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Consistent ly greater number s of offspring should h a v e a relatively strong control in natura l selection, 
a n d energy a n d mater ia l s for traits that a re less influential might be t raded for i nc reased 
reproduct ion. As the p e a h e n is especia l ly a t t r a c t e d to peacocl<s with the largest tails, r u n a w a y 
select ion led to p e a c o c k s increas ing the size a n d splendor of their tai ls in compet i t ion for 
reproduct ion, despi te the ultra large tai ls s e a m i n g m a l a d a p t i v e by reducing abil ity to e s c a p e 
predat ion (Fisher 1930, Zahav i 1975). The Acanthaster planci (CoTS) complex h a s been around for at 
least one, a n d m a y b e up to three, mill ion year s (Nishida a n d Lucas 1988), yet Acropora spp. s e e m to 
h a v e r e m a i n e d the favor i te prey of CoTS, butterflyfishes, a n d m a n y other coral l ivores. When observ ing 
the devas tat ion CoTS c a n do to Acropora populat ions (Fig. l ) , one wonder s why there h a s been no 
effect ive select ion for ant i -p redato r traits after one to three mill ion years . This m a y be w h a t Ronald 
Fisher (you probably r e m e m b e r that Ronald Fisher deve loped ANOVA a n d the genet ica l theory of 
natura l se lect ion) envis ioned a s " r u n a w a y natura l se lect ion" , where the se lect ive a d v a n t a g e of 
i n c r e a s e d reproduct ive output overwhe lms the select ion for future defense aga ins t predators a n d 
to le rance of har sh phys ica l env i ronments . Fast growth m a y b e a t rade-of f with lower product ion of 
h e a t - s h o c k proteins a n d other complex i t ies of to lerances , predict ing that fas t -g rowing cora l s m a y 
b l e a c h sooner t h a n s low-growing cora l s (wh ich is a tes table hypothes i s ) . Increas ing fecundity with 
rapid growth at the cost of greater vulnerabil i ty to predat ion, d i sease, a n d phys ica l env i ronmental 
s t resses m a y be the " p e a c o c k ' s tai l " of fas t -g rowing corals . 

Natural se lect ion a c t s in the present. It somet imes a p p e a r s to fail in predict ing the future. When the 
abiot ic a n d biotic env i ronments a r e favorab le dur ing m a n y generat ions for a spec ies , natura l 
se lect ion c a n somet imes reward divert ing resources to prolific product ion rather than caut ious ly 
invest ing for the unknown future. As with Acropora, Co ley et aL (1985) pointed out for vegetat ion that 
w h e n the env i ronment is favorab le a n d resource avai labi l i ty is high, the rates of herbivory a r e a l so 
high, but the rap id ly -growing plants h a v e low product ion of defens ive metabol i tes . There a re at least 
128 coral l ivorous s p e c i e s of f ishes (Co le et a l . 2008) a n d 314 spec ies of coral l ivorous invertebrates 
(Stel la et a l . 2011). For f ishes, the diets of the major ity of coral l ivores h a v e shown "only a smal l suite of 
a v a i l a b l e prey" (Co le et a l . 2008) a n d the fas t -g rowing Acropora a n d Pocillopora a r e the usual ly 
preferred prey for both f ishes a n d invertebrate coral l ivores. The Neogene, a n d especia l ly the 
Pleistocene, w e r e the best t imes for reef- building cora l s in geologic history (K leypas et a l . 2001). This 
predicts that fas t -g rowing cora l s s u c h a s Acropora would b e c o m e especia l ly important while 
invest ing little in defenses . Pocil loporids Stylophora a n d Pocillopora were predominant in the 
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C a r i b b e a n in the Pl iocene a n d most of the 
Pleistocene (Budd 2000) , but dur ing mill ions 
of y e a r s of good t imes, natura l se lect ion 
s e e m s to lose caut ion for future c h a n g e s . 

Lamont C. Cole (1954) exp la ined how 
reproducing in a b u n d a n c e ear ly is a powerful 
trait, determin ing whether a spec ies will be 
predominant . Having a larger su r face a r e a for 
a colonial cora l could m e a n more polyps a n d 
a greater fecundity. Growing fast m e a n s a 
greater potent ial f itness with greater 
fecundity earl ier. Select ion for the benefits of 
a b u n d a n t g a m e t e product ion m a y reward 
s o m e cora l s that invest m u c h of their 
resources into fast growth a n d reproduct ion 
at the expense of defense a n d to le rances of 
phys ica l factors s u c h a s unusual ly w a r m or 
turbid waters . R u n a w a y select ion m a y take 
traits to the ext reme, but not to where f itness 
is lost, a l though the cost m a y lead to 
h a n d i c a p s (Zahav i 1975). The h a r m frorn 
r u n a w a y select ion c o m e s w h e n env i ron 
menta l condit ions c h a n g e the rules of the 
g a m e a n d the r - se lected cora l s a re c a u g h t 
espec ia l l y unprepared. 

Figure i. Indo-Pacific acroporlds have been preyed upon by 
Acanthaster for i - 3 miLLion years, yet there has been no 
evident selection for defense against CoTS or many other 
types of predators. Has Fisher's "runaway selection" for rapid 
and prolific reproductive output been realized by 
trading off defense against predation and by weakened 
tolerance of physical stresses? In contrast , w h e n s lower-growing m a s s i v e 

cora l s a r e under stress, they typical ly shift 
energy f rom reproduct ion to survival . Perhaps they a r e se lected to survive dur ing hard t imes a n d 
reproduce w h e n things get less risky for recruits. One might c lass i fy s low-growing cora l s a s K-
se lected. With heat stress, Orbicella m a y postpone reproduct ion for 4 year s (Levitan et a l . 2014). Kojis 
a n d Quinn (1984) sugges ted var iat ion in cora l fecundity could be used to monitor env i ronmental 
st ress on cora l s . But fas t -g rowing cora l s like Acropora s e e m to t rade investment in survival for fast 
growth a n d reproduct ion. We might c lass i fy fas t -g rowing corals , s u c h a s Acropora, wh ich a r e 
dominant dur ing good t imes for reef-bui ld ing, a s r - se lected. 

Over the pas t four d e c a d e s in A m e r i c a n S a m o a , the relat ive a b u n d a n c e of fas t -g rowing branch ing 
cora l g e n e r a (e.g., Acropora a n d Pocillopora) general ly d e c r e a s e d signif icantly ( though see Fig. 2), 
whi le s o m e s lower-growing m a s s i v e or encrust ing g e n e r a (e.g.. Pontes a n d Pavona) i nc reased 
signif icantly. There is a pattern of shifting the p r e d o m i n a n c e of fas t -g rowing to s low-growing 
sc le ract in ians w h e n env i ronmenta l condit ions b e c o m e more stressful that h a s been repeated on 
three s c a l e s : geo log ica l t ime, eco log ica l t ime, a n d in laboratory s imulat ion exper iments . 

There h a v e been three periods in geologic history of strong reef growth by sc leract in ians , a n d in these 
periods, fas t -g rowing g e n e r a were prevalent. K leypas et a l . (2001) m a d e a good point that the 
biological a n d geolog ica l p e r f o r m a n c e s of cora l reefs a r e largely independent a t the eco log ica l sca le . 
But for now, on the geolog ica l s c a l e , w e a s s u m e that dur ing per iods in wh ich reef -growth w a s strong, 
the env i ronment w a s good for corals . The first per iod w a s in the later Tr iass ic w h e n the fas t -g rowing 
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phace lo id ( the " b r a n c h i n g fornn" of the Tr iass ic) genus Retiophyllia prevai led, with a t least 34 spec ies 
a n d w a s found al l a round the t ropical world of the t ime. The s e c o n d period w a s the m i d - J u r a s s i c 
w h e n the fas t -g rowing Thamnasteria a l so prevai led a round the t ropical world with at least 57 spec ies . 
The third period is the present Neogene, in wh ich it a p p e a r s that Acropora m a y be a representat ive of 
fas t -g rowing, spec iose g e n e r a . When these per iods of strong reef growth by sc le ract in ians c a m e to 
a n end, the p redominant fas t -g rowing g e n e r a s e e m e d to b e c o m e d e a d g e n e r a walk ing, but m a n y of 
the s low-growing sc le ract in ian g e n e r a b e c a m e relatively more a b u n d a n t . I hope that Acropora does 
not do badly whi le s lower-growing spec ies do better if condit ions get worse for cora l s in modern 
t imes, but our surveys over the pas t four d e c a d e s in A m e r i c a n S a m o a indicate that this pattern in 
geologic t ime m a y be repeat ing now in eco log ica l t ime. 

It is interest ing that the relatively fas t -g rowing, compet i t ive ly superior, spec ies in spec ies complexes 
m a y a lso be more likely to go extinct than the s lower-growing spec ies in the group. In the C a r i b b e a n 
Orbicella annularis complex, the o r g a n - p i p e Orbicella g rew in tall thin co lumns a n d s e e m e d to 
d i sp lace the other Orbicella into deeper water s . When it went extinct, the other s lower-growing 
Orbicella s p e c i e s r e p l a c e d it in shal lower wate r (Pandolf i et a l . 2002). 

It is predicted by IPCC a n d m a n y studies that if t ropical s e a su r face temperatu res w a r m by 1.5 °C to 2 
°C a b o v e those in the ear ly 1800s, co ra l - ree f sy s tems will co l lapse, great ly reducing diversity, a n d with 
net ca lc i f icat ion c h a n g i n g to net dissolution. However, a recent set of s imulat ion exper iments of w h a t 
will h a p p e n under future c l imate c h a n g e ( i u r y et a l . 2024) found that: l ) net calc i f icat ion rates often 
dec l ined with d e c r e a s e in the a b u n d a n c e of corals , but nearly a l w a y s rema ined positive. Figure 2 in 
Kiessl ing (2009) shows that between periods of strong growth of reefs in the Mesozoic a n d Paleogene, 
there were still t r a c e s of posit ive net growth by sc le ract in ians a s well a s by bivalves, C C A , a n d 
c y a n o b a c t e r i a . 2) Cora l s s h o w e d r e d u c e d a b u n d a n c e , but were never ext i rpated. Despite prehistoric 
m a s s mortal it ies, a number of important g e n e r a of sc le ract in ians a r e still here. 3) When cora l s show 
r e d u c e d a b u n d a n c e , the c o m m u n i t y compos i t ion shifts by reducing p reva lence of fas t -g rowing 
corals . In the exper iments , fas t -g rowing pocil loporids showed investment into large number s of 
recruits, but h a d relatively poor survival , a s might be e x p e c t e d of r - s e l e c t e d g e n e r a . 

Compet i t ion for s p a c e h a s a major inf luence on corpi commun i ty st ructure a n d w e automat ica l l y 
include compet i t ion a s a default trait a c t e d upon by natura l select ion. Acropora is often categor i zed 
a s a fas t -g rowing, r - se lected, "compet i t i ve " cora l b e c a u s e of its p redominance . It is true that s o m e 
relatively s low-growing cora l s ( K - s e l e c t e d ) a r e a d a p t e d to compet i t ion (Lang 1973), but Fisher's 
r u n a w a y natura l se lect ion m a y favor rapid growth in three d imens ions for i nc reased fecundity to the 
extent that Acropora m a y b e c o m e a superior compet i tor a s a byproduct. With O c c a m ' s razor, w e 
might cons ider that r - se lected Acropora is a superior compet i tor b e c a u s e it grows fast, rather than it 
grows fast a s a n a d a p t a t i o n to be a superior competi tor . Winning in compet i t ion h a s indirect benefits 
for fecundity, but w e should c o m p a r e the total fecundity provided by fast growth of living cover with 
the fecundity m a d e poss ible by winning living cover in compet i t ion. 

There a r e a number of g e n e r a of s low-growing cora l s that h a v e been ca l led "Lazarus cora l s " b e c a u s e 
they reoccur after m a s s mortal it ies (Rosen 2000) . Fas t -g rowing cora l s a re somet imes ca l led 
"Faus t ian cora l s " b e c a u s e r u n a w a y select ion g ives t h e m lives of glory a n d d o m i n a n c e by inc reased 
invest ing in growth by divest ing m a n y defenses a n d to le rances ; but w h e n condit ions c h a n g e for the 
worse, they b e c o m e v ict ims of their glorious d o m i n a n c e in the past . 
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Figure 2. Fagatele Bay 
National Marine Sanctuary 
has been a conspicuous 
exception to this 
generalization, Acropora 
has significantly increased 
in this small (0,25 mi^) bay 
over the past four decades. 
Photo by Alice Lawrence, 

->Q t KA-^^.— i-, -tf^-^r-


