
Chapter 9
Freshwater Decapod Diversity
and Conservation in Central America
and the Caribbean

Ingo S. Wehrtmann, Alonso Ramírez and Omar Pérez-Reyes

Abstract This chapter provides an overview of the species diversity and conser-
vation status of the freshwater decapods in Central America and the Caribbean
islands that date back to the late 1800s in both areas. The majority of the early
studies were on taxonomy but our knowledge of freshwater decapod ecology
(especially of freshwater shrimps from some Caribbean islands) has increased
substantially over the last four decades. Currently, 86 species of freshwater dec-
apods are known from Central America and the Caribbean. Here the decapod fauna
comprises two families of primary freshwater crabs (Pseudothelphusidae and
Trichodactylidae), three families of freshwater shrimps (Atyidae, Palaemonidae and
Xiphocarididae), and one family of crayfish (Cambaridae). Several species have
been introduced to this region for aquaculture and have now established wild
populations. We also provide a list of Central American and Caribbean freshwater
decapods that host parasites. To date, the conservation status of 43 % of all
freshwater decapods in the region has been assessed using the IUCN Red List
protocols; 5 % of these species are endangered or Critically Endangered, and two
species (Cambarellus alvarezi and C. chihuahuae) are likely extinct. Cuba is the
country with the most Vulnerable species (7 spp.), while Bermuda (2 spp.) and
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Barbados (1 sp.) have Critically Endangered species. The biodiversity of the
freshwater decapod fauna of this region is still incompletely known despite recent
efforts, and much more data need to be collected on species that are already known
to be threatened with extinction, and on species that are too poorly known to assess.
The high diversity of amphidromus caridean shrimps makes them especially vul-
nerable to threats from the modification of natural river systems such as the con-
struction of dams for hydroelectric power or for water supply.

Keywords Latin America � Neotropics � Isthmus � Biodiversity � Conservation
assessment � Decapoda

9.1 Introduction

Studies on the freshwater decapods of Central America and the Caribbean date back
to the late 1800s. As in most areas of scientific research in Latin America, initial
studies were carried out by scientists based outside of the region who relied
museum specimens and material submitted to them by local naturalists. Today, in
both regions, locally based researchers are leading the way.

9.1.1 Freshwater Decapod Research in Central America

Mary Jane Rathbun was the first author to describe species of freshwater crabs from
Central America (Rathbun 1893), based on material from Nicaragua, Costa Rica,
and Cuba, and specimens deposited in the collections of the United States National
Museum. Rathbun (1896) revised the freshwater crabs of America and described
two species of pseudothelphusid crabs from Costa Rica, which were sent to her by
Mr. José Fidel Tristan from the Museo Nacional de Costa Rica. Rathbun (1898)
concluded in the section about the distribution of Pseudothelphusinae: “Costa Rica
has yielded the greatest number of species of any one region. This is due not to the
superabundance of species in this State, but to the diligence of collectors, Mr. J. Fid
Tristan and his colleagues of the National Museum of Costa Rica, at San José, and
Mr. H. Pittier, of the Physical-Geographic Institute of Costa Rica, also in San José.”
During this early phase of exploration, Pesta (1931) published the results of the
Austrian expedition to Costa Rica, which was carried out between March and
September 1930, that included freshwater crabs and two freshwater shrimps (one
palaemonid and one atyid) (Pesta 1931).

After this early period, decades passed by with no published information on
freshwater decapods in the region. The second period of freshwater decapod
research started with the description of a new genus of the family Atyidae by
Alejandro Villalobos F. (Mexico) who obtained specimens from Dr. Fenner A.
Chace of the Smithsonian Institution, and described Archaeatya chacei from Isla
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del Coco, an island located roughly 500 km off the Pacific coast of Costa Rica
(Villalobos 1959). A few years later, Alfred E. Smalley (1963) from Tulane
University, New Orleans, Louisiana, U.S.A., revised the genus Potimirim
(Decapoda: Atyidae) from Central America and examined specimens from
Nicaragua, Costa Rica, and Jamaica. Smalley (1964a, b) revised the freshwater
crabs of Costa Rica (Pseudothelphusidae) and described their gonopods (Smalley
1964a); he also described two river crabs from Nicaragua (Smalley 1964b). Later,
Smalley (1970) erected a new genus (Phrygiopilus) from Guatemala to accom-
modate two new species and provided an identification key for the Central
American pseudothelphusids (Smalley 1970).

Important contributions on the river crabs of Central America were published by
Richard Bott from the Forschungsinstitut Senckenberg, Frankfurt a.M., Germany.
Bott (1956) revised material collected by A. Zilcher during his expedition to El
Salvador in 1951 together with specimens from El Salvador and Honduras. Bott
(1967, 1968) revised the pseudothelphusids of eastern Central America (including
Costa Rica) based on material deposited in several European museums.

Gerhard Pretzmann of the Naurhistorisches Museum in Vienna, Austria pub-
lished a great deal on the freshwater crabs of Central America. Pretzmann (1975)
revised the genus Pomatocarcinus based on material from Guatemala, Nicaragua,
and Panama. Pretzmann (1978, 1980) later revised the freshwater crabs of Central
America and Mexico based on specimens collected by Ivo Poglayen-Neuwall from
Costa Rica, Guatemala, Honduras, Nicaragua, and Panama. In the 1980s, other
authors published studies of freshwater decapods: Abele and Kim (1984) described
the endemic freshwater shrimp species Macrobrachium cocoensis and five other
species of river shrimps from the Isla del Coco.

The decapod fauna of the subterranean waters of Central America was studied
by Horton H. Hobbs III (Wittenberg University, Ohio, U.S.A., and the Smithsonian
Institution, Washington D.C., U.S.A.) and Gilberto Rodríguez (Instituto
Venezolano de Investigaciones Científicas, Caracas, Venezuela). These carcinolo-
gists described species inhabiting Central American caves in Belize (Hobbs Jr
1986), Costa Rica (Hobbs III 1991), and Guatemala (Rodríguez and Hobbs 1989,
1990). Reviews of troglobitic decapod crustaceans and their biogeography in the
Americas were published by Hobbs et al. (1977) and Hobbs III (1994).

While all the above-mentioned studies were carried out by colleagues from the
U.S.A. or Europe, Carlos R. Villalobos from the Escuela de Biología, Universidad
de Costa Rica, was the first carcinologist from Central America to publish on
freshwater decapods when he described two freshwater crabs from Costa Rica,
Ptychophallus costaricensis and Potamocarcinus nicaraguensis (=Potamocarcinus
nicaraguensis Rathbun 1893) (Villalobos 1974; Villalobos and Burgos 1975).

The study of freshwater decapods from Central America during the past few
decades has expanded from taxonomic works to now including ecological and
molecular studies. In 2010 a new species of pseudothelphusid (Allacanthos yawi
Magalhães et al. 2010) was described from southern Costa Rica, Lara et al. (2013)
studied the species diversity and distribution of river crabs inhabiting the basin of
the río Grande de Térraba on the Pacific slope of Costa Rica, and Wehrtmann et al.
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(2010) provided information on reproduction in pseudothelphusid crabs. A number
of publications have focused on freshwater shrimps from the region: Alvarez Ruiz
et al. (1996) and Lara and Wehrtmann (2009) described the reproduction in
Macrobrachium carcinus from Costa Rica, and provided information on the
diversity, abundance, and distribution of river shrimps in the largest river basin of
Costa Rica (Lara and Wehrtmann 2011). Recently, Pileggi et al. (2014) presented a
molecular perspective on the transisthmian Macrobrachium species and concluded
that all sibling species studied by them were valid taxonomic entities, but not all
sibling pairs formed natural groups.

9.1.2 Freshwater Decapod Research in the Caribbean

Research on freshwater decapods in the Caribbean dates back to the 1800s that were
followed by major faunistic studies in the mid-1900s. The early reports included
partial lists of freshwater decapods for Puerto Rico (Gundlach 1887–1894) and
Dominica (Pocock 1889). The decapod fauna of the other islands remained poorly
studied until the mid- 1900s when Curacao was included in the work by Chace and
Holthuis (1948). Chace and Hobbs (1969) provided the first comprehensive review
of freshwater decapods in the Caribbean, with particular emphasis on Dominica,
and this study remains a valuable source of information for carcinologists interested
in the decapod fauna of all islands.

Research on the biology and ecology of freshwater decapods in the Caribbean
has increased rapidly during recent years, with several studies describing their role
in aquatic ecosystems, as part of food webs and in processing organic matter. One
of the most studied locations is El Yunque National Forest in Puerto Rico, with
research focusing on ecological interactions among decapod and non-decapod
species (Pringle et al. 1993; Crowl and Covich 1994; Pringle 1996; March et al.
1998, 2002; Johnson and Covich 2000; Cook et al. 2008a, b; Covich et al. 2009;
Hein et al. 2011), the effects of natural and anthropogenic disturbances on the
populations (Covich et al. 1991, 1996, 2003, 2006; March et al. 1998, 2003;
Benstead et al. 1999; 2000; Greathouse et al. 2005; 2006; Hein et al. 2011), and
nutrient recycling (Covich and McDowell 1996; Pyron et al. 1999; Crowl et al.
2001, 2006; March et al. 2001; March and Pringle 2003; Wright and Covich 2005;
Cross et al. 2008; Benstead et al. 2010). All species of freshwater shrimps are
amphidromous and their migratory behavior in the Caribbean has been studied in
detail in Puerto Rico (Benstead et al. 1999) and Guadeloupe (Fièvet et al. 1999).

Caribbean freshwater decapods are widespread and many species are found
living sympatrically. Recent genetic studies have assessed several aspects of dec-
apod biology. Taxon cycling with sequential expansions and contractions of dis-
tributional ranges was supported by studies with Atya (Atyidae) in Puerto Rico,
where most species studied undergo regional population expansions. Genetic
studies (Cook et al. 2008a) on the Puerto Rican freshwater crab Epilobocera sin-
uatifrons (Pseudothelphusidae), a non-migratory species, suggested shallow but
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significant genetic isolation among populations, which were intermediate between
highly divergent populations (e.g., terrestrial specialists) and highly connected
populations (e.g., migratory shrimp; Cook et al. 2008b).

9.2 Regional Diversity of Freshwater Decapods

Three groups of freshwater decapods are found in the region: crayfish, shrimps, and
crabs. Freshwater crayfish species are represented in the Neotropics by two fami-
lies: Cambaridae (48 spp.) and Parastacidae (16 spp.) (Crandall and Buhay 2008).
Representatives of five (sub) families of caridean shrimps have been reported to
occur in the Neotropics (De Grave et al. 2008): Alpheidae (1 sp.), Atyidae (19 spp.),
Palaemonidae (83 spp.), Euryrhynchinae (4 spp.), and Xiphocarididae (2 spp.).
There are 312 species of primary freshwater crabs in the Neotropics in two families:
Pseudothelphusidae (262 species) and Trichodactylidae (51 species) (Yeo et al.
2008). Cumberlidge et al. (2014) updated the available information about the
biodiversity of freshwater crabs in the Neotropics and concluded that there are 313
species of pseudothelphusid and trichodactylid freshwater crabs. Overall, the
Neotropics harbor a total of 485 freshwater decapods, which makes this region one
of the most diverse areas, especially considering the biodiversity of freshwater
crabs.

9.2.1 Central American Freshwater Decapod Diversity

Our knowledge of freshwater decapods inhabiting the Central American region
stems principally from studies in Costa Rica, Guatemala, and Panama, although
some information on freshwater crabs is available from other countries in the region
(see this Sect. 9.1.1). Overall, the Central American region has 86 species of
freshwater decapods, while the Caribbean has 61 species (Fig. 9.1).

Astacidea. Roughly 10 % of the 638 currently known freshwater crayfish
species occur in the Neotropics (Crandall and Buhay 2008). However, reports of
crayfish from Central America are scarce (Table 9.1) (Alvarez and Villalobos
2016): Procambarus (Austrocambarus) pilosimanus has been reported to occur in
northern Guatemala and Belize by Villalobos-Figueroa (1955, 1983), Villalobos
(1982), Hobbs (1989), and Alvarez and Villalobos (2015). Procambarus (A.) wil-
liamsoni is known to occur in Guatemala and Honduras (Alvarez and Villalobos
2016), and P. (A.) llamasi is found in northern Guatemala (Alvarez et al. 2007;
Barba-Macías et al. 2015). Considering the similarities of these species, a closer
examination of the morphology and the genetics of the material reported for Central
America is highly recommended (JL Villalobos pers. comm.). A fourth species,
Procambarus (Scapulicambarus) clarkii was introduced into Costa Rica in 1966
(Huner 1977). Torres and Álvarez (2012) compared the genetic variability of the
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Costa Rican P. (S.) clarkii population with that of specimens of this species living
in Mexico and concluded that the genetic variation of the native and introduced
populations was equally low in both. Cherax quadricarinatus is also present in
Costa Rica in the northwestern Pacific drainage near Guanacaste (RL Lara, pers.
comm.). This species is native to freshwater habitats in northern Australia and
Papua New Guinea and has been translocated worldwide due to its suitability for
aquaculture (Ahyong and Yeo 2007).

Atyidae. According to a recent global assessment of freshwater shrimps (De
Grave et al. 2015), atyid shrimps comprise 443 species (58.1 % of all the freshwater
shrimp fauna) of which 37 % of atyid species are threatened with extinction. Atyid
shrimps are widely distributed in Central America and are a common element of the
freshwater decapod fauna (Table 9.1) (Smalley 1963; Hobbs and Hart 1982). The
Atyidae in the region are represented by six genera (Atya, Jonga, Micratya,
Neorhynchoplax, Potimirim and Typhlatya) with eleven species. The most speciose
genera in Central America are Atya (A. crassa, A. innocuous, A. margaritacea,
A. scabra) and Potimirim (P. americana, P. glabra, P. poeyi and P. potimirim).

Fig. 9.1 Geographical distribution of the freshwater decapods from Central America from Belize
to Panama (Astacidea, Atyidae, Palaemonidae, Pseudothelphusidae, and Trichodactylidae) and
from the Caribbean to the Greater and Lesser Antilles (Atyidae, Astacidea, Grapsidae,
Palaemonidae, Pseudothelphusidae, Trichodactylidae, and Xiphocarididae). Numbers represent
the number of species per island/region. (Background map source The GEBCO_2014 Grid,
version 20150318, http://www.gebco.net)
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Three species of Atya (A. crassa, A. innocuous and A. scabra) are found on both the
Pacific and Atlantic coasts of Central America, while the fourth species (A. mar-
garitacea) is restricted to the Pacific slope from Baja California southward to Peru
(Hobbs and Hart 1982; Snyder et al. 2011). Neorhynchoplax kempi is native to Iraq,
and may have been introduced into the Panama Canal along with an exotic
aquarium plant (Abele 1972). The only reported troglobitic species from Central
America is Typhlatya utilaensis from Utila Island, Honduras (Alvarez et al. 2005).
Recently, Torati et al. (2011) surveyed 17 locations on several islands of the Bocas
del Toro archipelago and the adjacent mainland of Panama, and provided infor-
mation of the distribution of freshwater shrimps on a more regional scale. These
authors documented the variability of the color pattern of five atyid species
encountered in their study area (A. scabra, J. serrei, M. poeyi, P. glabra, and
P. potimirim), and noted the extremely high color variability in P. glabra. The
molecular phylogeny of shrimps of the genus Potimirim was studied by Torati and
Mantelatto (2012) based on several atyid species from Central America (J. serrei,
M. poeyi, P. americana, P. glabra, P. potimirim) and revealed P. americana to be
the most basal species.

Palaemonidae. This family is one of the two dominant freshwater shrimp
families worldwide and comprises 300 species (39.3 % of all currently known
freshwater shrimp species), and 14.8 % of species of palaemonid freshwater
shrimps are threatened with extinction (De Grave et al. 2015). In Central America
(Table 9.1), several palaemonid species live in brackish water. For example, Lara
and Wehrtmann (2011) reported the presence of Palaemon gracilis and P. hancocki
from the estuarine zone at the mouth of the river Grande de Térraba on the Pacific
slope of Costa Rica. Only palaemonid species of the genus Macrobrachium are
widely distributed in the freshwater habitats of the region. Although the highest
diversity of Macrobrachium is located in the Indo-Pacific region, more than 55
valid species out of the currently recognized 300 species (De Grave et al. 2015) are
found in The Americas, which highlights the geographical importance of this region
for the Palaemonidae (Holthuis 1952; Pileggi et al. 2014). So far, 13 species of
Macrobrachium have been reported from Central America (Holthuis 1952; Lara
and Wehrtmann 2011): M. acanthurus, M. americanum, M. carcinus, M. cocoense,
M. crenulatum, M. digueti, M. hancocki, M. heterochirus, M. occidentale, M.
olfersi, M. panamense, M. rathbunae, and P. tenellum. An additional species, M.
amazonicum, has been reported to occur in Nicaragua and Costa Rica, but so far no
specimens have been deposited in collections (Vergamini et al. 2011). In addition,
M. rosenbergii has been introduced in Costa Rica for aquaculture (I.S. Wehrtmann,
pers. commun.), but wild populations of this species have not yet been found. The
only endemic species of freshwater shrimps in Costa Rica is M. cocoense from the
Pacific island of Isla de Coco (Abele and Kim 1984). The geographic distribution of
the genus Macrobrachium is generally confined to the Pacific or Caribbean slopes
of Central America (Valencia and Campos 2007), with eight species on the Pacific
slope (M. digueti, M. hancocki, M. occidentale, M. olfersi, M. panamense, M.
rathbunae, P. tenellum, and M. cocoense from Isla del Coco), and five species on
the Caribbean slope (M. acanthurus, M. carcinus, M. crenulatum, M. heterochirus,
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and M. olfersi). If confirmed, M. amazonicum would be the sixth species known
from the Caribbean slope. Only M. olfersii has been reported from both the Pacific
and Caribbean slopes of Central America (Anger 2013; Pileggi et al. 2014). The
raising of the Isthmus of Panama about 3.1 million years ago (Keigwin 1978;
Coates et al. 1992; Coates and Obando 1996; Anger 2013) has thus contributed to
the formation of two distinct species groups on both sides of the landbridge (see
Lessios 2008). However, despite of the geographic separation, some of the species
on different sides of the country are extremely difficult to tell apart and were called
“sibling species” by Knowlton (1993). Holthuis (1952) also referred to
similar-looking pairs of species of Macrobrachium from the Caribbean and Pacific
slopes as “sister species”. Pileggi et al. (2014) assessed the relationship among the
transisthmian sister species of Macrobrachium in a molecular phylogenetic context
and confirmed all species to be valid, and that the following pairs of sibling species
formed natural monophyletic groups (the first species is from the Pacific drainage,
the second from the Caribbean slope): Macrobrachium occidentale – M. hete-
rochirus, M. americanum – M. carcinus, M. digueti – M. olfersii, M. hancocki – M.
crenulatum, and M. tenellum – M. acanthurus. Many Macrobrachium species are
known for their amphidromous migrations (Bauer 2013) with larval development
occurring in estuarine waters, while the adults inhabit freshwater habitats. Other
Macrobrachium species are hololimnetic inland species, and their life cycle
includes an abbreviated and lecithotrophic mode of larval development (Anger
2013; Bauer 2013). In Central America, all Macrobrachium species have an
extended larval development, and their larvae need estuarine waters for successful
development (Anger 2013). As far as we know, hololimnetic inland species are
absent in Central America.

Pseudothelphusidae and Trichodactylidae. There are five families of primary
freshwater crabs worldwide (Cumberlidge and Ng 2009) with more than 1306
species (Yeo et al. 2008; Cumberlidge 2015). Two of these families, the
Trichodactylidae (51 species) and the Pseudothelphusidae (278 species) are ende-
mic to the Neotropics. Representatives of both these primary freshwater crab
families occur in Central America (Table 9.1) (Yeo et al. 2008; Cumberlidge et al.
2014), making a total of 50 species for this region (Pseudothelphusidae, 47 species)
and Trichodactylidae (3 species) (Magalhães et al. 2015; C. Magalhães, unpubl.
data). Central American pseudothelphusids belong to 12 genera. The most speciose
genus is Ptychopallus (13 species from Costa Rica and Panama), followed by
Potamocarcinus (8 species from Costa Rica, Guatemala, El Salvador, Honduras,
Nicaragua, and Panama), and Zilchia (5 species from Belize, Guatemala and
Honduras). Several genera are known only from either one or two countries:
Achlidon (Costa Rica), Camptophallus (Nicaragua), Spirocarcinus (Panama),
Allacanthos (Costa Rica and Panama), Hypolobocera (Panama and South
America), and Phrygiopilus (Guatemala and Mexico). Panama (18 species) and
Costa Rica (12 species) harbor the most diverse freshwater crab fauna in the region.
However, the freshwater decapod fauna of these countries is the most studied in
Central America, and future surveys in the other countries of the region are likely to
discover several more new species (Yeo et al. 2008). The three species of
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trichodactylids from the region are Trichodactylus quinquedentatus and Poppiana
dentata from Nicaragua, and Melocarcinus meekei from Panama (Magalhães and
Türkay 2008; Magalhães et al. 2013).

Xiphocarididae. Xiphocaris elongata is widely distributed in the Caribbean
(Chace and Hobbs 1969; also: see Sect. 9.2.2.) but has not been reported to occur in
Central America (Table 9.1).

9.2.2 Caribbean Freshwater Decapod Diversity

Many species of Caribbean freshwater decapods live exclusively in freshwater and
are completely independent of the marine environment, while other species (usually
carideans) are tolerant of high salinities and have larval stages that need to develop
in sea water (Bauer 2011a, b, 2013). These life cycle strategies add to the com-
plexity of explaining how (and when) freshwater species reached the islands they
are found on today. The more than 61 species of freshwater decapods found in the
Antilles belong to seven families: Atyidae, Cambaridae, Grapsidae, Palaemonidae,
Xiphocarididae Pseudothelphusidae, and Trichodactylidae (Table 9.1) (Chace and
Hobbs 1969; Crandall and Buhay 2008; Cumberlidge et al. 2014). More species are
found in the Greater Antilles than the Lesser Antilles probably because the wider
variety of aquatic habitats in the Greater Antilles has resulted in more diversifica-
tion (Fig. 9.1) (Pérez-Reyes et al. 2013). The islands in the Caribbean are classified
in three categories: volcanic or coral origin islands with sediment uplift. These
islands include: the Greater Antilles (Cuba, Hispaniola, Puerto Rico, Jamaica), and
the Lesser Antilles (Dominica, Montserrat, Saint Lucia, Saint Thomas, Saint John,
Tortola, Grenada, Saint Vincent, Guadeloupe, Martinique, Nevis, and Saint Kitts).
Islands of volcanic or coral origin have a steep topography with elevations that
range from as high as 3000 m (Pico Duarte, Dominican Republic) to 45 m below
sea level (Enriquillo Lake, Dominican Republic, Hispaniola) (Kennedy et al. 2006).
These island of volcanic or coral origin are forested and receive abundant rainfall,
especially at higher elevations and during the rainy season (May–November)
(Heartsill-Scalley et al. 2007). The streams and rivers of these islands typically have
rocky substrates that increases the diversity of habitats (Smith et al. 2003). Trinidad
and Tobago are continental islands on the continental shelf that belong to the
northwestern South American transitional zone (Weeks et al. 1971, Morrone 2006).
Other Caribbean islands (Aruba, Bonaire, Curaçao, Guadeloupe’s Grand Terre,
Antigua, Barbuda, Saint Martin, Anguilla, Barbados, Cayman Islands, and Saint
Croix) have been formed by sediment uplift and have a flat low-lying topography,
lack lush dense forests, and rainfall is low (Bass 2003b). Here the streams are
intermittent or ephemeral and streambeds are typically composed by mud and silt
(Bass 2003b).

Freshwater decapods are diverse and very common in both the island streams as
well as in the coastal continental creeks and rivers. Streams on islands are domi-
nated by species of freshwater decapods that fill the same ecological roles as the
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insects, amphipods, or isopods that dominate continental and temperate streams
(Boulton et al. 2008). Freshwater shrimps found in streams and rivers on Caribbean
islands live in all parts from river mouths to high altitude headwater streams. They
have complex life cycles, and those species whose larval stages need to develop in
marine or estuarine environments have migratory behavior (Bauer 2011a, b; Bauer
2013). Adult amphidromous shrimp mature and reproduce in freshwater, and
females release larvae that move downstream to estuaries where they develop
further and migrate back upstream as juveniles. The larvae of marine species of
decapods are transported over wide areas by oceanic surface currents (Cook et al.
2008b, 2009; Page et al. 2008), and represents a stock for streams in Caribbean
islands. Molecular and phylogenic analyses of species of freshwater shrimps from
the Antilles and Central America (Cook et al. 2008b, 2009, 2012; Page et al. 2008,
2013) indicate that the amphidromous species of shrimp in the Caribbean share a
common genetic pool.

Astacidea. All species of crayfish found in the Greater Antilles are endemic to
their islands, and probably reached there by overseas dispersal on floating logs from
Central America to the Greater Antilles (Hobbs 1984; Hobbs III 1994; Crandall and
Buhay 2008). This is supported by experimental evidence that indicates that some
species of crayfish are tolerant to changes in salinity and to drought (surviving for
long periods buried in soil) (McClain and Romaire 2007). Three species of crayfish
are found in the Greater Antilles: Procambarus atkinsoni, P. cubensis (with 2
subspecies), and P. niveus, and all are endemic to Cuba (Hobbs 1984; Sinclair et al.
2004). Procambarus cubensis cubensis has a widespread distribution in Cuba,
P. cubensis rivalis is found in the western part of the island, P. atkinsoni is
restricted to Isla de Pinos, and Procabarus niveus is a troglobitic species with a
limited distribution in the western provinces. Several species of crayfishes have
been introduced for aquaculture to Jamaica (Cherax quadricarinata), the Bahamas
(C. quadricarinata), Hispaniola (Haiti and Dominican Republic), (Procambarus
clarkii, Pacifastacus leniusculus), to Puerto Rico (C. quadricarinatus), and to
islands in the Lesser Antilles (Williams et al. 2001; Kairo et al. 2003; Neal et al.
2009; Pienkowski et al. 2015).

Atyidae. Nineteen species of atyid shrimps are found in Antillean islands, 11 of
which are endemic to these Caribbean islands: Atya lanipes, A. brachyrhinus,
Typhlatya garciai, T. monae, T. consobrina, T. elenae, T. garciadebrasi, T. iliffei,
T. taina, T. kakuki, and Micratya cooki. Eight species are found in freshwater
streams and rivers in both Central America and the Caribbean islands: Atya
innocuous, A. scabra, Jonga serrei, Micratya poeyi, Potimirim americana,
P. mexicana, P. potimirim, and P. glabra (Bass 2003a, b, 2004a, b, 2005, 2006,
2007; Pérez-Reyes et al. 2013). Atya lanipes is the most basal and morphologically
less specialized species of the Atya in the region and is found in Cuba, Jamaica, La
Hispaniola, Puerto Rico and U.S. Virgin Islands (Hobbs and Hart 1982). The
troglobitic genus Typhlatya is represented in the Antilles by seven species, five of
which are endemic to Cuba (T. garciai, T. consobrina, T. elenae, T. garciadebrasi,
and T. taina), one (T. iliffei) is endemic to Bermuda (Hunter et al. 2008), and one (T.
monae) is found in Puerto Rico, Curacao, Hispaniola, and Barbuda (Botello et al.
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2013). In addition, Typhlatya kakuki, from the Bahamas was described by Alvarez
et al. (2005) (which closely resembles species from Cuba). Other taxa of freshwater
shrimps from the region include Micratya cooki from Puerto Rico (Karge et al.
2013), and a potential new species of Potimirim sp. from Puerto Rico that is
currently being described (F. L. Mantelatto pers. com.).

Pseudothelphusidae and Trichodactylidae. The freshwater crabs of the
Caribbean belong to two families: Pseudothelphusidae and Trichodactylidae. The
pseudothelphusids generally prefer higher altitude streams, but in this region these
crabs are found in low altitude rivers throughout the aquatic ecosystems up to
headwater streams at 3000 m above sea level, and most species can breathe air and
are semiterrestrial in habit (Rodríguez 1992; Rodríguez and Magalhães 2005). Five
genera of pseudothelphusids (out of 40) belonging to 15 species are found in the
Caribbean (Epilobocera, Neoepilobocera Rodriguezus, Guinotia, and
Pseudothelphusa) (Cumberlidge et al. 2014). Cuba has the highest diversity of
pseudothelphusids in the region with two genera (Epilobocera and Neoepilobocera)
and nine species (Capolongo 2003; 2005). Hispaniola (Haiti and Dominican
Republic) has two species, Epilobocera haytensis (which has a wide distribution in
the Dominican Republic and Haiti,) and E. wetherbeei (which is restricted to high
altitude localities up to 2300 m above sea level in the island). Epilobocera sinu-
atifrons is found in Puerto Rico and Saint Croix (Chace and Hobbs 1969; Cook
et al. 2008a), and this distribution implies a common origin on the Puerto Rico
Bank (at a time when Puerto Rico and Saint Croix were part of a single land mass),
that became separated recently when sea levels rose following the end of the most
recent Ice Age about 10000 years ago (Larue 1994). The most recent status about
the populations of E. sinuatifrons in Puerto Rico was described by Cook et al.
(2008a) who reported genetic divergence in the populations from different rivers in
the island, but their isolation may be recent because this species has not experienced
a population expansion or a bottleneck. Trinidad and Tobago have two species of
pseudothelphusids, the South American continental species Rodriguezus garmani
and the endemic species Microthelphusa odaelkae (Cumberlidge et al. 2014).

The trichodactylid freshwater crabs live in lakes and lowland streams in tropical
South America, but a few species are found in Mexico and Central America
(Nicaragua), and the range of one mainland species (Poppiana dentata) extends to
Trinidad (Rodríguez 1992), which is the only trichodactylid found on any
Caribbean island (Cumberlidge et al. 2014).

Palaemonidae. The 16 species of Caribbean palaemonid freshwater shrimps live
in fresh water and brackish water, and 12 species are found in West Indian
freshwater habitats. The troglobitic genus Troglocubanus is endemic to Cuba
(Troglocubanus calcis, T. eigenmanni, T. gibarensis, and T. inermis) and to
Jamaica (T. jamaicensis) (Hobbs III 1994; Hobbs et al. 1994). The troglobitic
species Macrobrachium lucifugum is found in caves and sinkholes in Cuba,
Hispaniola, Barbados, Curacao, and Jamaica (Juarrero 1999; Debrot 2003; Anger
2013), and the range of the continental species Macrobrachium jelskii includes
Trinidad and Tobago (Bass 2003b, 2004b), islands that are closest to the continent.
In South America M. jelskii is found in Suriname, Venezuela, Brazil, Peru
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Paraguay, and Argentina, Five species of Macrobrachium (M. acanthurus, M.
carcinus, M. crenulatum, M. heterochirus, and M. faustinum) are distributed
throughout Central America and the Caribbean Islands (Pérez-Reyes et al. 2013).
Palaemon pandaliformis is common in brackish waters in Cuba, Saint Kitts and
Nevis, Tobago, Saint Lucia, Puerto Rico, and Barbados (Pérez-Reyes et al. 2013).
The presence of the Asian speciesMacrobrachium rosenbergii in several Caribbean
islands is likely the result of the introduction of this species for aquaculture and its
subsequent release or escape (Anger 2013).

Xiphocarididae. Caribbean freshwaters are inhabited by two species of
xiphocarids: Xiphocaris gomezi and X. elongata, that are distinguished by their
retention of primitive characters of the exopods of their pereiopods (Chace and
Hobbs 1969). Xiphocaris gomezi is endemic to Cuba and is known from shallow
pools with a high density of organic matter at three high altitude localities (600 m
above sea level) where it lives sympatrically with X. elongata, A. lanipes, and
species of Macrobrachium (Juarrero 1993; Navarro-Pacheco et al. 1998; De Grave
2013). Xiphocaris elongata has a widespread distribution in the Antilles and occurs
in large numbers in streams and rivers draining into low-altitude valleys near river
mouths, where they tolerate daily fluctuations in salinity. Populations of X. elongata
that live in headwaters are predated by palaemonid shrimp, pseudothephusid crabs,
and freshwater fishes. Populations of X. elongata that are heavily predated by fish
have evolved a longer rostrum (>5 mm) that presumably deters attacks by predators
(Ocasio-Torres et al. 2014, 2015).

9.2.3 Species that Are Vectors of Parasites

In many regions of the Caribbean and Central America freshwater decapods are not
only an important component of the stream ecosystem (Covich and McDowell
1996), they are also part of the diet of the local human communities (Wehrtmann
et al. 2014). The potential for the spread of parasites and diseases increases along
with increasing aquaculture of decapods with the introduction of non-native
freshwater organisms. For example, when bopyrids infect juvenile shrimp it slows
their growth, while trematodes such as Paragonimus, the human lung fluke, infect
mammal definitive hosts that feed on freshwater crabs.

Paragonimiasis. Paragonimiasis is a foodborne parasitic zoonosis caused by
lung flukes of the genus Paragonimus (Fürst et al. 2012). Species of Paragonimus
are parasites of wild carnivores, domestic carnivores, and humans. Carnivores and
humans acquire the disease when they eat uncooked/undercooked crustaceans that
are infected with lung fluke metacercariae. Once the parasite has been ingested it
migrates from the intestine to the lungs where it develops into encysted resident
adult worms (Acha and Szyfres 2003). Humans with paragonimiasis can develop
additional medical complications if parasites migrate to different organs besides the
lungs, including the brain (Procop 2009). Paragonimus species are highly evolved
parasites with a complex life cycle that involves three hosts: a snail, a crustacean,
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and a mammal (Doanh et al. 2013). Paragonimus mexicanus, reported from
Colima, Mexico, and P. caliensis from Colombia are important pathogens in
Central and South America (Brenes et al. 1985; Calvopiña et al. 2014). Freshwater
crabs serve as the second intermediate host of Paragonimus and are infected by
cercariae that then develop inside crabs into metacercariae, the most infective stage
for mammals. Paragonimus mexicanus has been found in 14 out of the 278 species
of Pseudothelphusidae (Lamothe-Argimedo 1995), while P. caliensis has been
found in four species of freshwater crabs (Rodríguez and Magalhães 2005)
(Table 9.2). The incidence of P. mexicanus in endemic areas of the parasite from
Mexico to Panama is very high and 85 % of the studied crabs (Ptychophalus
tristani) were infected with Paragonimus metacercariae (Monge et al. 1985).

The life cycle of Paragonimus requires two intermediate hosts (one snail, one
crustacean), and a final definitive host (a mammal) (Calvopiña et al. 2014). Eggs of
the adult parasites are released by the mammal host into a freshwater body where
they hatch after 2–3 weeks and release a miracidium that infects a snail. Inside the
snail the miracidia develop into cercariae that are then released into the water where
crabs (and crayfish) become infected (Calvopiña et al. 2014).

In Latin America, Paragonimus infections in humans are associated with the
ingestion of raw or undercooked freshwater crabs in traditional dishes such as the
locally called “ceviche”, where crabs are marinated in citrus juice that does not kill
the parasites (Blair et al. 2008). The spread of the parasite in Central America is
enabled by commercial or artisanal fishermen who import crabs from areas where
the parasite is endemic.

Bopyrids. Epicaridean isopods (bopyrids) are ectoparasites of other crustaceans
that live in the gill chambers of their crustacean hosts where they gain entry to the
body and either sterilize them completely, or reduce the rate of gametogenesis
(Beck 1980) and reduce the rate of respiration and the metabolic rate in general
(Chaplin-Ebanks and Curran 2007). In the Caribbean and Central America the
isopod Probopyrus pandalicola infects freshwater shrimps of the genera
Macrobrachium and Palaemon (Kensley and Schotte 1989; Bunkley-Williams and
Williams 1998) (Table 9.2). Probopyrus pandalicola hatches as an epicaridium
larva that swims and attaches to a copepod (the intermediate host) where the larva
molt and metamorphosize into an infective stage (cryptoniscus) that leaves the
copepod host and infects the final host (a shrimp) (Cash and Bauer 1993). Inside the
shrimp the first larval parasite stage (cryptoniscus) is a female that then develops
into a dwarf male that lives attached to a female. The parasite then increases in size
until it compresses and atrophies the gills and internal organs (Schuldt and
Rodrigues-Capítulo 1985). These infections end in the production of thousands of
bopyrid larvae and the death of the crustacean host that failed to reach maturity.

The effect of bopyrids varies from species to species. Female parasites feed on
host haemolymph by piercing a blood sinus usually on the inside wall of the gill
chamber where the parasite consumes up to 25 % of the host’s haemolymph in a
day (Lester 2005). As a result of this blood removal, the parasite sequesters the
host’s energy intake and lowers the host’s egg production (Anderson 1977).
Parasitized shrimps have less energy to capture food and migrate to breeding sites
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(Somers and Kirkwood 1991) and suffer reductions in their fecundity and structural
changes in their appendages (Anderson 1977; Calado et al. 2008; Williams and
Boyko 2012).

Bopyrids cause castrations, stunting, the lack of development of secondary
sexual characteristics, and increased mortality to their shrimp and crab hosts, and
have direct and indirect effects on crustacean fisheries (De Castro 1985). A high
prevalence of bopyrids in commercial species results in financial losses from
stunting and mortality of crabs and shrimps.

9.3 Conservation Status

A total of 130 decapod species have been reported from freshwater ecosystems in
Central America (86 spp.) and the Caribbean (61 spp.). Most species are still poorly
studied beyond their taxonomy and distribution. According to the IUCN Red List,
the conservation status of only 53.8 % of all decapod species in the region is known
(Table 9.3), and the remaining species (46.2 %) are too poorly known to assess
(Data Deficient). Three species (Atya brachyrhinus, Procaris chacei, Typhlatya
iliffei) are threatened with extinction (Critically Endangered), two species
(Macrobrachium occidentale, Troglocubanus eigenmanni) are Near Threatened,
and none are extinct.

The number of threatened species (Vulnerable (VU) and Critically Endangered
(CR)) varies among countries. Bermuda has two species that are CR and Barbados
has one species that is CR. The highest number of VU species are found in Cuba (7
species), Guatemala (4 species), and Costa Rica (2 species). Thyphlatya has 5
species of threatened species, Troglocubanus has 4 species, and Epilobocera has 2
species. The remaining genera are represented by single threatened species. Cuba,
El Salvador, Guatemala, and Margarita all have one species that is assessed as not
currently threatened (Near-Threatened NT), but that may become threatened in the
future if threat levels were to increase.

Almost half (46.2 %) of the freshwater decapods from Central America and the
Caribbean are too poorly known to assess (Data Deficient) (Table 9.3). On a global
scale, the level of data deficiency of freshwater shrimps is 37.0 % (De Grave et al.
2015), 49.1 % for freshwater crabs (Cumberlidge et al. 2009), and 21.2 % for

Table 9.3 Conservation
status of the 130 freshwater
decapod species so far
reported for Central America
and the Caribbean

Status %

Not evaluated 22.0

Data Deficient 24.2

Least Concern 38.6

Vulnerable 11.4

Endangered 0.0

Critically Endangered 2.3

Near Threatened 1.5

Extinct 0.0
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crayfish (Richman et al. 2015). Clearly, more studies are needed to fill these
knowledge gaps and to provide sufficient information for a more complete
assessment of the extinction risks of the freshwater decapod fauna in Central
America and the Caribbean.

9.4 Threats and Conservation Issues

Like all freshwater fauna, decapods face a series of threats associated with changes
in their environment. Here we focus on three major impacts from the large diversity
of anthropogenic activities that result in ecosystem degradation and loss of fauna.
First, loss of access to the ocean for freshwater species is important for island and
coastal decapod populations; second, changes in land use cover (including urban-
ization) have led to the degradation of freshwater ecosystems, and third, fishing has
had a major impact on decapod populations.

9.4.1 Loss of Ocean Connectivity

Connectivity with the oceans is a key aspect of ecosystem integrity for freshwater
ecosystems. Hydrologic connectivity refers to the water-mediated movement of
matter, energy, or organisms among components of the landscape (Pringle 2001). For
stream and river ecosystems longitudinal connectivity joins downstream ecosystems
including estuaries with upstream ecosystems. The free movement of decapods up
and down stream networks is a key factor in conserving the long-term stability of
populations of freshwater decapods in Central America and the Caribbean because it
allows for the completion of life cycles in migratory species and facilitates genetic
exchange between populations. Although there are primary freshwater species in the
region, a number of species of decapods are secondary freshwater (amphidromous)
species whose adult populations live in freshwater ecosystems but whose eggs and
larval stages require salt or brackish water to develop into juveniles. Newly hatched
larvae migrate downstream to marine environments where they grow into juveniles,
which then migrate back into freshwater to complete their life cycle.

River damming is one of the main drivers of longitudinal connectivity loss in
rivers. In temperate regions the negative effects of dams on species such as
anadromous fish like salmon that migrate annually upstream to spawn are well
known, and has both economic and conservation importance (Zabel and Williams
2002). In tropical areas, less is known about the effects of dams and other
in-channel structures on freshwater organisms, despite the fact that many decapods
and over 200 species of fish are diadromous (Milton 2009). Builders of dams across
tropical rivers that include fish ladders for migratory fish to navigate the obstruction
base their design on the needs of anadromous fish such as salmon, that are often still
impassable for many other native freshwater species (McCully 1996). Dams block
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the downstream movement of the larvae of amphidromous tropical decapods, and
the reservoir and water intakes become a major source of larval mortality (Benstead
et al. 1999). Similarly, juvenile shrimps migrating upstream are able to climb over
waterfalls and small dams with water flowing over vertical walls, but large dams are
impervious migratory barriers for juvenile shrimps.

Connectivity of freshwater ecosystems with the ocean creates a particularly com-
plex conservation problem, because most protected areas are not designed to protect
entire watersheds. In Puerto Rico protected areas are either located on the upper parts
of the mountains (e.g., El Yunque National Forest) or in the lowlands (e.g., Guánica
State Forest). The importance of these reserves for the conservation of native decapods
will depend on the location of the large dams that are built downstream from them,
because of dams, reserves only partially protect decapod populations. All watersheds
with a large dam on them (dam wall of >30 m) lack native fish and shrimp in their
upper reaches (Holmquist et al. 1998; Cooney and Kwak 2013). Although large dams
have drastic effects on amphidromous decapod populations, small dams and water
intakes are a major conservation threat due to the high incidence of larval mortality.

El Yunque National Forest is one of the best-protected areas in Puerto Rico. The
upper parts of El Yunque had been under some type of protection for over 200 years
because the Spanish Crown set aside themountains as a source of wood. The lowlands
in Puerto Rico are heavily urbanized, but most rivers lack major dams. However, the
rivers draining El Yunque are important sources of water for human consumption and
at least 60 %of the runoff is diverted towardmunicipal facilities to be used as drinking
water (Crook et al. 2007). Studies of migratory shrimp larvae show a clear nocturnal
migration by the shrimp and that there is a high larval mortality due to water
abstraction. Water abstraction in one of the main watersheds draining El Yunque
accounts for between 30 and 60 % of decapod larval mortality, depending on the
amount of water extracted (Benstead et al. 1999). Given the preference for shrimps to
migrate at night, larval mortality could be greatly reduced by simple management
practices that could include stopping water extraction for a few hours each night.

9.4.2 Land Cover and Land Use

A major cause of ecosystem degradation and a threat to decapod conservation is the
conversion of land use from natural vegetation to agricultural use or urban devel-
opment. Changing land use alters the water physicochemistry and habitat charac-
teristics of freshwater ecosystems and creates new conditions that are often adverse
for native biota. The sediment delivery rates of streams affect channel morphology
and substrate composition (Chin 2006), the physicochemical characteristics of the
stream water are often affected by nutrient loads from nearby agricultural activities
(Herlihy et al. 1998; Jones et al. 2001). Urbanization is perhaps the most extreme
type of land use conversion because urban freshwaters often carry large solute
loads, have altered geomorphologies, and are often inhabited by exotic species
(Walsh et al. 2005). The effects of changes in land cover use on freshwater decapod
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populations clearly can follow complex pathways, with numerous indirect effects
and unknown mechanisms.

Freshwater macroinvertebrate assemblages change their abundance and species
composition in response to changes introduced by inland use (Maloney and Weller
2011), but decapods do not seem to follow this general response. In Puerto Rico,
shrimp assemblages are abundant and diverse in forested, agricultural, and urban
streams and do not show evidence of assemblage degradation (Kwak et al. 2007).
Comparisons of shrimp assemblages in watersheds with different levels of urban-
ization in Puerto Rico showed similar decapod species composition and densities,
and appeared to unaffected by watershed land use (Pérez-Reyes et al. 2016). The
loss of species richness and abundance of freshwater shrimps (Atya lanipes, A.
innocous, A. scabra, Macrobrachium carcinus) in urban streams on tropical islands
such as Puerto Rico is the result of a series of human stressors that have degraded
decapod habitat (Pérez-Reyes et al. 2016).

The migratory behavior and the vulnerability of decapod populations to the loss
of connectivity of their home streams with the ocean are more important than land
use changes when explaining the presence of decapods at a particular location.
Urban streams that keep a connection with the ocean maintain their shrimp
assemblages (Pérez-Reyes et al. 2016) but both urban and forest streams above
large dams are likely to be either completely devoid of shrimps or only have relic
populations (Fig. 9.2).
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Fig. 9.2 Percentage of freshwater decapod species in each of the IUCN Red List categories (Least
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286 I.S. Wehrtmann et al.



9.4.3 Fishery Impacts

In Central America as well as in the Caribbean freshwater decapods are an
important source of protein for humans, and the harvesting of these crustaceans is a
common practice, making overharvesting an important conservation issue.
Traditional harvesting techniques involve either the use of traps, or snorkeling and
harpooning of individuals. The almost complete lack of fishery data is a major
problem when trying to assess the impact of the exploitation of shrimps and crabs
inhabiting freshwater habitats. Shrimps (Macrobrachium spp.) are the main targets
of recreational fisheries in the region (Figs. 9.3 and 9.4) and in rural areas are
harvested for personal consumption and for restaurants (I. S. Wehrtmann, pers. obs.
in Costa Rica). The impacts of the recreational fisheries on populations of M. olfersi
in lowland Neotropical streams in Costa Rica revealed a sharp decline (87 %) in
relative abundance between recent and historical data, and one possible explanation
for the observed decrease was direct harvesting of adult shrimps (Snyder et al.
2013). An assessment of the recreational fishery of freshwater shrimps is urgently
needed in order to develop adequate management protocols and to obtain a better
understanding of the impact and sustainability of local fishing activities on the
populations of freshwater shrimps and crabs.

Fig. 9.3 Typical bamboo trap for Macrobrachium used in an artisanal fishery in northern Costa
Rica (Photo courtesy of R. L. Lara)
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Harvesting of freshwater shrimp in Costa Rica may include the illegal poisoning
of river sections with chlorine bleach or even stronger chemicals, which kill not
only shrimps and other macroinvertebrates but also smaller fishes; the consumption
of these fishes may lead to serious health consequences, especially for children
(Greathouse et al. 2005; J. Picado, pers. comm. from Costa Rica). Studies on the
impacts of these illegal chemical releases on ecosystems are scarce. Greathouse
et al. (2005) documented ecosystem structure, function, and biotic interactions three
months after a chlorine bleach poisoning event in a stream in Puerto Rico, and
found a rapid recovery of the habitat and the organisms in it. Shrimp abundances
after three months were either unchanged or even greater, but the effect of repeated
poisoning of the same stream is unknown, and may have severe impacts on the
ecosystem and the abundance of the shrimps and other organisms living there.

9.5 Perspectives

A series of recent publications have addressed the diversity, conservation status,
threats, and conservation actions on a global scale for freshwater crabs (Cumberlidge
et al. 2009, 2014), crayfish (Richman et al. 2015), and freshwater shrimps (De Grave

Fig. 9.4 Wooden container for maintaining live specimens of Macrobrachium carcinus caught in
northern Costa Rica (Photo courtesy of R. L. Lara)
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et al. 2015). Here we provide a regional view of the diversity and conservation of
freshwater decapods in Central America and the Caribbean, which is certainly not
completed and needs to be continued. For example, the freshwater decapods in
Honduras and Nicaragua in Central America and in Haiti/Dominican Republic in the
Caribbean are still poorly studied, and intensive biotic surveys in these areas are
needed to extend our knowledge on the decapod fauna. Species discovery rates over
time of freshwater shrimps (De Grave et al. 2008) and freshwater crabs (Yeo et al.
2008) are still climbing steeply and show no sign offlattening out (except perhaps for
the trichodactylid freshwater crabs), and additional sampling will provide valuable
data on the distribution of known species, and discover a number of new species. For
example the freshwater crab Allacanthos yawi (Magalhães et al. 2010) was recently
described from the Pacific slope of Costa Rica whose freshwater decapod fauna is
relatively well-studied (Magalhães et al. 2015).

An improved assessment of the freshwater decapod fauna in Central America
and the Caribbean faces a major obstacle given the current lack of experienced
taxonomists (Pearson et al. 2011). It is necessary therefore to increase our efforts to
train more students in the identification of freshwater decapods, to establish col-
laborations with experienced taxonomists outside the region, and to organize
regional workshops to bring together young scientists and students interested in the
topic.

Support to regional museums is also critical. Collected material needs to be
deposited in official museum-based collections, preferably located directly in the
region. Museum collections are cornerstones of traditional taxonomy and system-
atics and they also play a critical role in studies of the effects of environmental
changes on organisms over time. However, these contributions have been widely
unappreciated by decision makers, resulting in insufficient financial support for
their maintenance and improvement (Suarez and Tsutsui 2004). Not surprisingly,
only a few countries in Central America and the Caribbean have museums with
zoological collections maintained by a curator and technical staff (Alonso-Eguíalis
et al. 2014a). As a consequence many valuable specimens are simply stored in
laboratories and offices and are inaccessible to taxonomists which impedes biodi-
versity studies in the region. There is clearly a need to develop a regional plan for
the inclusion and curation of all preserved specimens of freshwater decapods cur-
rently in unofficial collections.

Our understanding of the true diversity of the freshwater decapod fauna of
Central America and the Caribbean would be greatly enhanced by studies that
combine taxonomic and molecular techniques. Several widespread freshwater
species in Central America and the Caribbean include morphologically variable
specimens from different parts of the range but species boundaries are difficult to
identify (Pileggi et al. 2014) and these taxa may prove to represent species com-
plexes comprising one or more cryptic species.

Pollution, climate change, human disturbance, invasive species, modification of
natural ecosystems, and mining represent the greatest threats to species of caridean
shrimps from Central America and the Caribbean that are threatened with extinction
(De Grave et al. 2015). In addition, the modification of natural river systems by
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constructing dams across rivers to either generate hydroelectric power or to create a
reservoir is a serious problem for migratory amphidromous decapods such as
species of Macrobrachium and species of atyids. Figure 9.5 shows the distribution
of 75 hydroelectric projects in Costa Rica, excluding those which are under con-
struction and/or in progress. The dams block the migratory routes of migratory
amphidromous shrimps, and represent a major threat to these freshwater decapods
(March et al. 2003; Lara and Wehrtmann 2011; De Grave et al. 2015). In México
the construction of small permanent barriers across waterways has been shown to
have had a negative impact on the upstream movement of the migratory freshwater
shrimp M. tenellum (Rodríguez-Uribe et al. 2014). It is known that the construction
of dams and reservoirs blocks migratory pathways of freshwater animals and sig-
nificantly alters their distribution and abundance in many parts of the world; the
impact of such barriers on freshwater decapods of Central America and the
Caribbean is still poorly understood (Holmquist et al. 1998; March et al. 2003;
Rodríguez-Uribe et al. 2014). There is clearly a need to develop research projects
aimed at obtaining a better understanding of the migratory patterns of palaemonid
and atyid shrimps in Central America and the Caribbean and to develop protocols
that can mitigate this problem (De Grave et al. 2015). There is also a need for a
closer interaction between scientists and decision makers to ensure that the threats
to migratory species of amphidromous shrimps are taken into account in man-
agement plans.

Fig. 9.5 Location of existing hydroelectric plants in Costa Rica (excluding those under
construction or at the planning stage).
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The literature on freshwater decapods in Central America and the Caribbean is
dominated by taxonomic studies, while their ecology and physiology is poorly
understood. There is a need for more studies on the impact of climate change on
freshwater ecosystems and the organisms that live there, because climate change
has been identified as a significant threat with a potentially high impact (De Grave
et al. 2015). Such studies should also include monitoring programs to detect
medium and long-term changes in the populations of freshwater decapods (Snyder
et al. 2013).

Finally, we strongly recommend network building among scientists in Central
America and the Caribbean and elsewhere (such as the Mesoamerican network for
freshwater macroinvertebrates) aimed at facilitating the exchange of information
and development of joint projects (Alonso-EguíaLis et al. 2014b). Also needed is
an open-access library with a database that includes unpublished data from envi-
ronmental impact studies, and more international and/or regional conferences, small
meetings, and training workshops that provide opportunities to discuss current
problems and possible collaborations.

Acknowledgments The authors appreciate the invitation of the editors to participate in this book
as well as their support and patience during the development of this chapter. The linguistic revision
by Neil Cumberlidge is greatly appreciated. ISW sincerely thanks Célio Magalhães, José Luis
Villalobos and Fernando Alvarez for responding promptly to numerous inquiries. Roderico
Hernández Chea is thanked for revising the section on paragonimiasis. Raquel Romero prepared
Fig. 9.1, and Aldo Farah kindly provided Fig. 9.5—muchas gracias. Special thanks go to Monika
Springer for her valuable comments on the Perspective-section. Finally, we thank Hannah
Callenius for her help with the references. Financial support for ISW was provided by CONICIT—
Costa Rica (CII-001-08, IQ-0001-11) and the Universidad de Costa Rica (VI 808-A8-209 and
808-B3-504).

References

Abele, L. G. (1972). Introductions of two freshwater decapod crustaceans (Hymenosomatidae and
Atyidae) into Central and North America. Crustaceana, 23, 209–218.

Abele, L. G., & Kim, W. (1984). Notes on the freshwater shrimps of Isla del Coco with the
description of Macrobrachium cocoense, new species. Proceedings of the Biological Society of
Washington, 97, 951–960.

Acha, P. & Szyfres, B. (2003). Zoonosis y enfermedades transmisibles comunes al hombre y a los
animales. In: Tercera Edición. Volumen III. Parasitosis. Organización Panamericana de la
Salud (pp 158–163)

Ahyong, S. T., & Yeo, D. C. J. (2007). Feral populations of the Australian Red-Claw crayfish
(Cherax quadricarinatus von Martens) in water supply catchments of Singapore. Biological
Invasions, 9, 943–946.

Alonso-EguíaLis, P., Mora, J. M., Campbell, B., & Springer, M. (2014a). Diversidad,
conservación y uso de los macroinvertebrados dulceacuícolas de México, Centroamérica,
Colombia. Instituto Mexicano de Tecnología del Agua, Jiutepec, Morelos: Cuba y Puerto Rico.

Alonso-EguíaLis, P., Springer, M., Mora, J. M., & Pineda-López, R. (2014b). Los ecosistemas
dulceacuícolas tropicales y subtropicales de la región central de América: importancia y retos
para la conservación de su biodiversidad. In P. Alonso-EguíaLis, J. M. Mora, B. Campbell, &

9 Freshwater Decapod Diversity and Conservation … 291



M. Springer (Eds.), Diversidad, conservación y uso de los macroinvertebrados dulceacuícolas
de México, Centroamérica, Colombia, Cuba y Puerto Rico (pp. 17–30). Jiutepec, Morelos:
Instituto Mexicano de Tecnología del Agua.

Alvarez Ruiz, M. D., Cabrera Peña, J., & Solano López, Y. (1996). Morfometría, época
reproductiva y talla comercial de Macrobrachium americanum (Crustacea: Palaemonidae) en
Guanacaste, Costa Rica. Revista de Biología Tropical, 44, 127–132.

Alvarez, F., & Villalobos, J. L. (2016). The crayfish of middle America. In T. Kawai, Z. Faulkes,
& G. Scholtz (Eds.), Freshwater crayfish, a global overview (pp. 448–463). LLC, Boca Ratón:
Taylor & Francis Group.

Alvarez, F., Iliffe, T. M., & Villalobos, J. (2005). New species of the genus Typhlatya (Decapoda:
Atyidae) from anchialine caves in Mexico, the Bahamas, and Honduras. Journal of Crustacean
Biology, 25, 81–94.

Alvarez, F., López-Mejía, M., & Villalobos, J. L. (2007). A new species of crayfish (Crustacea:
Decapoda: Cambaridae) from a salt marsh in Quintana Roo, Mexico. Proceedings of the
Biological Society of Washington, 120, 311–319.

Anderson, G. (1977). The effects of parasitism on energy flow through laboratory shrimp
populations. Marine Biology, 42, 239–251.

Anger, K. (2013). Neotropical Macrobrachium (Caridea: Palaemonidae): On the biology, origin,
and radiation of freshwater-invading shrimp. Journal of Crustacean Biology, 33, 151–183.

Barba-Macías, E., Carmona-Osalde, C., Quiñones-Rodríguez, L., & Rodríguez-Serna, M. (2015).
Registros nuevos de cambáridos (Crustacea: Cambaridae: Procambarus) en la cuenca del
Grijalva-Usumacinta Tabasco. Revista Mexicana de Biodiversidad,. doi:10.1016/j.rmb.2015.
04.036.

Barnish, G. (1984). The freshwater shrimps of Saint Lucia, West Indies (Decapoda, Natantia).
Crustaceana, 47, 314–320.

Bass, D. (2003a). Freshwater macroinvertebrates of Barbados. Journal Barbados Museum and
Historical Society, 49, 269–280.

Bass, D. (2003b). A survey of freshwater macroinvertebrates in Tobago, West Indies. Living World
Journal Trinidad Tobago Field Natural Club, 2003, 64–69.

Bass, D. (2004a). Diurnal stream drift of benthic macroinvertebrates on the small oceanic island of
Dominica, West Indies. Caribbean Journal of Science, 40, 245–252.

Bass, D. (2004b). A survey of freshwater macroinvertebrates on Grenada. Living World Journal
Trinidad Tobago Field Natural Club, 2004, 26–31.

Bass, D. (2005). A survey of freshwater macroinvertebrates from Antigua. Living World Journal
Trinidad Tobago Field Natural Club, 2005, 11–14.

Bass, D. (2006). A comparison of the freshwater macroinvertebrates assemblages of St. Kitts and
Nevis, West Indies. Living World Journal Trinidad Tobago Field Natural Club, 2006, 30–37.

Bass, D. (2007). Freshwater macroinvertebrates and their habitats in Dominica. Living World
Journal Trinidad Tobago Field Natural Club, 2007, 21–30.

Bauer, R. (2011a). Amphidromy and migrations of freshwater shrimp. I. Costs, benefits,
evolutionary origins, and an unusual case of amphidromy. In A. Asakura (Ed.), New frontiers
in crustacean biology (pp. 145–156). Brill: Leiden.

Bauer, R. (2011b). Amphidromy and migrations of freshwater shrimp. II. Delivery of hatching
larvae to the sea, return juvenile upstream migration, and human impacts. In A. Asakura (Ed.),
New frontiers in crustacean biology (pp. 157–168). Brill: Leiden.

Bauer, R. T. (2013). Amphidromy in shrimp: A life cycle between rivers and the sea. In: I.
S. Wehrtmann & R. T. Bauer (Eds.), Studies on freshwater decapods in Latin America. Latin
American Journal of Aquatic Research, 41, 633–650

Beck, J. T. (1980). Life history relationships between the bopyrid isopod Probopyrus pandalicola
and of its freshwater shrimp hosts Palaemonetes paludosus. American Midland Naturalist,
104, 135–154.

Benstead, J. P., March, J. G., Pringle, C. M., & Scatena, F. N. (1999). Effects of a low-head dam
and water abstraction on migratory tropical stream biota. Ecological Applications, 9, 656–668.

292 I.S. Wehrtmann et al.

http://dx.doi.org/10.1016/j.rmb.2015.04.036
http://dx.doi.org/10.1016/j.rmb.2015.04.036


Benstead, J. P., March, J. G., & Pringle, C. M. (2000). Estuarine larval development and upstream
postlarval migration of freshwater shrimps in two tropical rivers of Puerto Rico. Biotropica, 32,
545–548.

Benstead, J. P., Cross, W. F., March, J. G., McDowell, W. H., Ramirez, A., & Covich, A.
P. (2010). Biotic and abiotic controls on the ecosystem significance of consumer excretion in
two contrasting tropical streams. Freshwater Biology, 55, 2047–2061.

Blair, D., Agatsuma, T., & Wang, W. (2008). Paragonimiasis. In K. D. Murrell & B. Fried (Eds.),
Food-borne parasitic zoonoses (Vol. 11, pp. 117–150)., Fish and plant-borne parasites New
York: Springer.

Botello, A., Iliffe, T. M., Alvarez, F., Juan, C., Pons, J., & Jaume, D. (2013). Historical
biogeography and phylogeny of Typhlatya cave shrimps (Decapoda: Atyidae) based on
mitochondrial and nuclear data. Journal of Biogeography, 40, 594–607.

Bott, R. (1956). Dekapoden (Crustacea) aus El Salvador. 3. Süßwasserkrabben (Pseudotelphusa).
Senckenbergiana Biologica, 37, 229–242.

Bott, R. (1967). Fluß-Krabben aus dem westlichen Mittelamerika. Senckenbergiana Biologica, 48,
373–380.

Bott, R. (1968). Fluß-Krabben aus dem östlichen Mittel-Amerika und von den Großen Antillen.
Senckenbergiana Biologica, 49, 39–49.

Boulton, A. J., Boyero, L., Covich, A. P., Dobson, M., Lake, S., & Pearson, R. (2008). Are
tropical streams ecologically different from temperate streams? In D. Dudgeon (Ed.), Tropical
stream ecology (pp. 257–284). Elsevier, Amsterdam: Academic Press.

Brenes, R., Monge, E., Hangen, G., Vargas, G., & Muñoz, G. (1985). Primer caso de
Paragonimiasis errática humana en el litoral Atlántico de Costa Rica. The Revista
Costarricense de Ciencias Médicas, 6, 88–91.

Bunkley-Williams, L., & Williams, E. H. (1998). A new freshwater shrimp host, Macrobrachium
faustinum (De Saussure), and locality record, Puerto Rico, for the bopyrid isopod Probopyrus
pandalicola (Packard). Caribbean Journal of Science, 34, 149–150.

Calado, R., Bartilotti, C., Goy, J. W., & Dinis, M. T. (2008). Parasitic castration of the stenopodid
shrimp Stenopus hispidus (Decapoda: Stenopodidae) induced by the bopyrid isopod Argeiopsis
inhacae (Isopoda: Bopyridae). Journal of the Marine Biological Association of the UK, 88,
307–309.

Calvopiña, M., Romero, D., Castañeda, B., Hashiguchi, Y., & Sugiyama, H. (2014). Current status
of Paragonimus and paragonimiasis in Ecuador. Memórias do Instituto Oswaldo Cruz, 109,
849–855.

Capolongo, D. (2003). The crabs of the inland waters of Cuba: The known species and new data
on the genus Epilobocera (Crustacea: Decapoda: Brachyura: Pseudothelphusidae). Bollettino
del Laboratorio di Entomologia Agraria Filippo Silvestri, Portici, 58, 31–47.

Capolongo, D. (2005). Description of a new Cuban species of the genus Epilobocera (Crustacea:
Decapoda: Brachyura: Pseudothelphusidae). Cubazoo, Revista del Parque Zoológico Nacional
de Cuba, 13, 55–56.

Capolongo, D., & Pretzmann, G. (2002). Süßwasserkrabben von Cuba. AGEMUS Nachrichten,
Wien, 67b:1–5

Cash, C. E., & Bauer, R. T. (1993). Adaptations of the branchial ectoparasite Probopyrus
pandalicola (Isopoda: Bopyridae) for survival and reproduction related to ecdysis of the host,
Palaemonetes pugio (Caridea: Palaemonidae). Journal of Crustacean Biology, 13, 111–124.

Chace, F. A., Jr., & Hobbs, H. H., Jr. (1969). The freshwater and terrestrial decapod crustaceans of
the West Indies with special reference to Dominica. US National Museum Bulletin, 292, 1–258.

Chace, F. A., & Holthuis, L. B. (1948). Land and freshwater decapod Crustacea from the Leeward
Group and northern South America. Studies Fauna Curaçao Aruba Bonaire Venezuelan
Islands, 12, 21–28.

Chaplin-Ebanks, S. A., & Curran, M. C. (2007). Prevalence of the bopyrid isopod Probopyrus
pandalicola in the grass shrimp, Palaemonetes pugio, in four tidal creeks on the South
Carolina-Georgia coast. Journal of Parasitology, 93, 73–77.

9 Freshwater Decapod Diversity and Conservation … 293



Chin, A. (2006). Urban transformation of river landscapes in a global context. Geomorphology,
79, 460–487.

Coates, A. G., & Obando, J. A. (1996). The geologic evolution of the Central American Isthmus.
In J. B. C. Jackson, A. F. Budd, & A. G. Coates (Eds.), Evolution and environment in tropical
America (pp. 21–56). Chicago: University of Chicago Press.

Coates, A. G., Jackson, J. B. C., Collins, L. S., Cronin, T. M., Dowsett, H. J., Bybell, L. M., et al.
(1992). Closure of the Isthmus of Panama: the near-shore marine record of Costa Rica and
western Panama. Geological Society of America Bulletin, 104, 814–828. doi:10.1130/0016-
7606(1992)104<0814:COTIOP>2.3.CO;2.

Cook, B. D., Pringle, C. M., & Hughes, J. M. (2008a). Phylogeography of an island endemic, the
Puerto Rican freshwater crab (Epilobocera sinuatifrons). Journal of Heredity, 99, 257–268.

Cook, B. D., Pringle, C. M., & Hughes, J. M. (2008b). Molecular evidence for sequential
colonization and taxon cycling in freshwater decapod shrimps on a Caribbean island.
Molecular Ecology, 17, 1066–1075.

Cook, B. D., Bernays, S., Pringle, C. M., & Hughes, J. M. (2009). Marine dispersal determines the
genetic population structure of migratory stream fauna of Puerto Rico: Evidence for
island-scale population recovery processes. Journal of the North American Benthological
Society, 28, 709–718.

Cook, B. D., Page, T. G., & Hughes, J. M. (2012). Phylogeography of related diadromous species
in continental and island settings, and a comparison of their potential and realized dispersal
patterns. Journal of Biogeography, 39, 421–430.

Cooney, P. B., & Kwak, T. J. (2013). Spatial extent and dynamics of dam impacts on tropical
island freshwater fish assemblages. BioScience, 63, 176–190.

Covich, A. P., & McDowell, W. H. (1996). The stream community. In D. P. Reagan & R.
B. Waide (Eds.), The food web of a tropical rain forest (pp. 433–459). Chicago: The
University of Chicago Press.

Covich, A. P., Crowl, T. A., Johnson, S. L., Varza, D., & Certain, D. L. (1991). Post-Hurricane
Hugo increases in atyid shrimp abundances in a Puerto Rican montane stream. Biotropica, 23,
448–454.

Covich, A. P., Crowl, T. A., Johnson, S. L., & Pyron, M. (1996). Distribution and abundance of
tropical freshwater shrimp along a stream corridor: response to disturbance. Biotropica, 28,
484–492.

Covich, A. P., Crowl, T. A., & Scatena, F. N. (2003). Effects of extreme low flows on freshwater
shrimps in a perennial tropical stream. Freshwater Biology, 48, 1199–1206.

Covich, A. P., Crowl, T. A., & Heartsill-Scalley, T. (2006). Effects of drought and hurricane
disturbances on headwater distributions of palaemonid river shrimp (Macrobrachium spp.) in
the Luquillo Mountains, Puerto Rico. Journal of the North American Benthological Society,
25, 99–107.

Covich, A. P., Crowl, T. A., Hein, C. L., Townsend, M. J., & McDowell, W. H. (2009). Predator–
prey interactions in river networks: comparing shrimp spatial refugia in two drainage basins.
Freshwater Biology, 54, 450–465.

Crandall, K. A., & Buhay, J. E. (2008). Global diversity of crayfish (Astacidae, Cambaridae, and
Parastacidae-Decapoda) in freshwater. Hydrobiologia, 595, 295–301.

Crook, K. E., Scatena, F. N., & Pringle, C. M. (2007). Water withdrawn from the Luquillo
Experimental Forest, 2004. San Juan, PR, U.S. Department of Agriculture, Forest Service,
International Institute of Tropical Forestry.

Cross, W. F., Covich, A. P., Crowl, T. A., Benstead, J. P., & Ramírez, A. (2008). Secondary
production, longevity and resource consumption rates of freshwater shrimps in two tropical
streams with contrasting geomorphology and food web structure. Freshwater Biology, 53,
2504–2519.

Crowl, T. A., & Covich, A. P. (1994). Responses of a freshwater shrimp to chemical and tactile
stimuli from a large decapod predator. Journal of the North American Benthological Society,
13, 291–298.

294 I.S. Wehrtmann et al.

http://dx.doi.org/10.1130/0016-7606(1992)104&lt;0814:COTIOP&gt;2.3.CO;2
http://dx.doi.org/10.1130/0016-7606(1992)104&lt;0814:COTIOP&gt;2.3.CO;2


Crowl, T. A., McDowell, W. H., Covich, A. P., & Johnson, S. L. (2001). Freshwater shrimp effects
on detrital processing and nutrients in a tropical headwater stream. Ecology, 82, 775–783.

Crowl, T. A., Welsh, V., Heartsill-Scalley, T., & Covich, A. P. (2006). Effects of different types of
conditioning on rates of leaf-litter shredding by Xiphocaris elongata, a Neotropical freshwater
shrimp. Journal of the North American Benthological Society, 25, 198–208.

Cumberlidge, N., & Ng, P. K. (2009). Systematics, evolution, and biogeography of freshwater
crabs. In J. W. Martin, K. A. Crandall, & D. L. Felder (Eds.), Systematics, evolution, and
biogeography of freshwater crabs (pp. 491–508). Boca Raton: CRC Press, Taylor & Francis
Group.

Cumberlidge, N., Ng, P. K., Yeo, D. C., Magalhães, C., Campos, M. R., Alvarez, F., et al. (2009).
Freshwater crabs and the biodiversity crisis: Importance, threats, status, and conservation
challenges. Biological Conservation, 142, 1665–1673.

Cumberlidge, N., Alvarez, F., & Villalobos, J. L. (2014). Results of the global conservation
assessment of the freshwater crabs (Brachyura, Pseudothelphusidae and Trichodactylidae): The
neotropical region, with an update on diversity. ZooKeys, 457, 133–157.

De Castro, A. L. (1985). Ectoparasitism of Telotha henselii (Von Martens) (Isopoda,
Cymothoidae) on Macrobrachium brasiliense (Heller)(Decapoda, Palaemonidae).
Crustaceana, 49, 200–201.

De Grave, S. (2013). Xiphocaris gomezi. The IUCN Red List of threatened species. Version
2014.3.

De Grave, S., Cai, Y., & Anker, A. (2008). Global diversity of shrimps (Crustacea: Decapoda:
Caridea) in freshwater. Hydrobiologia, 595, 287–293. doi:10.1007/s10750-007-9024-2.

De Grave, S., Smith, K. G., Adeler, N. A., Allen, D. J., Alvarez, F., Anker, A., et al. (2015). Dead
shrimp blues: a global assessment of extinction risk in freshwater shrimps (Crustacea:
Decapoda: Caridea). PLoS ONE, 10, e0120198. doi:10.1371/journal.pone.0120198.

Debrot, A. O. (2003). The freshwater shrimps of Curacao, West Indies (Decapoda, Caridea).
Crustaceana, 76, 65–76.

Doanh, P. N., Horii, Y., & Nawa, Y. (2013). Paragonimus and Paragonimiasis in Vietnam: An
update. The Korean Journal of Parasitology, 51, 621–627.

Felix, C. M. L. (1991). Freshwater shrimps of Barbados: Some aspects of their biology, ecology
and culture. PhD. Thesis University of the West Indies, Barbados, West Indies.

Fièvet, É., Bonnet-Arnaud, P., & Mallet, V. (1999). Efficiency and sampling bias of electrofishing
for freshwater shrimp and fish in two Caribbean streams, Guadeloupe Island. Fisheries
Research, 44, 149–166.

Fürst, T., Keiser, J., & Utzinger, J. (2012). Global burden of human food-borne trematodiasis: A
systematic review and meta-analysis. The Lancet Infectious Diseases, 12, 210–221.

Greathouse, E. A., March, J. G., & Pringle, C. M. (2005). Recovery of a tropical stream after a
harvest-related chlorine poisoning event. Freshwater Biology, 50, 603–615.

Greathouse, E. A., Pringle, C. M., McDowell, W. H., & Holmquist, J. G. (2006). Indirect upstream
effects of dams: consequences of migratory consumer extirpation in Puerto Rico. Ecological
Applications, 16, 339–352.

Gundlach, J. (1887). –1894) Fauna puertorriqueña. An Soc Esp. Historical Natural, 16–22, 347–
658.

Hart, C. W. (1961). The freshwater shrimps (Atyidae and Palaemonidae) of Jamaica, W.I., with a
brief discussion of their relation to the ancient geography of the western Caribbean area.
Proceedings of the Academy of Natural Sciences of Philadelphia, 113, 61–80.

Heartsill-Scalley, T., Scatena, F. N., Estrada, C., McDowell, W. H., & Lugo, A. E. (2007).
Disturbance and long-term patterns of rainfall and throughfall nutrient fluxes in a subtropical
wet forest in Puerto Rico. Journal of Hydrology, 333, 472–485.

Hein, C. L., Pike, A. S., Blanco, J. F., Covich, A. P., Scatena, F. N., Hawkins, C. P., et al. (2011).
Effects of coupled natural and anthropogenic factors on the community structure of diadromous
fish and shrimp species in tropical island streams. Freshwater Biology, 56, 1002–1015.

9 Freshwater Decapod Diversity and Conservation … 295

http://dx.doi.org/10.1007/s10750-007-9024-2
http://dx.doi.org/10.1371/journal.pone.0120198


Herlihy, A. T., Stoddard, J. L., & Johnson, C. B. (1998). The relationship between stream
chemistry and watershed land cover data in the mid-Atlantic region, US. Water Air Soil
Pollution, 105, 377–386.

Hobbs, H. H. (1984). On the distribution of the crayfish genus Procambarus (Decapoda:
Cambaridae). Journal of Crustacean Biology, 4, 12–24.

Hobbs, H. H., Jr. (1986). A new troglobitic crab (Crustacea: Decapoda: Pseudothelphusidae) from
Belize. Studies on the cave endogean fauna of North America. Speleol Monogr, 1, 1–4.

Hobbs, H. H., Jr. (1989). An illustrated checklist of the American crayfishes (Decapoda:
Astacidae, Cambaridae, and Parastacidae). Smithsonian Contributions to Zoology, 480, 1–236.

Hobbs, H. H., III. (1991). A new pseudothelphusid crab from a cave in southern Costa Rica
(Decapoda: Brachyura). Proceedings of the Biological Society of Washington, 104, 295–298.

Hobbs, H. H., III. (1994). Biogeography of subterranean decapods in North and Central America
and the Caribbean region (Caridea, Astacidea, Brachyura). Hydrobiología, 287, 95–104.

Hobbs, H. H., & Hart, C. W. (1982). The shrimp genus Atya (Decapoda: Atyidae). Smithsonian
Contributions to Zoology, 364, 1–143.

Hobbs, H. H., Jr., Hobbs, H. H., III, & Daniel, M. A. (1977). A review of the troglobitic decapod
crustaceans of the Americas. Smithsonian Contributions to Zoology, 244, 1–183.

Hobbs, H. H., Jr., Hobbs, H. H., III, & Daniel, M. A. (1994). A review of the troglobitic decapod
crustaceans of the Americas. Smithsonian Contributions to Zoology, 244, 1–183.

Holmquist, J. G., Schmidt-Gengenbach, J. M., & Yoshioka, B. B. (1998). High dams and
marine-freshwater linkages: Effects on native and introduced fauna in the Caribbean.
Conservation Biology, 12, 621–630.

Holthuis, L. B. (1952). A general revision of the Palaemonidae (Crustacea Decapoda Natantia) of
the Americas. II. The subfamily Palaemoniae. Allan Hancock Foundation Publications:
Occasional Papers, 12, 1–396.

Holthuis, L. B. (1954). On a collection of decapod Crustacea from the Republic of El Salvador.
Zoologische Verhandelingen, 23, 1–43.

Holthuis, L. B. (1977). On some freshwater and terrestrial Crustacea Decapoda from Cuba. In:
Résultats des expéditions biospéologiques Cubano-Roumaines à Cuba, (pp. 271–275)

Huner, J. V. (1977). Introductions of the Louisiana red swamp crayfish, Procambarus clarkii
(Girard); an update. Freshwater Crayfish, 3, 193–202.

Hunter, R. L., Webb, M. S., Iliffe, T. M., & Bremer, J. R. A. (2008). Phylogeny and historical
biogeography of the cave-adapted shrimp genus Typhlatya (Atyidae) in the Caribbean Sea and
western Atlantic. Journal of Biogeography, 35, 65–75.

Hynes, H. B. N. (1971). Zonation of the invertebrate fauna in a West Indian stream.
Hydrobiologia, 38, 1–8.

Johnson, S. L., & Covich, A. P. (2000). The importance of night-time observations for determining
habitat preferences of stream biota. Regulated Rivers: Research & Management, 16, 91–99.

Jones, G., Hillman, T., Kingsford, R., McMahon, T., Walker, K., Arthington, A., et al. (2001).
Independent report of the Expert Reference Panel on environmental flows and water quality
requirements for the River Murray system., Report to the Murray-Darling Ministerial Council
Canberra: Cooperative Research Centre for Freshwater Ecology.

Juarrero, A. (1993). New species of the genus Xiphocaris from Cuba. Poeyana Inst de ecol e
sistemat, Acad de ciencias de Cuba, 10, 1–12.

Juarrero, A. (1999). Taxonomic reconsideration and description of the male of Macrobrachium
faustinum lucifugum Holthuis (Crustacea: Decapoda: Palaemonidae). Avicennia, 6–7, 29–35.

Kairo, M., Ali, B., Cheesman, O., Haysom, K., & Murphy, S. (2003). Invasive species threats in
the Caribbean Region. Arlington: Report to the Nature Conservancy.

Karge, A., Page, T. J., & Klotz, W. (2013). A new species of freshwater shrimp of the genus
Micratya (Decapoda: Tyidae: Caridea) from Puerto Rico. Zootaxa, 3608, 357–368.

Keigwin, L. D. (1978). Pliocene closing of the Isthmus of Panama, based on biostratigraphic
evidence from nearby Pacific Ocean and Caribbean Sea cores. Geology, 6, 630–634. doi:10.
1130/0091-7613(1978)6<630:PCOTIO>2.0.CO;2.

296 I.S. Wehrtmann et al.

http://dx.doi.org/10.1130/0091-7613(1978)6%3c630:PCOTIO%3e2.0.CO;2
http://dx.doi.org/10.1130/0091-7613(1978)6%3c630:PCOTIO%3e2.0.CO;2


Kennedy, L. M., Horn, S. P., & Orvis, K. H. (2006). A 4000-year record of fire and forest history
from Valle de Bao, Cordillera Central, Dominican Republic. Palaeogeography,
Palaeoclimatology, Palaeoecology, 231, 279–290.

Kensley, B. F., & Schotte, M. (1989). Marine isopod crustacea. Washington: Smithsonian
Institution Press.

Knowlton, N. (1993). Sibling species in the sea. Annual Reviews of Ecology and Systematics, 24,
189–216. doi:10.1146/annurev.ecolsys.24.1.189.

Kwak, T. J., Cooney, P. B., & Brown, C. H. (2007). Fishery population and habitat assessment in
Puerto Rico streams: Phase 1 final report. Federal Aid in Sport Fish Restoration Project F-50
Final Report. Marine Resources Division, Puerto Rico Department of Natural and
Environmental Resources, San Juan

Lamothe-Argimedo, R. (1995). Sobre dos hospederos nuevos de Paragonimus mexicanus en
México. Anales del Instituto de Biología, Universidad Nacional Autónoma de México. Serie
botánica, 66, 147–150.

Lara, L. R., & Wehrtmann, I. S. (2009). Reproductive biology of the freshwater shrimp
Macrobrachium carcinus (L.) (Decapoda: Palaemonidae) from Costa Rica. Central America.
Journal of Crustacean Biology, 29, 343–349. doi:10.1651/08-3109.1.

Lara, L. R., & Wehrtmann, I. S. (2011). Diversity, abundance and distribution of river shrimps
(Decapoda, Caridea) in the largest river basin of Costa Rica, Central America. New Frontiers in
Crustacean Biology, 197–211.

Lara, L. R., Wehrtmann, I. S., Magalhães, C., & Mantelatto, F. L. (2013). Species diversity and
distribution of freshwater crabs (Decapoda: Pseudothelphusidae) inhabiting the basin of the río
Grande de Térraba, Pacific slope of Costa Rica. Latin American Journal of Aquatic Research,
41, 685–695. doi:10.3856/vol41-issue4-fulltext-5.

Larue, D. K. (1994). Puerto Rico and the Virgin Islands. In S. K. Donovan & T. A. Jackson (Eds.),
Caribbean geology, an introduction (pp. 151–161). Kingston: The University of the West
Indies Publishers’ Association.

Lessios, H. A. (2008). The great American schism: Divergence of marine organisms after the rise
of the Central American Isthmus. Annual Review of Ecology, Evolution, and Systematics, 39,
63–91. doi:10.1146/annurev.ecolsys.38.091206.095815.

Lester, R. J. G. (2005). Crustacean parasites. In K. Rohde (Ed.), Marine parasitology (pp. 123–
169). Sidney: University of New England.

Magalhães, C., & Türkay, M. (1996). Taxonomy of the Neotropical freshwater crab family
Trichodactylidae II. The genera Forsteria, Melocarcinus, Sylviocarcinus, and Zilchiopsis
(Crustacea: Decapoda: Brachyura). Senckenbergiana Biologica, 75, 97–130.

Magalhães, C., & Türkay, M. (2008). Taxonomy of the Neotropical freshwater crab family
Trichodactylidae, V. The genera Bottiella and Rotundovaldivia (Crustacea: Decapoda:
Brachyura). Senckenbergiana Biologica, 88, 217–230.

Magalhães, C., Lara, L. R., & Wehrtmann, I. S. (2010). A new species of freshwater crab of the
genus Allacanthos Smalley, 1964 (Crustacea, Decapoda, Pseudothelphusidae) from southern
Costa Rica, Central America. Zootaxa, 2604, 52–60.

Magalhães, C., Campos, M. R., & Türkay, M. (2013). Freshwater crabs from eastern Panamá: a
new species of Potamocarcinus H. Milne Edwards, 1853, and new records of two little-known
species (Crustacea: Decapoda: Pseudothelphusidae, Trichodactylidae). Zootaxa, 3702, 348–
356.

Magalhães, C., Wehrtmann, I. S., Lara, L. R., & Mantelatto, F. L. (2015). Taxonomy of the
freshwater crabs of Costa Rica, with a revision of the genus Ptychophallus Smalley, 1964
(Crustacea: Decapoda: Pseudothelphusidae). Zootaxa, 3905, 301–344.

Maitland, D. P., Jackson, R. L., Ladle, R. J., & Ward, P. (2002). Field considerations and problems
associated with radio tracking a tropical fresh-water land crab. Journal of Crustacean Biology,
22, 493–496.

Maloney, K. O., & Weller, D. E. (2011). Anthropogenic disturbance and streams: Land use and
land-use change affect stream ecosystems via multiple pathways. Freshwater Biology, 56, 611–
626.

9 Freshwater Decapod Diversity and Conservation … 297

http://dx.doi.org/10.1146/annurev.ecolsys.24.1.189
http://dx.doi.org/10.1651/08-3109.1
http://dx.doi.org/10.3856/vol41-issue4-fulltext-5
http://dx.doi.org/10.1146/annurev.ecolsys.38.091206.095815


March, J. G., & Pringle, C. M. (2003). Food web structure and basal resource utilization along a
tropical island stream continuum, Puerto Rico. Biotropica, 35, 84–93.

March, J. G., Benstead, J. P., Pringle, C. M., & Scatena, F. N. (1998). Migratory drift of larval
freshwater shrimps in two tropical streams, Puerto Rico. Freshwater Biology, 40, 261–273.

March, J. G., Benstead, J. P., Pringle, C. M., & Ruebel, M. W. (2001). Linking shrimp
assemblages with rates of detrital processing along an elevational gradient in a tropical stream.
Canadian Journal of Fisheries and Aquatic Sciences, 58, 470–478.

March, J. G., Pringle, C. M., Townsend, M. J., & Wilson, A. I. (2002). Effects of freshwater
shrimp assemblages on benthic communities along an altitudinal gradient of a tropical island
stream. Freshwater Biology, 47, 377–390.

March, J. G., Benstead, J. P., Pringle, C. M., & Scatena, F. N. (2003). Damming tropical island
streams: problems, solutions, and alternatives. BioScience, 53, 1069–1078.

Mc. Clain, W. R., & Romaire, R. P. (2007). Procambarid crawfish: Life history and biology.
Southern Regional Aquaculture Center 2403.

McCully, P. (1996). Silenced rivers: the ecology and politics of large dams. London: Zed Books.
Milton, D. A. (2009). Living in two worlds: diadromous fishes, and factors affecting population

connectivity between tropical rivers and coasts. In I. Nagelkerken (Ed.), Ecological
connectivity among Tropical Coastal Ecosystems (pp. 325–355). Dordrecht: Springer.

Monge, E., Brenes, R., & Muñoz, G. (1985). Infeccion natural de Ptychophallus tristani
(Crustacea: Decapoda) con metacercarias de Paragonimus mexicanus (Trematoda) en Tabarcia
de Mora, Costa Rica. Revista do Instituto de Medicina Tropical de São Paulo, 27, 23–26.

Morrone, J. J. (2006). Biogeographic areas and transition zones of Latin America and the
Caribbean islands based on panbiogeographic and cladistic analyses of the entomofauna.
Annual Review of Entomology, 51, 467–494.

Navarro-Pacheco, N., Fernandez-Velazquez, A., & Sanchez, R. (1998). Nuevas localidades de
Xiphocaris gomezi (Crustacea:Decapoda) en a region oriental. Cocuyo, 7, 4.

Neal, J. W., Lilyestrom, C. G., & Kwak, T. J. (2009). Factors influencing tropical island freshwater
fishes: Species, status, and management implications in Puerto Rico. Fisheries, 34, 546–554.

Nemeth, D., & Platenberg, R. (2007). Diversity of freshwater fish and crustaceans of St. Thomas
watersheds and its relationship to water quality as affected by residential and commercial
development. Water Resources Research Institute Project 2006VI73B, University of the Virgin
Islands, St. Thomas.

Ocasio-Torres, M. E., Crowl, T. A., & Sabat, A. M. (2014). Long rostrum in an amphidromous
shrimp induced by chemical signals from a predatory fish. Freshwater Science, 33, 451–458.

Ocasio-Torres, M. E., Giray, T., Crowl, T. A., & Sabat, A. M. (2015). Antipredator defence
mechanism in the amphidromous shrimp Xiphocaris elongata (Decapoda: Xiphocarididae):
rostrum length. Journal of Natural History, 49, 1493–1506. doi:10.1080/00222933.2015.
1005716.

Page, T. J., Cook, B. D., von Rintelen, T., von Rintelen, K., & Hughes, J. M. (2008). Evolutionary
relationships of atyid shrimps imply both ancient Caribbean radiations and common marine
dispersals. Journal of the North American Benthological Society, 27, 68–83.

Page, T. J., Torati, L. S., Cook, B. D., Binderup, A., Pringle, C. M., Reuschel, S., et al. (2013).
Invertébrés sans frontières: Large scales of connectivity of selected freshwater species among
Caribbean Islands. Biotropica, 45, 236–244.

Pearson, D. L., Hamilton, Al, & Erwin, T. L. (2011). Recovery plan for the endangered taxonomy
profession. BioScience, 61, 58–63.

Pérez-Gelabert, D. E. (2008). Arthropods of Hispaniola (Dominican Republic and Haiti): A
checklist and bibliography. Zootaxa, 1831, 1–530.

Pérez-Reyes, O., Crowl, T. A., Hernández-García, P., Ledesma-Fuste, R., Villar-Fornes, F. A., &
Covich, A. P. (2013). Freshwater decapods of Puerto Rico: A checklist and reports of new
localities. Zootaxa, 3717, 329–344.

Pérez-Reyes, O., Crowl, T. A., & Covich, A. P. (2016). Comparison of decapod communities
across an urban-forest land use gradient in Puerto Rican streams. Urban Ecosystem, 19, 181–
203. doi:10.1007/s11252-015-0490-4.

298 I.S. Wehrtmann et al.

http://dx.doi.org/10.1080/00222933.2015.1005716
http://dx.doi.org/10.1080/00222933.2015.1005716
http://dx.doi.org/10.1007/s11252-015-0490-4


Pesta, O. (1931). Crustacea Decapoda aus Costa Rica. Ergebnisse der Österreichischen
Biologischen Costa-Rica-Expedition 1930, I. Teil. Crustacea Decapoda aus Costa-Rica.
Annalen des Naturhistorischen Museums in Wien, 45, 173–181.

Pienkowski, T., Williams, S., McLaren, K., Wilson, B., & Hockley, N. (2015). Alien invasions
and livelihoods: Economic benefits of invasive Australian Red Claw crayfish in Jamaica.
Ecological Economics, 112, 68–77.

Pileggi, L. G., Rossi, N., Wehrtmann, I. S., & Mantelatto, F. L. (2014). Molecular perspective on
the American transisthmian species of Macrobrachium (Caridea, Palaemonidae). ZooKeys,
457, 109–131. doi:10.3897/zookeys.457.6818.

Pocock, R. I. (1889). Contributions to our knowledge of the Crustacea of Dominica. Journal of
Natural History, 3, 6–22.

Pretzmann, G. (1975). Die bedornten Arten der Gattung Potamocarcinus Milne Edwards, 1853.
Annalen des Naturhistorischen Museums in Wien, 79, 615–621.

Pretzmann, G. (1978). Neue Potamocarcinini, Poglayen-Neuwall leg. 1975. Sitzungsberichte der
Österreichischen Akademie der Wissenschaften, Mathematisch Naturwissenchaftliche Klasse,
1, 1–4.

Pretzmann, G. (1980). Von Dr. Ivo Poglazen-Neuwall 1975 in Mittelamerika gesammelten
Krabben. Annalen des Naturhistorischen Museums in Wien, 88, 651–666.

Pringle, C. (1996). Atyid shrimps (Decapoda: Atyidae) influence the spatial heterogeneity of algal
communities over different scales in tropical montane streams, Puerto Rico. Freshwater
Biology, 35, 125–140.

Pringle, C. M. (2001). Hydrologic connectivity and the management of biological reserves: a
global perspective. Ecological Applications, 11, 981–998.

Pringle, C. M., Blake, G. A., Covich, A. P., Buzby, K. M., & Finley, A. (1993). Effects of
omnivorous shrimp in a montane tropical stream: Sediment removal, disturbance of sessile
invertebrates and enhancement of understory algal biomass. Oecologia, 93, 1–11.

Procop, G. W. (2009). North American Paragonimiasis (caused by Paragonimus kellicotti) in the
context of Global Paragonimiasis. Clinical Microbiology Reviews, 22, 416–420.

Pyron, M., Covich, A. P., & Black, R. W. (1999). On the relative importance of pool morphology
and woody debris to distributions of shrimp in a Puerto Rican headwater stream.
Hydrobiologia, 405, 207–215.

Rathbun, M. J. (1893). Descriptions of new species of American fresh-water crabs. Proceedings of
the United States National Museum, 16, 649–661.

Rathbun, M. J. (1896). Descriptions of two new species of fresh-water crabs from Costa Rica.
Proceedings of the United States National Museum, 18, 377–379.

Rathbun, M. J. (1898). A contribution to a knowledge of the fresh-water crabs of America. The
Pseudothelphusinae. Proceedings of the United States National Museum, 21, 507–537.

Rathbun, M. J. (1912). New decapod crustaceans from Panama. Smithsonian Miscellaneous
Collections, 59, 1–3.

Richman, N. I., Böhm, M., Adams, S. B., Alvarez, F., Bergey, E. A., Bunn, J. J. S., et al. (2015).
Multiple drivers of decline in the global status of freshwater crayfish (Decapoda: Astacidea).
Philosophical Transaction of the Royal Society B, 370, 20140060. doi:10.1098/rstb.2014.0060.

Rodriguez, G (1982). Les crabes d’eau douce d’Amérique. Familie des Pseudothelphusidae.
(223 pp).Paris: ORSTOM [Faune Tropicale 22].

Rodríguez, G. (1992). The freshwater crabs of America: family Trichodactylidae and supplement
to the family Pseudothelphusidae (No. 31). IRD Editions.

Rodríguez, G., & Hobbs, H. H., Jr. (1989). Freshwater crabs associated with caves in southern
Mexico and Belize, with descriptions of three new species (Crustacea: Decapoda). Proceedings
of the Biological Society of Washington, 102, 394–400.

Rodríguez, G., & Hobbs, H. H., Jr. (1990). A new cavernicolous crab, Zilchia falcata, from
Guatemala, with notes on the genera of the Potamocarcinini (Crustacea Decapoda,
Pseudothelphusidae). Bulletin du Muséum national d’Histoire naturelle, 11, 183–192.

Rodríguez, G., & López, B. (2003). Insular species of Neotropical freshwater crabs (Crustacea:
Brachyura). Journal of Natural History, 37, 2599–2614.

9 Freshwater Decapod Diversity and Conservation … 299

http://dx.doi.org/10.3897/zookeys.457.6818
http://dx.doi.org/10.1098/rstb.2014.0060


Rodríguez, G., & Magalhães, C. L. (2005). Recent advances in the biology of the Neotropical
freshwater crab family Pseudothelphusidae (Crustacea, Decapoda, Brachyura). Revista
brasileira de Zoologia, 22, 354–365.

Rodríguez, G., & Williams, A. B. (1995). Epilobocera wetherbeei, a new species of freshwater
crab (Decapoda: Brachyura: Pseudothelphusidae) from Hispaniola. Proceedings of the
Biological Society of Washington Lawrence, 108, 76–83.

Rodríguez-Uribe, M.-C., Vega-Villasante, F., Guzmán-Arroyo, M., & Espinosa-Chaurand, L. D.
(2014). Efectos de una barrera antrópica sobre la migración río arriba del langostino anfídromo
Macrobrachium tenellum (Smith 1871) (Decapoda: Palaemonidae) en la costa del Pacífico
mexicano. Gayana, 78, 10–20.

Schubart, C. D., & Koller, P. (2005). Genetic diversity of freshwater crabs (Brachyura:
Sesarmidae) from central Jamaica with description of a new species. Journal of Natural
History, 39, 469–481.

Schuldt, M., & Rodrigues-Capítulo, A. R. (1985). Biological and pathological aspects of
parasitism in the branchial chamber of Palaemonetes argentinus (Crustacea: Decapoda) by
infestation with Probopyrus cf. oviformis (Crustacea: Isopoda). Journal of Invertebrate
Pathology, 45, 139–146.

Sinclair, E. A., Fetzner, J. W., Jr., Buhay, J., & Crandall, K. A. (2004). Proposal to complete a
phylogenetic taxonomy and systematic revision for freshwater crayfish (Astacidea).
Freshwater Crayfish, 14, 21–29.

Smalley, A. E. (1963). The genus Potimirim in Central America (Crustacea, Atyidae). Revista de
Biologia Tropical, 11, 177–183.

Smalley, A. E. (1964a). The river crabs of Costa Rica, and the subfamilies of the
Pseudothelphusidae. Tulane studies in Zoology, 12, 5–13.

Smalley, A. E. (1964b). Two new fresh-water crabs from Nicaragua. The Annals and Magazine of
Natural History, 13, 651–656.

Smalley, A. E. (1964c). Two new fresh-water crabs from Nicaragua. The Annals and Magazine of
Natural History, 13, 651–656.

Smalley, A. E. (1970). A new genus of freshwater crabs from Guatemala, with a key to the Middle
American genera (Crustacea Decapoda, Pseudothelphusidae). The American Midland
Naturalist Journal, 83, 96–106.

Smith, G. C., Covich, A. P., & Brasher, A. M. (2003). An ecological perspective on the
biodiversity of tropical island streams. BioScience, 53, 1048–1051.

Snyder, M. N., Anderson, E. P., & Pringle, C. M. (2011). A migratory shrimp´s perspective on
habitat fragmentation in the Neotropics: Extending our knowledge from Puerto Rico. New
Frontiers in Crustacean Biology (pp. 169–182)

Snyder, M. N., Pringle, C. M., & Tiffer-Sotomayor, R. (2013). Landscape-scale disturbance and
protected areas: longterm dynamics of populations of the shrimp, Macrobrachium olfersi in
lowland Neotropical streams, Costa Rica. Journal of Tropical Ecology, 29, 81–85. doi:10.
1017/S0266467412000739.

Somers, I. F., & Kirkwood, G. P. (1991). Population ecology of the grooved tiger prawn, Penaeus
semisulcatus, in the north-western Gulf of Carpentaria, Australia: Growth, movement, age
structure and infestation by the bopyrid parasite Epipenaeon ingens. Marine & Freshwater
Research, 42, 349–367.

Suarez, A. V., & Tsutsui, N. D. (2004). The value of museum collections for research and society.
BioScience, 54, 66–74.

Thorpe, T., & Lloyd, B. (1999). The macroinvertebrate fauna of St. Lucia elucidated by canonical
correspondence analysis. Hydrobiologia, 400, 195–203.

Torati, L. S., & Mantelatto, F. L. (2012). Ontogenetic and evolutionary changes of external
morphology of the neotropical shrimp Potimirim (Holthuis, 1954) explained by a molecular
phylogeny of the genus. Journal of Crustacean Biology, 32, 625–640. doi:10.1163/
193724012X635322.

Torati, L. S., De Grave, S., Page, T. J., & Anker, A. (2011). Atyidae and Palaemonidae (Crustacea:
Decapoda: Caridea) of Bocas del Toro, Panama. Check List, 7, 798–805.

300 I.S. Wehrtmann et al.

http://dx.doi.org/10.1017/S0266467412000739
http://dx.doi.org/10.1017/S0266467412000739
http://dx.doi.org/10.1163/193724012X635322
http://dx.doi.org/10.1163/193724012X635322


Torres, E., & Álvarez, F. (2012). Genetic variation in native and introduced populations of the red
swamp crayfish Procambarus clarkii (Girard, 1852) (Crustacea, Decapoda, Cambaridae) in
Mexico and Costa Rica. Aquatic Invasions, 7, 235–241. doi:10.3391/ai.2012.7.2.009.

Valencia, D. M., & Campos, M. R. (2007). Freshwater prawns of the genus Macrobrachium Bate,
1868 (Crustacea: Decapoda: Palaemonidae) of Colombia. Zootaxa, 1456, 1–44.

Vélez, I., Velásquez, L. E., & Vélez, I. D. (2003). Morphological description and life cycle of
Paragonimus sp. (Trematoda: Troglotrematidae): Causal agent of human paragonimiasis in
Colombia. Journal of Parasitology, 89, 749–755.

Vergamini, F. G., Pileggi, L. G., & Mantelatto, F. L. (2011). Genetic variability of the Amazon
River prawn Macrobrachium amazonicum (Decapoda, Caridea, Palaemonidae). Contributions
to Zoology, 80, 67–83.

Villalobos, F. A. (1959). Un nuevo género de Atyidae (Crustacea, Decapoda), procedente de la Isla
de Cocos. Anales del Instituto de Biología de la Univeridad nacional Autónoma México, 30,
331–347.

Villalobos, C. R. (1974). Ptychophallus costaricensis, a new freshwater crab from Costa Rica.
Revista Brasileira de Biologia Tropical, 21, 197–203.

Villalobos, A. (1982). Decapoda. In S. H. Hurlbert & A. Villalobos-Figueroa (Eds.), Aquatic biota
of Mexico, Central America and the West Indies (pp. 215–239). San Diego: San Diego State
University.

Villalobos, C. R., & Burgos, E. (1975). Potamocarcinus (Potamocarcinus) nicaraguensis
(Pseudothelphusidae: Crustacea) en Costa Rica. Revista Brasileira de Biologia Tropical, 21,
223–237.

Villalobos-Figueroa, A. (1955). Cambarinos de la fauna mexicana. Facultad de Ciencias, UNAM:
Tesis Doctorado. 290 pp.

Villalobos-Figueroa, A. (1983). Crayfishes of Mexico. New Delhi: Amerind Publishing Co. Pvt.
Ltd.

Walsh, C. J., Roy, A. H., Feminella, J. W., Cottingham, P. D., Groffman, P. M., & Morgan, R.
P. (2005). The urban stream syndrome: Current knowledge and the search for a cure. Journal
of the North American Benthological Society, 24, 706–723.

Weeks, L. A., Lattimore, R. K., Harbison, R. N., Bassinger, B. G., & Merrill, G. F. (1971).
Structural relations among Lesser Antilles, Venezuela, and Trinidad-Tobago. AAPG Bulletin,
55, 1741–1752.

Wehrtmann, I. S., Magalhães, C., Hernáez, P., & Mantelatto, F. L. (2010). Offspring production in
three freshwater crab species (Brachyura: Pseudothelphusidae) from the Amazon region and
Central America. Zoologia, 27, 965–972. doi:10.1590/S1984-46702010000600019.

Wehrtmann, I. S., Magalhães, C., & Orozco, M. (2014). Freshwater crabs in Lake Atitlán,
Guatemala: not a single-species fishery. Journal of Crustacean Biology, 31, 123–125.

Williams, J. D., & Boyko, C. B. (2012). The global diversity of parasitic isopods associated with
crustacean hosts (Isopoda: Bopyroidea and Cryptoniscoidea). PLoS ONE, 7, e35350.

Williams, E. H., Jr., Bunkley-Williams, L., Lilyestrom, C. G., & Ortiz-Corps, E. A. (2001).
A review of recent introductions of aquatic invertebrates in Puerto Rico and implications for
the management of nonindigenous species. Caribbean Journal of Science, 37, 246–251.

Wright, M. S., & Covich, A. P. (2005). Relative importance of bacteria and fungi in a tropical
headwater stream: Leaf decomposition and invertebrate feeding preference. Microbial Ecology,
49, 536–546.

Yeo, D. C. J., Peter, K. L., Ng, P. K. L., Cumberlidge, N., Magalhães, C., Daniels, S. R., et al.
(2008). Global diversity of crabs (Crustacea: Decapoda: Brachyura) in freshwater.
Hydrobiologia, 595, 275–286. doi:10.1007/s10750-007-9023-3.

Zabel, R. W., & Williams, J. G. (2002). Selective mortality in Chinook salmon: What is the role of
human disturbance? Ecological Applications, 12, 173–183.

9 Freshwater Decapod Diversity and Conservation … 301

http://dx.doi.org/10.3391/ai.2012.7.2.009
http://dx.doi.org/10.1590/S1984-46702010000600019
http://dx.doi.org/10.1007/s10750-007-9023-3

	9 Freshwater Decapod Diversity and Conservation in Central America and the Caribbean
	Abstract
	9.1 Introduction
	9.1.1 Freshwater Decapod Research in Central America
	9.1.2 Freshwater Decapod Research in the Caribbean

	9.2 Regional Diversity of Freshwater Decapods
	9.2.1 Central American Freshwater Decapod Diversity
	9.2.2 Caribbean Freshwater Decapod Diversity
	9.2.3 Species that Are Vectors of Parasites

	9.3 Conservation Status
	9.4 Threats and Conservation Issues
	9.4.1 Loss of Ocean Connectivity
	9.4.2 Land Cover and Land Use
	9.4.3 Fishery Impacts

	9.5 Perspectives
	Acknowledgments
	References


