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Using fatty acids to study marine mammal foraging: The evidence
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In his letter of criticism of our two recent papers on foraging habits of Arctic
marine mammals (Thiemann et al. 2007, 2008), Grahl-Nielsen (2008) questions our
interpretations and methods in using blubber fatty acids (FAs) as indicators of diet.
The objections raised by Grahl-Nielsen are not new: they are the same arguments
he has made for nearly a decade (Grahl-Nielsen 1999) and which have been refuted
or addressed elsewhere in the literature (references below). Although FA analysis as
an ecological tool has seen dramatic advancements in recent years, Grahl-Nielsen
continues to ignore the substantial and growing body of scientific evidence that
supports its use. It is unfortunate that we must repeat what has been thoroughly
addressed and reviewed by a number of authors, including Budge et al. (2006) in
this journal. However, because Grahl-Nielsen’s comments are so flawed, and because
we have been given the opportunity to respond, we endeavor to address his specific
objections as succinctly as possible.

Grahl-Nielsen’s letter has two main contentions: the first is that because other
factors besides diet (e.g., population, age, sex, condition, etc.) may influence the FA
composition of marine mammal blubber, FA profiles cannot be used as an indicator
of diet; concurrent with this argument, he states that only two captive experimental
studies have ever been conducted and that the effect of dietary FAs on blubber FAs
has never been established. The other main contention of the letter is that when FA
profiles are used as an indicator of diet, only the inner portion of blubber should
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be considered. In addition to being mutually exclusive and contradictory to one
another, both of Grahl-Nielsen’s main points are factually incorrect and ignore or
misrepresent decades of published research. As Dalsgaard et al. (2003) wrote in
their comprehensive review, “Fatty acids have been used as qualitative markers to
trace or confirm predator-prey relationships in the marine environment for more
than thirty years.” To suggest that, among all animal taxa, marine mammals are the
single exception in this regard, is to dismiss basic facts about the pathways of FA
metabolism shared among animals and is wholly without support from the scientific
literature.

POINT 1

Currently, it has not been scientifically established how dietary FAs affect the
FA composition of the blubber. Surprisingly, few investigations have been
conducted where blubber and prey have been analysed together.

This claim is simply not correct. An extensive scientific literature exists that
demonstrates and quantifies the relationship between a consumer’s FA stores and the
FA composition of its diet. Marine mammals have the same basic metabolic pathways
as other higher vertebrates and the predictable incorporation of ingested FAs into
adipose tissue and blubber has been experimentally demonstrated through controlled
feeding studies of seals (Kirsch et al. 2000, Iverson et al. 2003, 2004; Budge et al.
2004, Cooper 2004, Tollit et al. 2006, Cooper et al. 2006, Nordstrom et al. 2008),
terrestrial and aquatic carnivores (e.g., Reidinger et al. 1985, Rouvinen and Kiiskinen
1989, Rouvinen et al. 1992, Iverson et al. 2004, Cooper et al. 2006), and seabirds
(Iverson et al. 2007), as well as fish and invertebrates (reviewed in Dalsgaard et al.
2003). In addition to these controlled experiments, many other studies have analyzed
the FA composition of the blubber of free-ranging marine mammals and their prey
“together” (note that some studies report predator and prey data in separate papers
although they were collected “together,” that is, spatially and temporally “from the
same waters,” which is clearly explained in the papers themselves; e.g., Ackman and
Eaton 1966, Iverson et al. 1995, 1997, 2004; Dahl et al. 2000, Bradshaw et al. 2003,
Cooper 2004, Falk-Petersen et al. 2004, Beck et al. 2007a, b; Budge et al. 2008,
Iverson 2008, Tucker et al. 2008). This has also been done for prey and adipose
tissue FAs in free-ranging marine and terrestrial carnivores and seabirds (e.g., Raclot
et al. 1998, Iverson et al. 2006, 2007; Thiemann et al., in press). Taken together,
these studies of captive and free-ranging animals clearly confirm that diet is the
primary factor determining adipose tissue and blubber FA composition in higher
monogastric predators. The single laboratory experiment that does not confirm this
(Grahl-Nielsen and Mjaavatten 1991) was invalid because the only samples obtained
from seals were 2 mg (“a small drop”) of skin-associated blubber (not general “outer
layer” blubber, but a micro-sample taken directly under the skin). Such samples have
been shown to produce strongly biased results (Thiemann et al. 2004).
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Contrary to Grahl-Nielsen’s claim, many of the above studies also specifically
address other factors that can directly influence FA deposition. These factors include
the effects of dietary lipid levels on FA metabolism, peroxisomal chain-shortening of
long-chain monounsaturates, and possible FA-specific mobilization rates. Differences
in blubber FA composition associated with factors such as population, age, sex,
condition, temperature, and geographical location are confounded by underlying
and overriding dietary differences; only in the outermost blubber (or head fats) of
some cetaceans do metabolic influences potentially dominate over dietary influences
on FA composition (e.g., Koopman et al. 1996, 2003, 2006; Budge et al. 2006). Even
in ectothermic fish where temperature may have a somewhat greater influence on FAs,
it has been clearly demonstrated that dietary FAs are by far the greatest determinant
of predator FA composition (reviewed in Dalsgaard et al. 2003 and Iverson 2008).
The overwhelming conclusion from all of these studies is that blubber and adipose
tissue can be used to infer aspects of, and differences in, predator diets.

Why Grahl-Nielsen raises the issue of calibration coefficients is unclear, as neither
he, nor the two papers he criticized in his comment, deal with quantitative estimates
of diet. For clarification, we remind readers that calibration coefficients (Iverson et al.
2004) are not relevant to the use of FAs in a qualitative manner to infer dietary
differences among individuals or groups of predators (as was done in Thiemann et al.
2007, 2008). However, if Grahl-Nielsen wishes to address the issue of quantitative
estimates, then he is also incorrect in stating that “it is an impossible task” to iden-
tify FA-specific patterns of metabolism. Estimates of calibration coefficients based on
such patterns have now been established for five species of phocid and otariid seals, as
well as mink (Mustela vison) and seabirds (reviewed in Iverson 2008). In general, all
are remarkably similar, although some differences among taxa may exist. We are not
aware of a single study of predator FAs that has implied that the quantitative estima-
tion of predator diets using FAs is simple and without complication. Nevertheless,
quantitative techniques and the use of calibration coefficients have been successfully
employed and verified (e.g., Cooper 2004, Iverson et al. 2003, 2004, 2007; Cooper
et al. 2005, Tollit et al. 2006, Nordstrom et al. 2008) and continued research will
surely improve our understanding and application of FAs and calibration coefficients
to estimating predator diets.

POINT 2

Because “the blubber of all marine mammals is stratified, . . . When informa-
tion about diet is sought, sampling of the whole blubber column . . . is not
appropriate.”

Aside from the fact that Grahl-Nielsen’s statement here appears to acknowledge
that blubber FAs can be used to make inferences about diet (despite the opposite
claim in Point 1), Point 2 misrepresents the degree to which FAs are stratified in the
blubber layer and ignores a number of studies that have examined the anatomical
distribution of FAs in marine mammals. FA “stratification” does occur across the
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depth of blubber and has long been acknowledged by previous investigators (e.g.,
Koopman et al. 1996, Iverson 2002, Thiemann et al. 2004, Arnould et al. 2005).
However, the absolute degree to which FAs are stratified—and the implication for
dietary interpretation—varies widely among taxa.

In the cetaceans investigated to date, there is a distinct stratification of blubber
tissue into inner, middle, and outer layers based on the size, shape, and metabolic
characteristics of adipocytes, as well as on the lipid and collagen content of the
tissue (e.g., Lockyer et al. 1984, 1985). Commensurate with this, in some cetaceans,
particularly the smaller odontocetes, stratification of FAs in blubber can be quite
pronounced. Thus, a primary recommendation has always been that investigators
sample the inner layer of cetacean blubber where dietary influence is most extensive
and predictable (reviewed in Iverson et al. 2004 and Budge et al. 2006). How-
ever, in the larger cetaceans, FA stratification appears far less pronounced, with
substantial dietary influence observed in the outer layers (e.g., Hooker et al. 2001).
Nevertheless, the recommendation has remained that the inner layers should be
targeted in these species, at least until details of species-specific stratification are
quantified.

In pinnipeds, the morphological structure of the blubber appears to be relatively
uniform throughout its depth and not “stratified” per se, although information is
not available on its histological characteristics. Instead, there exists a gradation in
FA composition from the inner to outer portions (e.g., Arnould et al. 2005, fig. 1 in
Strandberg et al. 2008). Several carefully controlled experiments with captive animals
have indicated that this reflects a somewhat more rapid turnover in the inner area
compared to the outer. These controlled feeding studies have demonstrated that inner-
portion and whole-depth samples of blubber yield similar estimates of calibration
coefficients and diet composition, but that the inner-portion reflects relatively more
recent diet while the whole-depth sample integrates a slightly longer-term diet
(Cooper 2004, Tollit et al. 2006, D. Tollit and S. J. Iverson, unpublished data).
Further, radio-labeled FAs fed in the diet of captive gray seals (Halichoerus grypus) are
deposited in both the inner and outer portions of blubber within 12 h of ingestion
(Budge et al. 2004, Cooper 2004). Clearly, the outer portion of pinniped blubber is
readily influenced by diet and analyzing the entire blubber depth provides valuable
dietary information.

In the case of Thiemann et al. (2008), we utilized whole-depth blubber samples for
the two cetacean species (beluga, Delphinapterus leucas and narwhal, Monodon monoceros)
along with all the pinnipeds, because one of the stated objectives of our study was to
establish a prey database for future studies of polar bears (Ursus maritimus; Thiemann
et al. 2008, p. 93, Thiemann et al., in press), which consume the whole blubber layer
of marine mammals. Although we have therefore included some outer blubber effects
in the cetaceans, because we did not use any FAs that arise strictly from endogenous
sources in our analyses, our data still clearly showed that dietary FAs were the driving
force behind differences in blubber FA composition among the several taxonomically
distinct groups (Thiemann et al. 2008, p. 103).

In summary, there is no empirical or theoretical evidence to support Grahl-
Nielsen’s claims that: (1) the FAs in the diet of a marine mammal have an unknown
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and unknowable impact on its blubber FA composition, and (2) all marine mam-
mal blubber is so stratified that whole-depth biopsies cannot provide information
on diet. The large body of original literature reviewed here clearly demonstrates
that FA signature analysis is a useful and reliable tool for studying foraging, both
qualitatively and quantitatively, in a variety of consumer species. We expect this
technique will continue to be studied, applied, and refined by researchers around the
world.
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