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DEFINITIONS:

Marine natural products = organic metabolites
isolated from marine organisms 

Secondary metabolites = metabolites not known
to be involved in primary metabolism

Marine chemical ecology = study of the influence
of secondary metabolites on the 
distribution and abundance of marine 
organisms



Terrestrial natural products chemistryTerrestrial natural products chemistry









1960s – birth of marine natural products chemistry

1970s – peak isolation of non-polar metabolites

1980s – isolation work slows, diversification 
birth of marine chemical ecology

1990s – isolation of polar metabolites
further multidisciplinary diversification



Categories of Categories of 

Marine Natural ProductsMarine Natural Products



Not included: bacteria and fungi



OxohomoaerothioninOxohomoaerothionin –– AplysinaAplysina cavernicolacavernicola

PellynicPellynic acid acid –– PellinaPellina triangulatatriangulata



AmericanolideAmericanolide F F –– PseudopterogorgiaPseudopterogorgia americanaamericana

AncepsenolideAncepsenolide –– PterogorgiaPterogorgia ancepsanceps



EcteinascidinEcteinascidin –– EcteinascidiaEcteinascidia turbinataturbinata

MeridineMeridine –– AmphicarpaAmphicarpa meridianameridiana



INTERDISCIPLINARY SCIENCE:

- Synergistic 

- Interests differ:

chemist : molecular structure, synthesis

pharmacologist : method of action

ecologist : ecological function, evolution



Marine chemical ecology:
Ecological theory from terrestrial ecology
Follows “scientific method” of experimentation
-construct a null hypothesis and falsify
-multiple working hypotheses
Tends to assume adaptive function of 
secondary metabolites based on “cost”



THEORY:
Resources are partitioned:
maintenance, acquisition, growth,
reproduction, defense
Resources are finite
Natural selection results in optimization



TYPES OF CHEMICAL DEFENSES:
Anti-predatory
Anti-overgrowth (allelopathic)
Antifouling
Anti-pathogen
UV radiation protection (sunscreens)



ANTI-PREDATOR DEFENSE:
Behavioral (run away, hide)
Associational (live among spines)
Structural (physical - bear spines)
Nutritional (make yourself poor food)
Chemical (taste bad)



ANTI-PREDATORY CHEMICAL DEFENSES

Pre-1980s: Assessed by correlation or 
toxicity studies

Subsequent: Development of more ecologically 
relevant bioassays

- Feeding assays
- Realistic consumers
- Natural concentrations of metabolites



Goldfish toxicity Goldfish toxicity 
assays to assess assays to assess 
chemical defenses chemical defenses 
using tissue using tissue 
homogenateshomogenates



““Learned avoidanceLearned avoidance”” by by 
predator only occurs in (A): predator only occurs in (A): 
selection for distastefulness, selection for distastefulness, 
not toxicity.  Visual predator not toxicity.  Visual predator 
learns when very young.learns when very young.



CHEMOSENSORY 
PERCEPTION



citral

hexanethiol

= LEMONY

= SKUNKY

Olfactory responses

Gustatory responses

aspartame

capsaicin

STRUCTURE-FUNCTION
RELATIONSHIP







Aquarium assay



Pawlik, Chanas, Toonen & Fenical, (1995) MEPS 127:183-194







Field assay











ANTI-PREDATORY CHEMICAL DEFENSES

Subsequent: Development of more ecologically 
relevant bioassays

- Feeding assays
- Realistic consumers
- Natural concentrations of metabolites

Gravimetric vs. VOLUMETRIC!



Chemical vs. Physical Defenses in Chemical vs. Physical Defenses in 
Caribbean GorgoniansCaribbean Gorgonians
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Problems with Pawlik et al. (1987): 
– Sample handling may have affected results 
– Results based on gravimetric analyses



Volumetric Gravimetric GravimetricVolumetric

Importance of volumetric vs. gravimetric
measurement:



Spicule Extractions
• 5 ml of gorgonian 

dissolved in sodium 
hypochlorite (bleach)

• Spicules washed in 
H2O and acetone

• Spicules dried by 
suction filtration and 
assayed



Volumetric vs. Gravimetric
• Compare 2 samples of  

Gorgonia ventalina: 
– Sample A:

• 19.72 g
• 27 ml

– Sample B:
• 22.86g
• 57 ml

• Mass of B was 16% greater 
than A

• Volume of B was 111% 
greater than A



TYPES OF CHEMICAL DEFENSES:
Anti-predatory
Anti-overgrowth (allelopathic)
Antifouling
Anti-pathogen
UV radiation protection (sunscreens)



Fouling invertebrate Fouling invertebrate 
toxicity assays to toxicity assays to 
assess assess allelopathyallelopathy
using tissue using tissue 
homogenateshomogenates



ALLELOPATHIC AGENTS are metabolites that alter             
the health, growth, or behavior of organisms of 
another species.

Allomones: benefit the organism PRODUCING 
the metabolite.

Kairomones: benefit the organism RECEIVING 
the metabolite.





Overgrowth assay plate

Treated 
Gel

20 ml

Control
Gel

20 ml

Control
Gel

20 ml

Treated 
Gel

20 ml

15 cm

5 cm

Overgrowth organism  

Sponges

Tunicates

Bryozoans



Extract:  Aplysilla longispina

Overgrowth Sponge: Tedania ignis



Extracts diffuse slowly from gels 



EX: E. ferox
OS: T. ignis
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Ectyoplasia ferox Tedania ignis



RESULTS:

6 (30%) Inhibited overgrowth 

11 (55%) No effect on overgrowth

3 (15 %) Promoted overgrowth !!!

20 species of reef and mangrove sponges



EX: A. longispina
OS: T. ignis
n=6, p<0.001
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EX: A. longispina
OS: L. isodictialis

n=6, p<0.001

CONTROL TREATED

EX: A. longispina
OS: H. hogarthi

n=6, p<0.001
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Extracts of  

Aplysilla longispina

Inhibited Overgrowth



EX: I. birotulata
OS: T. ignis
n=4, p>0.05
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EX: I. birotulata
OS: L. isodictialis

n=6, p>0.05

CONTROL TREATED

EX: I. birotulata
OS: H. hogarthi
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Irotrochorta birotulata

Do Not Affect Overgrowth



EX: A. wiedenmeyeri
OS: T. ignis
n=6, p<0.05
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EX:A. wiedenmeyeri
OS: L. isodictialis

n=6, p<0.05

CONTROL TREATED

EX:A. wiedenmeyeri
OS: H. hogarthi

n=6, p<0.05

CONTROL TREATED

Extracts of 

Agelas wiedenmeyeri

Promoted Overgrowth



EX: G.gibberosa
OS: T. ignis
n=6, p<0.05
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EX: G. gibberosa
OS: L. isodictialis

n=6, p<0.01

CONTROL TREATED

EX: G. gibberosa
OS: H. hogarthi

n=6, p<0.01

CONTROL TREATED

Extracts of     

Geodia gibberosa

Promoted Overgrowth



Conclusions
1.  Gels provide a suitable substratum for 

overgrowth by sponges and others

2.  Extracts diffuse gradually from gels

3.  Observed 3 responses

I) inhibited overgrowth

II) no effect on overgrowth

III) promoted overgrowth



Science 221:1175 (1983)

Siphonodictyals A & B Siphonodictyon = Aka



First attempts (mid-1990s):

• Field assay

• Natural concentrations

• Comparison with live sponge

BUT:

HOW TO QUANTIFY???



PAM - pulse-amplitude modulated fluorometry:  
• measures efficiency of photosystem II 
• non-invasive
• quantitative
• correlates with O2 evolution, C14 uptake
• very rapid 

Use physiological condition of zooxanthellae as proxy for coral



Sweetings Cay, Bahamas
June 2003
18 hr experiments
Coral: Diploria labyrinthiformis



TECHNIQUE

DEVELOPMENT
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Y = effective quantum
yield  (health)

F = fluorescence of
dark adapted coral
(# of zooxanthellae)
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NEXT:
• More techniques development
• Survey of sponge-overgrowth spp.
• Bioassay-guided fractionation
• Isolation of active metabolites
• Test Siphonodictyon metabolites



TYPES OF CHEMICAL DEFENSES:
Anti-predatory
Anti-overgrowth (allelopathic)
Antifouling
Anti-pathogen
UV radiation protection (sunscreens)



Assessing antifouling in the fieldAssessing antifouling in the field

Advantages of field assay:

natural flow regime and conditions
natural population of propagules
no “concentration artifacts”



Preparation of Gels:Preparation of Gels:
made with Phytagel
natural volumetric concentrations



Assay Method:Assay Method:
•Crude organic extracts of 44 species of     
Caribbean sponge were incorporated into 
stable gels at natural and higher 
concentrations.
*Gels were deployed in the field for an 
average of 24 d.

•Common settlers were:
-barnacles
-spirorbid worms 
-hydroids
-bryozoans 
-tunicates
-algae



Assay Method:Assay Method:

•Percentage cover was measured using a dot-
grid estimate method

•Total number of individuals and colonies of 
sessile invertebrates were recorded

•Data was analyzed using a two tailed paired t-
test (p<0.05)
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Results: Total Percent CoverResults: Total Percent Cover

Non significant
Deterred algae and invertebrates   
Enhanced algae and invertebrates

55%
17%

28%

Percentage of extracts that were:

57%

1 x NC

10%

33%

2 x NC

April-August 1999



Non significant
Deterred invertebrates only   
Enhanced invertebrates only

1 x NC 2 x NC
Results: Invertebrate countsResults: Invertebrate counts

Percentage of extracts that:

April-August 1999

90%

3%

7%

47% 53%



Bioassay guided fractionationBioassay guided fractionation

methanol/water (9:1)

Crude extract

methanol/water (6:4)

n-hexane

dichloromethane

methanol evaporated

water ethyl acetate

AA

CC

BB

DD



Results: SemiResults: Semi--purified extractspurified extracts

1 x NC 2 x NC

semi-purified extracts assayed at 2x NC

TPC IMC TPC IMC Hex DCM EtAc Water
Callyspongia vaginalis + - - - (IMC)
Ectyoplasia ferox n/a n/a -
Haliclona hogarthi n/a n/a - - (IMC)
Lissodendoryx isodictyalis + + (TPC)
Siphonodictyon coralliphagum - - n/a n/a - (TPC) - (IMC)
Tedania ignis n/a n/a -
Xestospongia muta + - + (TPC)



Treated GelTreated Gel Control GelControl GelAfter 27 d in the field

Gels treated with organic extracts of
Amphimedon compressa



Gels treated with triterpene glycosides
from Ectyoplasia ferox
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Treated Gel Control Gel
(After 22 d in the field) 
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