogen digestibility did occur between trials; from a val.ue 1
0.94 on the RBBT trials, carried out ir early spring, the Appare::
Digestibility ©f Nitrogen declined by more than i12% to an average of .84
during presentation of the Standard raticns ater in the year. The
results may be contrasted with the data presented by Seier et al (1971) .n &
study of the mink's autumn moult, which indicated that the elevated
requirements for protein Nitfogen during the moult were met by increases :r
food consumption, rather than a change in Nitrogen digestibility. Urine
losses were not evaluated, but since Nitrogen retention declined after the
moult while feed intake continued to increase, it is probable that the

change in tissue balance was effected through an increase in the amount of
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Nitrogen excreted as urea.

In the present study, urinary losses were closely correlated with ADN
intake, and constituted approximately 43.4% of ingested Nitrogen during the
moult, increasing to 47.9% in the inter-moult period. By comparison,
Roberts and Kirk (1964) gave values of 70.7 - 73.9% for mink consuming a

commercial ration, while Keiver et al (1984) presented an estimate of 90%

for Harp seals feeding on a herring diet. The disparities Dbetween these

results indicate that, in consequence of their elevated feed intake, the

Nitrogen retention of the animals used in the current trials was also very

0.75 0.75

high, ranging from 1.87 g/Kg /day on CK12, up tc 3.99 g/Kg /day during
presentations of RBBT. These latter values are equivalent to approximately
3.51 and 6.25 g N/animal/day. As Seier et al (1971) estimated the Nitrogen
retention of adult male mink to be only 0.89 g N/animal/day during the
autumn moult, it seems probable that an error was incurred in the
determination ©f urine Nitrogen.

Underestimates of wurine Nitrogern could have been due to decomposition
of urea to ammonia prior to analysis. Aithough the use of toluene as a
preservative (Greaves and Scott, 19#7:! zerwved to minimise Nitrogen losses
through bactrerial degradation, the addition «f strong acid such as sulphuric
(Glem-Hanser and Jgrgensen, 1973; Chwalibog et al, 1982; Harri and Brockway,
1985) or hydrochloric acid (Roberts and Kirk, 1964; Seier et al, 1971) may
have yielded more satisfactory results by inhibiting the decomposition of
urea to ammonia during storage (See Appendix C).

It is also possible that certain of the assumptions made about the
composition of the urine were invalid, in that total urine Nitrogen may have
comprised a much larger proportion of exogenous non-urea Nitrogen than had

originally been assumed. In animals feeding on natural diets of the type

used in the present study, an important source of such Nitrogen would be
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creatinine, derived principally from the muscle tissue of the carcasses
consumed. At very high levels of feed intake, therefore, failure to include
this component in the total would have contributed substantially to the low

values obtained.

3:6.4 Gut Morphology

Comparisons of gross gut morphology revealed significant size-related
sex differences in the dimensions of the alimentary tract. The
weight-specific gut capacity of females was considerably higher than that of
males, possibly reflecting their proportionately higher metabolic
requirements (Myrcha, 1964; Fell, 1972; Gross et al, 1985); conversely, the
surface area:volume ratio decreased with 1increasing size. This latter
relationship may explain the observaticn (Allen, 1962; Allen et al, 1964;
this study) that coefficients of Apparent Digestibility are generally higher
in males since, as noted by Robbins (1983), endogenous losses of energy,
protein and lipid derived from the intestinal epithelium would be
proportionately lower in animale of larger size.

In Dboth sexes, the alimentary tracts of wild-caught individuals were
longer and wider, in preoportion to bhody weight, than were those of animals
raised on farms. These findings are in accordance with the theory that
intestinal nypertrophy also develops in response to diets of low nutritional
value (Miller, 1975; Savory and Gentle, 1976; Al-Joborae, 1980), the
increased gut capacity permitting rapid consumption of large quantities of

material without a loss in digestive efficiency (Fell, 1972; Harlow, 1981).



3:6.5 Conclusions: Dimorphism, Nutrition and Feeding Ecology

From the fore-going discussion, it is apparent that females differ from
males primarily in their proportionately higher energy demands.
Consideration of the relationship between feeding energetics and the ratio
of ADE:ADN in the diet (Sibbald et al, 1957; Sinclair et al, 1962; Allen et

1
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1964) suggests that, in maintaining a greater biomass, the higher
absolute nutritional requirements of males entail an increased need for
protein Nitrogen. In contrast, the requirements of females necessarily
include a demand for material o¢f high caloric value in respect of their
elevated metabolic rate.

As shown in Chapter Two, determinations of dJross composition and energy
content revealed significant differences Dbetween the diets wused in the
present study. The smaller prey types, including rodents, birds and fis!,
have a higher ratio of ADE:ADN than larger items such as rabbits, although
comparisons with data presented by other workers (c.f. section Z:%)
demonstrate that the variations in protein and energy content within these
different groups are as great as, or dgreater than, those between the I.cbs
themselves. It is also apparent, from the results of the feeding traiais
described in the present chapter, that such diets do not differ
significantly, either in digestibility or Dbiological value; attempts ¢t
classify particular prey types in terms of their nutritional value are,
therefore, of limited application in analyses of the feeding ecology of a
generalist predator.

No evidence of metabolic or physiological differences associated with
nutritional reguirements was found in either sex, but comparisons of gut
morphology indicate that, in females, hypertrophy of the alimentary tract

may develop in response to increased energy demands. Since a similar
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adaptation was evident in both males and females from wild populations, it
may be inferred that the natural diets of free-living mink are generally of
a much lower duality than the rations fed to commercially raised animals,
even though the constituent prey items are often of a comparatively high
nutritional value and easily digested, as shown in the present study.
Furthermore, the maintenance requirements of active predators are
considerably greater than those of captive individuals, as Powell and
Leonard (1983) were able to demonstrate in an analysis of the foraging
energetics of female fishers; a dependence on such diets could, in
consequence, place considerable constraints upon the nutrition and
metapbolism of both young and adults, particularly during extended periods of

prey scarcity.

In Chapter Four, therefore, an attempt is made to evaluate the extent
to which the development of growing kits is influenced by diet quality and,
in particular, to assess the significance of nutritional factors in

determining the magnitude of sexual dimorphism in adults.



Chapter Four

FEEDING TRIALS WITH KITS




4:1 Introduction

The American mink is now a species of considerable economic importance
and, as such, has been the subject of a great deal of research directed
towards determining its requirements for optimal growth and development.
These have included numerous investigations into the nutrition and
metabolism of growing kits, and their performance on different types of diet
and dietary regime (c.f. section 1:3).

Such studies have shown that differentials in the growth rates of males
and females are dependent not only on the plane of nutrition (Glem-Hansen,
1980a, 1980b; Tauson, 1985b), but also on the source and gquality of dietary
protein (Seier et al, 1970; Skrede, 1978a, 1978c), and the ratio of protein
to energy in the ration presented (Sinclair et al, 1962; Allen et al, 1964).
The importance of these various factors in determining adult body size is
greatest during the first five months after weaning when growth rates, and
hence metabolic requirements, are highest (Tauson and Alden, 1985).

In the light of these findings, the objectives formulated for the work
described in the present chapter were three-fold; to compare and contrast
the growth and development of kits feeding on 'natural' diets with those of
animals raised on commercial feeds; to identify possible differences in the
assimilation efficiency of male and female kits during the critical initial
period of growth and, by comparison with adults feeding on rations of'a
similar type, to evaluate the extent to which nutrient metabolism wvaries

with age and metabolic demands.



4:2 Methods

Attainment of the objectives outlined 1in 4:1 above required that
individual variation between subject animals Dbe reduced to a minimum.
Ideally, the experimental groups would comprise kits of the same age and of
a similar genetic constitution, preferably siblings. In addition, the
animals used should all be from litters of +the same size, 1in order ¢to
eliminate possible differences in their nutritional history related to
maternal milk yield, prior to weaning.

To ensure that each of these requirements was met, it was necessary to

establish two such litters by artificial means.

4:2.1 Establishment of Experimental Litters

Two pregnant 'pastel' females, mated at similar times, were obtained
from a local mink farm. They were brought to the Department two weeks prior
to the expected date of parturition and placed in metabolism cages, where
they were subsequently maintained on a diet of minced rabbit, fed ad
libitum. Straw bedding material was also provided and replenished as
necessary. A 12:12 subdued light regime {appproximately 21.5 Lux) obtained
throughout.

Three kits were born to the first female (designated Female 'A') on May
3rd 1986, of which two survived; a male weighing ©9 g, and a female of
10.1 g. On May 4th, a further four kits were born; one male weighing 8.7 g,
and three females, with birth weights of 7.0, 7.7 and 8.2 g.

The second female (Female 'B') also whelped on May 4th, delivering ten
kits, of which five were male and five female; all survived. The mean body

weights recorded at birth were 8.2 and 7.3 g, for males and females,



Table 4:1 Body Weights of Kits: Experimental Litters

Litter A Litter B

Male 10.1, 8.5 10.5, 9.5

Fema le 10.5, 8.8 8.8, 9.3



1t
)
[\.]

respectively.

The kits were separated from the dams at two days o0ld, and the
experimental litters established by division of Litter 'B' into two groups
of four kits, each comprising two males and two females, of similar mean
body weights (see Table 4:1). These animals were replaced in the nest boxes
and the females were again allowed access; both litters were accepted
immediately. The remaining eight kits were returned to the mink farm and
similarly fostered with surrogate mothers.

Lactation 1lasted six weeks. Each day, small quantities of the dam's
ration were placed in the nest boxes, to accustom the kits to solid food.
The young animals began taking the diet when 22 days o0ld, and were weaned at
472 days 0l1ld, at which point the dams were removed from the cages and each
litter was divided into single-sex pairs. Rations containing a vitamin
supplement ('MA2', Farm Feed Formulators) were subsequently presented to
each pair on an ad libitum basis for a&a further two weeks, until the

commencement of the first feeding trial.

4:2.2 Experimental Procedures

Two feeding trials were conducted on the growing kits, beginning at 56
and 99 days post partum, and designated KIT1 and KIT2, respectively. The
experimental procedures adopted during the trials were identical to those
followed with adultsi (c.f. section 3:4.3), each animal Dbeing housed
individually in a metabolism cage. At the end of the trials, the kits were
transferred to the Department's animal-housing facility, and were there
maintained on the same diet according to the regime detailed in section

3:4.1, until required for subsequent experiments.
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All analytical procedures employed were as described in sections 2:3.1

and 3:4.4.

4:2.3 Mortality

Two animals were lost during the course of the study, both males. The
first died at the age of 56 days, weighing only 290 g; considerably 1less
than the other males, which then averaged 620 g. A replacement, of the same
age and of a similar body weight (680 g) to the three remaining male
siblings, was Dbrought from the mink farm. This animal also died when 88
days old and, again, a replacement was found. In neither case was any

attempt made to establish the cause of death.

4:3 Results

4:3.1 Growth of Kits

The rate of weight gain was calculated according to the formula for

Instantaneous Percentage Growth Rate, derived by Brody (1945):-

Growth Rate 'R' = (logW2 - logWl) x 2.303 x 100

(t2 - t1)

(Egqn. 4:1)
in which Wl and W2 are the body weights at the beginning and end of a given
period of (t2 - tl1) days. Determinations of body weight were made at
intervals of 2 - 9 days (see Table 4:2) and the values for 'R' derived
therefrom are tabulated in Table 4:3.

For the first six weeks of life, the weight gains of females paralleled

those of males (see Fig. 4:1); at five days old the mean body weight of
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Mean Dbody weights for each sey, recorded at interva
2 - 9 days. Standard errors 0i the means .n parentheses
n.b:

Values are based on those individuals which

survived for the whole of the study period.



Table 4:2 Body Weights of Kits During Study Period

Age Weight (g)
(days)
Maies Females
2 9.75 ( 0.25) 9.5 ( 0.50)
7 27.00 ( 0.71) 26.75 ( 0.48)
16 70.75 ( 2.53) 68.50 ( 1.19)
21 98.00 ( 5.83) 94.25 ( 2.25)
27 139.00 (11.66) 128.75 ( 4.73)
35 193.00 (25.53) 172.50 (11.81)
42 242 .25 (34.57) 243.25 (10.10)
48 329.50 (57.22) 372.00 ( 9.89)
52 402.50 (60.60) 396.25 (11.43)
56 537.50 (89.78) 493.75 (12.48)
63 760.00 (34.88) 581.25 (13.44)
70 926.25 (52.89) 677.50 (11.99)
77 917.50 (64.73) 653.75 (26.84)
84 1020.00 (62.48) 738.75 (23.13)
93 948.33 (65.21) 767.50 (28.32)
98 1021.67 (94.68) 838.75 (50.51)
103 1260.00 (91.92) 935.00 (10.61)
105 1160.00 (92.41) 885.00 (10.61)

109 1370.00 (96 25) 970.00 (35.36)



Table 4:3 Growth Rates of Kits During Study Period

Period Growth Rate (%)
(days)
Males Females
2-7 20.37 (0.91) 20.78 (0.72)
7-16 10.70 (0.16) 10.45 (0.06)
16-21 6.42 (0.49) 6.38 (0.64)
21-27 5.75 (0.41) 5.17 (0.27)
27-35 3.89 (0.64) 3.60 (0.40)
35-42 3.20 (0.18) 4.98 (0.50)
42-48 4.80 (1.60) 7.11 (0.68)
48-52 5.27 (1.10) 1.57 (0.24)
52-56 6.92 (0.74) 5.51 (0.63)
56-63 3.04 (0.63) 2.72 (0.32)
62-70 2.81 (0.75]) 2.198 (0.19)
70-77 -.18 {0.79) -.53 (0.84)
77-&z 1.56 10.18] 7€ (0.16)
84-g2 .40 {0.17) 42 (0.38)
93-9¢ 1.28 (0.98) .70 (C.58)
98-03 5.85 (0.59) 4.24 (0.65)
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both sexes was 10 g, increasing to 243 g at 43 days. Growth rates during
this period declined steadily from a mean value 20.6% in the first week to
£.0% in the sixth (Fig. 4:2).

From the age of seven weeks onwards, however, the rate of weight gain
in males was consistently higher than that of females. At 52 days old, the
mean daily percentage increase in body weight was calculated to be 5.3% for
males, in comparison with only 1.6% for females. Thereafter, the disparity
in the mean body weights of each sex increased progressively; by the ninth
week, males weighed 25.6% more than females (mean body weights of 730 g and
581 g for males and females, respectively), and in the twelfth, 32.6% (980 g
and 739 g). When the study was terminated at 109 days post partum, males
were, on average, 41.2% heavier than females (mean body weights of 1370 g

and 970 g, respectively).

4:3.2 Feed Consumption and Boedy Weight

The mean body weights of the kits during feeding trials are presented
in Table 4:4, and the weight-specific nutrient intake for each sex tabulated
in Tables 4:5a and 4:5b, for KIT1l and KITZ2, respectively.

On both trials, the weight-specific feed consumption of males exceeded
that of females. For KIT1l, the wvalues were 433.9 and 396.8 g/Kg body
weight, for males and females, respectively; on KIT2, 429 and 408 g/Kg. The
aggregate means for eéch sex were compared using 'Student's' t-test, though
in neither case were the differences statistically significant. Comparisons
between trials were carried out on the pooled data for males and females

but, again, no significant differences were apparent. Subsequent analyses

were, therefore, performed on the data from KIT1l and KIT2Z, combined.
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Table 4:4 Mean Body Weight of Subject Animals During
Feeding Trials

KITH1 KIT2
Males 0.787 (0.063) 1.307 (0.116)
Females 0.594 (0.020) 0.891 {(0.030)

Table 4:5a Weight-Specific Nutrient Intake of Subject
Animals: KIT1

Males Femaies
Feed Intake (g/Kg) 433.9 (14.88) 396.8 ( 6.74)
Energy (KJ/Kg) 2893 (99.26) 2646 (44 .96)
Nitrogen (g N/ Kg) 13.64 (0.47) 12.47 (0.21)
Lipid (g FFA/Kg) 18.40 (0.63) 16.82 (0.29)

Table 4:5b Weight-Specific Nutrient intake of Subject
Animals: KIT2

MALES FEMALES
Feed intake (g/Kg) 429 (32.17) 408 ( 6.74)
Energy {KJ/Kg) 2858 ( 215) 2720 (56.54)
Nitrogen (g N/ Kg) 13.47 (0.10) 12.82 (0.27)

Lipid (g FFA/Kg) 18.40 (0.14) 17.29 (0.36)
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To enable comparisons with adults, independent of the effect of body
size, a measure of metabclic weight was obtained by calculation of the
constant 'b' (Equation 3:1, c.f. section 3:5.3) from a double-logarithmic
regression of Metabolisable Energy intake against body weight (Fig. 4:3).
The principal axis equation derived therefrom (included in Fig. 4:3)
yielded a mass—-exponent of 1.0, thereby demonstrating that, in contrast with
adults, the metabolic requirements of growing kits are directly proportional
to body weight. The data for kits presented in the following analyses are,
in consequence, expressed on the basis of unit body weight; those of adults
are given in units of metabolic weight.

Comparisons of mass-specific Metabolisable Energy intake were effected
by means of 'Student's' t-test. By wvirtue of the linear relationship
between energy requirements and body weight in the growing animals, the ME
intake of kits (2756 KJ/Kg) was considerably higher than the values recorded
for adults during trials with RBBT and the Standard diets (means of 1277 and
1217 KJ/Kg 0'75. respectively). The greater than two-fold difference

between these results was found to be highly significant (p < 0.001).

4:3.3 Apparent Digestibility

Coefficients of Apparent Digestibility were calculated for dry-matter,
Gross Energy, Nitrogen and lipid, using equation 3:2. For the purpose of
statistical analyses, the resulting values were normalised by means of the
arc sine transformation. Table 4:6a contains the back-transformed aggregate
means, together with the upper and lower bounds of a confidence interval
equivalent to the arc sine mean plus or minus its standard error. For
comparison, the values recorded for adults consuming diets of the same type

(c.f. section 3:4.3) are presented in Table 4:6b; 'STAN' denotes the
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Table 4:6a Apparent Digestibility:

Mean
Dry-matter 0.809
Gross Energy 0.852
Nitrogen 0.765
Lipid 0.972

Table 4:6b Apparent Digestibility:

Mean

Dry-matter -

5

H

ross Energy 0.8€9

G

Nitrogen 0.940

Lipid 0.971

Confidence
Iinterval

(0.799,
(0.844,
(0.749,

(0.969,

RBBT

0.819)
0.860)
0.781)
0.975)

Confidence

Interval

{0.859,
(0.933.
(0.968,

- )

0.879)
0.947)

0.973)

Kits

Adults

0.

. 766

814

. 842

. 947

STAN

Conf idence
Interval

(0.736. 0.794)

(0.791, 0.835)

(0.830, 0.854)

(0.934, 0.960)



results from STAN1 and STANZ, combined. Comparisons between groups were
made using 'Student's' t-test, and the results are tabulated in Table 4:7.

Excepting the values recorded for ADN, the digestive efficiency of kits
was generally higher than that of adults, Dbut not significantly soj;
statistical comparisons between Kkits and Standard animals revealed a
significant difference in the coefficients of Apparent Digestibility for
lipid (0.972 for kits, 0.947 for STAN; p < 0.05), but no such differences
were apparent between the kits and adults consuming the RBBT ration.

Kits were, however, considerably 1less efficient than adults in
digesting dietary Nitrogen. The Apparent Digestibility coefficient for
Nitrogen derived for the Standard animals (0.842) was 10% higher than that
obtained for the kits (0.765). Comparison with the results of trials
carried out with adults during the spring moult revealed an even dreater
disparity, the value of 0.940 recorded for RBBT representing an increase in
digestive efficiency of 22.9%. As shown in Table 4:7, these differences

were found to be highly significant.

4:3.4 Energy Metabolism

Energy metabolism was characterised according to the parameters
described in section 3:5.5. The apparent mass-specific partitionment of
ingested Gross Energy in kits and adults is tabulated in Table 4:8.
Statistical comparisons were effected by means of 'Student's' t-test and the
results are given in Table 4:9, from which it may be seen that kits differed
significantly from adults for each of the parameters measured;

The very high level of feed consumption in +the vyoung animals
represented a 2.7-fold greater ADE intake relative to adults (2344 KJ/Kg for

kits, in comparison with 985 - 1108 KJ/Kg 0-75 for STAN and RBRBT,



Table 4:7 Apparent Digestibility: Comparisons
with Adults

RBBT STAN
Dry-matter N.S. N.S.
Gross Energy N.S N.S
Nitrogen 0.001 0.01
Lipid N.S 0.05



Table 4:8 Apparent Mass-Specific Partitionment of
ingested Gross Energy During Feeding Trials

Kits (KJ/Kg) Adults (KJ/KgQ9-7° )

RBBT STAN
Ingested 2756 (83.0) 1277 (54.8) 1217 (50.2)
Faeces 412 (26.1) 170 (16.9) 227 (33.2)
Assimilated 2344 (77.7) 1108 (40.4) 985 (38.7)
Urine 163 ( 5.8) 84 ( 8.9) 86 ( 2.2)
Metabolisable 2191 (73 .4) 1024 (34.3) 899 (40.7)
SDA 510 (18.8) 258 (12.8) 310 (10.0)
Ne t 1682 (57.2) 658 (19.6) £91 (32.2)

Table 4:9 Apparent Mass-Specific Partitionment of Iingested
Gross Energy During Feeding Trials: Comparisons
with Adults

RBBT STAN
Ingested 0.001 0.001
Faeces 0.001 0.05
Assimilated 0.001 0.001
Urine 0.001 0 001
Metabolisable 0.001 0.001
SDA 0.001 0.001
Net 0.001 G 001



respectively), and the values for Net Energy retention indicated that the
estimated maintenance requirement of adults was only 35 - 40% of that
calculated for the growing kits, the means for STAN and RBBT being 591 and

658 KJ/Kg 0-75

compared with 1682 KJ/Kg for the kits.

b percentage breakdown of the kits' energy metabolism, in relation to
ingested Gross Energy, is presented in Table 4:10a and, for comparison, that
of adults in Table 4:10b. The results of statistical comparisons between
groups are tabulated in Table 4:11.

There were no significant differences in the apportionment of ingested
Gross Energy between faecal and Apparent Digestible Energy, these results
reflecting the parity in digestive efficiency noted in section 4:3.3 above.
Urine losses were proportionately lower in kits than in adults, constituting
only 5.55% of GE intake, compared with £.29% GE on RBBT and 7.12% on STAN.
These differences were, however, relatively small, and significant only in
the latter case (p < 0.001).

By wvirtue of the very low coefficients of digestibility for Nitrogen
calculated for the kits, SDA accounted for a significantly smaller
proportion of ingested Gross Energy in the young animals (18.41%) than was
found in adults, for which the values were 28.25 and 25.41% GE on RBBT and
STAN, respectively. Retained Net energy constituted 60.88% of GE intake and
was, therefore, rather higher than the estimates of 48.51% GE obtained for
STAN trials and <©2.22% GE for RBBT; statistical comparisons between group

means indicated that these differences were highly significant (p < 0.001).

4:3.5 Nitrogen Metabolism

The apparent mass-specific partitionment of ingested Nitrogen in kits

and adults is tabulated in Table 4:12, and the results of statistical



Table 4:10a Breakdown of Energy Metabolism in Relation to
Ingested Gross Energy (Kits)

Faeces
Assimilated
Urine
Metabolisable
SDA

Net

MEAN

14 .

85.

5
79

18.
60.

80
20
.65
.48
41
88

(%)

Conf idence

Interval
(14.00, 15
(84.38, 85.
( 5.39,
(78.68, 80.
(18.09, 18.
(60.11, 61

5.

Table 4:10b Breakdown of Energy Metabolism in
Ingested Gross Energy (Adults)

Faeces
Assimiiated
Urine

Metabol isable
SDA

Net

RBBT

MEAN Confidence
(%) Interval
13.07 (12.09,
86.93 (85.92,
6.29 ( 5.77.
80.47 (79.04,
28.25 (28.04,
52.22 (50.83,

14.
87.

6.
81
28

53.

MEAN

(%)
08) 18 .64
91) 81.36
82) 7.12
.85) 74 .11
.45) 25.41
16) 48 .51

.62)
99)
71)
27)
74)
.66)

Relation to

STAN

Confidence

interval

(16.47,
(79.09,
{ 6.70,
(71.78,
(25.06,
(46.53,

20

83.

7.
76.
25.
50.

.91)

53)
55)
37)
77)
49)



Table 4:11 Breakdown of Energy

Metabolism in Relation

to Ingested Gross Energy: Comparisons with

Adults

Faeces
Assimilated
Urine
Metabolisable
SDA

Net

RBBT
N.S.
N.S.
N.S.
N.S.

0.001
0.001

STAN

N
0.001
0.05
0.001
0

.001



Table 4:12 Apparent Mass-Specific Partitionment of
Ingested Nitrogen During Feeding Trials

Kits
Ingested 12.99
Faeces 3.10

Assimilated 9.89
Urine 6.56

Retained © 3.34

(0.
(0.
(0.
(0.
(0.

(g N/Kg)

39)
21)
38)
25)

20)

(@]

RBBT

1
.52
.59
.60
.99

(

(@)

o

(0.

o

Adults

w
[6))

~d
Q

(g N/Kg

0.75

STAN

7.72

—-

.28

.48

.69

N w O

.79

(

O

o

Table 4:13 Apparent Mass-Specific Partitionment of

Nitrogen During Feeding Trials:

Adul ts

Ingested
Faeces
Assimilated
Urine

Retained

REBBT
0.001
0.001
0.001
0.001
N.S.

)

.32)
.14)
.21)
.10)
.29)

Ingested

Compar isons with

STAN

0.001
0.001
0.001
0.001

N.S.



Table 4:12 Apparent Mass-Specific Partitionment of
Ingested Nitrogen During Feeding Trials

Kits (g N/Kg) Adults (g N/Kgo'75 )
RBBT STAN
Ingested 12.99 (0.39) 8.11 (0.35) 7.72 (0.32)
Faeces 3.10 (0.21) 0.52 (0.70) 1.25 (0.14)
Assimilated 9.89 (0.38) 7.59 (0.29) 6.48 (0.21)
Urine 6.56 (0.25) 3.60 (0.38) 3.69 (0.10)
Retained 3.34 (0.20) 3.99 (0.24) 2.79 (0.29)

Table 4:13 Apparent Mass-Specific Partitionment of Ingested
Nitrogen During Feeding Trials: Comparisons with

Adults
RBB’ STAN
Ingested 0.001 G 001
Faeces 0.001 o000
Assimilated 0.001 0 001
Urine 0.001 & 001

Retained N.S. N.S.



comparisons between aggregate group means are presented in Table 4:13.

As was found in the analysis of energy metabolism, the principal
difference between adults and kits was one of magnitude. Owing to the
elevated feed consumption of the young animals, their daily ADN intake
(9.89 g N/Kg) was 30% higher than that of moulting adults during

0.75)

presentation of RBBT (7.59 g N/Kg , and 52.7% higher than the value

recorded for the Standard animals (6.48 g N/Kg O'75)

Urine losses, however, were also very high, approximately 6.56 g N/Kg,

0.75 0.75

compared with only 3.60 g N/Kg on RBBT and 3.69 g N/Kg on STAN. In
consequence, mass-specific Nitrogen retention did not differ significantly
between the three groups (means of 3.99, 2.79 and 3.34 g N for RBBT, STAN
and kits, respectively).

Table 4:14a comprises a breakdown of Nitrogen metabolism in kits,
relative to total Nitrogen intake, and also includes the index of Nitrogen
utility (c.f. secticn 3:5.6). The equivalent values for adults are given
in Table 4:14b. Reference has already been made to the proportionately
higher 1losses of faecal Nitrogen recorded in Kkits, in comparison with
adults, Apparent Digestible Nitrogen representing only 76.5% of that
ingested.

Urine losses constituted approximately 51% of dietary Nitrogen intake
and were higher than had been recorded in either RBBT or STAN trials (43.44
and 48.3%9%, respectively), though statistical analysis revealed no
significant differencég between groups (see Table 4:15). In consequence,
percentage Nitrogen retention in kits (23.71%) was less than 68% of that
found in the Standard animals (35.09%) and only 47.5% of the value recorded
during presentation of RBBT (49.57%). Nitrogen wutility approximated to

31.14% of ADN, in comparison with 41.28% on STAN and 53.28% for RBBT, so

indicating a marked difference in the Nitrogen metabolism of the growing



Table 4:14a Breakdown of Nitrogen Metabolism in Relation
Ingested Nitrogen

Faeces
Assimi lated
Ur ine

Retained

to

Nitrogen Utility

Mean

(%)

23.49
76.51
51.05

23.71

31.14

Confidence
Interval

(21.94,
(74 .92,
(49 .60,
(22.89,

(30.05,

25.

78.

52

24

32.

08)
06)

.50)

.53)

24)

Table 4:14b Breakdown of Nitrogen Metabolism in Relation

Faeces
Assimilated
Urine
Retained

Nitrogen
Utility

to

Ingested Nitrogen (Adults)
RBBT
Mean Confidence Mean
(%) Interval (%)
5.99 ( 5.29, 6.75) 15.79
84 .00 (93.25, 94.71) 84 .21
43 .44 (39.90, 47.02) 48 .39
49.87 (45.81, 53.94) 35.09
53.28 (49.23, 57.30) 41.78

STAN

Conf idence

Interval

(21.
(74.
(49.
(22.

(30.

94,
92,

25.
78.
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animals in comparison with that of the adults.

4:4 Discussion

4:4.1 Growth Rates

The principal aim of the work, as detailed in the preceding sections
was to compare and contrast the growth response of male and female Kkits
consuming ‘'natural' diets, with that of animals raised on commercial
rations.

Comparisons Dbetween sexes revealed that, while the relative growth
rates of male and female kits were similar during the first two months of
life, marked sex differences developed thereafter, with males having a
consicstently higher rate of weight gain than females. Similar findings have
beern reported by Skrede (1978b), Glem-Hansen (1979) and Tauson and Alden
(1985), for kits maintained on commercial feeds, although these authors
noted that the development of sexual dimorphism in body size began at
approximately 21 days post partum, provided that the rations presented met
the nutritional requirements of the mothers during 1lactation. Skrede
(1978b) found that maximal pre-weaning growth rates were obtained with diets
containing 8.5 - 11 g of Apparent Digestible Protein/100 Kcal (418 KJ) ME,
equivalent to 41 - 53%‘of ME from ADP; Glem-Hansen (1979, 1980b) obtained
satisfactory results with levels from 34 - 42% ME, while Tauson and Alden
(1985) recommended a protein-energy content of 41% ME. These values are all
considerably 1lower than that of 15.94g ADP/100 Kcal calculated for the RBBT
diet, in which ADP constituted approximately 81.4% of the total ME content

(6.09 KJ/g), due to the comparatively high ratio of protein to lipid in this



ration. Comparisons made according to these criteria suggest, therefore,
that the composition of the 'natural' diet is superoptimal for promoting
high pre-weaning growth rates. From the data presented by other workers,
however, it is evident that this was not the case.

Tauson and Alden (1985) recorded mean body weights of 106 and 115 g for
21 day old male and female kits, increasing to 345 and 301 g at 42 days old.
These latter wvalues are in close adreement with the figures given by
Glem-Hansen (1980c) for six~-week old kits (367 and 284 g, for males and
females, respectively), and provide an indication of typical mean body
weights at weaning. Throughout the early growth period, however, the body
weights of the kits used in the present investigation were markedly lower
than the values recorded by these authors. At 21 dJdays post partum males
averaged only 98 g, and females 94.25 g; at 42 days, the mean body weight of
both sexes was 243 d.

In the post-weaning growth period, the differences between the body
weights of animals feeding on 'natural' diets and those consuming commercial
feeds Dbecome more pronounced, owing to the higher rates of weight gain
observed in the latter group. Between 6 and 11 weeks post partum, Sinclair
et al (1962) recorded growth rates of up to 9.81% in males, and 6.93% in
females; from 11 to 17 weeks, the values were 5.55 and 3.8% for males and
females, respectively. Allen et al (1964) estimated the rate of weight gain
between 6 and 16 weeks post partum to be 14.05% in males, and 11.13% in
females. In comparison, the growth rates calculated for the kits feeding on
minced rabbit during the same period were approximately 3.2 and 2.6% in
males and females, respectively. When the study was terminated at 109 days
post partum, the mean body weight of males (1370 g) was 14.4% lower than the
value of approximately 1600 g presented by Skrede (1978a). 1In contrast,

final body weights of female kits were somewhat higher (970 g compared with
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900 g). These findings suggest that the nutritional gquality of the
'‘natural' diet i1s high enough to support normal growth and development in
females, but may be insufficient in meeting the elevated metabolic demands
of males, s0 resulting in diminished dgrowth rates and lower adult body
weights. To evaluate the extent to which the growth rates of each sex are
differentially constrained by dietary regime it is appropriate, therefore,
to compare the nutrient metabolism of males and females during this critical

initial period.

4:4.2 Nutrient Metabolism

In contrast with the findings reported for adults, the mass-specific
nutrient requirements of growing males are higher than those of females; the
mean ME intake of male kits was estimated at 2628 KJ/Kg, in comparison with
2451 KJ/Kg for females (equivalent to 2450 and 2286 KJ ADE/Kg for males and
females, respectively). These differences, though not statistically
significant, provide some indication of the disparities in nutrient
metabolism between sexes. For both males and females, however, the recorded
values for energy intake greatly exceed those reported by other workers for
kits raised on commercial feeds though, in terms of gross composition, the
REBT diet compared favourably with the types of ration used in these
studies, as noted in section 4:4.1 above.

Between the ages of 10 and 15 weeks, Glem-Hansen (1980a) estimated ME
intake to be 1116 KJ/Kg for males, and 1195 KJ/Kg for females; Glem-Hansen
and Engaard Hansen gave values of 884 and 1038 KJ/Kg. These sex differences
in intake have been found to diminish with age, however. From the results

of feeding trials conducted throughout the period from weaning to pelting




(8 -~ 29 weeks post partum), Skrede (1978a) concluded that the daily energy
reguirements of males and females were virtually the same, at 1317 KJ/Kg. &
similar finding was reported by Chwalibog et al, (1982), who derived a value

I3
£ 12 - 1300 KJ/RgY 7>,

o]

The high levels of energy intake recorded in the present study might be
attributable either to a relatively lower digestibility or, alternatively,
to a deficiency in the RBBT diet of one or more essential nutrients, thereby
leading to compensatory increases in feed consumption. The ration was of a
comparatively high digestibility; the coefficient for ADM being 0.809 and
for ADE, 0.852. The latter value is comparable with the results presented
by other investigators, which range from 0.76 (Allen, 1964) to 0.855
(Chwalibog et al, (1982). The digestibility of dietary Nitrogen was,
however, somewhat low (0.765), particularly when compared with the values of
0.842 and 0.940 derived for adults consuming a ration of identical
composition, although the ADN intake of kits exXceeded that of adults by a
considerable margin (9.892 g/Kg in comparison with 7.589 and 6.477 g/Kg for
RBBT and STAN, respectively) and was much higher than the estimates of
Nitrogen intake obtained in other studies o©f growing Kkits. Glem-Hansen
(1980a) calculated the ADN requirement between 10 and 15 weeks post partum
to be 4.90 - 5.33 g N/Kg, while Sinclair et al (1962) and Chwalibog et al
(1982) each gave a value of approximately 2.7 g/Kg.

Of particular interest, however, are the very high wurinary 1losses
reported for the animals used in the present sgudy. Urine urea Nitrogen
constituted 66.28% of ADN intake and, in consedquence, total Nitrogen
retention (3.34 g/Kg) did not differ significantly from the values obtained
for adults (3.99 and 2.79 g/Kg for RBBT and STAN, respectively). The low
coefficient of utility calculated for kits indicates a comparatively high

turn-over of ingested dietary Nitrogen and suggests that ADN intake exXceeded




metabolic requirements. In a similar investigation of the Nitrogen
metabolism of growing KkKits, Glem-Hansen (1976) found that low levels of
protein utilisation were attributable to deficiencies in sulphur-containing
amino acids (SRA) in the diet, and several studies have shown that the level
of SAA intake is the first 1imiting factor in determining post-weaning
growth rate (Leoschke and Elvehjem, 1959; Perel' dik, 1970; Glem-Hansen,
1979, 1980c; Jgrgensen, 1985). The supposition that the elevated rates of
protein catabolism recorded in the present study are related to dietary
deficiencies in SAA content may, however, be invalid. Estimates of the SAA
requirement of growing kits presented by these authors suggest that, at high
levels of protein intake, amino acid restriction would be minimal;
Glem~Hansen (1980c) reported a satisfactory growth response with rations
containing as little as 20% ME from ADP, considerably lower than the value
of 62.3% calculated for the RBBT diet. Furthermore the demand for these
potentially limiting amino acids is greatest during the latter part of the
growth period, from 20 - 24 weeks post partum, when the kits begin to
develop the winter pelage. At this time, approximately 61% of the Nitrogen
metabolised is retained as fur, compared with only 10 - 12% between the ages
of 10 and 17 weeks, when the present trials were carried out (Glem-Hansen
and Enggaard Hansen, 1981). No analyses of amino acid composition were
performed on the rations presented in these trials, and therefore the
hypothesis that Nitrogen balance was affected by dietary deficiencies in SAA
cannot be discounted. Such results may, however, be attributable to other
factors.

The high urine Nitrogen losses observed in the kits may, in part, have
been due to an elevated rate of excretion of endogenous urinary Nitrogen

(EUN). The excretion of EUN is known to be a function of metabolic weight

(Robbins, 1983) and in placental mammals approximates to 140 mg N/Kg/day.
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In growing animals, EUN losses would be considerably greater, owing to their
higher metabolic rate (Poczopko, 1979; this study).

Anomalous results for Nitrogen balance determinations have been
reported by several investigators. Glem-Hansen (1980a) calculated that
Nitrogen retention by growing kits between 10 and 21 weeks o0ld declined [rom
4.8 to 2.6 g N/Kg/day, results which are in close agreement with the value
of 3.3 g N/Kg/day obtained in the present study. Similar data have been
presented by Skrede (1978a) and Chwalibog et al (1982). Each of these
authors concluded, however, that such findings were attributable to
underestimates of urinary Nitrogen arising from faults in the experimental
procedures followed. Possible sources of error in the determination of
urine Nitrogen content have been discussed in section 3:6.3 (see also
Appendix C), and are probably systematic in nature but, as the magnitude of

such errors remains to be evaluated, the conclusions drawn from analyses of

this type can be no more than tentative.

4:4.3 Conclusions

Although certain of the results obtained in the course of the trials
with kits were inconclusive, it is evident from the data presented that the
sex differences in nutrient metabolism were comparatively small. Estimates
of digestive efficiency were similar in males and females for each of the
parameters measured, though the mass-specific requirements of male kits were
slightly higher than those of females. In both sexes, however, feed intake
and retention of ingested macro-nutrients were directly proportional to body
weight and, in consequence, considerably higher than had been found in

adults maintained on a similar diet.
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Comparison with the findings of other workers suggest that, even at the
very high levels of consumption recorded in the present study, the 'natural’
diet was inferior to commercial rations in promoting a fast rate of weight
gain and high adult body weights. The apparent restriction in growth rate
was most marked in male kits, for which the mean body weights recorded were
below average throughout the early dgrowth period. For these Kkits,
therefore, the sex differences in final adult body size were expected to Dbe
considerably smaller than those generally found in captive animals
maintained on an ad libitum feeding regime.

Though necessarily 1limited in scope, these observations support the
hypothesis that the degree of sexual di%orphism in this species is dependent

upon the eXtent to which the growth potential of males is constrained by

dietary regime during the early phases of development.




Chapter Five

GENERAL DISCUSSION
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5:1 Nutrition and Sexual Dimorphism: Causes and Effects

Sexual dimorphism in body size 1is a characteristic feature of the
Mustelidae and a number of theories have been advanced in explanation of
this phenomenon. The sex differences in diet and feeding ecology evidence
differential niche utility, Dbut arguments favouring the evolution of size
dimorphism as a means of reducing niche overlap (Brown and Lasiewski, 1972)
are confounded both by inconsistencies in the relationship between predator
and prey sizes, and the theocretical difficulties in justifying dimorphism as
the most effective means of reducing intersexual competition, particularly
for the smaller of the dimorphic pair (Moors, 1980). Recent studies of
mustelid Dbiology have, therefore, sought to interpret the development of
dimorphism in terms of separate selective pressures acting upon each sex,
promoting large body size in males and small size in females. Gittleman
(1984) has suggested that large size in males may have arisen through
intrasexual competition for females. Conversely, Powell (1979a) and Moors
(1980) have identified a selective advantage in small size for females in
that, with lower maintenance requirements, the high costs of reproduction
might be mcre easily met.

Centra. to each of these hypotheses 1is an understanding of the
inter-relat..nships between body size, energetics and feeding ecology. From
the data obtained in the present study it is apparent that the relationship
between body size and energy requirement in mink does not differ markedly

Metabolisable
from that described for other species. Energy intake is a function of
body weight raised to & fractional power approximating to 0.75 (c.f.
section 3:5.3) and though females have proportionately higher
weight-specific energy demands, their absolute maintenance requirements are

considerably lower, and represent only 58% of the estimate derived for



males.

The magnitude of the dimorphism in body size found in mustelids 1is
known to be dependent upon the extent to which the growth potential of males
is constrained by dietary regime during the early phases of development.
Laboratory investigations have shown that differentials in the growth rates
of males and females are related not only to the plane of nutrition, but
also to the source and quality of dietary protein, and the ratio of protein
to energy in the diet consumed (Glem-Hansen, 1980a, 1980b; Tauson, 1985b).

In the 1light of these findings, it has been postulated that the
observed variations in dimorphism found in wild populations may be
attributable to regional differences in diet and prey availability,
particularly during the period when the young are growing (Ralls and Harvey,
1985). The results of the feeding trials carried out on kits in the course
of the present study lend support to this hypothesis; the 'natural' diets
presented did not support maximal dgrowth and development, even at high
levels of consumption, but 1led to low male body weights and reduced
dimorphism in adult body size. The hypertrophy of the alimentary tract
found in free-1living adults is also indicative of the relatively 1low
nutritional quality of the diets taken in the wild, though comparisons of
gross composition with various commercial rations revealed no basis for
these observations since each of +the diets analysed was found to be of
comparatively high biological value.

The finding that potential prey types do not differ markedly in terms
of nutritional wvalue has important implications in evaluating the
significance of sex differences in feeding ecology. It is evident that
attempts to identify the possible nutritional consequences of feeding on
particular groups are of limited wutility, particularly in studies of

generalist predators such as the American mink. The disparities in the
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composition of the diets taken should, perhaps, be examined in the context
of the different foraging strategies adopted by males and females,
contingent upoh the relaticnship between body size and hunting efficiency.
Central to any such analysis 1is a detailed knowledge of the relative
differences in maintenance requirements, together with reliable estimates of
the energy expenditure associated with particular foraging strategies.

To date, investigations into the ecological energetics of mustelids
have Dbeen based largely on determinations of maintenance requirements made
under laboratory conditions, either in feeding trials (Stromberg, Rayburn
and Clark, 1983), or through the use of respirometric techniques (Moors,
1977). There are, however, limitations inherent in these procedures which
militate against application of the data so-obtained to investigations of
free-living animals.

It 41is evident from the present study that the feed consumption of
captive carnivores is not a reliable indicator of nutritional redquirements,
and whilst respirometry enables the direct determination of metabolic rate,
its utility in evaluating the daily energy expenditure of active predators
is necessarily confined to studies of the smaller species. For the larger
members of the group, these objectives can only be achieved in combination

with observations carried out in the field.

5:2 Suggestions for Further Work

The models proposed by Powell (1979a) and Powell and Leonard (1983) to
describe the energy budget of fishers are founded on the premise that the
energy expended in any given activity is a linear function of the animal's
body weight raised to a specified power, and its running speed. From data

on activity patterns collected from radio-tracked individuals these workers
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on activity patterns collected from radio-tracked individuals these workers
were able to compile estimates of daily energy expenditure, based on
measurements of running costs made in the laboratory.

Through implementing similar techniques in future studies of the mink,
it may be possible to establish an empirical basis for the postulate that
the extreme size dimorph;sm in this species developed because of
differentials in feeding energetics Dbetween males and females. Williams
(1983a, 1983b) has presented data on the costs of locomotion, and sex
differences in activity and habitat usage have been investigated by Dunstone
and Birks (1983). 1In a short-term study of a coastal-living population, the
Jatter Anthore found 3 highcr 1evé1 vi dutivity in temales than in males,
which may reflect a lower foraging efficiency or, alternatively, a dreater
requirement for food.

Attempts to evaluate the relative costs of these differing activity
patterns have yet to be made. Of central importance is a detailed
examination of breeding biology and its bearing on the nutrition of
free-living predators. The costs of pregnancy are well documented in the
mink and several other species, but after weaning the demand for energy,
protein and minerals, etc., increases still further as the females attempt
to find sufficient food to meet their own needs and those of their young,
whose combined requirements may be several times greater. This, in turn,
must be compared with the elevated energy expenditure of males searching for
receptive ferales, in competition with Oother males.

A conclusive analysis of sexual dimorphism in body size should address
these differences in the nature and magnitude of nutritional requirements,
and the ease with which they can be met by individuals of each sex. Further
studies must, therefore, include measures of metabolic demands and their

variation with season and reproductive status, if these issues are to Dbe
satisfactorily resolved.



Conclusions

1). Though analyses of gross composition revealed significant
differences between the 'natural' diets used 1in the present study,
comparison with data presented by other workers demonstrates that the
variations within groups of potential prey cpecies are as great as, or
greater than, those between the diets themselves. Thus, while it may be
said that each of the diets wused in the present study reflects the
composition of prey items generally available to wild mink, none should be
considered as typical of any particular prey type Or group.

2). The composition of commercially available feeds was found to
differ substantially from that of the 'natural' diets, containing a higher
proportion of lipid and less protein, though similar in energy content.
This finding supports the assertion that the use of such feeds does not
provide a reliable means of estimating the nutritional requirements of
animals preying upon species availapble in the field.

3). As studies of prey-handling indicated that carcase utilization was
virtually complete, it may be assumed that minced whole-animal preparations
are comparable in composition to those parts of a carcase normally consumed
by wild mink. Their use in laboratory feeding trials is, therefore, a valid
procedure.

4). While wvariations an feed intake between diets were comparatively
small, most subject animals underwent a significant gain in body weight
during each trial, indicating that the ad libitum feeding regime may lead to
consumption significantly higher than the maintenance requirement,
particularly in animals presented with rations of high energy content.

5). The 'natural' diets differed 1little in digestibility, although
nutrient metabolism varied accoerding tov the composition and quantity of feed
consumed. Changes in nitrogen metabolism were, however, directly related to
the stage of the moult and appear to be independent of the level of intake.

6). The absence of notable sex differences in nutrient metabolism
suggests, in conjunction with 1) and 5) above, that consideration of the
differences in size and type of prey taken by males and females in the wild
is of 1little consequence in evaluating the nutritional significance of
extreme size dimorphism. Of greater relevance is the hypertrophy of the
alimentary tract in individuals from free-living populations; it :s
particularly marxed in females, revealing that the smaller sex may have
relatively dgreazer difficulty in meeting their metabolic requirements than
dc males. This -3y reflect a differential in foraging costs associated wizh
the predation of numerous prey items of relatively small size.

7). The 'natural' diets, fed ad libitum, are inferior to <commercial
rations in prom-.ting a fast rate cof weight gain and nigh adult body weight.
Sex differences .!I. the nutrient metabolism of kite are negligible, but the
restriction in growth rate is greater in males, 1=zading to reduced size
dimorphism in an.ma:s maintained on such diets.

The above f:ndirgs may be considered to be of general application to
studies in the feeding ecology of generalist predators. They demonstrate
that future work on sexual size dimorphism in carnivores should be directed
towards evaluating sex differences in the maintenance requirements of
animals living in the field and, in particular, to the costs of reproduction
and alternative foraging strategies.
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Appendices



Appendix A
Percentage Composition of Rations Obtained from Local Mink Farm

Jan-April May-June July-August Sept-Nov

Fish frames 83.5 80.5 86.0 76.0
(various spp.)

Oats 6.0 6.0 6.0 12.0
Chicken fat 4.0 5.0 5.0 5.0
Yeast 2.0 2.0 0.5 0.5
Vitamins 0.5 0.5 0.5 0.5
Wheatgerm 4.0 - - -
Soya meal - 2.0 2.0 3.0
Dried blood - - - 3.0
Sugar - 2.0 - _

Skimrmed Milk Powder - 2.0 - -

<Pt
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Appendix B

Derivation of the Principal Axis Equation Describing the Regression of

Metabolisable Enerqgy Intake on Body Weight (Fig. 3:10)

Given:-
Mean body weight X = 0.085
Mean ME intake Y = 3.133
variance about X S.X = 0.029
variance about Y S.y = 0.018
Covariance S.xy = 0.020

(i) Derivation of latent roots (eigenvalues)

D =ﬁs.y + S.x)2 - 4(S.y X 8.x - S.xyz)

=[(0.018 + 0.029)% - 4(0.018 X 0.029) - 0.020%)

= 0.0415

and E.Xx = §.Xx + S.y - D

2

0.029 + 0.018 - 0.0415 0.0028

2

and E.y

]

S.Xx + S.y + D 0.0442

2
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(ii) Derivation of slope and principal axis equation

The slope 'b' = S.Xy = 0.020 = 0.762

E.y - S.X 0.0442 - 0.018

and the equation of this axis is y = ¥ + b(x - X)

3.068 + 0.762x

]

(iii) Derivation of confidence limits

The 95% confidence limits about the slope 'b' are derived as follows:-

Let H ¥(0.05)[1, n - 2]

[(E.y/E.x) + (E.x/E.y) - 2}(n - 2)

= 4.20

[(0.0442/0.0028) + (0.0028/0.0442) - 2] x 28

0.0108

and A = 0.0108 = 0.0109
(1 - 0.0108)
then L1 = b - A = 0.762 - 0.0109 = 0.745
1 + DA 1+ (0.762 x 0.0109)
and L2 = b + A = 0.762 + 0.0109 = 0.779

1 - bA 1 - (0.762 x 0.0109)
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Appendix C

Assay of Urea- and Creatinine-Nitrogen in 'Fresh' and Preserved Urine

Samples

To determine the proportion of urine Nitrogen contained in
creatinine, and to evaluate the 1losses of total urine Nitrogen

occurring in the period between ccllection and assay.

Methods

Urine samples were collected from one adult male mink housed in a
metabolism cage and fed ad libitum on a ration of slaughter-house
by-products (c.f. section 3:4.1), over a period of two days. Clean
collecting bottles containing approximately 0.5 ml of toluene were
placed Dbeneath the wurine tray each morning and assays performed in
triplicate on sub-samples of the contents, at 1 hr. and 24 hr. after
co.lection. To simulate the conditions which obtained for collections
made Aduring feeding trials, the camples were stored at room
temperature (approximately 15 OC) in un-stoppered collecting flasks,
for the intervening period.

Determinations of urine creatinine content were made using the
method of Bonsnes and Taussky (1945), as described in Varley et al
(1980). Urine samples of 1 ml were diluted to 100 ml with de-ionised
water and aliquots of 3 ml placed in tubes, to which were added 1 ml
of 40-mM picric acid, followed by 1 ml of 750-mM Sodium hydroxide
solution. Absorbance was measured at 500 nm after 15 min. Standard
curves prepared using a 10-mM solution of creatinine sulphate were

found to be 1linear for concentrations from 24 - 120-uM, and
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determinations of urine creatinine made on the basis of direct
proportionality.
Urine urea Nitrogen was assayed according to the procedures

detailed in section 3:4.4.2.

Results and Discussion

The urine Nitrogen content of 'fresh' samples, analysed within
1 hr. of collection, was found to be 2.87 mg N/ml, declining to
2.47 mg N/ml after 24 hr., a fall of approximately 13.9%. The values
recorded for creatinine were 0.389 and 0.208 mg N/ml for fresh and
preserved urine, respectively, indicating losses of approximately 47%.

These results suggest that significant losses of urine Nitrogen
occur during storage under the conditions described; for the samples
analysed in the present investigation, these losses constituted 17.89%
of the Nitrogen contained in urea and creatinine, combined. It is to
be noted, however, that the assays of urine urea Nitrogen carried out
during feeding trials yielded values considerably higher than those
given above, ranging from 27.66 mg N/ml for trials with E-MIX, to
37.45 mg N/ml with the standard rations. Total urine Nitrogen 1losses
may, therefore, be closer to the value of 13.9% obtained for urea
Nitrogen, given that creatinine constituted a comparatively small
proportion of the total Nitrogen content.

Losses of this magnitude do not fully account for the
descrepancies in Nitrogen balance determinations noted in sections
3:5.6 and 4:3.5, however, and a satisfactory explanation for these

anomalous results remains to be established.
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