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ABSTRACT

Direct and dendrographic comparison of the profiles of abundant fatty acids in depot fat was unable to separate 10 avian
species on a basis of their overall proportions but was able to distinguish broad dietary groups or those in a habitat with
digtinctive nutritional characteristics such as avian marine carnivores. In al species considered, including North Island
brown kiwi (Apteryx mantelli), oleic (C18:1) and palmitic acids (C16:0) were most abundant. The relative proportions
of linolenic (C18:3) acid were 4% or lower across al species, while the relative proportions of palmitoleic acid (C18:0)
were less than 7% in nine of the avian species, with the exception being the insectivorous red-eyed vireo (Vireo oliva-
ceous). The levels of linoleic acid (C18:2) were lower in avian marine carnivores than in avian herbivores, insectivores,
and omnivores. Whilst the mean values of the individual fatty acids in fat from various avian species were separated by
hierarchical cluster analysis, the wide range of values of each fatty acid precluded any correlation of clustering with any
known variation in dietary items. Similarly, the wide range in fatty acid composition of kiwi fat rendered it unhelpful in

determining the optimum composition of the captive diet.
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1. Introduction

Fatty acids, the main constituent of most dietary lipids,
are released from ingested fat molecules such as triacyl-
glycerols during digestion but are not degraded before
storage [1]. Thisrelative resistance to degradation has led
to the use of fatty acid analyses of fat depots to infer die-
tary intake. Such inference would be of value in deter-
mining the natural diets of threatened or cryptic species
such as wild North Island brown kiwi (Apteryx mantelli).

The merit of this technique has been widely debated in
the literature. The majority of studies, based largely on
mammalian species, conclude that the method may pro-
vide a useful indicator of diet [1-6]. Evidence for this
comes from demonstration that the fatty acid composi-
tion of the depot fat of pigs[7] and rats [8] is influenced
by changes in dietary congtituents. It would be expected
that the method would be particularly useful in avian
species as they rely principally on fats as a source of en-
ergy [9]. This conclusion is supported by work showing
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that the fatty acid composition of the adipose tissue of
red grouse (Lagopus lagopus scotica) reflected that of its
main food plants [10]. Similarly, the relative proportions
of fatty acids in the depot fat of Adelie penguins (Py-
goscelis adeliae) were reported to correspond to that of
their normal diet [11].

Other evidence indicated that fatty acid profiles differ
in some respects from those in the diet e.g. in cattle and
sheep [12]. Indices of unsaturation of whole body fat
content have been reported to differ from those of the
diets in a range of birds including herring gulls (Larus
argentatus), skuas (Megalestris catarrhactes), gannets
(Sula bassana), and fulmar petrels (Fulmarus glacialis)
[13]. In white crowned sparrow (Zonotrichia leucophrys
gambelii) carcasses the proportions of linoleic and lino-
lenic acids were found to be lower than in the diet, but
the proportions of saturated and monounsaturated 16 and
18 carbon fatty acids higher than in the diet [14]. Simi-
larly, the relative proportion of myristic acid in the depot
fat of redpolls (Acanthis flammea) was greater than that
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in their natural diet [15].

A number of confounding factors may account for the
latter discrepancies. There may be variation in fatty acid
composition with site of sampling as was observed in
pigs where fatty acid composition showed greater fluc-
tuation with diet in back fat than in intramuscular fat [16].
Such variation may have resulted in part from the order
of deposition and in the turnover at particular sites. In
avian species, fats were found to be deposited initialy in
subcutaneous tissues and latterly in the furcular (clavico-
coracoid), interfurcular and abdominal regions [9]. Simi-
larly the turnover of dietary fats in humans varies with
the site of deposition [17,18], with the composition of
subcutaneous fat reflecting short-term variation in dietary
intake (<4 weeks) and that of intra-abdominal fat reflect-
ing long-term (>4 weeks) intake [19].

Local variation in fatty acid composition of fat stores
may also result from preferential storage of particular
fats at particular sites. Hence the degree of unsaturation
of dietary fatty acids was reported to influence the site at
which they were stored and subsequently utilised [16].
Such preferential deposition could result in energy-rich
substrates being stored at sites of particularly high activ-
ity and energy poor substrates being stored at sites of low
activity. Hence, in chickens, relatively higher ratios of
mono-unsaturated to polyunsaturated fats were found in
abdominal than in muscle fat [17]. All of these discrep-
ancies in fatty acid storage are likely to be influenced by

changes in turnover at times when metabolic require-
ments are increased and hence may change with the level
of volancy, season, and reproductive status [15].

Here, we survey published work regarding the fatty
acid profiles in the storage fats of avian species and
compare them directly with data obtained by us from
gizzard fat of wild North Island brown kiwi. We aso
investigate whether species can be separated on a basis of
the relative proportions of the more common fatty acids
or on abasis of their diet.

2. Materialsand Methods

We surveyed the literature for reports of the relative
proportions of four of the most common fatty acids
(palmitic, palmitoleic, stearic, oleic acids), and those of
two essential fatty acids (linoleic and linolenic acid) in
depot fat in avian species of known dietary habit (for
references see Table 1). These results were combined
with those from our analyses of the gizzard fat from the
carcasses of adult North Island brown kiwi. The causes
of death of these birds included accidental trapping, in-
jury from motor vehicles, and predation. The carcasses
were received in varying states of decomposition. The
abdominal cavities of al birds had been opened on re-
ceipt and fat samples taken from the serosal surface of
the gizzards as part of a prior investigation [20]. For the
purposes of the current work the gizzard fat was dried at

Table 1. Comparison of the mean proportions of various fatty acids (as a percentage of the total fatty acid content) in the
body fat of various avian species with different dietary habits. Ranges are given in brackets after value. Species names, the
type of fat analyzed, sample sizes, and references are indicated in the footnotes. Species classified as insectivores may also
consume seeds and/or crustaceans. Data are for adult birds unless otherwise stated.

Fatty Acid
Dietary habit Species
Palmitic Palmitoleic Stearic Oleic Linoleic Linolenic
Herbivore Black grouse® 19 (16 - 22) 3(2-3) 7(6-8) 42(34-51)  21(14-29) 4(2-6)
Omnivore Canada geese™® 22 (17 - 25) 3(3-4) 5(4-5) 46 (34 - 55) 20 (13- 30) 4(1-12)
Mallard' 20 (16 - 24) 3(2-4) 7(6-9) 48 (42-57) 19(15-24) 2(1-3)
Insectivore Kiwi¢ 20 (13- 28) 2(1-4) 10(4-20)  43(24-58) 10 (5- 19) 2(0.3-98)
Red-eyed vireo® 18 28 3 33 16 2
White-throated sparrow’ 16 (12 - 22) 3(2-5) 6(6-7) 35(34-37)  33(24-40) 4(3-4)
Northern fulmar™® 9(9-10) 4(3-4) 3(3-3) 17 (10- 22) 1(1-21) 04(0.2-1)
Marine carnivore
Wedge-tailed shearwater” 25 (23 - 27) 5(5-5) 7(6-7) 21 (19- 24) 2(2-2) 2(2-2)
Great-winged petrel 15 (13- 18) 5(4-6) 4(2-6) 41 (40 - 41) 2(2-3) 0.3
Semi-palmated sandpiper”! 27 7 8 23 4 2

"Denotes migratory species; “Tetrao tetrix; crop, heart and gizzard fat; 2 [28]; "Branta canadensis; visceral fat (posterior to the gizzard); 22 [29]; “Anas
latyrhynchos; peritoneal fat; 75 [30]; “Apteryx mantelli; gizzard fat; 14 [this study]; and, subcutaneous fat; 1 [22]; ®Vireo olivaceus; subcutaneous fat; 22 [31];
Zonotrichia albicollis; adipose fat; 68 [32]; “Fulmaris glacialis; adipose fat; 101 [33]; "puffinus pacificus; adipose fat; 2 chicks [34]; 'Pterodroma macroptera;

adipose fat; 2 chicks [34]; 'Calidris pusilla; subdermal fat; 3 [35].
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105°C in a convection oven (Watvic) and fats extracted
with 60/80 petroleum spirit. The fats were then methyl-
lated and relative proportions of fatty acids determined
following separation by gas chromatography as areas
under the curve relative to a standard [21]. All analyses
were conducted at the Nutrition Laboratory, Massey
University, Palmerston North, New Zealand.

Data on the fatty acid composition of kiwi gizzard de-
pot fat obtained from this study were compared with data
obtained for subcutaneous fat from one North Island
brown kiwi and partial data for breast fat from a second
North Island brown kiwi, both reported in Shorland and
Gass[22].

Statistical comparison of results between species was
complicated by the fact that a number of the studies did
not report data for individual birds and that sample size
varied greatly between studies, there being generally
insufficient data to determine distribution and homoge-
neity of variance (see Table 1). Further, the various
methodologies for quantifying fatty acids also varied
between studies. Consequently we compared data by
hierarchical cluster analysis [23] computed on a basis of
Euclidian distance (root mean squared distances) using
SYSTAT version 12 [24]. Euclidean distance is consid-
ered most suitable for separation based on quantitative

variables [25]. Divisions between groups were calculated
on a basis of their un-weighted pair group means (UP-
GMA) using Ward's algorithm [26]. Ward's method is a
UPGMA dgorithm in which the Euclidean distances
between al of the pairs of objects in different clustersis
averaged to determine the distance between the respec-
tive clusters [27].

The clustering hierarchy obtained was examined from
the viewpoint of its ability to separate species on a basis
of their reported diet.

3. Reaults
3.1. Kiwi

The median, upper and lower quartile, and outlier data
for palmitic, palmitoleic, stearic, oleic, linoleic and lino-
lenic fatty acids as percentages of the total fatty acid
content of 14 North Island brown kiwi gizzards are pre-
sented in Figure 1 aong with the values from an indi-
vidual kiwi for the same fatty acids in subcutaneous fat
reported by Shorland and Gass [22]. These authors also
presented data for the percentages of three fatty acids in
the breast fat of another kiwi (data not included in Fig-
ure 1): palmitic 17.5%; palmitoleic 2.9%; stearic 7.5%.
For al but stearic acid (where the value was lower), the
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Figure 1. Box-plots of the palmitic, palmitoleic, stearic, oleic, linoleic and linolenic acid content of depot fat in kiwi gizzards

(this study) and in skin [22].
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values presented by Shorland and Gass [22] fell within
the ranges we measured in kiwi gizzard fat.

3.2. Simple Quantitative Comparison across
Species

Data obtained from the literature on relative proportions
of pamitic, pamitoleic, stearic, oleic, linoleic and lino-
lenic acids in depot fat of nine avian species of known
dietary habit were compared with those of North Island
brown kiwi (Table 1). The mean proportions of oleic and
pamitic acids in kiwi fat were higher than those of
pamitoleic, stearic, linoleic and linolenic acid. The same
trend was common in fat from all species except black
grouse (Tetrao tetrix) and white-throated sparrow (Zo-
notrichia albicollis) in which mean proportions of li-
noleic acid exceeded those of palmitic acid. The mean
ratio of linoleic to linolenic acid in kiwi fat was 5:1,
which was similar to that in fat from black grouse and
Canada geese (Branta canadensis). The proportions of
stearic and linolenic acids relative to those of the other
fatty acids were low in all avian species analyzed. The
relative proportion of linoleic acid was lower in the depot
fat of avian marine carnivores than in that of avian spe-
cies of other dietary habit. The relative proportion of
pamitoleic acid was higher in fat from red-eyed vireos
(Vireo olivaceus) than in fat from other species.

The magnitudes of the ranges in values of each fatty
acid across individual birds were greater in kiwi than in
any of the other species for al but linoleic acid where
kiwi ranked third behind Canada geese and white-
throated sparrows.

3.3. Dendrographic Analyses

The dendrographic analysis based on mean fatty acid
proportions separated the 10 avian species into two main
clusters (Figure 2), with the group comprising a passer-
ine insectivore (vireo) and three marine carnivores (sand-
piper (Calidris pusilla), shearwater (Puffinus pacificus)
and fulmar (Fulmarus glacialis)) separating markedly
(Euclidean distance between groups 28) from the re-
maining species. The mean fatty acid profile of the vireo
depot fat was separated from those of the remainder of the
first group at a Euclidean distance of 16. The mean fatty
acid profiles of the petrel and kiwi were separated from
those of the remaining species in the second group at a
distance of 13. Those of the remaining species in the se-
cond group were separated by a Euclidean distance of 10.

4. Discussion
4.1. Non-Essential Fatty Acids

The consistently high proportions of palmitic and oleic
acids, across the range of avian species that were evalu-
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Figure 2. Dendrogram of the mean palmitic, palmitoleic,
stearic, oleic, linoleic and linolenic acid proportionsin body
fat of various avian species. MC = marine carnivore; | =
insectivore (the vireo and white-throated sparrow may also
consume seeds and berries); O = omnivore; H = herbivore; '
= migratory. See Table 1 footnote for details of species
names, the type of fat analyzed, sample sizes, and refer-
ences.

ated, are consistent with the high proportions reported in
other taxa [11]. Both of these fatty acids are readily syn-
thesized endogenously in most species and thus their
proportions are less likely to reflect diet. Palmitic acid is
the most abundant fatty acid in eukaryotes [10]. It is the
primary product of long-chain fatty acid synthesis in both
plants and animals and is readily converted by desatura-
tion or elongation into a variety of fatty acids [11]. Oleic
acid is the most common unsaturated fatty acid and is the
precursor for the production of other polyunsaturated
fatty acids[11].

With the exception of vireos, both stearic and pal-
mitoleic acids were found in low levelsin depot fat of all
10 avian species examined irrespective of their diet.
Apart from ruminants, that have characteristicaly high
levels of stearate in their depot fat [8], stearic acid is
generally found in lower proportions in depot fat asit is
rapidly converted by desaturation into oleic acid [7].
Palmitoleic acid is generally a minor component of ani-
mal and vegetable fats, although some fish, seed oils and
invertebrates contain substantial quantities [11] [Potter,
unpublished data]. The relatively high level of palmitoleic
acid found in red-eyed vireo fat is likely to be due to its
insectivorous diet [36].

The fatty acid profiles of gannets, fulmars, skua gulls
and herring gulls are similar to those in most marine fish
[13]. The fatty acid profiles in the herbivorous, omnivo-
rous and insectivorous species examined were generally
similar.

FNS



162 The Profile of Abundant and Essential Fatty Acidsin Depot Fat Varies
More in Kiwi (Apteryx mantelli) than in Other Avian Species

Strongly migratory birds have been reported to accu-
mulate greater proportions of unsaturated fatty acids in
their fat stores [37-39] which may be of advantage during
the metabolic demands of migration [40]. Other work
reported the contrary showing no change in the propor-
tion of unsaturated acids in the periods leading up to,
during, and post migratory phases [23,41]. The results of
this study support the latter finding in showing that there
is no greater proportion of unsaturated fatty acids in the
fat stores of migratory than in non-migratory birds.
Moreover, the fat of non-migratory insectivorous species
had generally higher oleic acid levels than those of the
marine carnivorous hirds that are likely to require higher
fat storesin order to fly greater distances.

4.2. Essential Fatty Acids

Linoleic (omega 6) and linolenic (omega 3) fatty acids,
cannot be synthesized by animals and must be sourced
directly from the diet [42]. Linoleic acid is found in
quantity in most seeds and seed oils [43] and linolenic
acid is the main fatty acid in leafy material [44], algae
and phytoplankton [45]. The level of linolenic acid in the
depot fat of most animalsis generally low [46].

It may therefore be considered that the levels of li-
noleic and linolenic acids are more likely to reflect die-
tary intake than endogenously synthesizable fats. Sea
birds are likely to exemplify this because their diets con-
tain little or no metabolizable carbohydrate so they have
little opportunity to synthesize fat [8]. It is possible, how-
ever, that stores of either essential fatty acid may become
“diluted” when the birds store large quantities of com-
mon fatty acids for use during migration or hibernation.
In thisregard it is noteworthy that the compositions of fat
stores in migratory birds are reported to differ from those
of non-migratory birds [47] on a basis of the ratio of an
abundant to an essential fatty acid. Hence migratory birds
are reported to store more oleic acid relative to linoleic
acid than their non-migrant counterparts [9]. However,
the results of this study did not show any separation
based on this pattern.

4.3. Dendrographic Analyses

The dendrogram of the proportions of palmitic, pal-
mitoleic, stearic, oleic, linoleic and linolenic acids in
body fat separated three of the four marine carnivores
and an insectivore into one of the main divisions, and the
remaining marine carnivore and the other avian species
into the second division. Even though the insectivorous
vireo separated with the main group of marine carnivores
it then separated further into a solo group. The high
palmitoleic acid content of the depot fat of vireo com-
pared with the other insectivorous species is likely to
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have effected this separation. The separation of the ma-
rine carnivores across the main division likely indicates
that these species have awidely varied dietary intake.

It is interesting that relative proportions of fatty acids
in the fat of the three avian insectivores separated so
widely on the dendrogram. While we classified both the
red-eyed vireo and the white-throated sparrow as insec-
tivores, it is noteworthy that the diet of the former
changes from insects to fruit in fall [48], and the diet of
the latter includes seeds and berries throughout the year
[32]. Thisislikely reflected in the fatty acid composition
of their depot fat. Similarly, while the diet of kiwi com-
prises at least 90% invertebrates, the remaining 10%
comprises seeds and fruit [49].

In this study we have focused on avian species, but
comparisons with relevant mammalian species are useful.
The fatty acid composition of the echidna, a monotreme
insectivore [50], differs markedly from that reported here
for kiwi. The very high levels of oleic acid in echidnas
are likely due to their consumption of ants and termites,
insects that are not consumed by kiwi.

The fatty acid composition of insect fat varies mark-
edly across taxa [51] and can change with age, season,
and location [14]. That of fruit varies markedly between
species [52]. This, along with the catholic dietary habits
of wild kiwi and a tendency for them to feast on dietary
items when abundant [49], is the likely cause of the wide
variation in fatty acid composition of their adipose tissue.
While such variation renders their depot fat a poor indi-
cator of dietary intake, their catholic habits are manifest
in their acceptance of arange of different diets in captiv-
ity [53].

Whilst this study is the first to provide details of the
fatty acid profile of the depot fat of North Island brown
kiwi, it aso indicates that the wide variation in its com-
position across individuals renders it unhelpful in deter-
mining the optimum composition of the captive diet.
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