CHEMICAL ECOLOGY OF MARINE INVERTEBRATE
LARVAL SETTLEMENT

= Biofouling: control of settlement

= Aguaculture: shell-fisheries

= Ecological: distribution and
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Feeding, growth
Long duration Oceanogr, Mar. Biol. Annu. Rev. 1992, 30, 273-335
> dispersal

= mortality - predation, advection

Behaviour - physical cues, COMPETENCE
vertical migration (up) Duralion limited (non-feeding)
or unlimited (feeding)
Behaviour changes - physical cues

LECITHOTROPHY vertical migration (up or down)
Non-feeding

Short duration

< dispersal

< mortality Respond to:

physical cues

soluble inducers
cﬁ:’f‘“ (chemotaxis?)
(shock?)

Behaviour - physical cues,

vertical migration (up) (mid-water

metamorphosis)

Passive deposition
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TERRESTRIAL INSECT

Cue detection
LARVA [— Substratum selection

MARIMNE INVERTEBRATE

LARVA

Cue detection
ADULT (e-— Substratum selection










CATEGORIES OF SPECIFICITY:
1) settlement on biofilms (sediment)
2) gregarious settlement - conspecifics

3) associlative settlement - prey, hosts
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Barnacles exhibit all categories
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Conopea galeatus on Lophogorgia chilensis
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Associlative settlement




Gregarious settlement




GREGARIOUS SETTLEMENT

Species
Barnacles

Balanus
Semibalanus

Oysters
Crassostrea
Ostrea

Tubeworm
Phragmatopoma

Hydroides

Substratum

conspecific

conspecifics
“settlement”

-metamorphosis

conspecifics

conspecifics?

Detection

surface

soluble

surface

surface

surface

Cue

proteinaceous?
arthropodin?
actin?

DOPA/melanin?
ammonia?
tripeptide?
bacterial?

cement peptide?
DOPA?

FFAs?

bacteria?



ASSOCIATIVE SETTLEMENT

Species
Nudibranch

Phestilla

Abalone
Haliotis

Coral

Agaricia

Sea urchin
Holopneustes

Substratum Detection

corals soluble
Porites

crustose red algae surface

adult mucus / microbial film

crustose red algae surface
red alga soluble?
Delisea

Cue
? (30 years!!)

GABA?
peptide?

carbohydrate?

carbohydrate:
floridoside +
isethionic acid
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Corvae uchidai - hyvdroid
substratum: Sargassaceae

d-tocotrienol and epoxide
Mishihira, 1968

Kato ef af,, 1975

4 (X T,

|-|h S
|

brown algue

\ bonellin
Sorby, 1875

4 ___.,5.;':"3} N Pelter et al., 1978
[ 11

=y

e

B

| C

.
;rf-ﬁé..‘a-f
r" "

CTEHI [REHI]]

Sonellta virdis - echiuran worm
Substrutum: conspecifics

Jacaranone
Yovin ef al., 983
Cochard er al,, 1989
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FPecten maximies - hivalve mollusc
Substratum: Defesseria sanguinea - red alga

unsaturated free fatty acids
Pawlik, 9864
Pawlik and Faulkner, 1986

LT 1 CHOCT 900
CHyCH 1 U= CHOM O == T35SO

CH (1€ == CHCH, 1T 1= CHICH ) COOHN

CH TR T ST ) CH == CHOCH 30y COOH

Phraymatopoma lapidosa - polychaete worm
Substratum: conspecific tbes



A “natural” chemical cue that induces or
deters settlement can be demonstrated
to exist:

1) on or near the substratum
2) at effective concentrations

3) under natural conditions



Problems with assays of potential settlement
Inducers or antifouling compounds:

1) extracts or compounds “pooled” on a
surface at high concentrations

2) physical characteristics of surface are
altered

3) compounds solubilized in still water at
unnaturally high concentrations

4) long-term, whole larva assays are subject
to artifact



Why Is it so difficult to isolate the natural
chemical cues that affect marine
Invertebrate larvae?

1) Larvae are small, planktonic
2) Sensory organs are multifunctional
3) Water flow is complex

4) Cues are multiple and hierarchical



“It Is evident that there is need for new viewpoints,
for more observations and, perhaps, for team-work
between various disciplines not only of biology but
of physics and chemistry as well before there will
be a clearly acceptable hypothesis of
metamorphosis. Only the beginnings have been
made In this interesting field.”

W.F. Lynch (1961): Extrinsic factors influencing
metamorphosis in bryozoan and ascidian larvae.
Amer. Zool. 1: 59-66.



Aplysia spp
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R - Rhodymenia

R - Corallina Non specific --

R - Plocamium
R - Laurencia
R - Callophyllis
B - Dictyopreris but. for a mobile
B - Pachydictyon ’ _ _
R - Prerocladia Consumer, gettlng N

R - Centroceras
R - Chondria

G - Ulva

B - Zonaria

B - Pelvetia

R - Gigartina

the proper habitat may
be a sufficient trade-off

G - Codium
B - Endarachne

B - Sargassum

B - Colpomenia Mar. Ecol. Prog. Ser. 51: 195-199, 1989

Control




CHEMICAL ECOLOGY OF MARINE INVERTEBRATE
LARVAL SETTLEMENT: Part I

“A tale of two worms”

e

Phagmatopoma californica Hydroides dianthus
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Cl. Polychaeta

W F. Sabellariidae
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D. P. calitornica, 20'C
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COLLECT BLOCK OF
WORM-TUBE REEF

WORMS REMOVED. TUBES CRUSHED [ wetamorphossd
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Marine Biology 91, 59-68 (1986)
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Table 1. Phragmatopoma californica. Percentage composition of
HPLC-Fraction 2. For free fatty acids (FFAs). the number of car-
bon atoms in the molecule precedes the colon, the number of
double bonds follows (br=branch- and straight-chain FFAs pres-
ent). Data from a total of five separate extraction and isolation
procedures. GC-MS: One run by Finnigan gas chromatography-
mass spectrometry; HP-GC: normalized averages of four runs by
gas chromatography alone

Detected compounds HP-GC

FFAs

14:0° 2. 4.9
15:0br . 2.0
4] ;
16:0* 16.6
17:0 br

18:3

18:2*

18:1*

18:0*

20:5°*

2.5

: 1.3

222 2.9
Phthalates 12.0 49

* FFA constituting more than 3% of the sample in either column

Marine Biology 91, 59-68 (1986)
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16:0 16:1cis 9 16:1 trans 9 18:2 20:5
Palmitic Palmitoleic Palmitelaidic Linoleic Eicosapentaenoic

- - — - -

Response dependent on size, shape, functionality



JOSEPH R. PAWLIE AND D. JOHN FAULKNER
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Fig. 3. Mean pereentage response ( + SE) of Phragmatepoma califarmica larvae to sand treated with the FFA,
f o~ monoglyceride. methyl ester, aleohal and aleohol acetate ester of 161 1 and these five plus the n-alkene of
R "CH, 18:2 at 1 mg/g sand (refer to Fig 2).

Fig. 2. End-group structures of a FFA (a) and of FFA derivatives (b=f): b: monoglyceride: c: methyl ester;
d: alcohol; e: acetate; f: alkene.
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Fig. 1. Blecincal activity of the Lirval 1entucles of Plrapearopon lupldosa califormica. (a) Suction electrode
enclosing tentacle attached to lurva. (h) Detall of hurst, 5X chan record speed, same conditions ag in a). (¢} Activily
of tentache severed from larva, tip in, severed end slightly protruding from electrade tip, (d) Activity of seversd
temacle alter having been ejecied from the electrode ond sucked back up wich the severed end in and the tip exponed,
with 304 of the reracle length enclosed i the elecurode. The uerow mucks the paint at which a suspension of
eleogapentaencle acid Ginduces lurval settlement and meluimirphosis wais squinied aver the preparation,




BUT.... >kQ)<

. Morse’s group demonstrated activity of BHT mmm

O

« could not detect FFAs in tube sand samples DOPA
SO, Is the response of Phragmatopoma non-specific???
PROBABLY NOT:

1) organic extraction of natural tubes results in loss of activity
2) FFAs are only component in organic extract that induces

3) Larvae of reef-building and non-reef-building species do not
respond to FFAs or are deterred from settlement

4) Natural sand tubes of non-responsive, non-reef-building
species has 1/10th the concentration of FFAs
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SAND TREATMENTS

1
2. FILMED - control for TUBE

3. *16:1 - coated with inductive FFA
4

5

. *TUBE - from adult worm tubes j % @

16:0 - coated with non-inductive FFA
CLEAN - control for treatments 1-4
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Limnol. Oceanogr., 38(8), 1993, 1730-1740
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Larvae are not passive! Behavior is important.

LARVAE AND SPHERES

»

LARVAE

Vgm0

SPHERES







4,000 4 d

B Adult |
3.000 + | [] Biotim

2.000

Number settled

1,000 -

FIG. 2 Settlement of H. dianthus when the
whole population was exposed to biofilmed
slides daily, but only samples were exposed to
adult slides. a, Number of founding settlers (n
= 3, + 1 s.e.) from daily whole-population
assays of biofilmed slides. b, Weekly mean
percentage settlement (n = 12, + 1 s.e.) in
sample assays of biofilmed and adult slides.
Sample assays were conducted daily for the
first 14 days, and weekly thereafter. ¢, Daily
mean percentage settlement for the first
week, a weekly mean of which is shown in b.
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