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INTRODUCTION

Overfishing is currently a major threat to the bio -
diversity and function of marine environments
(Brooks et al. 2002, Pauly et al. 2002, Frank et al.
2005). This has led to the establishment of rebuild-
ing management plans with the aim to reduce fish-
eries mortality towards sustainable levels. Such
management plans rest on the scientific foundation
that decreased fisheries mortality will increase the
productivity of stocks towards historic levels. How-

ever, recent studies illuminate how changes in the
environment may interact with harvesting to pro-
mote a stock collapse or how it can counteract stock
re covery (Eero et al. 2011, Lambert 2011). For
example, coastal environments have often been dra-
matically degraded concurrently with overexploita-
tion (Jackson et al. 2001, Lotze et al. 2006, Waycott
et al. 2009). Environmental change can hereby pre-
vent rebuilding attempts that solely mitigate the
exploitation of fish stocks from achieving historic
levels of fish produc tivity.
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One environmental change, especially in coastal
areas, is habitat deterioration driven by eutrophica-
tion (Cloern 2001). Coastal environments are identi-
fied as being among the most productive habitats
and serve as important nursery grounds for many
aquatic species (Gibson 1994, Beck et al. 2001,
Pauly et al. 2002). However, eutrophication alters
the phy sical and biological properties by favoring
filamentous algae and bare substrate over macro -
vegetation. Studies worldwide indicate up to 60%
reduction in seagrass coverage since the 1980s
(Short & Wyllie-Echeverria 1996, Baden et al. 2003,
Orth et al. 2006, Waycott et al. 2009), and a similar
decline has been found for canopy-forming macro -
algae (Kautsky et al. 1986, Eriksson et al. 1998,
2002). Reduced coverage and increased fragmenta-
tion creates a negative loop as resuspension of bare
sediment increases turbidity and light extinction,
leading to further degradation of macrovegetation
(Pihl et al. 2006, Rönnbäck et al. 2007). Altered
vege tation composition affects the structure of many
coastal communities, including reductions of benthic
invertebrates that are food for many juvenile fish
(Vogt & Schramm 1991, Orth et al. 2006, Pihl et al.
2006, Wikström & Kautsky 2007). Hence, eutrophi-
cation causes both structural chan ges in the forag-
ing environment and compositional changes of ben-
thic invertebrates that affect the predator−prey
relationship between fish and their benthic prey
(Isaksson et al. 1994). As a consequence, it is essen-
tial to evaluate how environmental change has
affected fish foraging possibilities to make realistic
predictions of the future development of marine fish
stocks. A detailed knowledge about habitat-depen-
dent foraging performance and re source densities
constitutes a basis for such evaluation.

The aim of this paper was to assess juvenile
Atlantic cod Gadus morhua (hereafter referred to as
‘cod’) responses to habitat changes in coastal areas.
Cod spend their first months of life in pelagic envi-
ronments feeding on zooplankton. When reaching a
sufficient size (approximately 5 cm), cod become
benthivorous and commonly forage on various ben-
thic crustaceans associated with vegetated habitats
(Hüssy et al. 1997). As cod grow in size, the propor-
tion of fish such as herring and sprat in their diet in -
creases. Coastal environments are hence particularly
important habitats for juvenile cod up to an age of 3
to 4 yr. Furthermore, density-dependent interactions
during the juvenile phase have been identified as
important processes in statistical models of stock
dynamics (Bjørnstad et al. 1999) and in field observa-
tions of growth and survival of newly settled juvenile

cod (Tupper & Boutilier 1995). Here we thus focused
on the benthivorous stage of juvenile cod, aiming to
provide a quantitative analysis of costs and benefits
associated with different habitats, and thereby
approach the underlying processes behind habitat
choice and quality for cod. Moreover, due to the
trophic importance of cod, population effects on cod
will likely cascade to lower trophic levels (Hansson et
al. 2007, Österblom et al. 2007, Casini et al. 2009,
Fauchald 2010), ultimately altering the functioning of
the entire ecosystem (Eriksson et al. 2009).

In the field we first quantified resource densities in
3 different habitats common in temperate coastal
environments; sand, eelgrass Zostera marina, and
the brown alga bladderwrack Fucus vesiculosus. In
laboratory experiments, we then quantified the per-
formance of juvenile cod when foraging in these
habitats. The 3 habitats provide cod with different
levels of resources, but also different possibilities for
shelter from predators. We performed the experi-
ments both with and without chemical cues from a
cannibalistic cod to quantify the cost of perceived
predation risk through lost foraging opportunity.
Finally, we combined the results from the field esti-
mates of resource densities and the foraging experi-
ments to quantify the profitability, in terms of ener-
getic intake rates, of each habitat from the standpoint
of juvenile cod. Hence, this approach focuses on the
processes generating habitat choices rather than try-
ing to explain some specific choices observed in the
field. We expected to find that cod, being an actively
searching predator, would show a higher foraging
efficiency in open hab itats compared to structurally
more complex habitats. Counteracting this, struc-
turally more complex habitats provide cod with
higher resource densities and better protection from
predators. Hence, altering the relative distribution of
the habitat types may have significant ramifications
on juvenile growth and survival, and ultimately on
cod population dynamics.

MATERIALS AND METHODS

Foraging performance in Atlantic cod

The colonization of coastal environments by juve-
nile cod is dependent on water temperature and indi-
vidual size. The experimental part of our study was
performed with similar-sized cod representing 1 yr
old fish, which should be suscep tible to cannibalism
by older (3 to 4 yr) conspecifics. Cod for experiments
were caught with fyke nets at 2 to 5 m depth in the
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Sound, Western Baltic Sea (55° 56’ N, 12°46’ E)
between February and April 2009. Eight cod were
held individually in 150 l tanks, with climate condi-
tions resembling spring or autumn field conditions
(range 8 to 9°C, 10 to 15‰ salinity, light:dark cycle
12:12 h). The first experiment tested the effects of
prey type, habitat type, and prey density on the for-
aging performance of the cod. Three different prey
types were netted in shallow water and used as prey;
opossum shrimp Neomysis integer (mean ± SD total
length, TL: 13.0 ± 2.0 mm), brown shrimp Crangon
crangon (TL: 40 ± 5 mm), and grass shrimp Palaemon
elegans (TL: 35 ± 5 mm). Experiments were per-
formed in 3 different habitats: sand, eelgrass, or blad-
derwrack. Eelgrass habitat was simulated using
green, 5 mm wide ribbon at a shoot density resem-
bling the field site (514 shoots m−2; Olsson 2005)
whereas natural bladderwrack from the Sound was
used. All habitat types contained sand on the aquar-
ium bottom. Experiments were performed at 5 initial
prey densities (12 to 430 prey m−2) for each prey and
habitat type combination, covering the range of nat-
ural densities observed at the site of field survey
(brown and grass shrimp <100 ind. m−2, small crus-
taceans such as opossum shrimp <500 ind. m−2). Each
cod participated in all treatment combinations, yield-
ing a total of 45 experiments per fish. Individual cod
order of exposure to habitat types and prey densities
was randomized to prevent effects of time in the
experiment on factorial effects. Prior to experiments,
cod were starved and acclimatized in their new habi-
tat for 48 h. Cod foraging was visually observed, and
the time between the first and the fifth prey con-
sumed was recorded.

To quantify the habitat- and prey-specific foraging
capacities of cod, we assumed that consumption rate
of prey i in habitat j (Cij) depended on prey density
(Nij) according to a type II functional response
(Holling 1959):

(1)

where aij and hij are prey- and habitat-specific attack
rates and handling times, respectively, that were
estimated by non-linear least square regression. For-
aging in heterogeneous habitats, which provide prey
with refuges from predation, may lead to a type III
functional response because search rate may not
scale linearly with prey density. Therefore, we also
tested a type III model where an additional para -
meter, k, was introduced to scale the density depen-
dence (Nk) of intake rates. The sums of squares were
larger or <5% lower with a type III model compared

to a type II, i.e. a type III model generally did not
improve the model fit to the data. Since the type III
model includes an additional parameter, we chose to
apply the type II model for all treatment combina-
tions to facilitate comparisons of parameters across
habitat and prey types.

The second experiment tested the effects of prey
density, habitat type, and presence or absence of a
cannibal on foraging performance of 1 yr old cod.
One adult and potentially cannibalistic cod (60 cm,
4 yr) was fed 3 live 1 yr old cod (total length 15 to
20 cm) and moved to a non-circulating but well-
 aerated tank containing 100 l fresh saltwater (see
Mathis & Smith 1993 for methods). After 48 h, cue
water was collected and frozen until being used in
experiments. Frozen cue maintains its effect for
approximately 2 mo (Pettersson et al. 2000), and in
the present experiments, cue was used within 20 d.
The experimental setup and procedure was similar to
the first foraging-performance experiment, except
that only 1 prey type (Neomysis integer) and 2 prey
densities (40 and 160 ind. m−2) were used, resulting
in a total of 6 treatment combinations for each cod.
Experiments started by adding 250 ml of cue water,
an amount sufficient to elicit a behavioral response
(Pettersson et al. 2000, P. Ljungberg unpubl. data),
and prey to the tanks. The time between first and
fifth prey consumed was recorded.

Prey density and habitat profitability

The field surveys of prey were performed in the
Western Baltic Sea (ICES subdivision 23; 56°12’ N,
12° 33’ E; 56° 07’N, 12° 36’ E; 55° 56’ N, 12°47’; 55°46’,
12° 54’ E), where all 3 habitat types occur naturally
and are abundant. In the Baltic Sea, high summer
temperature may restrict the use of shallow, coastal
environments by cod to the period between autumn
and spring. We therefore sampled resource densities
both in spring (April 2009) and in autumn (Septem-
ber 2008) when the temperature was suitable to cod
to assess the effects of season on habitat profitability
of the different habitats.

Three different habitat types (sand, eelgrass, and
bladderwrack) were sampled for mobile epifauna at
each of 4 sites. The average depth was 2.4 m, with a
maximum and minimum depth of 4.0 and 1.2 m. Sam-
ples were collected by scuba diving using net bags to
obtain quantitative data. Each net bag had a closable
opening with an area of 0.07 m2, a height of 1.0 m,
and 1.0 mm mesh size. At each of the 4 sites, 5 bag
samples were taken randomly within each of the 3

C
a N

a h Nij
ij ij

ij ij ij

=
×

+ × ×1

247



Mar Ecol Prog Ser 456: 245–253, 2012

habitat types. A sample was taken by pulling the net
bag over the vegetation until it reached the substrate.
Before closing the bag, eelgrass or bladderwrack
were carefully cut off with a knife, and plants and
organisms were sampled together. Samples were
individually emptied into plastic bags on board the
boat and frozen until analysis. In the laboratory, epi-
fauna was identified to taxonomic group, weighed,
and later converted to energy content. For the sake of
this study, mobile epifauna was divided into 2 size
groups (individual wet weight <0.1 g and >0.1 g).

We used the parameters derived from Eq. (1) to
quantify the habitat profitability in the field by assu -
ming that intake rate is a proxy for habitat profitabil-
ity to cod. In these calculations, we used the field
estimates of habitat-specific prey densities. The most
important prey in stomachs of small cod in this area
are various species of crustaceans (P. Ljungberg un -
publ. data). Prey size composition is an important
determinant of foraging capacity in fish, and hence in
our calculations, we distinguished be tween large
(>0.1 g) and small (<0.1 g) crusta ceans according to
their clearly bimodal size distribution in the field. To
calculate total intake rates in cod, we therefore used
a functional response model developed for several
prey types (modified from Fryxell & Lundberg 1998):

(2)

In each habitat, we calculated the added consump-
tion of both small and large crustaceans. As model
species for small crustaceans, we used the para -
meters derived for Neomysis integer in all habitats.
The choice of large model species was based on
which of Crangon crangon and Palaemon elegans,
respectively, that was most abundant in each habitat.
This resulted in the use of C. crangon as the model
species in sand and P. elegans in both eelgrass and
bladderwrack habitats.

Statistical analysis

The effects of habitat type (sand, eelgrass, or blad-
derwrack) and season (spring and autumn) on densi-
ties (log normal) of small and large prey in field
samp ling were tested using a randomized block (rb)
multivariate analysis of variance (MANOVA) with
site (n = 4) as a blocking factor. The effects of preda-
tor cue (with and without), prey density (low or high),
and habitat type (sand, eelgrass, or macroalgae) on
consumption rates in the laboratory were tested
using an rbANOVA with individual cod (n = 8) as the

blocking factor. All experimental cod participated
in all treatment combinations. Including individual
identities as a blocking factor allows for evaluation of
factor effects in spite of possible different levels of
effects among individuals, as well as adjusting the
degrees of freedom according to the repeated use of
individuals (Quinn & Keough 2002). Intake rate was
log transformed in order to make the data normally
distributed and to homogenize variances. The 3-way
interaction was not significant and was therefore
removed from the model. Significant effects were
further analyzed using simple effects tests.

RESULTS

Foraging performance in Atlantic cod

Cod consumption rates increased with prey density
in all habitats and for all prey types, but parameter
values from non-linear regressions fitted to the
observed consumption differed between habitats
and prey types (Fig. 1, Table 1). Irrespective of prey
type, the highest attack rates, a, were obtained in the
sand habitat, whereas a was fairly similar between
eelgrass and bladderwrack. This was particularly
evident for Neomysis integer and Palaemon elegans
as prey, showing 5 and 9 times higher attack rates,
respectively, in sand habitats. Handling time (h) was
prey- but not habitat-dependent, being highest for P.
elegans and lowest for N. integer (approximately
0.041 and 0.026 s J−1, respectively; Table 1).

Predator cue experiment

The rbANOVA showed a significant interaction
 effect of predator cue and habitat type on cod food
consumption (F2,71 = 7.04, p = 0.002), revealing a
stronger anti-predator response in the sandy habitat
(consumption reduced to 22%) compared to the other
habitats (reduced to 44%, Fig. 2). Consumption was
affected by prey density (F1,71 = 15.8, p < 0.001), habi-
tat type (F2,71 = 12.9, p < 0.001), and predator cue
(F1,71 = 70.9, p < 0.001), and differed among Atlantic
cod individuals (F6,71 = 2.64, p = 0.023). Post hoc com-
parisons of habitat effects revealed a difference only
between sand and the 2 complex habitats (Tukey; p =
0.002 for sand−eelgrass, p = 0.006 for sand−bladder-
wrack, and p = 0.949 for eelgrass−bladderwrack
comparisons, Fig. 2). There were no significant prey
density × predator cue or prey density × habitat type
interaction terms (rbANOVA; p > 0.1)
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Prey density and habitat profitability

The results from the rbMANOVA showed a signif-
icant effect of habitat type on prey density (Wilk’s λ =

0.372, F4,220 = 35.2, p < 0.001; Fig. 3). These effects
were significant for both small (rbANOVA, F2,111 =
75.9, p < 0.001) and large prey (rbANOVA, F2,111 =
8.6 p < 0.001). The habitat effect was driven by the
density of small prey being significantly lower in
sand habitats compared to the vegetation habitats
(Tukey, p < 0.001), and large prey density being
 significantly higher in bladderwrack habitats (Tukey,
p < 0.013).

There was a significant interaction effect of habitat
type and season on prey density (Wilk’s λ = 0.828,
F4,220 = 5.4, p < 0.001; Fig. 3). This effect was present
for both small and large prey (rbANOVA, F2,111 = 4.2,
p = 0.02, and F2,111 = 8.1 p < 0.001, respectively), but
with different patterns. Small prey had a higher den-
sity in September, especially in sand and eelgrass
habitats, whereas large prey occurred at lower densi-
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Prey type Attack rate (cm2 s−1) Handling time (s J−1)
                                            Sand                Zostera             Fucus                    Sand                     Zostera                   Fucus 

                                                                      marina         vesiculosus                                              marina                vesiculosus

Neomysis integer               57 ± 22             8.8 ± 4               13 ± 7               0.026 ± 0.005         0.022 ± 0.01           0.024 ± 0.01
Crangon crangon              1.8 ± 0.7          0.86 ± 0.3           1.2 ± 0.5            0.026 ± 0.01           0.038 ± 0.01           0.019 ± 0.01
Palaemon elegans              21 ± 32             2.4 ± 2              1.6 ± 1               0.033 ± 0.01           0.045 ± 0.02           0.041 ± 0.02

Table 1. Estimated attack rates and handling times (± 1 SE) from functional response experiments with juvenile Atlantic cod
feeding on 3 different crustacean prey in 3 different habitats. Parameter values are estimated using least square non-

linear regression (see ‘Materials and methods’). See also Fig. 2

Fig. 1. Prey density-dependent consumption rates of juve-
nile Atlantic cod foraging on 3 different species of crus-
taceans (symbols) and corresponding type II functional rela-
tionships (curves); (a) Neomysis integer (b) Crangon
crangon and (c) Palaemon elegans in 3 different habitats;
sand (j, thin line), Zostera marina (M, thick line), and Fucus
vesiculosus (e, dashed line). Error bars denote 1 SE for 8
replicates for each prey density. The curves were fitted to
data using least square non-linear regressions (see ‘Materi-

als and methods’). For parameter values see Table 1

Fig. 2. Effects of prey density
and chemical cues from a
cannibal on the  consumption
rate (mean ± 1 SE) of juve-
nile Atlantic cod in 3 differ-
ent habitats, viz. sand, eel-
grass Zostera marina, and
bladderwrack Fucus vesi cu -
losus. Prey was the opos sum
shrimp Neomysis integer in
all experiments. Chemical
cues from a cannibal (grey
bars) decreased consump-
tion rate in all 3 habitats
compared with no perceived
risk (open bars) and signi -
 ficantly more so in the sand 

habitat
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ties in these habitats in April (Fig. 3). There was no
significant main effect of season (p > 0.1).

Calculations of habitat profitability, including ef -
fects of predation risk, showed that bladderwrack
was the most profitable habitat in April, generating a
more than 8 times higher consumption rate (17 J s−1)
than the sand habitat (2 J s−1) and twice the consump-
tion rate of the eelgrass habitat (8 J s−1; Fig. 3). In
September, the profitabilities of the eelgrass and
bladderwrack habitats were similar (13 J s−1) and
more than twice as high as the calculated consump-
tion rate in the sand habitat (4 J s−1; Fig. 3). The cal-

culations also showed that cod foraging in sandy
habitats were more dependent on large prey com-
pared to the other 2 habitats, in which cod relied
more on small prey types (Fig. 3). The inclusion of
predation risk in the calculations of habitat profit -
ability did not change the overall pattern, but low-
ered consumption rates and made the sandy habitat
even less profitable compared to the other habitats.

DISCUSSION

In this study we have quantified the habitat-depen-
dent foraging performance of juvenile cod to derive
predictions of habitat profitability in the field. Cod
foraging depended on prey density in all of the stud-
ied habitats, being more efficient in sand habitats
compared to the structurally more complex habitats.
Moreover, perceived risk of cannibalism caused a
significant reduction in consumption rate in all habi-
tats, with the magnitude of the anti-predator re -
sponse being more pronounced in the open sandy
habitat compared to habitats with macrovegetation.
Field observations showed highest resource density
in the bladderwrack habitat and lowest in the sand
habitat irrespective of season. Our calculations of
habitat profitability, combining data from field esti-
mates of resource density and experiments on forag-
ing performance, revealed that habitat degradation
might reduce the intake rate of cod to between 12 and
39% of the intake rate in habitats with vege tation.
Our results suggest that this conclusion is robust
along gradients of predation risk, at least if preda-
tors are not associated with specific habitats. This
strength ens the view that the ongoing habitat degra-
dation may have significant ramifications for juvenile
cod performance, which ultimately may lower the
productivity of entire stocks. Consequently, future
and ongoing rebuilding of commercial fish stocks
should revise the expectations of stock productivity
(and hence harvesting intensity) accordingly.

Foraging performance

Adaptive foragers should balance costs and benefits
and choose the habitat providing the highest net
value (Stephen & Krebs 1986, Gilliam & Fraser 1987),
which ultimately depends on the interplay between
predator and prey behaviors. Cod were more efficient
foragers in open sand habitats, supporting the general
view of cod as an actively searching forager rather
than an ambush predator (Laurel & Brown 2006). This
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Fig. 3. Habitat-dependent resource density (mean ± 1 SE)
and habitat profitability in April and September. (a) Biomass
of benthic invertebrates smaller (grey) and larger (white)
than 0.1 g wet weight quantified from sampling with net
cages in sand, Zostera marina, or Fucus vesiculosus habitats.
(b) Habitat profitability is given as potential consumption
rates of juvenile Atlantic cod foraging on a mixture of small 

and large benthic invertebrates in sand
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was particularly evident for Palaemon elegans prey,
which is the more strongly pigmented shrimp species
of the two used. The foraging efficiency of cod on
Crangon crangon was much lower, despite the fact
that C. crangon were of similar size as P. elegans. One
explanation for this may be the different anti-predator
strategies of P. elegans and C. crangon, the former re-
lying on camouflage in the vegetation and the latter
burying and hiding within the sandy sediment.

We expected that foraging costs, in terms of preda-
tion costs from cannibals, would be habitat specific
because the 3 habitats varied in habitat complexity
and consequently in their efficiency as refuges (Got-
ceitas & Colgan 1989). Juvenile cod are frequently
found in complex habitats with eelgrass, macroalgae,
or cobble that provide physical protection against
predators (Keats et al. 1987, Gotceitas et al. 1997,
Linehan et al. 2001). Experimental studies have de -
mon strated that this choice of habitat is dependent
on predator presence; in the absence of predators,
cod would prefer less complex and more open habi-
tat (Gotceitas & Brown 1993, Gotceitas et al. 1995,
Fraser et al. 1996). In our experiments, cod were not
given any choice of habitat but still modified their
foraging behavior as a response to risk. Accordingly,
cod reduced their foraging rate more in the sand
habitat compared to the more complex habitats both
with respect to absolute and relative energetic cost.
Hence, this and previous studies clearly suggests
that cod will trade more safety against food in what is
perceived as riskier environments by altering forag-
ing behavior and/or habitat choice.

Habitat profitability

We used our experimental results in combination
with field estimates of habitat-specific resource den-
sities to predict habitat profitabilities. According to
ideal free distribution theory (Fretwell & Lucas 1970),
habitats being used should at equilibrium be equally
profitable. In September, habitat-specific intake rates
were fairly similar between the eelgrass and bladder-
wrack habitats despite prey densities being very dif-
ferent. This suggests, first, that cod foraging should
avoid the sand habitat altogether, and, second, that
cod may drive prey abundances in eelgrass and blad-
derwrack habitats towards equalization of intake
rates. The cod population of the Sound is considered
locally distinct and stable with a density and produc-
tivity much higher than in surrounding areas
(Svedäng et al. 2010a,b). This, together with the fact
that cod is the most dominant predator in this marine

area, makes it likely that the cod density is high
enough to negatively impact prey density.

The small difference in habitat profitability in Sep-
tember between eelgrass and bladderwrack was not
repeated in April. This contradicts that Atlantic cod
equalize intake rates among habitats. However, bio-
mass of eelgrass varies considerably and reaches a
minimum in late winter/early spring, i.e. approxi-
mately when the April sampling of benthic inverte-
brates took place. Hence, eelgrass provides only low
structural complexity for benthic invertebrates dur-
ing this period. In September, eelgrass biomass is at
its maximum, and these conditions were replicated in
experiments. Although the biomass of bladderwrack
also varies seasonally, the magnitude is lower and
parts of the stands are always present. Hence, eel-
grass and bladderwrack differ fundamentally as
potential refuges for benthic invertebrates, which
explains the seasonal difference in their profitability
to cod. Accounting for a higher search rate of cod in
eelgrass in April compared to in September would
therefore decrease the profitability differences be -
tween the habitats, supporting the view that cod
equalize intake rates between habitats and hence
have a significant functional role in this eco system.
Still, there seems to be a significant difference be -
tween habitats with or without vegetation, since sand
was the least profitable habitat in both seasons.

Previous studies have suggested that the observed
use of complex habitats with cobbles or vegetation is
a response by cod to risk of predation (Gotceitas &
Brown 1993, Gotceitas et al. 1995). In our study, we
showed that even though the risk response was habi-
tat dependent, this did not influence the ranking
order of habitats with respect to their overall prof-
itability. Instead, it only increased the absolute differ-
ence in profitability between sand and more complex
habitats. Increasing risk by introducing an actively
foraging predator would likely not change this out-
come (Gotceitas et al. 1995), at least if the sand habi-
tat was still perceived as more risky. This illustrates
that experimental studies not explicitly ac counting
for both cost and benefits may make erroneous pre-
dictions of the mechanisms generating field patterns.
We conclude that both resource availability and risk
of predation likely contribute to make more complex
habitats more profitable.

Extrapolating the experimental results to natural
conditions may be hazardous and we here consider
general patterns more robust than specific results.
For a generalist predator, prey density in nature is
the result of aggregations of prey species rather than
one species. Following diet data in the field, we
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therefore considered the total density of mobile epi-
fauna and selected typical prey species in these com-
munities in our experiments. However, a community
of prey species will include species that are both
more and less available than others, and it is difficult
to determine whether our test species are represen-
tative species in the prey community. By picking 2
prey types that differed in size, we could at least
partly account for habitat differences in the size
structure of the prey community. The predicted con-
sumption of large and small prey (Fig. 3) also sug-
gests that these habitat differences are important for
both consumption rate and diet selection.

Management implications

Managing natural resources in a changing world is
difficult because the long-term goal may be a moving
target. If the environment changes, tools based on
conditions of the past may generate poor predictions
of the future. This study takes a consumer perspec-
tive and provides behavioral decision rules for indi-
viduals, applicable to conditions that may arise in the
future. Of course, results derived from small-scale
experiments should be extrapolated to natural condi-
tions with care, relying more on the patterns of the
results than their precise quantities. Still, we believe
that mechanistic understanding generated from con-
trolled experiments may guide management options
and illuminate what measures mitigating environ-
mental change contribute best to both conservation
and fishery yield (Hutchings 2000, Roberts et al.
2001, 2002, Sale et al. 2005). Complementing a gen-
eral notion with mechanistic relationships, here we
showed that complex habitats with bladderwrack or
seagrass likely are important nursery grounds for the
commercially important cod, providing both re -
sources and shelter from predators. Losses of these
habitats may force cod to habitats supporting fewer
individuals, thereby diminishing the role of coastal
areas as nursery areas. Due to the trophic importance
of cod, population effects will likely cascade to lower
trophic levels (Casini et al. 2009, Fauchald 2010),
ultimately altering the functioning of the entire sys-
tem (Eriksson et al. 2009). This suggests that major
efforts should be directed to preserve such habitats
and prevent further habitat loss.
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