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Chemistry, physics and
sensory physiology are the
base.  Chemicals transported
in moving fluid interact
with receptors.

Organisms use chemicals to
deter enemies, sense danger,
 find mates, and feed.

Chemically-mediated interactions
determine community structure and
ecosystem function.

AQUATIC CHEMICAL ECOLOGY





Chemical signaling IS the language of life.  Understanding the 
language allows access to deeper ecological and evolutionary 

insights in the fields of Ecology/Evolution/BehaviorEcology/Evolution/Behavior. 



Studies of interactions need to be imbedded within a 
community context.  Pairs of interactions alone will not 

be adequately informative.

Chemical defenses and the cascades of ecological and 
evolutionary interactions they produce need to be 

elaborated (complex interactions are the norm - not the 
exception) 

Think Dials (variables) not Switches (dichotomies).  
Variance is the norm, appreciate it and work with it.  

Variance is the fuel of evolution, don’t ignore it.

To Prove Jim Brown Wrong: To Prove Jim Brown Wrong: 



THE ECOLOGY OF YUCK

How do Consumers Affect Prey Traits?
How do Prey Traits Affect Consumers?

The Cascade of this through Multiple Trophic Levels
Effects at Various Spatial and Temporal Scales 

Chemical Signals Structure Populations, Communities, 
and Ecosystems



Soaking and injectingSoaking and injecting

=

=

NOT NOT ecologicallyecologically
valuablevaluable

In the BeginningIn the Beginning



Defense against consumers must 
be tested by feeding assays – no 

matter how dangerous the animals 



Some Natural History: Which herbivores matter, which systems to use, where 
and how to conduct assays?











Which Herbivores Select for Defenses? (Large mobile 
generalists vs. smaller, less mobile specialists - the buffalo 

vs. insect contrast)





10 weeks of growth - gone in 24-48h 







The question matters: 
(1)(1) does compound “X” defend does compound “X” defend DictyotaDictyota by deterring feeding?by deterring feeding?
(2) What traits allow Dictyota to co-exist with herbivores?
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Ecologists Need Chemists 





Patch Size Patch Size –– Sampling effects?  Duration?  Compound solubility and stabilitySampling effects?  Duration?  Compound solubility and stability??









The question matters: 
(1) does compound “X” defend Dictyota by deterring feeding? 
(2) What traits allow What traits allow DictyotaDictyota to coto co--exist with herbivores?exist with herbivores?
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The Approach Works with ALMOST Any Taxonomic GroupThe Approach Works with ALMOST Any Taxonomic Group



“WORMS have played a more important part in the 

history of the world than most persons would at first 

suppose”.—Darwin, 1883



Phyto… aaarugh!!!
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Fishes more common in the tropics, urchins?  mesograzers seem 
more common in temperate.





Integrated Pest Management

or Synergisms of DefensesSynergisms of Defenses

Value can counter defense, Value can counter defense, 
I’ll return to this laterI’ll return to this later



Each detersEach deters

Chem. deters, but Chem. deters, but 
chem.  and calc. are chem.  and calc. are 
better than either alonebetter than either alone

Either alone is as Either alone is as 
good as bothgood as both

Can assess additive Can assess additive 
and synergistic effectsand synergistic effects



Why evolve to detect and avoid Why evolve to detect and avoid 
compounds?compounds?

• Can a few feeding “mistakes” really be 
costly?

• All consumers have some ability to 
detoxify

• Do defended foods just taste bad or might 
they reduce consumer fitness – thus 
selecting for detection and avoidance?



Too smartToo smart

Learns Quickly:Learns Quickly:
The tequila effectThe tequila effect









So Far - Secondary Metabolites Commonly Deter Feeding by 
Large Generalists Such as Fishes and Urchins, with Traits 
sometimes working Synergistically and with Herbivores 
Consuming “Defended” Foods if they are more Valuable (i.e., 
context matters).

Next - Once a Seaweed is Successfully Defended Against These
Consumers, What Then?  

Who Gets Around These Defenses and Why?

Hypothesis: Small Sedentary Herbivores that Live ON
Seaweeds Can’t Separate Food Choice from Habitat Choice.  
Seaweeds Eaten by Fishes will be Unsafe Habitats.  Thus, Small 
Sedentary Herbivores Should Selectively Use Chemically 
Defended Hosts.  ““Feeding” Specialization may Really be Feeding” Specialization may Really be 
Habitat SpecializationHabitat Specialization



Getting Lunch Without Being Lunch













To deter the amphipod, we 
need 5X to 20X more 

compound than to deter the 
fish and sea urchin, 

respectively





So Dictyota Provides Refuge for Ampithoe longimana but 

Is it a Good Food?

Is the Unique Value that Drives Preferential Utilization 
Shelter or Food?



Cruz-Rivera & 
Hay 2001 MEPS



Cruz-Rivera & Hay 2001 MEPS



Cruz-Rivera & 
Hay 2003

Food Quality XFood Quality X
Defense InteractionsDefense Interactions

1)1) Quality mattersQuality matters
2)2) Chem. sometimesChem. sometimes
mattersmatters

3) 3) INTERACTIONSINTERACTIONS



So Dictyota is Nothing Special as a Food and 
Seems to be Favored Due to its Value as a Habitat

Its Value as a Habitat Lies in its Resistance to Fishes,
and this Resistance is Based on its Production of 

Deterrent Chemicals

If this is true then, 
Ho: where the amphipods co-occur with Dictyota, they 
should be selected to use it to avoid fishes, where they 
do not overlap with Dicytota, this selection should not 

occur



What about Intraspecific Patterns where A. longimana
Does, or Does not, Co-occur with Dictyota?





Sotka and Hay 2002 Ecology



Sotka et al. 2003 Evol.)



The The dictyolsdictyols cause this altered feedingcause this altered feeding

They also diminish fertility in They also diminish fertility in allopatricallopatric
amphipods, but not in amphipods, but not in symparticsympartic onesones

These patterns persist through 3 These patterns persist through 3 
generations raised in common gardensgenerations raised in common gardens



Seaweed Chemical Defenses Affect 
the Evolution of Herbivores



Could the Processes We Documented Affecting 
A. longimana go Further, and Select for 

Restrictive Feeding Specialization 
Rather than just Feeding Preference?







Advantages of Marine Communities

Terrestrial Marine

Paleodisturbance High Low
(1,000 - 1,000,000 yrs)

Recent Disturbance High Low
(100s of years - agriculture)

Number of Specialists Spp. High Low
(can’t see forest for trees)

Selection Against Specialization Low High



































































(Stachowicz & Hay 1999 Ecology)





(Stachowicz & Hay
2000 Am. Nat.)



Even Non-Herbivorous Species Can Specialize on Plants. 

Like Herbivorous Species, These Non-Herbivores Escape 
Consumers Through Specialization

It Appears that Specialization Can Be, and Often Is, 
Driven by the Need to Avoid Consumers

Could this Explain Terrestrial Specialists as Well?Could this Explain Terrestrial Specialists as Well?



““Insects drive plant evolution, vertebrates are less important.”Insects drive plant evolution, vertebrates are less important.”
“We don’t have parrotfish equivalents that would indirectly cons“We don’t have parrotfish equivalents that would indirectly consume insects.”ume insects.”
Etc…..Etc…..



Evolution is a response to YESTERDAY, not today, and not tomorroEvolution is a response to YESTERDAY, not today, and not tomorrow! w! 





Algal Metabolites Affect: Algal Metabolites Affect: 
--AlgalAlgal--Herbivore Interactions, Herbivore Interactions, 
--Population Regulation,Population Regulation,
--Patterns of Evolution,Patterns of Evolution,
--Community Structure, Community Structure, 
--Energy Transfer Among Energy Transfer Among 
EcosystemsEcosystems



Two Final Thoughts on 
Chemical Ecology:

1) Context is CriticalContext is Critical: Think dials not switches in most 
cases.  Defensive against which consumer, in which 

situations, under which stresses, etc.  (there are some 
people for which life is full of simple dichotomies, but 

for the thinking ones, it is much more situation specific 
– you know this from your own experiences





2) To do Science Well and 2) To do Science Well and 
Productively, It must Remain Fun, Productively, It must Remain Fun, 

Challenging, and MeaningfulChallenging, and Meaningful



GunillaGunilla can advisecan advise
youyou



9 h/day at depths of 17 - 40 mSummer Home













The Hot-Tub ship….NOT our standard research ship



“Scientific” meeting of Biology graduate students at Ga Tech



To the organizers To the organizers –– many thanks!many thanks!
But only But only HenrikHenrik has to wear the shirthas to wear the shirt


