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FRESHWATER ANIMAL DIVERSITY ASSESSMENT

Global diversity of crayfish (Astacidae, Cambaridae, and
Parastacidae—Decapoda) in freshwater
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Abstract The freshwater crayfishes are distributed
across all but the Indian and Antarctic continents with
centers of diversity in the southeastern Appalachian
Mountains in the Northern Hemisphere and in south—
east Australia in the Southern Hemisphere. There are
currently over 640 described species of freshwater
crayfishes with an average of 5-10 species still being
described each year. Freshwater crayfishes can serve as
keystone species in aquatic habitats, but a few species
are also significantly invasive and can cause impres-
sive damage to the fragile freshwater habitat.
Crayfishes inhabit caves, burrows, streams, lakes and
strong burrowers can even be found in terrestrial
habitats where they have burrowed to the water table or
where rainfall is sufficiently abundant to provide the
needed moisture. The freshwater crayfishes, like the
habitats in which they are encountered, are generally
endangered to some degree and conservation efforts
would do well to focus on them as key elements of the
freshwater ecosystem.
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Introduction

Freshwater crayfishes are a highly diverse group of
decapod crustaceans (over 640 species) with two
centers of diversity, one in the Southern Appalachian
Mountains of the southeastern United States (North-
ern Hemisphere center) and one in south—east
Australia (Southern Hemisphere center). Crayfishes
occupy four main habitat types; primary burrowers
(those crayfish who spend their entire life cycle in
borrows — indeed, primary burrowers can burrow
down to the water table and are not restricted to
freshwater but are essentially terrestrial), stream-
dwellers, pond/lake/large river dwellers (including
secondary burrowers who do require connectivity of
burrows with freshwater), and stygobitic species
(obligate cave-dwellers). Each habitat type has dis-
tinctive morphological adaptations for those
ecosystems (Fig. 1). For example, primary burrowers
typically have a vaulted carapace to accommodate
larger gill surface area and robust pinchers for
digging and burrow protection. Stream specialists
typically have large abdomens for swimming and are
highly intolerant of low oxygen content in the water.
Cave species have the typical suite of cave-adapted
morphologies including loss of pigmentation, loss of
eyes, elongated antennae, and elongated limbs. Most
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Fig. 1 Orconectes incomptus (Hobbs & Barr 1972), a cave
adapted freshwater crayfish from the Cumberland Plateau
escarpment in northern Tennessee, USA (photo by Jennifer E.
Buhay®)

crayfish typically has a life span of about 2 years
(although some surface and cave species can live
beyond 20 years). They reproduce sexually, although
hermaphroditic specimens and even parthenogenetic
specimens are known to occur (Scholtz et al. 2003).
Freshwater crayfishes are omnivorous and typically
nocturnal. They are voracious eaters and can be
extremely destructive when introduced to non-native
habitats. A few freshwater crayfish are particularly
invasive (e.g., Orconectes rusticus) and/or were
distributed in the aquaculture trade (e.g., Procamb-
arus clarkii). These introduced species wreak havoc
on natural ecosystems to which they are not native,
but the vast majority of freshwater crayfishes are
extremely narrowly distributed and hence are endan-
gered due mainly to the destruction of the freshwater
ecosystems in general. In this article, we review the
freshwater crayfish diversity as it is currently under-
stood and emphasize both the phylogenetic diversity
and conservation status of this interesting group of
freshwater crustaceans.

Species diversity

There are over 640 described species of freshwater
crayfish worldwide (Fig. 2; Table 1). Taxonomically,
they are organized into two superfamilies, the Northern
Hemisphere Astacoidea and the Southern Hemisphere
Parastacoidea. The Astacoidea contain two families,
the Cambaridae (with by far the most species diversity,
containing over 420 species contained within 12

@ Springer

genera) and the Astacidae with six genera and 39
species (Hobbs 1989). The Parastacoidea are com-
posed of a single family, Parastacidae, consisting of 15
genera and over 170 species (Table 1).

Phylogeny and historical processes

The freshwater crayfish are a monophyletic group and
a sister taxon to the clawed lobsters from the
superfamily Nephropoidea (Crandall et al. 2000) and
together the Nephropoidea, Astacoidea, and Parasta-
coidea make up the Astacidea (Fig. 3). While much
work has been done in terms of testing the monophyly
and sister relationships among the crayfish and their
allies, relatively little work has been published on the
phylogenetic relationships among the genera of
freshwater crayfish. To a large extent, this is reflective
of the fact that initial studies have shown that many of
the genera (especially in the family Cambaridae) do
not form monophyletic groups, thereby requiring
relatively complete taxonomic sampling to perform
reasonable phylogenetic analyses (Sinclair et al.
2004). This is a difficult task given the large number
of species of freshwater crayfish.

Given the geographic distribution of this group
(Fig. 2) and the strong support for a monophyletic
origin, the crayfishes must have originated in Pangaea
by the Triassic period (185-225 mya). The separation
of the two crayfish superfamilies represents the
splitting of Pangaea into northern (Laurasia) and
southern (Gondwana) land-masses around 185 mya.
This separation is clearly seen in the estimates of
crayfish phylogenetic relationships (Fig. 3). The
antiquity of the crayfishes is supported by recent
fossil evidence from Colorado and Utah with fossil
crayfish and burrows associated with Permian and
Early Triassic (265 mya) deposits (Hasiotis and
Mitchell 1993). Furthermore, the phylogenic connec-
tion of the Southern Hemisphere crayfishes
represented in southern South America, Madagascar,
New Zealand, and Australia corresponds to the
distribution patterns of the predatory dinosaur group
Abelisauridae (Sampson et al. 1998). Thus the
crayfishes offer further support for the hypothesis
suggesting extended contact between these land-
masses and the antiquity of the freshwater crayfish
lineage (Crandall et al. 2000; Hobbs 1988; Scholtz
and Richter 1995).
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Table 1 Total number of described freshwater crayfish species
by taxon and distribution in the geographic regions of focus.

Afrotropical; OL: Oriental; AU: Australasian; PAC: Pacific
Oceanic Islands; ANT: Antarctic

PA: Palaearctic; NA: Nearctic; NT: Neotropical; AT:
Family Genus PA NA AT NT OL AU World
Astacidae 31 8 0 0 0 39
Astacus 5 0 0 0 0 5
Atlantoastacus 8 0 0 0 0 8
39 species Austropotamobius 7 0 0 0 0 7
Caspiastacus 2 0 0 0 0 2
Pacifastacus 0 8 0 0 0 8
Pontastacus 9 0 0 0 0 9
Cambaridae 7 374 0 48 0 423
Barbicambarus 0 1 0 0 0 1
Bouchardina 0 1 0 0 0 1
445 species Cambarellus 0 8 0 9 0 17
Cambaroides 7 0 0 0 0 7
Cambarus 0 97 0 0 0 95
Distocambarus 0 5 0 0 0 5
Fallicambarus 0 18 0 0 0 18
Faxonella 0 4 0 0 0 4
Hobbseus 0 7 0 0 0 7
Orconectes 0 91 0 0 0 89
Procambarus 0 140 0 39 0 177
Troglocambarus 0 2 0 0 0 2
Parastacidae 0 0 9 16 151 176
Astacoides 0 0 9 0 0 9
Astacopsis 0 0 0 0 3 3
175 species Cherax 0 0 0 0 45 45
Engaeus 0 0 0 0 39 39
Engaewa 0 0 0 0 5 5
Euastacus 0 0 0 0 43 43
Geocharax 0 0 0 0 2 2
Gramastacus 0 0 0 0 1 1
Ombrastacoides 0 0 0 0 11 11
Paranephrops 0 0 0 0 2 2
Parastacus 0 0 0 8 0 8
Samastacus 0 0 0 1 0 1
Spinastacoides 0 0 0 3 0 3
Tenuibranchiurus 0 0 0 1 0 1
Virilastacus 0 0 0 3 0 3
Total 38 382 9 64 151 638

Present distribution and areas of endemicity

The most species rich family of freshwater crayfish,
the Cambaridae, are distributed in North America

east of the Rocky Mountains, north into southern
Canada and south through Mexico and, surprisingly,
in Asia (Table 1). The Asian endemic genus Cam-
baroides is a bit of an enigma both biogeographically
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Fig. 2 Geographic distribution of the global freshwater crayfish diversity (species number/genus number). PA—Palaearctic; NA—
Nearctic; NT—Neotropical, AT—Afrotropical; OL—Oriental; AU—Australasian; PAC—Pacific Oceanic Islands; ANT—Antarctic

as well as phylogenetically. Some phylogenetic
analyses place it weakly with the European species
(which makes more biogeographic sense), but a good
sampling of Cambaroides to place into a robust
phylogenetic analysis has yet to occur. The Astacidae
are distributed west of the Rocky Mountains (mainly
in the Pacific Northwest) and in Europe (Table 1). In
the superfamily Parastacoidea, 10 of the 15 genera
are found in Australia. The remaining genera are
distributed in southern South America (three endemic
genera with 12 species distributed in southern Chile,
Uruguay, and southern Brazil), New Zealand (with
one endemic genus and two described species), and
Madagascar (with one endemic genus and nine
described species).

The greatest species diversity in the freshwater
crayfishes occurs in the southern Appalachian
Mountains of the southeastern United States
(Table 1). This region is also home to a number of
other highly endemic and highly endangered stream
species including freshwater fishes, salamanders,
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snails, and mussels. Based on phylogenetic results
and biogeographic analyses, much of the species
diversity in the Cambaridae is of relatively recent
origin (compared to the Parastacidae) and seems to
have been driven by isolating effects of pre- and
post-Pleistocene river drainage changes (Crandall
and Templeton 1999). Population genetic studies of
species groups are beginning to unravel the evolu-
tionary mechanisms associated with driving this
amazing diversity (Buhay and Crandall 2005; Fetz-
ner and Crandall 2003).

The Southern Hemisphere crayfishes have a center
of diversity in south—east Australia. These taxa (at
least the genus-level divisions) appear to be much
older in origin relative to the Northern Hemisphere
taxa. These genera appear to form well-defined
monophyletic groups (e.g., Schull et al. 2005) as a
result. The species richness of many of these genera
appears to be the result of vicariance and dispersal
with isolation events (e.g., Ponniah and Hughes 2004;
Schull et al. 2005).
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Fig. 3 Phylogenetic relationships among the global freshwater crayfish showing the strongly supported division between the two
superfamilies of the Northern Hemisphere (Astacoidea) and the Southern Hemisphere (Parastacoidea). (Sinclair et al. 2004)
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Human related issues

Freshwater crayfish are a much sought after food item
in many cultures (Fig. 4) and a significant aquacul-
tural commodity. Unfortunately for many of the
charismatic species (e.g., the Tasmanian Giant Lob-
ster, Astacopsis gouldi), over-harvesting coupled with
degradation of habitat has resulted in the endanger-
ment of many crayfish species (e.g., Horwitz 1994).
Other areas, such as Madagascar, support a sustain-
able harvest of crayfish, yet these populations are
typically imperiled by stream degradation (Jones
et al. 2005). While all 640+ species of freshwater
crayfish have yet to be categorized for conservation
status relative to the IUCN Red List Criteria (IUCN
2001), a large number of species already occur on
that list. Taylor et al. (1996) found that over 50% of
the United States species of freshwater crayfish are
endangered or threatened to some degree. Yet,
surprising, very few of these species are under
national protection with a few more under local
(state, provincial) protection. For example, in the
United States, 20 species are known from less than
five localities (with 15 known only from a single
locality) and well over 210 species are considered
endangered or threatened, but only four species are
listed by the federal government on the Endangered
Species List. Native crayfish play an essential role in
their native habitat and may act as keystone species
for the freshwater ecosystems where they occur. Yet

Fig. 4 Crayfish are staple in many cultures both as a food
source and source of income; this example is from a roadside
crayfish stand in Madagascar with both Astacoides madagas-
carensis and Astacoides betsiloensis for sale (Photo by Julia
Jones® 1999 used with permission)
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this biodiversity is at great risk of loss if national
governments (especially in the US and Australia
where the bulk of the species diversity occurs) do not
take appropriate measures to protect the highly
endangered freshwater ecosystems that house these
and many other amazing species.

Acknowledgments We thank Estelle Balian and Koen
Martens for their invitation to participate in this exciting
project and for their helpful comments on our article. We also
thank the anonymous reviewers for their helpful comments to
improve the article. Our work was supported by NSF grant EF-
0531762.

References

Buhay, J. E. & K. A. Crandall, 2005. Subterranean phyloge-
ography of freshwater crayfishes shows extensive gene
flow and surprisingly large population sizes. Molecular
Ecology 14: 4259-4273.

Crandall, K. A., D. J. Harris & J. W. Fetzner, 2000. The
monophyletic origin of freshwater crayfishes estimated
from nuclear and mitochondrial DNA sequences. Pro-
ceedings of the Royal Society of London, Series B 267:
1679-1686.

Crandall, K. A. & A. R. Templeton, 1999. The zoogeography
and centers of origin of the crayfish subgenus Proceri-
cambarus (Decapoda: Cambaridae). Evolution 53: 123—
134.

Fetzner, J. W. Jr. & K. A. Crandall, 2003. Linear habitats and
the nested clade analysis: An empirical evaluation of
geographic vs. river distances using an Ozark crayfish
(Decapoda: Cambaridae). Evolution 57: 2101-2118.

Hasiotis, S. T. & C. E. Mitchell, 1993. A comparison of
crayfish burrow morphologies: Triassic and Holocene
fossil, paleo- and neo-ichnological evidence, and the
identification of their burrowing signatures. Ichnos 2:
291-314.

Hobbs, H. H. Jr., 1988. Crayfish distribution, adaptive radia-
tion and evolution. In Holdich, D. M. & R. S. Lowery
(eds), Freshwater Crayfish: Biology, Management and
Exploitation. Timber Press, Portland, OR: 52-82.

Hobbs, H. H. Jr., 1989. An illustrated checklist of the Amer-
ican Crayfishes (Decapoda: Astacidae, Cambaridae, and
Parastacidae). Smithsonian Contributions to Zoology 480:
1-236.

Hobbs, H. H. Jr. & T. C. Barr, Jr., 1972. Origins and affinities
of the troglobitic crayfishes of North America (Decapoda:
Astacidae). II. Genus Orconectes. Smithsonian Contribu-
tions to Zoology 105: 1-84.

Horwitz, P., 1994. Distribution and conservation status of the
Tasmanian giant freshwater lobster Astacopsis gouldi
(Decapoda: Parastacidae). Biological Conservation 69:
199-206.

IUCN. 2001. IUCN Red List Categories: Version 3.1. IUCN
Species Survival Commission, Gland, Switzerland.
Jones, J. P. G., F. B. Andriahajaina, N. J. Hockley, A. Balmford

& O. R. Ravoahangimalala, 2005. A multidisciplinary



Hydrobiologia (2008) 595:295-301

301

approach to assessing the sustainability of freshwater
crayfish harvesting in Madagascar. Conservation Biology
19: 1863-1871.

Ponniah, M. & J. Hughes, 2004. The evolution of Queensland
spiny mountain crayfish of the genus Euastacus: 1. Testing
vicariance and dispersal with interspecific mtDNA. Evo-
lution 58: 1073-1085.

Sampson, S. D., L. M. Witmer, C. A. Forster, D. W. Krause, P.
M. O’Connor, P. Dodson & F. Ravoavy, 1998. Predatory
dinosaur remains from Madagascar: Implications for the
Cretaceous Biogeography of Gondwana. Science 280:
1048-1051.

Scholtz, G., A. Braband, L. Tolley, A. Reimann, B. Mittmann,
C. Lukhaup, F. Steuerwald & G. Vogt, 2003. Ecology:
Parthenogenesis in an outsider crayfish. Nature 421: 806.

Scholtz, G. & S. Richter, 1995. Phylogenetic systematics of the
reptantian Decapoda (Crustacea, Malacostraca). Zoologi-
cal Journal of the Linnean Society 113: 289-328.

Schull, H. C., M. Perez-Losada, D. Blair, K. Sewell, E. A.
Sinclair, S. Lawler, M. Ponniah & K. A. Crandall, 2005.
Phylogeny and biogeography of the freshwater crayfish
Euastacus (Decapoda: Parastacidae) based on nuclear and
mitochondrial DNA. Molecular Phylogenetics and
Evolution:accepted.

Sinclair, E. A., J. W. Fetzner Jr., J. Buhay & K. A. Crandall,
2004. Proposal to complete a phylogenetic taxonomy and
systematic revision for freshwater crayfish (Astacida).
Freshwater Crayfish 14: 1-9.

Taylor, C. A., M. L. Warren Jr., J. F. Fitzpatrick Jr., H. H.
Hobbs III, R. F. Jezerinac, W. L. Pflieger & H. W. Rob-
ison, 1996. Conservation status of crayfishes of the United
States and Canada. Fisheries 21: 25-38.

@ Springer



	Global diversity of crayfish (Astacidae, Cambaridae, and Parastacidae--Decapoda) in freshwater
	Abstract
	Introduction
	Species diversity
	Phylogeny and historical processes
	Present distribution and areas of endemicity
	Human related issues
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


