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The Neogene of tropical America was a time of revolutionary change both 
at community and species levels. The Panama gateway region has been 
widely used to document and model patterns of evolution in a well-
constrained geologic setup. The changes brought about by the slow clo-
sure of the gateway were dramatic to say the least and led to the forma-
tion of two strikingly different realms, the Caribbean Sea and the eastern 
Pacific Ocean. Whereas the eastern Pacific has a strong tidal regime, high 
planktonic biomass, primary productivity and intense predation levels, the 
Caribbean became oligotrophic, with increased surface water tempera-
ture, salinity and carbonate deposition, as well as extensive reef and shal-
low-water seagrass communities. These changes were accompanied by 
the increased isolation and divergence of species across the developing 
barrier and shifts in diversity due to differential extinction and origination 
rates. The study of past and present day communities and their relation-
ships in such a well documented setup can be used for a better under-
standing of the relation between adaptation, selection and changing envi-
ronmental parameters. This paper reviews results documenting the events 
that shaped the shallow water marine biota during the last 15 million years 
during the gradual rise of the Central American land bridge. These data 
show how important it is to know the context in which they first evolved to 
properly understand modern species ecology and adaptation. 

Shallow-water benthic communities, speciation, extinction, environmental change  

INTRODUCTION 

Central America is a good exam-

ple of the drama brought about by 

the fundamental forces at work on 

earth. This is one of the most compli-

cated regions in the world, both in its 

geological structure and in the variety 

of its expression. The same complex-

ity can be observed in the evolutio-

nary history of its biota. Several key 

events shaped the tropical American 

biota during the last ten million years. 

The gradual formation of the Central 

American Isthmus lead to different 

oceanographic conditions and ma-

rine systems on both sides of the 

barrier connecting the northern and 
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southern terrestrial biotas with dra-

matic consequences. The develop-

ment of the barrier changed the 

global oceanic circulation, streng-

thening the Gulf Stream and even-

tually triggering the northern hemis-

phere’s glaciation. Ultimately, both 

events lead to a series of extinction 

and speciation events that changed 

the tropical American marine life 

about two million years ago (Vermeij 

1987; Collins et al. 1999; Allmon et 

al. 1993; Allmon 2001; Todd et al. 

2002). On land, human groups mi-

grating across Central America at the 

end of the last glacial period lead 

most probably to the extinction of 

most of the large vertebrate species 

and the subsequent vegetation 

changes (Webb and Rancy 1996; 

Webb 1997; Cooke 1997). While 

there are substantial data concerning 

the interchange of land animals and 

plants much less attention has been 

given to the events that occurred in 

the shallow coastal waters. The few 

existing studies concentrated on the 

description of a few faunas (Olsson 

1922, 1942; Woodring 1925, 1957-

1982; Weisborg 1929; Rutsch 1942; 

Jung 1965, 1969, 1971), but little 

data concerning environmental and 

ecosystem changes were available. 

This situation was due partially to the 

poor documentation concerning the 

chronology and stratigraphic frame-

work of the above mentioned events, 

thus not contributing much to the 

understanding of the complex inter-

dependence of evolution and envi-

ronments. 

This paper intends to review re-

sults from several studies carried out 

in the region documenting the events 

that shaped the shallow water marine 

biota of the once continuous tropical 

sea as the gradual rise of the Central 

American land bridge took place 

during the last 15 million years. 

These results show how the know-

ledge of the context in which they 

first evolved is important for the un-

derstanding of modern species eco-

logy and adaptation. 

THE FORMATION OF THE LAND BRIDGE: BRIDGE AND BARRIER 

The formation of the Central 

American Isthmus was a very com-

plex and long process that took sev-

eral million years to complete. The 

Central American volcanic arc began 

forming during the late Cretaceous 

and continued throughout the Ceno-

zoic as a result of the subduction of 

the Farallon and later the Cocos and 

Nazca plates under the Caribbean 

plate. Continuous Cenozoic volcanic 

activity at the margin of the continen-

tal Chortis plate (where today lie 

Nicaragua and Costa Rica) devel-

oped the arc in the north (Coates and 

Obando 1996; Coates et al. 1992). 

On the other hand, in the western 

part (near the Panama fraction zone 

and the Cocos ridge) the volcanism 

was much higher during the late 

Miocene but mostly absent after-

wards until the Pleistocene (Coates 

and Obando 1996; Coates et al. 

1992). It was also mostly absent to 
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the east of the Gatun fault zone 

where a marine valley at least 2,000 

meters deep existed until the end of 

the middle Miocene connecting the 

Canal basin and the Western Cordil-

lera of northwestern South America 

(Coates and Obando 1996; Coates 

et al. 1992).  

During the middle Miocene the 

eastern end of the Central American 

arc collided with the South American 

plate, bending the Central American 

plate which acquired its typical ‘’S’’ 

shape. Due to the thickness of the 

Caribbean crust, the suture moves 

starting the rise of the San Blas-

Darien massif and the constriction of 

the circulation between the Carib-

bean and the Pacific. This starts the 

development of an archipelago and 

the gradual isolation of the sedimen-

tary basins (Coates and Obando 

1996; Coates et al. 1992). The last 

connections between the would be 

Caribbean and Pacific oceans were 

probably located between the north-

westernmost continental margin of 

the South American plate in the 

south, and the southern margin of 

the continental Chortis block, close to 

today’s Costa Rica-Nicaragua bor-

der. Another connection was along 

the Gatun fault zone. One of the last 

corridors to close connected the 

Tempisque, San Carlos and northern 

Limon basins. Foraminifera distribu-

tions indicate that some degree of 

connectivity was still present as late 

as 3.1 million years (Collins 1996; 

Collins et al. 1996). 

The formation of the Central 

American Isthmus was one of the 

most influential events in the last 15 

million years of earth history. The 

new barrier changed the climate and 

oceanographic conditions in both 

sides, dividing the once continuous 

ocean into two ecologically different 

realms providing at the same time, a 

land bridge for the terrestrial faunas 

to cross and mix (Fig. 1; Coates 

1997). 

One of the best-known conse-

quences of the closure of the Pana-

ma gateway and the formation of a 

land bridge between South and North 

America was the mass migration of 

animals and plants through the trop-

ics and into the temperate latitudes 

on both sides (see Stehli and Webb 

1985 for examples). The so-called 

‘’Great American Biotic Interchange’’ 

(Stehli and Webb 1985) started at 

the very late Miocene and was in 

itself a truly revolution. Indeed, the 

deep-water expansion to the east of 

the Gatun fault zone constituted an 

absolute barrier to land life, effective-

ly isolating both continents until then. 

This migration is believed to have 

occurred in successive waves. Al-

though by about 8 million years ago, 

a few island-hopping swimming ani-

mals such as raccoons and sloths 

were probably able to migrate be-

tween north and south America using 

the developing island chain, this was 

not a major break-through and no 

other examples appear until much 

later (Webb and Rancy 1996; Webb 

1997). It is only about 3 million years 

ago that vast numbers of emigrants 

appear abundant and clearly on both 

sides of the barrier giving evidence of 

the existence of a continuous land 

bridge providing a land route for over 

a dozen of families and several doz-

en genera to pass in both directions 
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(Stehli and Webb 1985). Many of the 

emigrants from both sides were 

grazers living in large herds (like 

horses and llamas from North Ameri-

ca, and toxodons and ground sloths 

from the south). These herds ranging 

throughout Central America had a 

heavy impact on the landscape, 

similar to what grazers have today in 

African savannahs. They were fol-

lowed suit by carnivores: at least 6 

families of North American carni-

vores spread all through the southern 

continent with catastrophic impact in 

native grazers that had never before 

encountered such efficient hunters 

(Simpson 1980; Webb and Rancy 

1996; Webb 1997). 

Fossil evidence shows that this 

interchange was fast and reached 

 

Figure 1   Map of Central America showing the major environmental characteristics of 
both coasts. Arrows indicate the pass through the mountains for the trade winds. 
White patches represent the continental platform. Dark circles represent coral reef 
areas. Stippled areas are zones of upwelling in the eastern Pacific coast: 1- Bay of 
Panama; 2- Gulf of Papagayo (Costa Rica and El Salvador); 3- Guf of Tehuantepec 
(Mexico). (Coates 1997, modified) 
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stability by the early Pleistocene. 

One of the last comings was the 

opossum that reached Florida only 

about 1 million years ago (Webb and 

Rancy 1996; Webb 1997). This wave 

of migratory forms at the onset of the 

land-bridge, was followed by a 

second phase, ecologically very 

different from the first one. This time, 

most of the immigrants came from 

the Amazon basin and stopped 

around the area of Veracruz (Mex-

ico). They included mainly birds 

(toucans, parrots), butterflies, pacas 

and several species of monkeys. 

This second wave is the main re-

sponsible for the shift of the actual 

Central American fauna from North 

American temperate to South Ameri-

can tropical, leading to its inclusion in 

the Neotropical realm. Recent Cen-

tral American fauna also bears the 

consequences of the late Pleistocene 

extinctions of the large mammals 

attributed usually to both heavy hunt-

ing by human migrations and abrupt 

climatic changes during the Holo-

cene (Webb and Rancy 1996; Webb 

1997; Cooke 1997). 

But if changes in the continent 

were notable, then changes in the 

seas were dramatic to say the least. 

Separation of the two oceans 

stopped the strong westward flow 

from the Atlantic to the Pacific giving 

birth to the Gulf Stream. As a result, 

the warm water from the Tropical 

Atlantic moves upwards and warms 

the eastern coast of North America 

and Western Europe, resulting in 

precipitation increase and the intensi-

fication of the northern hemisphere’s 

glaciation (Coates 1997). This also 

exemplifies how sensitive global 

climate is to geographical changes 

related to continents and oceans.  

The coastlines of Central America 

show their very different geological 

origins (Fig. 1). The Caribbean coast 

is broadly sinuous, forming the west-

ern boundary of a semi-isolated sea 

and an extensive continental plat-

form, with submarine banks that may 

extend all the way to Jamaica and 

Cuba which are less than a thousand 

kilometers away (Jackson and 

D’Croz 1999). On the other hand, the 

eastern Pacific coast is pretty much 

straight and wide open, the platform 

deepens suddenly and the closest 

lands are located over 10,000 km to 

the west. The continental shelf is 

narrow and closely bounded by the 

Middle America trench.  

Geologic and geographic differ-

ences are mirrored in both the ocea-

nographic and biological parameters. 

The Caribbean coast is part of the 

extensive western Caribbean system 

of reef corals, mangroves, and sea 

grasses that stretches over much the 

coastline. Under the influence of the 

warm southern Caribbean current, it 

is much warmer and saltier, with very 

little annual variation in spite of 

heavy rains during most of the year 

(Jackson and D’Croz 1999). Nutrient 

levels are low in general, although 

parts of the Venezuelan and Colom-

bian coast have a weak upwelling 

(Keigwin 1982).This dramatic drop in 

primary productivity happened about 

3 million years ago, as documented 

by the fossil record of mollusks, the 

disappearing of microfossils and 

sediments rich in phosphates, and 

fluctuations in oxygen isotopes 

(Keigwin 1982; Teranes et al. 1996). 
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On the other hand, the eastern 

Pacific is extremely vulnerable to 

periodic disturbances in water 

movement, atmospheric pressure, 

and sea surface temperatures (Jack-

son and D’Croz 1999 and references 

therein). The resulting El Niño (EN-

SO) occurs periodically and can 

greatly vary in intensity (Soon-Il An 

and Bin Wang 2000). The eastern 

Pacific is affected by the Equatorial 

Counter current, bounded by the 

North and South Equatorial currents, 

flowing to the west and fed by the 

California and Peru currents. Sea-

sonal and oceanographic fluctuations 

are quite stronger especially in areas 

where the gaps in the Central Ameri-

can cordillera allow the trade winds 

to drive the surface water out to sea, 

replacing it with deeper, colder water, 

much denser and rich in nutrients as 

it happens in the Bay of Panama and 

the Gulfs of Papagayo and Tehuan-

tepec. Daily tidal range is large and 

can reach 6 meters or more, follow-

ing a regular semidiurnal and lunar 

cycle, and surface seawater temper-

atures (SSTs) may drop by more 

than 10 degrees in a few days and 

can be as low as 15 degrees centi-

grade during the upwelling season 

(D’Croz and Robertson 1997; D’Croz 

and O’Dea 2007).  

The ratio of oxygen isotopes in 

modern shells from the eastern Pa-

cific shows clearly this cycle of war-

mer wet season followed by colder, 

dry upwelling season, whereas data 

from the Caribbean show no temper-

ature variation (Terranes et al. 1996). 

These differences can also be fol-

lowed in the fossil record. Indeed, 

while 0.8-1.9 million years old shells 

show the above mentioned contrast, 

strongly suggesting that the isthmus 

was already formed by then, shells 

older than 3 million years show simi-

lar profiles for both oceans, indicating 

less seasonality on the Pacific side 

and suggesting that the isthmus was 

still shallow enough to allow cold 

surface Pacific water to be replaced 

with warm Caribbean surface water 

(Terranes et al. 1996). 

Due to its uniqueness and rela-

tively recent history, the Central 

American gateway has been used to 

document patterns of evolution in a 

well constrained geologic setup and 

to study geographic isolation, con-

nectivity and how environmental 

changes affect life on earth. The 

closure was not a single event and 

its biological effects, especially on 

marine life, stretched probably over 

time as oceanic circulation, salinity, 

temperature, habitats, etc. modified 

over and over. As the archipelago 

developed, physical heterogeneity 

would have provided major opportun-

ities for speciation and extinction 

events. This heterogeneity de-

creased with the conversion of the 

archipelago into a sub-continuous 

barrier. The differences between the 

marine systems became more clearly 

defined and stable as the isthmus 

closed definitively about 2.8 million 

years ago and both oceans became 

isolated (Coates 1997). However, the 

rising land bridge became a barrier 

probably much earlier, with deep 

water organisms being the first ones 

to be affected. Such effects were 

specific for different taxa depending 

of their ecological and evolutionary 

histories.                                            
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CHANGES IN BIODIVERSITY: MECHANISMS AND PROCESSES 

Marine sediments deposited in 

marginal basins and on the marine 

shelves flanking the volcano chain 

contain rich deposits of marine fos-

sils which can be used to reconstruct 

the closure of the gateway. These 

rich fossil outcrops were first noted 

and described at the beginning of the 

20th century (Woodring 1957-1982) 

and have been key in many studies 

of biodiversity, rates of speciation 

and extinction, degrees of phyloge-

netic relationships, trends in morpho-

logical change, etc.  

Neogene mollusks of tropical 

America are a good example of a 

group that has been extensively 

sampled during the last century. 

Unfortunately, and in spite of several 

detailed monographs describing 

faunas ranging from Trinidad through 

Ecuador and Florida (Olsson 1922, 

1942; Woodring 1925, 1957-1982; 

Weisborg 1929; Rutsch 1942; Jung 

1965, 1969, 1971), most studies had 

a very limited sampling design or 

none at all. Mostly, they recorded 

only common taxa and dealt with 

Miocene and early Pliocene ages 

and much less with younger faunas. 

All this led to serious erroneous in-

terpretations of patterns and trends 

in mollusk diversity in space and time 

in this region such as the supposed 

dramatic decline in mollusk diversity 

in the Western Atlantic during the 

Pliocene as a result of oceanograph-

ic changes driven by the rise of the 

Panama land bridge and the northern 

glaciation. Indeed, recent extensive 

sampling of late Pliocene and Pleis-

tocene faunas shows that diversity 

did not decrease, but probably even 

increased towards the Recent (Jack-

son et al. 1999). Studies show that 

the progressive isolation of the two 

oceans as the barrier formed caused 

major changes in primary productivity 

that correlate with faunal origination 

and extinction. Results show that this 

dramatic re-structuring of the shallow 

water biota about 2 million years ago 

was specific in tempo and mode for 

each taxonomic group (for examples 

see papers in Jackson et al. 1996; 

Collins and Coates 1999).  

Rates of extinction and origina-

tion of mollusk taxa increased 

enormously towards the end of the 

Pliocene with an extinction peak at 

about 2-4 million years ago, whereas 

origination is pretty much constant 

throughout the Pliocene (Jackson et 

al. 1999).  However, extinction/ origi-

nation rates compensated each other 

in such a way that no net decrease of 

total biodiversity was observed. This 

apparent stability in mollusk diversity 

in the southern Caribbean during the 

last 10 million years was also noticed 

in Florida during the Pliocene 

through the Recent (Allmon 2001; 

Allmon et al. 1993). But the patterns 

were different for both gastropods 

and bivalves. Indeed, in spite of the 

fact that common gastropods are 

much more eurytopic than bivalves, 

42% of gastropods went extinct dur-

ing the extinction peak but only 14% 

of bivalve taxa were affected. Moreo-

ver, several mollusk groups did not 

recover at all from the abrupt decline 
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at the end of the Pliocene, the so-

called paciphile taxa (Jackson et al. 

1996, 1999). 

Likewise mollusks, corals under-

went a serious trend of extinction 

during this time. Eleven genera of 

Caribbean reef corals became extinct 

during the late Pliocene, almost as 

many as during the previous 20 mil-

lion years. Only one coral genus 

originated during the last 3 million 

years, versus 21 new genera before 

that. While extinctions of coral gene-

ra were mostly confined to the late 

Pliocene, first appearances were 

spread over the Miocene. The same 

trend is observed at species level: 

most originations occur during the 

early-late Miocene, and the late Pli-

ocene, while extinctions follow the 

generic pattern. Changes were also 

qualitative. Indeed, while Acropora 

Oken, 1815 dominates modern fau-

nas, except in the eastern Pacific 

where Pocillopora Lamarck, 1816 is 

the dominant genus since the Mi-

ocene. Specific to corals is the earlier 

start of their originations, the fact that 

these were spread over a longer 

period, and the almost absence of 

recovery after the mass extinction 

(only 1/3 of the over 100 Miocene 

species are still alive). As a result, 

the Caribbean reef fauna is much 

poorer, and includes Indo-Pacific as 

well as Caribbean elements (Budd 

and Johnson 1999). 

Nevertheless, some taxa show an 

extreme stasis and constancy over 

time. For example, common species 

of benthic foraminifera hardly 

changed throughout the Neogene 

(Collins 1996; Collins et al. 1999). 

The same can be noticed in cheilos-

tome Bryozoa, with encrusting forms 

predominantly surviving into the 

Recent, whereas arborescent forms, 

and the ones associated with subtid-

al seagrasses became differentially 

extinct (Cheetham et al. 1999). 

THE ECOLOGY OF EXTINCTION: BIOGEOGRAPHY, LIFE HISTORIES 

AND FEEDING MECHANISMS 

One of the most intriguing and in-

teresting issues in evolutionary biol-

ogy are triggers for speciation in the 

ocean. What are the barriers that 

lead to geographic isolation and 

speciation in the sea? Of course, 

there is no doubt that strong geo-

graphical barriers can effectively 

divide marine populations and lead to 

the formation of reproductively iso-

lated species. But are these strong 

barriers really a requirement, or even 

a common event, for the speciation 

process to happen?  

Snails of the Strombina-group 

sensu Jung (1989) have been used 

to quantify the amount of speciation 

that took place in only one ocean 

versus that occurring across the 

developing land barrier (Fortunato 

1998). These are small, buccinacean 

gastropods (Fig. 2) that have inha-

bited the shallow waters of Tropical 

America during the last 25 million 

years. They have been extremely 

well collected thus being a good 
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model to study origination and extinc 

 

 

Figure 2   Species of the Strombina-group: (A) Strombina (Strombina) lanceolata 
(Sowerby, 1832), x1; (B) Strombina (Spiralta) maculosa (Sowerby, 1832), x1,5; (C) 
Strombina (Lirastrombina) pulcherrima (Sowerby, 1832), x2; (D) Strombina (Arayina) 
arayana Gibson-Smith, 1974, x2; (E) Strombina (Recurvina) recurva (Sowerby, 1832), 
x1,5; (f) Strombina (Costangula) angularis (Sowerby, 1832), x1,5; (G) Cotonopsis 
(Cotonopsis) panacostaricensis Olsson 1942, x1,5; (H) Cotonopsis (Turrina) turrita 
(Sowerby, 1832), x1,5; (I) Clavistrombina clavulus (Sowerby, 1834), x2. 
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model to study origination and extinc-

tion processes in the context of the 

closing isthmus.  

The group seems to have origi-

nated in the Caribbean most proba-

bly around the developing archipela-

go and radiates within the Caribbean 

Sea (Fortunato 1998). Two pulses of 

speciation can be documented in its 

evolutionary history, one before 5 

million years ago, and the second 

afterwards. Almost 67% of all specia-

tion events taking place during the 

first pulse were related to species 

living in the forming island arc and 

only 13% of events occur within one 

ocean. However, during the second 

pulse, the pattern is completely re-

versed: over 65% of speciation 

events occur within one ocean and 

only 9% can be attributed to the 

forming barrier. The percentages of 

events that can be attributed to the 

forming barrier are very similar in 

both pulses: about 20% before 5 

million years and a little over 24% 

after that. About 2 million years ago 

there was a sudden geographic shift 

in diversity from the Caribbean to the 

eastern Pacific (Jackson et al. 1996; 

Fortunato 1998). This is the famous 

turn-over event documented for mol-

lusks, corals, bryozoans and several 

other groups which was the result of 

the reversal in the specia-

tion/extinction rates during a relative-

ly short time and led to a complete 

re-build of the Caribbean inverte-

brate, and possible vertebrate, ma-

rine fauna (Allmon et al. 1993; Budd 

and Johnson 1999; Jackson et al. 

1999).  

It is commonly thought that envi-

ronmental changes can act as major 

triggers for differentiation leading to 

life histories shifts (Hellberg 1998). 

The mode of larval development is 

commonly associated with dispersal 

ability, geographic range and lon-

gevity of a wide variety of marine 

benthic invertebrates, as well as 

rates of extinction and speciation 

events. With adult stages generally 

sessile or sedentary, and larvae with 

different ontogenies spending vary-

ing amounts of time developing and 

presumably dispersing in the plank-

ton, the variation in larval dispersal 

capability among species can be 

enormous. While the larvae of some 

species spend many weeks in the 

plankton and can be found thou-

sands of kilometers offshore, the 

larvae of other species will settle side 

by side with their parents (Jablonski 

1986; Jablonski and Lutz 1980; 

1983). 

Gastropods provide a good sys-

tem to infer developmental modes for 

both living and fossil species. Adult 

shells retain a record of early deve-

lopmental stages, the so-called pro-

toconch, the size of which reflects 

the egg size and, consequently, 

contains information about the pres-

ence or absence of a yolky food 

supply during development. The later 

is considered to be directly related to 

dispersal ability. Two types of devel-

opment can be found in marine ga-

stropods: planktotrophic, with a free 

swimming and actively feeding larva 

and usually associated with large 

dispersal capacity and greater tem-

poral and geographical range of the 

species; and non-planktotrophic 

(including direct developers, brood-

ers and lecithotrophic species) where 
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a larva is either absent or non-

feeding until the metamorphosis and 

recruitment. This type is often asso-

ciated with endemism, restricted 

geographical dispersal, low gene 

flow and, consequently, higher ex-

tinction and speciation rates (Jab-

lonski 1986; Jablonski and Lutz 

1980, 1983). 

Species of the Strombina-group 

show a general increase in the pro-

portion of non-planktotrophs over 

time. The first species were appar-

ently entirely planktotrophic, but by 

the early Pliocene non-planktotrophic 

species represent already 40%. The 

proportion of non-planktotrophs con-

tinued towards the recent where they 

represent more than half of the living 

species. Although this increase to-

wards non-planktotrophy happens in 

both oceans, it is qualitatively differ-

ent: whereas in the eastern Pacific 

lecitotrophic taxa constitute 40% of 

the total, direct development domi-

nates in the Caribbean where two of 

the three extant species have direct 

development and the third one is 

strongly inferred to have also di- 

rect development (Fortunato 2002, 

2004). 

This trend towards loss of 

planktrotrophy with the increase in 

environmental instability can be fol-

lowed in whole faunas. Indeed, a 

survey of modes of development in 

recent gastropods in both oceans 

shows that, while over 70% of Carib-

bean taxa are non-planktotrophs, 

eastern Pacific taxa show an higher 

tendency towards planktotrophy 

(Fortunato 2004). 

The trend towards the loss or re-

duced planktotrophy in the Carib-

bean is observed in many other unre-

lated groups of marine organisms. 

Indeed, echinoderm geminate spe-

cies separated by the Panama bar-

rier, show a tendency towards larger 

egg sizes in the Caribbean species. 

Similarly, mean ovicell size in bryo-

zoans are significantly larger in the 

Caribbean. Likewise, of 19 Carib-

bean species of corals, 12 are 

brooders, whereas in the eastern 

Pacific only two out of 24 species are 

brooders (Lessios 1990; Richmond 

and Hunter 1990; Jackson and  

Cubilla 2000). 

Patterns of larval development in 

recent species reflect probably re-

gional differences in productivity for 

reasons that are still poorly unders-

tood. But regardless of the mechan-

ism, the shift toward non-plank-

totrophic development in the Carib-

bean and planktotrophic in the east-

ern Pacific agrees well with the ap-

parent shift in oceanographic condi-

tions (Fortunato 2004).  

The tremendous diversity found 

in feeding and life habits of mollusks 

is another parameter that can be 

used to see how different ecologies 

answer changing environmental 

conditions thus helping to understand 

the mechanisms that led to the 

heightened pulse of extinction ob-

served at the Plio-Pleistocene boun-

dary in the Caribbean fauna. 

From the Miocene throughout the 

Plio-Pleistocene-Recent abundance 

of carnivorous gastropod genera and 

subgenera as well as suspension 

feeding bivalves show a highly signif-

icant decrease without significant 

differences in taxic diversity (Todd et 

al. 2002). Indeed, while predatory 
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gastropods’ abundance declined 

from 63% in the Miocene to about 

36% during the late Pliocene through 

the Recent, with more than 3/4 of this 

decrease happening during the last 5 

million years, no reduction in diversi-

ty was noted. On the contrary, there 

was even a slight increase of the 

number of taxa during the Pliocene 

and Recent. Similarly, filter feeders’s 

abundance drops by 20% during the 

same period, with most of it occurring 

during the last 5 million years. Once 

again, there is no drop in taxic diver-

sity (Todd et al. 2002). 

At the same time, a temporal sig-

nificant increase in all types of depo-

sit feeders and micro carnivores 

typical of ruble, shell debris and 

sponge substrates, is observed. This 

increase, constant from the early 

Pliocene through the recent, is simul-

taneous with a gradual replacement 

of taxa common in cool, nutrient rich 

waters, by epifaunally cemented or 

embedded suspension feeding taxa 

common today in southern Carib-

bean reef habitats. The whole trend 

suggesting that productivity decline 

was indeed a major factor in the 

turnover in the western Atlantic dur-

ing the Plio-Pleistocene rise of the 

Central American barrier (Todd et al. 

2002). 

The ability to infer patterns from 

the fossil record relies heavily on the 

possibility of following those same 

patterns on recent data, thus allow-

ing the extrapolation of conclusions 

about past processes. Predation by 

way of drilling on mollusk shells (Fig. 

3) is one of those processes that can 

be recognized in past assemblages 

and quantified, allowing us to make 

predictions about paleoecological 

patterns and evolutionary trends 

such as predator/prey systems, co-

evolution and escalation in a time 

scale. 

Drilling intensities in modern 

eastern Pacific assemblages are 

almost twice as high as in similar 

environments in the Caribbean coast. 

Although the most active predator is 

the same in both regions (i.e. nati-

cids) only in the eastern Pacific drill-

ing frequency correlates with the 

abundance of predators. Predation 

intensity highly correlates with the 

frequency of preferred prey (turrids 

and turritelids) in both coasts, but not 

with general prey abundance (some 

groups are very abundant but have 

low drilling intensities) (Fortunato 

2007).  

Snapping shrimps of the genus 

Alpheus Fabricius, 1798 provide one 

of the best examples of how the 

closure of the Panama gateway 

affected the evolutionary history of 

the shallow marine fauna (Knowlton 

1998). The extent of divergence of 

seven geminate pairs was measured 

by molecular differences in proteins 

and DNA and by the amount of ag-

gression in experimental combats. 

The study shows that isolation of 

these pairs did not occur at the same 

time. The four most similar pairs 

probably separated about 3 million 

years ago when the last marine con-

nections were cut. Assuming con-

stant rates of divergence, the most 

dissimilar pairs must have separated 

more than 7 million years ago, when 

the oceans were still connected by 

shallow seaways. Most interesting, 

this pattern correlates closely with 
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the ecology of the studied taxa: the 

four most closely related pairs occur 

in the mid intertidal zone along the 

mainland, which was probably the 

last habitats to be isolated by the 

closure of the isthmus, while the 

most divergent pairs inhabit deeper 

water, offshore habitats, which pre-

sumably became isolated earlier 

(Knowlton 1998). 

CONCLUSIONS 

An important question remains: 

what triggered the profound commu-

nity re-structuring observed during 

the establishment of the barrier? All 

available data suggest that productiv-

ity decline was probably the major 

factor responsible for the faunal 

turnover that happened in the West-

ern Atlantic during the Plio-

Pleistocene rise of the Central Amer-

ican barrier. The slowly diversifica-

tion and expansion over the last 

three million years of coral reefs and 

the development of shallow water 

seagrass communities with their 

characteristic fauna of deposit feed-

ers agrees with a profound decline in 

planktonic primary productivity and 

the increase in water temperatures 

predicted by the oceanographic 

 

 

Figure 3   Borehole made by a naticid snail in a turritellid snail shell, Gatun  
Formation, Panama. 
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changes brought about by the rise of 

the Panama land bridge (Jackson et 

al. 1999; Budd and Johnson 1999; 

Todd et al. 2002). High rates of origi-

nation and extinction towards the end 

of the Pliocene were also docu-

mented for the mollusk faunas of 

Florida, followed by much lower rates 

of evolution thereafter (Stanley 1986; 

Allmon 2001). Vermeij (1987) points 

to a decline in predatory organisms 

and predation intensities in general in 

the Caribbean region after the Plio-

Pleistocene boundary.  

In conclusion, we can assume 

that the asynchronous dynamics of 

the turnover shown by different taxa 

suggest a long period of regional 

escalation and community reorgani-

zation. The changes in the post-

isthmian Caribbean region were so 

profound and are so well docu-

mented that it can be used today as 

a case study to provide a baseline to 

study the effects of environmental 

changes in whole communities.  
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