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ABsTRACT.—Many studies of nutrient allocation to egg production in birds use stable isotope ratios of egg yolk to identify the origin
of nutrients. Dry egg yolk contains >50% lipids, which are known to be depleted in *C. Currently, researchers remove lipids from egg yolk
using a chemical lipid-extraction procedure before analyzing the isotopic composition of protein in egg yolk. We examined the effects of
chemical lipid extraction on 8'*C, 8'°N, and 8%4S of avian egg yolk and explored the utility of an arithmetic lipid correction model to adjust
whole yolk 8C for lipid content. We analyzed the dried yolk of 15 captive Spectacled Eider (Somateria fischeri) and 20 wild King Eider
(S. spectabilis) eggs, both as whole yolk and after lipid extraction with a 2:1 chloroform:methanol solution. We found that chemical lipid
extraction leads to an increase of (mean * SD) 3.3 +1.1%o in 8'3C, 1.1 £ 0.5%o in 8"°N, and 2.3 £ 1.1%o in §**S. Arithmetic lipid correction
provided accurate values for lipid-extracted 8**C in captive Spectacled Eiders fed on a homogeneous high-quality diet. However, arithmetic
lipid correction was unreliable for wild King Eiders, likely because of their differential incorporation of macronutrients from isotopically
distinct environments during migration. For that reason, we caution against applying arithmetic lipid correction to the whole yolk 8'*C of
migratory birds, because these methods assume that all egg macronutrients are derived from the same dietary sources. Received 12 June
2008, accepted 27 May 2009.
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Efectos de la Extraccion de Lipidos sobre los Cocientes de Is6topos Estables en la Yema de Huevos de Aves:
sesla Correccion Aritmética una Alternativa Confiable?

RESUMEN.—Muchos estudios sobre la asignacion de nutrientes en la produccién de huevos en las aves usan cocientes de isétopos
estables presentes en la yema para identificar el origen de los nutrientes. La yema seca del huevo contiene >50% de lipidos, los cuales se
sabe que son pobres en 3C. Los métodos utilizados actualmente remueven los lipidos de la yema utilizando un procedimiento quimico
de extraccién antes de analizar las composiciones isotopicas de las proteinas de la yema. En este estudio, examinamos los efectos de la
extraccion quimica de lipidos sobre los is6topos 813C, 81°N y 8%4S de yemas de huevos de aves y exploramos la utilidad de un modelo
de correccién aritmética de los lipidos para ajustar el §'3C de toda la yema por el contenido total de lipidos. Analizamos la yema seca
de huevos de 15 individuos cautivos de Somateria fischeri'y de 20 individuos silvestres de S. spectabilis, considerando tanto los andlisis
de la yema completa como los de la extraccién de lipidos con una solucién 2:1 de cloroformo:metanol. Encontramos que la extraccion
quimica de lipidos lleva a un aumento de (media = DE) 3.3 £ 1.1%0 en 8 13C, 1.1 £ 0.5%o en 8 °N y de 2.3 + 1.1%o en & 34S. La correccién
aritmética de lipidos entregé valores precisos para el 8 13C de lipidos extraidos en los individuos cautivos que fueron alimentados con
una dieta homogénea de alta calidad. Sin embargo, la correccién aritmética de lipidos no fue confiable para los individuos silvestres de S.
spectabilis, probablemente debido a que durante la migracion éstos incorporan diferentes macro-nutrientes provenientes de ambientes
isotopicamente diferentes. Por esta razon, sugerimos tener precaucion en la aplicacién de la correccion aritmética de lipidos del 8*C de
toda la yema de aves migratorias, debido a que estos métodos suponen que todos los macro-nutrientes del huevo derivaron de la misma
fuente de alimentos.
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TRACING THE ORIGIN of nutrients used for reproduction is one
of the key goals of many ecological studies, and stable isotopes are
increasingly used to determine the sources of nutrients acquired
and utilized by animals (Hobson 1995, Gannes et al. 1998, Fry
2006). In many avian studies, stable isotope ratios of egg compo-
nents have revealed valuable information about the proportional
contribution of exogenous and endogenous nutrient sources to
egg synthesis (Hobson et al. 1997, 2004, 2005; Gauthier et al. 2003;
Morrison and Hobson 2004).

Most of the energy in an egg is stored in the yolk (Sotherland
and Rahn 1987); hence, studies that examine nutrient allocation
to reproduction in birds often focus on egg yolk. Dry avian egg
yolk is composed of 250% lipids in most bird species (Carey et al.
1980, Sotherland and Rahn 1987, Burley and Vadehra 1989), and
lipids are depleted in ¥C, compared with proteins and carbohy-
drates (DeNiro and Epstein 1977). Thus, differences in lipid con-
tent of samples can confound the interpretation of carbon stable
isotope ratios (Post et al. 2007), and many ecological studies either
chemically remove lipids from target tissues or apply an arithme-
tic correction to account for the higher abundance of lighter car-
bon isotopes in lipids (Kiljunen et al. 2006, Sweeting et al. 2006,
Post et al. 2007).

Arithmetic lipid correction has been developed for fish and
invertebrate tissues (Kiljunen et al. 2006, Sweeting et al. 2006,
Smyntek et al. 2007); however, the reliability of these corrections
for avian yolk, with its higher lipid content, has not been estab-
lished (Post et al. 2007, Logan et al. 2008, Mintenbeck et al. 2008).
The current lack of a reliable arithmetic correction has made
chemical lipid extraction necessary for analysis of carbon stable
isotope ratios in avian egg yolk (Gauthier et al. 2003, Hobson et
al. 2005, Bond et al. 2007). Lipid extraction is assumed to nor-
malize carbon stable isotope ratios but has also been shown to af-
fect nitrogen stable isotope ratios in fish and invertebrate tissues
(Sereide et al. 2006, Sweeting et al. 2006, Logan and Lutcavage
2008). We are aware of only one study on the isotopic effects of
lipid extraction in avian eggs, but that study (Ricca et al. 2007) did
not separate yolk and albumen components of eggs. Thus, it is un-
known how chemical lipid extraction affects the carbon, nitrogen,
and sulfur stable isotope ratios in avian egg yolk.

We used data from two sea duck species, captive Spectacled
Eiders (Somateria fischeri) and wild King Eiders (S. spectabilis),
to examine differences in carbon, nitrogen, and sulfur stable iso-
tope ratios between whole egg yolk and chemically lipid-extracted
yolk. We then used two different arithmetic lipid correction
approaches, based on empirically derived constants and published
parameters, respectively, to evaluate whether they could reliably
estimate carbon stable isotope ratios for lipid-free yolk. On the
basis of our results, we formulated a set of recommendations for
ornithologists to account for lipids in avian egg yolk.

METHODS

Study species.—King and Spectacled eiders are sea ducks that
nest during a short season in the Arctic and spend the rest of the
annual cycle in coastal marine areas at high northern latitudes.
During the breeding season, these species lay 4—7 eggs in every
clutch.Eggs average ~67 g in King Eiders (Suydam 2000) and ~71 g
in Spectacled Eiders (Petersen et al. 2000).

Egg collection.—We collected 40 King Eider eggs on the Arc-
tic coastal plain of Alaska in June 2006 and 2007. The study area
was located 30 km south of the Beaufort Sea, near Teshekpuk Lake
(70°26'N, 153°08"W). We searched the study area on foot for nests
and collected 1 fresh egg from 20 nests each year. Eggs were boiled
in the field and subsequently kept frozen until separation and
analysis (Gloutney and Hobson 1998).

Fifteen eggs laid by captive Spectacled Eiders housed at the
Alaska SealLife Center (Seward, Alaska) were collected in May and
June 2006. These birds were raised and maintained in captivity
and fed a homogeneous diet consisting mostly of ground corn,
wheat, and fish meal (Mazuri Sea Duck Diet, Purina Mills, St.
Louis, Missouri) throughout their life. Fresh yolk was separated
from albumen and kept frozen until analysis.

Laboratory techniques.—Following common practice used in
most isotopic studies of avian eggs, we lyophilized and then ho-
mogenized yolk samples from each egg (» = 40 King Eider, n =15
Spectacled Eider) by grinding with a mortar and pestle. We then
removed lipids by rinsing samples with a 2:1 chloroform:methanol
solution (Bligh and Dyer 1959). We used ~5 mg of dry yolk sample
and soaked samples multiple times for 24 h each until the solvent
wash was completely clear. We extracted dissolved lipids manu-
ally with a pipette and kept them uncovered under a fume hood at
room temperature until all solvent had evaporated. Lipid samples
were then kept frozen until analysis. For each component (whole
yolk, lipid-free yolk, yolk lipids), we placed 0.2—0.4 mg in small tin
capsules for 8'3C and 8N analysis. We used 0.9-1.2 mg of whole
and lipid-free yolk for 834S analysis. We analyzed §'3C and §"°N
for both King and Spectacled eider eggs but analyzed 83*S only for
King Eider eggs.

‘We measured stable isotope compositions by continuous-flow
isotope ratio mass spectrometry (CF-IRMS) at the Alaska Stable
Isotope Facility (University of Alaska Fairbanks, 8'*C and 8'°N)
using a Finnigan Delta?™>XP CF-IRMS and at the Stable Isotope
Ratio Facility for Environmental Research (University of Utah,
8%4S) using a Finnigan MAT Delta S CF-IRMS. We report results
in delta (8) notation in relation to the internationally recognized
standards (Vienna-PeeDee Belemnite for C, atmospheric air for
N, Vienna-Canyon Diabolo Troilite for S) according to the follow-
ing equation: 8X (%o) = ([Rsample/Rstandard] — 1) x 1,000, where X
denotes either 1*C, °N, or 34S and R represents the ratio of '*C/12C,
I5N/MN, or 34S/32S, in relation to the respective standards. Stan-
dard deviation of known laboratory standards (peptone §13C =
-15.8%o and 8N = 7.0%o; bovine liver 84S = 8.0%o) run concur-
rently with samples was estimated to be 0.1%o, 0.2%o, and 0.3%o for
carbon, nitrogen, and sulfur isotope measurements, respectively.

Arithmetic correction for lipids in yolk.—We used two
approaches to assess the validity of arithmetic correction for §13C
in egg yolk of captive Spectacled Eiders and wild King Eiders.
Approach 1 was based on an empirically derived constant, and
approach 2 was based on a model incorporating lipid content
and a correction constant derived from published values for the
isotopic difference between yolk lipid and protein.

Approach 1: Correction using an empirically derived
constant.—Because the difference in 83C between whole and
lipid-free tissues (defined here as A8'3C) approaches a constant at
high C:N ratios (Kiljunen et al. 2006, Logan et al. 2008), a simple,
empirically derived correction factor may be the most appropriate
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approach for correcting lipid-rich tissues such as avian egg yolk
(Ricca et al. 2007). Thus, we calculated the isotopic difference be-
tween whole yolk and lipid-extracted yolk (A§"C =8"C , yolk ~
6‘3Clipi Lfree yoll() for each yolk sample and tested for a relationship
with the C:N ratio of whole yolk using a simple linear regression.
We then compared the actual A613Csample of each sample with
the species-specific correction constant A3**C__ by calculat-
ing absolute residuals (JASPC_ | - ASPC  |) for each egg.
These residuals indicate the error associated with using a constant
species-specific correction factor instead of manually extracting
lipids from each yolk sample to obtain 8'3C of lipid-free yolk. We
report means (£ SD) of those absolute residuals separately for King
and Spectacled eiders.

Approach 2: Correction using published parameters.—We
used a common arithmetic correction model that is based on lipid
content (calculated from the C:N ratio) and the isotopic differ-
ence between yolk lipid and yolk protein, defined as parameter D
(McConnaughey and McRoy 1979, Kiljunen et al. 2006, Logan et
al. 2008). Published values of D are available for several bird spe-
cies (Appendix). Thus, we examined whether these published es-
timates of D could be used to accurately estimate §'*C
King and Spectacled eider egg yolk.

We calculated the percentage lipid content of egg yolk from
the C:N ratio of whole yolk using a standard equation (McCon-
naughey and McRoy 1979) adjusted for the total percentage of pro-
tein and lipid in dried avian egg yolk (96%; Burley and Vadehra
1989). The C:N ratio was very similar in yolk of both species in our
study and resulted in an average lipid content of 71 £1.5% (Table 1).
We therefore simplified the correction factor of the original arith-
metic correction model (Kiljunen et al. 2006, Logan et al. 2008)
and calculated lipid-corrected yolk 8§*C 4 using the follow-
ing equation:

corrected of

correcte:

813C =83C+0.82%xD 1)

corrected
where 813C is the measured value of the whole yolk sample and
D is the isotopic difference in 8'3C between yolk lipids and lipid-
free yolk (Kiljunen et al. 2006). We used an average D for carnivo-
rous ducks for our model (D = 5%o; Appendix) and compared the
SBC_ eeteq €Stimates to actual values of chemically extracted yolk
samples (8"°C__ ) usinga paired-samples two-tailed t-test with
a = 0.05. We report this model prediction error (%o; 8*C_ . .~
SBC_ . .crea) Separately for Spectacled and King eiders. We then
calculated D for our yolk samples on the basis of §'3C of yolk lipids

TasLE 1. Lipid content, difference in 8"*C between whole and chemically
lipid-extracted yolk (A8"*C), difference in 8'*C between yolk lipids and
chemically lipid-extracted yolk (parameter D), and C:N ratio of whole
yolk from 20 wild King Eider and 15 captive Spectacled Eider eggs.

King Eider Spectacled Eider
Mean £ SD Range Mean = SD Range
Lipid content (%) 70.5+1.2  68.3-72.0 71.8%1.6 68.6-74.4
A3 C (%o) 28+1.2 0.4-4.7 4103 3.6-4.5
D (%0) 43+17 0.5-6.3 5.5+0.3 4.7-5.9
CNhole volk 144+0.7 13.2-153 153%1.1 13.3-17.1

TabLE 2. Comparison of whole yolk and chemically lipid-extracted yolk
isotope values and the difference between whole and chemically lipid-
extracted yolk of captive Spectacled Eider and wild King Eider eggs
(mean £ SD). All differences are statistically significant with P < 0.001.

Isotope Whole Lipid-free  Difference
Species ®) n yolk (%o) yolk (%o) (%o)
Spectacled 1BC 15 -233+£03 -19.2+0.2 41+0.4
Eider BN 15 9.4+0.6 10.6 £0.4 1.2+£0.7
King Eider 13C 20 -240+24 -212%23 28+1.2
N 20 9.2+1.4 10.2+£1.4 1.0£0.3
348 30 9.8+2.3 121+2.4 23+11

and lipid-free yolk and estimated whether measurements of D for
individual King Eider eggs were related to the magnitude of the
prediction error.

REsuLTS

Extraction of lipids from eider egg yolk led to a significant increase in
sulfur, nitrogen, and carbon isotope ratios of yolk samples (Table 2).
The C:Nratio of whole yolk samples ranged from 13.2 to 17.1 (Table 1).
There was no relationship between C:N ratio of whole yolk and the
difference (A8'3C) between whole yolk 8'3C and lipid-extracted yolk
8'3C in either King or Spectacled eider eggs (linear regression, P =
0.60 and 0.24, respectively; Fig. 1). Thus, AS3C (Table 1) could be
used as a constant to correct whole yolk 8*C for lipid content by
adding it to 8°C_, . soli- 1 we used the species-specific A81C to
lipid-correct whole yolk samples, the mean absolute residuals were
within the range of measurement error for captive Spectacled Ei-
ders (0.2 £ 0.1%o0). However, A§'3C was highly variable in King Eider
eggs (Table 1), and mean absolute residuals for lipid-corrected yolk
were >4x larger than measurement error (0.9  0.8%o).
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FiG. 1. Relationship between the C:N ratio of whole yolk and the differ-
ence (A3"C) between whole yolk 83C and chemically lipid-extracted
yolk 8"3C of wild King Eider (white circles) and captive Spectacled Eider
(black circles) eggs.
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FiG. 2. Relationship describing the isotopic difference between lipid and
protein fraction in egg yolk measured in our samples (measured D) as
a function of the prediction error (%o; 8C_ . 1eq = 9" Coryracied) Of lipid-
corrected yolk samples from 20 wild King Eider eggs (linear regression,
b =-1.1, * = 0.92). We calculated 8"C_, .4 Using a constant of D =
5%o based on published values.

The arithmetic correction model based on lipid content
and published values of D (Equation 1) provided results similar
to those of the correction using an empirically derived AS13C: it
predicted 813C extremely well in Spectacled Eider yolk (prediction
error = 0.0%o * 0.2%o, paired ¢-test, £ =-0.73, df =14, P=0.47) but
poorly in wild King Eider yolk (prediction error =1.3 £1.2%o, t =
-4.94, df =19, P < 0.001). Using this model allowed us to evalu-
ate a key assumption of lipid correction models, namely that the
mean difference in 8'*C between yolk lipids and lipid-free yolk (D)
is constant. Both A8'*C and D were much more variable in King
than in Spectacled eider yolk (Table 1). The prediction error of the
lipid correction model in King Eider eggs increased significantly
with increasing deviation of actually measured D from the con-
stant used in the model (Fig. 2). Thus, nonconstant values of D in a
wild migratory bird resulted in poor performance of the lipid cor-
rection model.

DiscussiON

We found that the current practice of using chemical lipid extrac-
tion to prepare avian yolk samples for isotope analysis affects the
8N and &3S values of treated samples. The magnitude of the in-
crease in both 8'°N (1.1%0) and §3*S (2.3%o) is sufficient to alter the
conclusions of nutrient allocation studies. Therefore, we recom-
mend using whole yolk samples instead of lipid-extracted yolk
samples for analysis of §°N and §%*S.

The effect of lipid extraction on 8N in the present study is
similar to the increase of 0.3-2.8%o found in invertebrate and fish
tissues (Sotiropoulos et al. 2004, Soreide et al. 2006, Sweeting et
al. 2006). This is most likely attributable to accidental leaching of
proteins from yolk because the polar solvent used (methanol) is
not lipid specific. Some polar structural lipids are associated with

proteins, and when polar lipids are removed, the loss of associ-
ated proteins could lead to an increase in 8'°N (Sotiropoulos et al.
2004, Sweeting et al. 2006). A different solvent (e.g., diethyl ether)
that does not remove polar lipids did not alter 8'°N in whole eggs
(Ricca et al. 2007) but may be less effective in removing all lipids
(Manirakiza et al. 2001, Schlechtriem et al. 2003).

We also found a large and previously undocumented increase
in 8*4S in lipid-extracted King Eider yolk samples. Sulfur is mainly
associated with sulfur-bearing amino acids in proteins, and inci-
dental loss of proteins associated with polar structural lipids could
also cause a loss of isotopically depleted sulfur. A further potential
cause of the increase in 834S is the loss of sulfolipids through the
extraction process (C. Stricker pers. comm.). Sulfolipids are vital
components of all photosynthetic membranes and are the most
abundant biological sulfur compound after amino acids (Benson
1963, Harwood and Nicholls 1979). They are soluble in chloro-
form, and removal by lipid extraction may therefore alter the 84S
signature of yolk samples (Joyard et al. 1988).

Given that chemical lipid extraction affects both nitrogen
and sulfur isotope ratios, an arithmetic lipid correction for 813C of
whole yolk samples would be preferable. Because of the lack of a re-
lationship between C:N ratio and A8'3C in our yolk samples, lipid
correction could be accomplished by adding a constant (A8'3C)
to whole yolk 83C (Ricca et al. 2007). This constant would need
to be determined experimentally by lipid-extracting a subset of
yolk samples and analyzing 8'*C in both whole and lipid-extracted
yolk, because published values are sparse and A8*C may range
from 1.1%o to 4.1%0 among different species (Hobson 1995, pres-
ent study). We also found that an arithmetic correction based on
C:N ratios and published values of the isotopic difference between
yolk lipid and yolk protein in carnivorous ducks provided highly
accurate results for captive Spectacled Eiders fed a homogeneous
high-quality diet. By contrast, both arithmetic lipid-correction
approaches performed poorly for wild King Eider eggs, in that pre-
dicted 8*C_ ., deviated by as much as 3.7%o from measured
8C,,, crea (Fig. 2). This difference can significantly affect the out-
come of mixing models and thus alter the conclusions of isotopic
studies (Phillips 2001).

Why is lipid correction accurate for captive but not for wild
eiders? We suggest that prediction error in wild migratory birds
results from the variable origin of macronutrients in egg yolk. If
protein and lipid in egg yolk are derived from isotopically different
sources, the isotopic differences between yolk lipid and protein
(parameter D), or between whole yolk and lipid-free yolk (A83C),
are confounded by the isotopic difference between the sources.
Migratory birds can obtain macronutrients for egg production at
different stages of the annual life cycle (Hobson et al. 2000) and
from isotopically distinct environments (Fig. 3). This process can
result in variation in D and A8'*C (Table 1), thereby violating the
assumption that these parameters are constant. Indeed, variabil-
ity in measured D in wild King Eider eggs explained most of the
prediction error (Fig. 2). We recommend careful consideration of
the potential origins of lipids and protein in yolk before any arith-
metic correction is applied.

Recommendations for future studies.—In summary, we cau-
tion against the interpretation of 84S and 8'°N values from chem-
ically treated yolk samples. We do not recommend arithmetic
lipid correction of egg yolk 8'3C for wild birds that are likely to
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FIG. 3. Schematic presentation of how parameter D (the isotopic difference between lipid and protein fractions in egg yolk) can vary in bird species
that obtain macronutrients from different ecosystems. The concept is demonstrated for birds that breed in a freshwater environment with food de-
pleted in 8'3C but migrate or winter (or both) in a marine environment with food enriched in 8'*C. D can assume values greater or smaller than the
hypothetical constant D = 5%., depending on which macronutrient is transferred between ecosystems.

differentially allocate lipids and protein from isotopically dis-
tinct diet sources or environments. Yolk samples from those spe-
cies should be analyzed in both the lipid-extracted (for 8'3C) and
bulk form (for 8%*S and 8'°N) if inference from multiple isotopes
is desired.

For species that likely derive lipids and proteins from the
same source and environment, we recommend the following steps
to minimize analytical costs. (1) Analyze whole yolk for 83C and
8N, and calculate C:N ratios from standard output of isotopic
analysis. (2) Choose at least 10 yolk samples representing the en-
tire range of C:N ratios for that species, chemically lipid extract
yolk, analyze 8"3C of lipid extracted yolk, and calculate A3'3C for
these 10 samples. (3) Analyze the relationship between C:N ratio
and A813C for these 10 samples; if variation in A8'3C around the
regression line is within the range of measurement uncertainty
(SD < 0.3%o), then arithmetic lipid correction is possible for the re-
maining eggs of that species. (4) If there is no relationship between
ASBC and the C:N ratio, use the simple correction of adding the
average of measured A8"C to whole yolk (Ricca et al. 2007). (5)
Otherwise, use the regression relationship between C:N ratio and
A8'3C to arithmetically correct yolk samples (Post et al. 2007). Al-
though the model suggested by Kiljunen et al. (2006) is robust for
lipid-correcting yolk, it is likely that over the range of lipid content
in avian egg yolk, the relationship between A8'*C and C:N ratio

will be linear (Sotherland and Rahn 1987, Ricca et al. 2007) and a
simple correction based on A8*C will be sufficient. We encour-
age researchers to report all isotopic measurements of egg yolk
in future studies and validate the model that provided accurate
predictions in our study of captive Spectacled Eiders for species
in the wild.
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APPENDIX. Published data on the mean difference in §'3C between chemically lipid-extracted yolk and yolk lipids (parameter D) from a variety of
bird species. D can be used as a constant in arithmetic lipid-correction models. Multiple rows for a single species represent different study years or
study sites. Data for D from species in bold (carnivorous ducks) were used in our model for sea ducks.

813C lipid- 81C yolk
Species n free yolk lipids D Source
Double-crested Cormorant (Phalacrocorax auritus) 10 -22.8 -25.3 2.5 Hobson et al. 1997
6 -23.9 -25.7 1.8 Hobson et al. 1997
Greater Snow Goose (Chen caerulescens atlantica) 20 -25.3 -29.2 3.9 Gauthier et al. 2003
20 -25.0 -28.6 3.6 Gauthier et al. 2003
25 -24.5 -27.3 2.9 Gauthier et al. 2003
18 -25.0 =271 2.1 Hobson et al. 2000
Ross’s Goose (C. rossii) 18 -25.8 -28.0 2.2 Hobson et al. 2000
Mallard (Anas platyrhynchos) 16 2.7 Hobson 1995
Redhead (Aythya americana) 32 -29.2 -329 3.7 Hobson et al. 2004
King Eider (Somateria spectabilis) 44 -23.8 (-26.4)* Lawson 2006
Long-tailed Duck (Clangula hyemalis) 29 -23.6 (=25.9)2 Lawson 2006
Barrow’s Goldeneye (Bucephala islandica) 24 -24.7 -31.0 6.3 Hobson et al. 2005
Ruddy Turnstone (Arenaria interpres) 24 -25.3 -30.4 5.1 Morrison and Hobson 2004
Parasitic Jaeger (Stercorarius parasiticus) 10 -24.4 -27.5 3.1 Hobson et al. 2000
Bonaparte’s Gull (Chroicocephalus philadelphia) 8 -24.8 -29.0 4.2 Hobson et al. 2000
Ring-billed Gull (Larus delawarensis) 10 -23.6 -26.8 3.2 Hobson et al. 2000
Mew Gull (L. canus) 23 -25.0 -27.9 2.9 Hobson et al. 2000
Herring Gull (L. argentatus) 12 -24.0 -26.2 2.2 Hobson et al. 1997
5 -21.8 -23.2 1.4 Hobson et al. 1997
12 -21.7 -25.6 3.9 Hobson et al. 1997
24 -24.9 -30.7 5.8 Hobson et al. 2000
California Gull (L. californicus) 10 -26.2 -30.4 4.2 Hobson et al. 2000
Common Tern (Sterna hirundo) 10 -22.3 -22.8 0.5 Hobson et al. 2000
Arctic Tern (S. paradisaea) 25 -24.8 -26.7 19 Hobson et al. 2000
Black Tern (Chlidonias niger) 10 -26.9 -27.4 0.5 Hobson et al. 2000
Caspian Tern (Hydroprogne caspia) 16 -25.0 -27.0 2.0 Hobson et al. 1997
10 -18.6 -21.2 2.6 Hobson et al. 1997
9 -22.8 -27.7 4.9 Hobson et al. 2000
Prairie Falcon (Falco mexicanus) 2 3.7 Hobson 1995
Peregrine Falcon (F. peregrinus) 6 3.5 Hobson 1995
Gyrfalcon (F. rusticolus) 4 3.3 Hobson 1995
Japanese Quail (Coturnix japonica) 9 2.7 Hobson 1995

2Yolk lipid value calculated from mass balance equations based on egg yolk lipid content of pelican, gull, and gannet eggs.



