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Habitat complexity affects how young of the year Atlantic
cod Gadus morhua perceive predation threat from older

conspecifics
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The response of age 0+ year juvenile Atlantic cod Gadus morhua to the presence of age
1+ and age 3+ year conspecifics was measured with and without cover available. Juveniles
reacted by aggregating more closely and maintaining distance from older conspecifics in an
experimental setting without cover but only to age 3+ year conspecifics when cover was available.
The results indicate that prior residence of older juveniles can affect age 0+ year juveniles
during benthic settlement and highlights the conservation value of structurally complex nursery
habitats. © 2013 The Authors
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Conspecifics commonly compete for limited resources, and intraspecific competition
poses strong selection pressure on species (Claessen & Dieckmann, 2002). Body size
is a major predictor of competitive ability in intraspecific competition for food and
space (Johnsson et al ., 1999; Schmitt & Holbrook, 1999). Although different sized
conspecifics sometimes specialize on discrete niches (Einum & Kvingedal, 2011)
asymmetrical competitive ability of size classes, i.e. cohorts influence year-class
survival and recruitment in many fishes, including Atlantic cod Gadus morhua L.
1758 (Bjørnstad et al ., 1999; Kaspersson et al ., 2012).

After the first few months as pelagic larvae and juveniles, G. morhua shift to
benthic habitats (Fahay, 1993; Lomond et al ., 1998). Both field observations and
theory suggest that this shift is adaptive, optimizing survival and growth (Svåsand
& Kristiansen, 1990; Salvanes et al ., 1994). During the shift, juveniles suffer high
mortality rates and are found to prefer substrata that offer cover from predators
(Tupper & Boutilier, 1995a , b). Predation pressure is high and age 0+ year juvenile
G. morhua are known to be predated by older juveniles as young as age 1+ years
(Gotceitas & Brown, 1993; Grant & Brown, 1998). There is also considerable

‡Author to whom correspondence should be addressed. Tel.: +354 456 1221; email: gaol@hi.is

2141
© 2013 The Authors
Journal of Fish Biology © 2013 The Fisheries Society of the British Isles



2142 P. T H E O D O RO U E T A L .

competition for space and food both among and within age classes of juvenile
G. morhua (Nordeide & Fossa, 1992; van Duren & Glass, 1992). Therefore, both
competition and the risk of predation from older juveniles can be expected to
influence the survival of G. morhua juveniles during benthic settlement.

In nature, age 0+ year juvenile G. morhua aggregate in response to perceived
threat. Both field and laboratory studies have shown that age 0+ year G. morhua
juveniles aggregate more in open than in structured habitats and increase schooling
in the presence of a predator (Laurel et al ., 2004; Laurel & Brown, 2006). The
effect of older juveniles on the behaviour of benthic settlers is much less known.
In the current study, the aggregation of age 0+ year juvenile G. morhua and their
avoidance of age 1+ and age 3+ year conspecifics was examined in experimental
tanks with and without available cover.

Age 0+ year juveniles were caught in September 2008 in north-west Iceland
(66◦ 06′ N; 25◦ 53′ W). The experimental aquarium consisted of six tanks
(100 × 110 × 30 cm) with a salinity of 30–35 and temperature of 9◦ C (range ±0·5◦

C). In three tanks, stones placed throughout the tanks provided cover (complex
environment) while the other three were empty (simple environment). Each tank was
given a partial water change (c. one third) and cleaned every day. Gadus morhua
were held under a 12L:12D regime and hand fed daily to saturation with commercial
pellets. At the beginning of each experiment groups of six age 0+ year juveniles
were randomly caught from different holding tanks, transferred with hand-nets and
released as a group into the test environment. They were allowed to acclimatize
for 20 min prior to 20 min behaviour recording. The first test consisted of only
age 0+ year juveniles in simple and complex environments. In the second test age
0+ year G. morhua juveniles were in the presence of an age 1+ year conspecific
and finally in the presence of an age 3+ year G. morhua . The experimental
tanks were continuously monitored to ensure that age 0+ year juveniles were not
harmed. Ten groups of six age 0+ year juveniles went through each of the three
tests in both environments, a total of 60 trials. The study used 360 age 0+ year
individuals (mean ± s.d. total length, LT = 9·15 ± 1·46 cm), 10 age 1+ year juveniles
(LT = 20·27 ± 0·23 cm) and four age 3+ year G. morhua (LT = 48·86 ± 0·80 cm).
The trials were performed in October 2008. To minimize handling time of each
age 1+ and age 3+ year individual, treatments were run subsequently. Digital
video recordings were obtained by a camera positioned above each tank. From the
video, mid eye distances (cm) between all individuals were determined on a series
of snapshots (5, 10, 15 and 20 min). Distance measures were done in the image
analysis software ImageJ version 1.42q (http://rsb.info.nih.gov/ij/) (Rasband, 2009).

Linear mixed effects model was used to examine: (1) the effect of older con-
specific presence on age 0+ year juvenile aggregation (inter individual distances)
and (2) age 0+ year juvenile avoidance of older conspecifics (age 0+ year juvenile
distances to age 0+, age 1+ and age 3+ year conspecifics respectively). In both
models, treatment (control, age 1+ and age 3+ year conspecifics) and environment
(complex and simple) formed the fixed factors with an interaction term. To avoid
pseudo-replication, trial was included as a random-effect factor to account for the
repeated measurements of the same group of G. morhua within each trial (at 5,
10, 15 and 20 min). Significant interaction terms were further analysed with Tukey
HSD post hoc tests. All distances were log10 transformed prior to analysis to meet
assumptions of normality. The mixed effects model analyses were conducted in
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Fig. 1. Distances (cm) between age 0+ year juveniles ( ) and between age 0+ year juveniles and older
conspecifics ( ) in each of the three tests (treatments): mean ± s.e. aggregation distances (a) between
age 0+ year groups when alone, (b) with age 1+ year juvenile and (c) with age 3+ year juvenile.

the package lme4 0.99 (Bates et al ., 2012). Post hoc tests were performed using
the package Multcomp 1.2-8 in R (Hothorn et al ., 2011). Both are part of the R
statistical programme 2.15.1 (R Core Team; www.r-project.org).

Environment significantly explained variation in the interindividual distances of
age 0+ year juveniles (χ2 = 37·20, d.f. = 1, P < 0·001) as did the presence of older
conspecifics (χ2 = 25·29, d.f. = 2, P < 0·001) (Fig. 1). Specifically, juveniles were
more aggregated in the spatially simple than in the more complex environment both
with age 1+ year juvenile (Tukey HSD, P < 0·001) and with age 3+ year G. morhua
(Tukey HSD, P < 0·001). Juveniles aggregated more closely in the presence of a age
3+ year G. morhua than when alone and this was consistent for both environments
(Tukey HSD, simple, P < 0·001; complex, P < 0·001) but although age 0+ year
juveniles tended to aggregate more closely in the presence of a age 1+ year juvenile
in the simple environment (mean ± s.d. distance between age 0+ year individuals
alone was 42·91 ± 9·39 cm and mean ± s.d. distance between age 0+ year individuals
and age 1+ year olds was 36·61 ± 6·54 cm) this was not significant.

Distances between age 0+ year juveniles and the older conspecifics also varied
with both environment (χ2 = 28·11, d.f. = 1, P < 0·001) and conspecific presence
and type (χ2 = 4·42, d.f. = 1, P < 0·05) and there was a significant interaction effect
between the two (χ2 = 12·69, d.f. = 1, P < 0·001) [Fig. 1 (b), (c)]. Age 0+ year
juveniles stayed further away from both age 1+ and age 3+ year conspecifics in
the simple compared to the complex environment (Tukey HSD, simple, P = 0·05
and complex, P < 0·001). Age 0+ year juveniles maintained significantly longer
distances to the age 1+ year juvenile than between themselves in the simple envi-
ronment (Tukey HSD, P < 0·001) and from the age 3+ year fish in both environments
(Tukey HSD, simple, P < 0·001 and complex, P < 0·001).

The benthic settlement of juvenile G. morhua is a critical time in their life
stage and their survival depends in part on their response to environmental factors
such as habitat complexity, predation risk and the level of competition. Strong
consecutive year classes of G. morhua are uncommon (Bjørnstad et al ., 1999). This
has been attributed to both resource competition and potential cannibalism of age
1+ year olds on age 0+ year olds in nursery grounds (Gotceitas & Brown, 1993,
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Gotceitas et al ., 1997). Although the extent of cannibalism on benthic settlers by
older juveniles in nature is not well known, results from farmed G. morhua indicate
that juvenile cannibalism is common even within cohorts (Folkvord & Otterå,
1993). In this study age 0+ year juveniles aggregated more closely and avoided
the age 3+ year G. morhua in both environments (Fig. 1). This was expected as
first year juvenile G. morhua are known to shoal more cohesively in the presence
of a predator (Laurel et al ., 2004; Laurel & Brown, 2006). The presence of an age
1+ year conspecific also affected both shoaling and dispersal of the age 0+ year
juveniles. Specifically, they stayed further away from the age 1+ year juvenile than
from other age 0+ year juveniles and aggregated more closely in the presence of an
age 1+ year juvenile than when alone in the simple environment (Fig. 1). Wild age
0+ year and age 1+ year juvenile G. morhua commonly coexist in their preferred
habitats (Methven & Bajdik, 1994) but laboratory experiments have shown that age
0+ year juveniles tend to avoid habitats already occupied by their older conspecifics
(Fraser et al ., 1996). From the current results it can be concluded that age 0+ year
juveniles perceived predation threat from both age 3+ and age 1 +year conspecifics
and that predation risk by older juveniles, in addition to post-settlement competition,
may result in the exclusion of younger settlers from preferred habitats.

The presence of an age 1+ year juvenile, however, had negligible effects on age
0+ year juvenile aggregation distances and avoidance in the complex environment
and much less than the presence of an age 3+ year G. morhua (Fig. 1). Complex
environments provide better shelter from predation (Savino & Stein, 1982, 1989) and
fishes are generally more likely to shoal in open habitats (Krause & Ruxton, 2002).
Accordingly, structurally complex environments are known to have higher density
of juveniles (Gotceitas et al ., 1997, Grant & Brown, 1998, Laurel et al ., 2003) and
a recent study found that complex habitats optimize resource quality, foraging and
predation avoidance for juvenile G. morhua (Persson et al ., 2012). To conclude, the
current results show although the immediate response of age 0+ year juveniles to
both age 1+ and age 3+ year conspecifics in open habitats is predator avoidance,
habitat complexity can act to moderate the deterring effect of age 1+ year conspecific
prior residence on age 0+ year benthic settlers.
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