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SUMMARY 

Behavioural responses to chemical cues are common among animals, whereas there is still intense debate 
as to whether plants are able to detect environmental information and adjust their behaviour 
accordingly. Here, I report that several freshwater algal species respond to the presence or absence of 
grazers in the water column by regulating their recruitment rate from sediment to water. In lakes, as well 
as in controlled laboratory experiments with low abundances of grazers, recruitment of certain flagellated 
algal species was high, whereas recruitment was negligible when grazer abundances were high. Hence, 
certain plants equipped with locomotion organelles can use cues released from herbivores to adjust the 
timing of recruitment from the 'seed-bank', thereby reducing the exposure to grazing. Such an 
adaptation may have important consequences for dominance and temporal succession in algal 
communities. In an evolutionary context, this study shows that consumer-avoidance behaviour is not an 
adaptation exclusive to animals. 

1. INTRODUCTION 

In aquatic ecosystems, chemical cues released by 
predators have been repeatedly demonstrated to 
induce changes in morphology of prey organisms 
resulting in reduced susceptibility to predation (Lively 
1986; Harvell 1990; Bronmark & Miner 1992; Larsson 
& Dodson 1993). Most of these interactions are 
demonstrated for animals, although recent studies 
have shown that algae are also able to respond to 
chemical cues from herbivores and adjust their mor- 
phology to become less vulnerable (Hessen & van 
Donk 1993; Lampert et al. 1994). Herbivory is one of 
the main loss processes among algae, often capable of 
reducing algal biomass by as much as 50% per day 
(Sterner 1989). It is therefore not surprising that 
morphological adaptations which reduce the grazing 
rate have evolved among algae, including spines, 
plates, and the presence of toxic compounds. 

Several algal groups, including blue-green algae and 
many flagellated species, spend part of their life-cycle 
at the sediment surface, either as vegetative cells or as 
resting stages, i.e. they have a 'seed bank' at the 
sediment surface. If these algae are able to detect 
alterations in grazing pressure and adjust their re- 
cruitment to the water column, they are likely to 
become dominant during periods with low abundances 
of efficient grazers. Here, I demonstrate that certain 
algal groups are able to use cues released by herbivores 
and adjust their behaviour by avoiding entry into the 
water column at high grazer abundances. Studies on 
algal recruitment from the benthic habitat to the water 
column were done in four lakes with contrasting grazer 
abundances. The results from the field study were 

Proc. R. Soc. Lond. B (1996) 263, 1241-1244 
Printed in Great Britain 

further tested in a laboratory experiment where 
sediment dwelling algae were presented to both living 
and dead herbivores. 

2. METHODS 

(a) Field study 
The field study was done in Peter, Paul, East Long Lake 

(ELL) and West Long Lake (WLL) which are unproductive, 
dimictic forest lakes with maximum depths of 17, 11, 14 and 
14 m, respectively, situated within 1 km of each other at the 
University of Notre Dame Properties (Michigan, USA, 
N46?13'; 89?32' W). In spring 1991, Long Lake was divided 
into two basins as a first step in a fish manipulation program, 
resulting in West- and East Long Lakes (ELL and WLL, 
respectively; S. R. Carpenter et al., unpublished data). 

Zooplankton abundances were determined by means of 
two net hauls (mesh size 80 itm) from the bottom to the 
surface nine times during the investigation period. The two 
samples were pooled and preserved in formaldehyde (2% 
final concentration). Samples for determination of algal 
abundance were taken seven times from 15 June to 15 August 
1991. A 4 1 water sample was taken with a plexiglass pipe 
(diameter 75 mm; length 2 m) in the middle of the lake at 
each sampling occasion. Traps to catch algae migrating 
between the sediment and the water were made of a 120 ml 
glass jar filled with GF/C (Whatman) filtered lake water (i.e. 
no algae present in the trap at the start), with a funnel 
mounted through the lid (funnel diameter 0.14 m). Traps 
were attached 0.5 m above the sediment surface at 2 m depth 
for 48 h with the funnels facing down to collect algae 
recruited from the sediment (Hansson 1996). Samples were 
taken at six dates in each lake from 19 June to 15 August 
1991. Funnel openings were covered with a 300 gum nylon net 
to reduce grazing on trapped algae. All algal samples were 
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