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CAE AQUATIC CHEMICAL ECOLOGY

Chemically-mediated interactions
~ determine community structure and
\  ecosystem function.

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

Chemistry, physics and
sensory physiology arethe
base. Chemicalstransporte
In moving fluid interact
with recentors
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JAMES H. BROWN

THE MACROECOLOGICAL APPROACH ]

Macroecology is self-consciouslyexpansive and synthetic. In this r
spect it does differ philosophically from much of traditional ecolog
which I would characterize as becoming increasingly reductionist ax
specializ;ed.l Rather than trying to use ever more powerful microscor
to study the fine details of ecological phenomena, macroecology tries
develop more powerful macroscopes that will reveal emergent patter
and processes. To make an analogy, the goal is not to understand a tape
try in terms of warp and woof and the chemistry of fibers and dyes, b
to see and interpret the entire scene. In order to visualize the big pictu
it is necessary to stand back and take a distant view. Accordingly, macro
cology attenpts to increase the spatial and temporal scale of ecologic
inquiry, and also to expand the kinds of questions asked and the range
phenomenastudied. It tries to achieve synthesisby exploring the relatio
ships between ecological phenomena and the patterns and process
studied by basic and applied scientists in other disciplines.

1. An extreme example is the subdiscipline of chemical ecology, which has taken an
exceptionally reductionist, high-technologyapproach to studying chemically mediated pro-
cesses, such as plant defense against herbivores, Many compounds irmportant in ecological
interactions have been isolated and their chemical forrmulae and stractures characterized.
In orderto obtainthis level of reductionist precision, however, rmuch of the research isbeing
done by chemists who have little knowledge of or interest in the effects of these cormpounds

on free-livine individuals. populations, commmanities. and ecosvstems.



Chemical signaling | Sthe language of life. Understanding the
language allows access to degper ecological and evolutionary
Insiahtsin the fields of Ecoloav/Evolution/Behavior



To Prove Jim Brown Wrong:

Studies of interactions need to be imbedded within a
community context. Pairsof interactionsalone will not
be adequately informative.

Chemical defenses and the cascades of ecological and
evolutionary interactionsthey produce need to be
elaborated (complex interactions arethe norm - not the
exception)

Think Dials (variables) not Switches (dichotomies).
Varianceisthe norm, appreciate it and work with it.
Varianceisthefue of evolution, don’t ignoreit.



THE ECOLOGY OF YUCK

How do Consumers Affect Prey Traits?
How do Prey Traits Affect Consumers?
The Cascade of thisthrough Multiple Trophic Levels
Effectsat Various Spatial and Temporal Scales

Chemical Signals Structure Populations, Communities,
and Ecosystems



In the Beginning
Soaking and Injecting
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be tested by feeding assays — no
matter how dangerous the animals



















Which Herbivores Select for Defenses? (L arge mobile
generalistsvs. smaller, less mobile specialists - the buffalo
VS. Insect contrast)
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he question matters:
) does compound “X” defend Dictyota by deterring feeding?
) What traits allow Dictyota to co-exist with herbivores?
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he question matters:
1) does compound “X” defend Dictyota by deterring feeding?
) What traits allow: Dictyeta to ce-exist with herbivores?




,Methods: Feeding Assays

~

Freeze Dry
& Grind

Feeding Assay

Nutritional? / \
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“WORMS have played a more important part in the
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ommon in the tropics, urchins? mesograzers seem
more common in temperate.
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Why evoelve to detect and avoid
compounds?

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

o All consumers have some abillity to
detoxify

Do defended foods just taste bad or might
they reduce consumer fithess — thus
selecting for detection and avoidance?



©
S
)
o
©
T

Leanns Quickly
The tequila effect
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EFFECTS OF CONSUMING CHEMICAL DEFENSES
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Daughter Clones (no.)

7=27-29°C

r=18-21°C

@ - pellet with didemnins ]
O - pellet without didemnins

& - no squid pellet offered
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Far - Secondary Metabolites Commonly Deter Feeding by

L arge Generalists Such as Fishes and Urchins, with Traits
sometimes wor king Synergistically and with Herbivores
Consuming “ Defended” Foodsif 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?

Hypothess: small Sedentary Herbivoresthat Live ON
Seaweeds Can’t Separate Food Choice from Habitat Choice.
Seaweeds Eaten by Fisheswill be Unsafe Habitats. Thus, Small
Sedentary Herbivores Should Selectively Use Chemically
Defended Hosts. “ Feeding” Specialization may Really be

Hahitat CRneciali7zatinan
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No. Squares Consumed

OAc

==
HO

(] Control M Dictyol B acetate
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0.25 05
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Concentration as % Dry Mass (% Wet Mass)

To deter the amphipod, we
need 5X to 20X more
compound than to deter the
fish and sea urchin,
respectively




Amphipods that are Resistant to Dictyota’s Chemical
Defenses Persist on Dictyota when Fishes are Common.
Species that Cannot Live on and Feed on Dictyota,
become Locally Extinct During this Period.

When Super-Glued to Dictyota vs. More Palatable
Species and Placed in the Field, Amphipods on Dictyota

Persist while Those on Palatable Seaweeds get Eaten
by Fishes.

(Dutty and Hay 1994 Ecology)



So Dictyota Provides Refuge for Ampithoe longimana but

|sit a Good Food?

|sthe Unique Valuethat Drives Preferential Utilization
Shelter or Food?
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00d Quality X
efense Interactions

Quality matters
Chem. sometimes
atters

) INTERACTIONS
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So Dictyota is Nothing Special as a Food and
Seemsto be Favored DuetoitsValue asa Habitat

ltsValueasaHabitat Liesin its Resistanceto Fishes,
and this Resistance is Based on 1ts Production of
Deterrent Chemicals

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




vV Nat about I NtraSPECITIC Fatter NS WNere A. longimana
Does, or Does not, Co-occur with Dictyota?

******
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Dictyota spp.
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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 Prefer ence?
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Advantages of Marine Communities

Terrestrial
Pal eodisturbance High
(1,000 - 1,000,000 yrs)
Recent Disturbance High
(100s of years - agriculture)
Number of Specialists Spp. High

(can’'t see forest for trees)

Selection Against Specialization Low

Marine

Low

L ow

L ow

High
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Specialized Feeding on Chemically-Rich Seaweeds is
Predictably Associated with Escape from, or Deterrence of,
Consumers (Atlantic, Caribbean, Indo-Pacific; Crabs,
Amphipods, Gastropods...) . Thus, Feeding Patterns
Among Small Sedentary Herbivores Appear to be Driven
by the Need to Diminish Attack Rather than by Nutritional
Aspects of the Food.

However, in the Cases I’ve Shown, Food and Deterrence

are Confounded.

To get Around This, We Looked for Seaweed Specialists

that Didn’t Eat Seaweeds - Did They also Reduce Their
Susceptibility to Consumers?
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Of the Multiple Secondary Metabolites
in Dictyota menstrualis, the Single
Metabolite that Most Strongly Deterred
Fishes was the Metabolite the the Crab
used to Select Decorating Materials.

(Stachowicz & Hay 1999 Ecology)



(Stachowicz & Hay
2000 Am. Nat.)
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Even Non-Herbivorous Species Can Specialize on Plants.

Like Herbivorous Species, These Non-Herbivor es Escape
Consumers Through Specialization

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

Could this Explain Terrestrial Specialists as \Well?



Can Marine Patterns
Provide Insights into
Terrestrial Processes?

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



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



Years Ago

The extinction of large mammals and Aightless birds coincided closely

with the arrival of humans in North America, Madagascar, and New
Zealand, and less decisively earlier in Austral

. Im Africa, where
humans and animals evolved together for milligns of years, the damage
was less severe,







Two Final Thoughtson
Chemical Ecology:

1) Context is Critical: Think dials not switchesin most
cases. Defensive against which consumer, in which
situations, under which stresses, etc. (thereare some
people for which lifeisfull of smple dichotomies, but
for the thinking ones, it Is much mor e situation specific
—you know this from your own experiences
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2) To do Science Well and
Productively, It must Remain Fun,
Challenging, and Meaningful






~ Summer Home 9 h/day at depths of 17 - 40 m
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The Hot-Tub ship....NOT our standard research ship
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/ To the organizers — many thanks!
But enly Henrik has to wear the sh
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