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Comment on ‘‘Egg consumption in mature Pacific
salmon (Oncorhynchus spp.)’’1

Jonathan B. Armstrong

Abstract: In their recent article, ‘‘Egg consumption in mature Pacific salmon (Oncorhynchus spp.)’’ (Can. J. Fish. Aquat.
Sci. 66(9): 1546–1553), Garner et al. observed salmon eggs in the stomach contents of mature Chinook, coho, and chum
salmon. Through experimentation and simulation of salmon energetics, the authors conclude that the observed feeding rep-
resents an important gain in energy, challenging the accepted paradigm that assumes salmon energy budgets contain no
gains once adults return to freshwater. Here, I argue that Garner et al. have overestimated the energetic consequence of
egg consumption and that the observed consumption rates do not represent biologically significant gains in energy.

Résumé : Dans un article récent, « Egg consumption in mature Pacific salmon (Oncorhynchus spp.) » (J. Can. Sci. Haleut.
Aquat. 66(9): 1546–1553), Garner et al. ont noté la présence d’œufs de saumons dans les contenus stomacaux de saumons
chinook, coho et kéta matures. Par des expériences et des simulations de l’énergétique des saumons, les auteurs concluent
que la consommation observée représente un gain important d’énergie, ce qui met en doute le paradigme accepté qui as-
sume que les bilans énergétiques des saumons ne font aucun gain une fois les adultes retournés en eau douce. Je prétends
ici que Garner et al. ont surestimé les conséquences énergétiques de la consommation d’œufs et que les taux de consom-
mation observés ne représentent pas des gains en énergie biologiquement significatifs.

[Traduit par la Rédaction]

In many freshwater systems with fishable returns of Pa-
cific salmon, one can find anglers attempting to lure these
fish with salmon eggs or imitations thereof. In the recent
publication, ‘‘Egg consumption in mature Pacific salmon
(Oncorhynchus spp.),’’ Garner et al. (2009) provide scien-
tific documentation of what anglers have long known: adult
salmon occasionally eat eggs. However, as many disap-
pointed anglers can attest, Garner et al. found that egg con-
sumption by adult salmon was generally rare. The authors
explored the biological consequences of the observed levels
of consumption through experimentation and simulation of
salmon energetics, concluding that their results provide a
‘‘fundamental shift in our understanding of Pacific salmon
ecology,’’ which previously assumed that energetic gains
were negligible once adult salmon return to fresh water. In-
stead, Garner et al. claim that the energy from egg consump-
tion helps salmon travel farther and survive longer during
spawning migrations. While I find this work interesting and
thought provoking, I challenge the authors’ claim that sal-

mon feeding substantially alters the energy budgets of mi-
grating salmon.

The energetic consequences of egg consumption are over-
stated by the authors’ analysis. The energy density assumed
for salmon eggs, 18.7 kJ�g–1 wet mass, is roughly two times
larger than reasonable estimates of this parameter. Garner et
al. cite Meka and Margraf (2007), who did not actually
measure this parameter, but reference an unpublished Mas-
ter’s thesis (Eastman 1996), which also did not measure the
parameter. While it is not clear how this estimate was de-
rived, it is clearly inaccurate. Hendry and Berg (1999) re-
searched salmon energetics in the same populations studied
by Eastman and found a mean energy density of 7.8 kJ�g–1

wet mass for ripe eggs (standard deviation = 0.5). A survey
of the literature reveals that this parameter varies from ap-
proximately 7 to 12 kJ�g–1 across different species of Onco-
rhynchus and Salmo (Table 1). Accordingly, Garner et al.’s
estimate of the energy density of salmon eggs, and thus their
conclusions regarding energetics consequences for egg pred-
ators, are exaggerated by about two times.

Regardless of the energy density of salmon eggs, it is not
clear that Garner et al.’s observed consumption rates repre-
sent meaningful feeding or energetic gains. The average
feeding rate Garner et al. observed in adult salmon was less
than 1 egg�day–1. This value is decidedly low when placed
into context with other fishes that exploit Pacific salmon
eggs (Scheuerell et al. 2007; Denton et al. 2009; Armstrong
et al. 2010). For instance, adult rainbow trout (Oncorhyn-
chus mykiss) and Dolly Varden (Salvelinus malma are regu-
larly found with hundreds of Pacific salmon eggs in their
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stomachs (Fig. 1) (Denton 2008; T.A. Jaecks, Alaska De-
partment of Fish and Game, Sport fish Division, 546 Kenny
Wren Road, Dillingham, Alaska, unpublished data). In con-
trast, the highest ration reported by Garner et al. was
14 eggs�day–1 and appears to occur infrequently, as 87% of
the salmon surveyed did not have eggs in their stomach. The
authors suggest that these small rations are biologically

meaningful because the fish in their experiments consumed
a similar number of eggs per day and were able to maintain
their body mass (losses < 0.03% body mass�day–1). How-
ever, the fish in the authors’ feeding experiment weighed
1/7 as much as the fish they sampled in the wild (mean
mass = 565 and 4200 g, respectively), so the mass-specific
rations of observed and experimental fish were not similar.
In fact, bioenergetics analysis (Hanson et al. 1997) sug-
gests the authors’ maximum observed feeding rate
(14 eggs�day–1) was less than 1/4 of the ration required for
a 4200 g coho salmon (Oncorhynchus kisutch) to maintain
body mass (68 eggs�day–1 in 7.5 8C water). While the au-
thors’ experimental results convincingly suggest that adult
salmon can digest and metabolize eggs, they do not sug-
gest that the low rations observed in wild adult salmon
were biologically significant.

Using the average feeding rate observed by Garner et al.
(1 egg�day–1) and an energy density for salmon eggs of
9 kJ�g–1, the average adult salmon consumed only
2.4 kJ�day–1, producing 1.6 kJ�day–1 of available energy (ac-
counting for indigestible portions and egestion according to
Garner et al.). Following the energetics approximations used
by Garner et al., a 5 kg salmon feeding at the average ob-
served rate would gain an additional 3 min of survival per
day on the spawning grounds. Feeding activity itself likely
increases energetic costs, increases predation risk, and de-
creases the ability to find and defend mating sites. The egg
consumption observed by Garner et al. is unlikely to in-
crease energy or fitness in biologically significant ways and
actually reinforces the assumption that salmon, in effect,
stop feeding upon reaching freshwater.
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Fig. 1. A photograph of a Dolly Varden (Salvelinus malma) and
hundreds of sockeye salmon (Oncorhynchus nerka) eggs that com-
prised its stomach contents. Salmonids that actively feed on Pacific
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served in mature Pacific salmon. (Photo courtesy of
Thomas P. Quinn, Alaska Salmon Program, University of Wa-
shington, Seattle, Washington.)
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