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Biomagniﬁcation
We applaud the recent eﬀort of John S. Gray to
provide an ecologistÕs perspective on biomagniﬁcation
(Gray, 2002). As ecotoxicologists who have devoted a
large amount of eﬀort on this topic we are often frustrated by the misunderstanding surrounding the bioaccumulation process and the many contaminant
publications that have ignored the inﬂuence of ecological variability. Unfortunately, we feel this paper does not
give a balanced summary of the accumulated knowledge
and literature on bioaccumulation and biomagniﬁcation. We believe this is mainly due to the restrictive
search criteria used; only the term ‘‘biomagniﬁcation’’ in
titles was searched, which resulted in a large body of
work on the subject of biomagniﬁcation to be overlooked (see for example Connolly and Pedersen, 1988;
Muir et al., 1988; Cabana et al., 1993; Kidd et al.,
1998a,b; Gobas et al., 1999; Russell et al., 1999).
One example of the restrictive search criteria is the
discussion of which exposure route, water or food, is
important for uptake of contaminants in ﬁsh. Water is
suggested as the most important exposure route to
contaminants for ﬁsh on the 6th line of the abstract,
where it is stated ‘‘However, bioconcentration (uptake
from the surrounding water) is the most usual way that
organic compounds are accumulated in organisms from
invertebrates to and including ﬁsh’’. The importance of
water versus diet exposure for organic contaminants is
pursued further in Section 5. We are not suggesting that
this is an invalid argument, although we do not agree
with it, but our concern is that only a single paper
(Randall et al., 1998) was used to justify that water and
not diet is the most important exposure route to ﬁsh.
Thus a long history of papers demonstrating that diet is
the most important exposure route for hydrophobic
recalcitrant chemicals to ﬁsh is ignored (see for example
Thomann and Connolly, 1984; Bruggeman et al., 1984;
Thoman, 1989).
A number of papers that have dealt with the issue of
biomagniﬁcation of organic contaminants in aquatic
food web are criticized for not considering alternative
hypothesis for the higher concentrations at the top of the
food web, namely bioconcentration. For example, Kidd
et al. (1995) is criticized for assuming just biomagniﬁcation and not alternative routes of exposure explain
high toxaphene levels in ﬁsh from a high Arctic lake.
However, the objective of Kidd et al. (1995) was to de-

termine if high levels of toxaphene in predatory ﬁsh were
due to local sources of toxaphene in the lake or the
‘‘food-chain length’’ hypothesis. In our opinion Kidd
et al. (1995) did consider alternative hypotheses for explaining increasing concentration up the food web by
citing a number of papers which also dealt with the issue
of food web magniﬁcation in lakes, including lipids
(Rasmussen et al., 1990) and accumulation from water
(Swackhamer and Hites, 1988). Kidd et al. also published a second paper on this food web (Kidd et al.,
1998a) that directly addressed other factors that could
explain the relationship between concentration and
trophic status (as estimated from stable isotopes of nitrogen (d 15 N)), including lipids, ﬁsh age, ﬁsh size and
lake characteristics. The conclusion of this paper was
that biomagniﬁcation was indeed occurring in all three
study lakes, even after removing the inﬂuence of lipids,
age and size. The word biomagniﬁcation did not appear
in the title of Kidd et al. (1998a) paper and would not
have been found by the search criteria used for this paper. Interestingly, biomagniﬁcation does not appear in
the title of Kidd et al. (1995) or in other papers criticized
and used in this review paper (e.g., Muir et al., 1996;
Metcalfe and Metcalfe, 1997). Of the 33 papers cited by
Gray, only 9 have the word biomagniﬁcation in the title.
A second example of what we feel is an unbalanced
representation of the literature on biomagniﬁcation is
the discussion of diﬀerences between marine and freshwater food webs. It is suggested that for a chemical to
biomagnify through a food web it must be structured
with limited food choices. Such systems, it is argued, are
found in freshwater environments and result from all
food being eaten and thus all contaminants are passed
on. The support for this hypothesis are two papers
from 1973 to 1976 which found that DDT (Hargrave
and Phillips, 1976) and mercury (Williams and Weiss,
1973) did not biomagnify based on relationships between Cs/K and DDT and mercury in marine systems.
There have been numerous studies using d 15 N (e.g.,
Jarman et al., 1996; Broman et al., 1992), and that did
not use d 15 N (e.g., Muir et al., 1988), that have shown
biomagniﬁcation of organic contaminants up marine
food webs. Although Jarman et al. (1996) and Broman
et al. (1992) were cited by Gray, more weight was,
without any explanation, placed on the earlier studies
using Cs/K ratios, which did not ﬁnd biomagniﬁcation,
over these more recent studies using d 15 N, which did
ﬁnd biomagniﬁcation. This despite many recent papers
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on assigning trophic structure using d 15 N (see for
example Hobson and Welch, 1992; Hobson et al., 1995;
Kelly, 2000) and positive relationships between d 15 N
and organic contaminants (Hop et al., 2002; Fisk et al.,
2001; Jarman et al., 1996; Broman et al., 1992; Kidd
et al., 1995) and mercury (Atwell et al., 1998) in marine
systems. Many of these papers have considered other
hypotheses and have accounted for variables, mainly
lipids, which could explain the increases in concentrations with food webs. Could it be that Hargrave and
Phillips (1976) and Williams and Weiss (1973) did not
consider alternative variables?
GrayÕs review paper oﬀers some mechanisms that
may cause increased concentration of contaminants in
higher trophic level organisms, which is biomagniﬁcation, such as longevity and size. As Gray indicates, these
confounding factors need to be considered when assessing whether a chemical biomagniﬁes, but there
are other factors to consider as well. For example, the
higher feeding rate of homeotherms versus poikilotherms results in higher biomagniﬁcation rates in the
homeotherms (Braune and Norstrom, 1989; Fisk et al.,
2001; Hop et al., 2002). It is our opinion that these
variables, as well as lipid content, have been considered
in most papers published on the subject of biomagniﬁcation in the past 15 years and that a more comprehensive literature search would have revealed this.
In conclusion, Gray has presented some interesting
and thought provoking ideas about biomagniﬁcation of
contaminants in food webs but we feel this review has
not adequately represented the accumulated knowledge
on the subject.
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