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Littoral-zone fish are thought to reduce predation pressure by seeking refuge ‘within macrophyte beds or
near the lake bottom, or by aggregating. We used underwater video to measure the spatial aggregation of
prey fishes in the littoral habitat. At low density, fish were more aggregated off the bottom in:open habitats
than when found off the bottom within macrophyte beds. At high densities, fish were primarily observed
near the lake bottom, and the presence or absence of macrophyte beds had little influence on spatial
behavior. No difference could be detected in the degree of aggregation seen in fish on the lake bottom inside
or outside macrophyte beds. Our results lend field support to theoretical and laboratory research that
suggests aggregative behavior in littoral-zone fish is strongly influenced by fish density and by habitat
structure. :

Il est suggéré par plusieurs auteurs que les poissons littoraux réduisent la pression de prédation en
cherchant refuge dans les herbiers ou prés du fond du lac, ou en s’agrégeant. Nous avons utilisé la vidéo
pour déterminer I'hétérogénéité spatiale des poissons proies dans une variété d’habitats littoraux. A de
faibles densités, les poissons seraient plus agrégés quand ils se trouvent dans la colonne d’eau dans les zones
ouvertes que quand ils se trouvent dans les herbiers. A de densités élevées, les poissons se trouvaient
en principe a proximité du fond du lac. La présence ou I'absence des macrophytes avait peu d’influence
sur la distribution spatiale des poissons. Pas de difference dans le degré d’agrégation était observée chez
les poissons se trouvant au fond du lac a I'intérieur ou a I'extérieur des herbiers. Nos analyses appuient,
par la recherche in situ, la théorie qui suppose que le comportement grégaire des poissons littoraux est forte-

ment influencé par la densité des poissons et par la structure de |"habitat.
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(Taylor et al. 1978). The spatial heterogeneity of animal

populations is known to be density dependent (Taylor
1984; Downing et al. 1987; Folt 1987; Pinel-Alloul et al.
1988) and varies with biological and physical factors such as
predation (Anscombe 1950), body size (Peters 1983), and
habitat structure (Benson and Magnuson 1992). Animal pop-
ulations may aggregate to acquire food, reproduce, and avoid
predation. Predation is thought to increase prey aggrega-
tion because prey can diminish predation pressure by coop-
erative predator detection, numerical dilution, and predator
confusion (Foster and Treherne 1981; Milinski 1984; Turner
and Pitcher 1986). However, because prey aggregation may
increase competition and intragroup aggression (Taylor and
Taylor 1977; Sih 1987), prey may be less aggregated when
predators are not present (Rasmussen and Downing 1988;
Nelson and.Bonsdorff 1990).

Characteristics of the shallow-water habitat may influence
predation risk and thus alter the spatial distribution of littoral-
zone fish. Several authors have suggested that littoral-zone
communities exhibit temporal and spatial patterns of species
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abundance and distribution that are related to the presence of
aquatic macrophytes, water temperature, dissolved oxygen,
depth gradients, competition, and predator—prey interactions
(Gilinsky 1984; Holt 1984; Keast 1984; Noble 1986; Ploskey
1986; Killgore et al. 1989; Boudreau 1992). In the littoral
zone, aquatic macrophytes are thought to enhance the survival

probability of prey fish by decreasing encounter rate (Hershey

1985) or predation rate (Crowder and Cooper 1982; Savino
and Stein 1982; Werner et al. 1983). Small bluegill (Lep-
omis macrochirus) have been shown to be restricted to dense
vegetation in the presence of piscivorous fish (Werner et al.
1983). Some adverse effects of increased vegetation structure '
have been documented, however. Some predators, such as
northern pike (Esox lucius), are adapted to catching their
prey among vegetation, and other predators, such as large-
mouth bass (Micropterus salmoides), may change their preda-
tory tactics from searching to ambushing as plant density
increases (Savino and Stein 1989). Bluegill predation rates
have, however, been seen to decline with increasing plant
density (Savino et al. 1992).

Prey may also seek cover by staying near the bottom.
Savino and Stein (1989) found that 80-100% of fathead
minnows (Pimephales promelas) generally stayed near the
bottom of an experimental pool, regardless of plant density
or predator type. Noakes (1992) found that young-of-the-
year brook trout (Salvelinus fontinalis) stayed motionless
under the cover of vegetation or rocks on the bottom to
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