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PREFACE.

The following Revision of the crayfishes of the Northern hemisphere is

based mainly upon the material in the Museum of Comparative Zooloo-y.

Through gifts from friends, and through a system of exchanges carried on

during the past few years, the Museum now possesses all the known species

of Astacus from Europe and Asia, together with all the American species of

Astacus and Cambarus excepting Camhanis angustatus (Le Conte), C. Wicg-

viamu Erichs., and C. Mexicanus Erichs., and the doubtful species C. ma-

niciiMus (Le Conte), C. Sfggiiifs Bundy, C. JYebrasceiisis Girard, and As/acus

Oregamis Eandall. In this collection is included the chief part of the

material used by Dr. Hagen in the preparation of his Monograph of the

North American Astacidaj, a work which forms the foundation of our knowl-

edge of the crayfishes of this continent. One may form some notion of the

importance of the material received since the publication of Hagen's me-

moir, from the fact that twenty new species of Cambarus are made known

in the following pages,* while Dr. Hagen. described but ten unknown to

previous authors.

Besides the collection in the Museum of Comparative Zoology, I have

examined these:—
1. The collection in the United States National Museum at Washington.

Next to that at Cambridsre this is the richest collection of Astacidtc in the

United States, and both have been much benefited by interchanges. All

of the new material received at the National Museum during the prepa-

ration of this Revision has been promptly sent to me for study. For this

invaluable aid I am under groat obligation to Prof S. F. Baird, Director of

* Siuce tbis was wiitteu, dcscriptious of tlie new species have been priuted iu tbe Proceedings of tbc

American AeadcQiy of Arts and Seieuces, Vol. XX. pp. 108-135, December, 1884. Sucb a course seemed

desirable on account of delay iu tbe publication of tbe complete memoir.
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the National Museum, and to Mr. Richard Rathbun, Curator of Invertebrata.

Of the types of Girard's and Stimpson's species which this collection once

contained, I was able to find only two, C. Pealei Gir. (= C. affinls Say) and

A. Trowhrklgu Stm. The rest were probably lost in the great fire of Chi-

cago in 1871, while in Stimpson's hands.

2. Through the courtesy of the Council of the Academy of Natural

Sciences of Philadelphia, I have had the opportunity to inspect the Asta-

cidae in the collection belonging to the Academy ; and the specimens that

demanded more than a cursory examination have been sent to me in Cam-

bridge. This collection, although small, is of great historical interest, since

it contains many appai'ently authoritative examples of Girard's species, to-

gether with types of species described by Harlan, Gibbes, and Le Conte.

It was examined by Hagen also in the course of the preparation of his

Monograph.

3. The collection of the Peabody Museum of Yale College, New Haven,

Conn., containing types of Astacus Trotvhridgii Stimpson and Gamhanis Sloanii

Bundy.

4. The Astacidae belonging to the Boston Society of Natural History.

5. The collection of the Peabody Academy of Science, Salem, Mass.

6. The valuable bollection of Maryland and Virginia Cambari brought

together by Mr. P. R. Uhler, of Baltimore, Maryland. This collection is con-

tained in upward of one hundred and eighty jars. Through the labors of

Mr. Uhler, Maryland is now one of the best explored States in the Union.

7. Prof 0. P. Hay of Butler University, Irvington, Indiana, has kindly

offered for my examination an interesting collection of sixteen species of

Cambarus secured in the West and South by himself and Prof. D. S. Jordan.

I take this opportunity also to acknowledge the loan of specimens from

the private collections of Professoi's L. A. Lee, R. R. AVright, A. S. Packard,

D. S. Jordan, and B, F. Koons, Dr. C. H. Merriam, and Messrs. R. S. Tarr

and C. H. Gilbert.

The second part of this Revision will include the crayfishes of the South-

ern hemisphere, the Parastacinae.
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EEVISION OF THE ASTACID^E.

The family Astacidfe, in a strict sense, is equivalent to the genus Asta-

cus, as limited by Milne Edwards in 1837.* Thus restricted, it includes only

fresh-water species, the crayfishes proper,— animals closely related to the

marine family of lobsters, or Homarida3 (Homarus, Nephrops, Nephropsis,

Enoplometopus, Phoberus), from which they are distinguished by having

the last segment of the thorax movably articulated with the jjreceding

segment, and bj' having the podobranchia? (or gills borne on the thoracic

limbs) closely imited to the epipodites (or external branches of the limbs),

to the more or le!?s complete suppression of the lamellar portion of the

epipodite. On the other hand, the Astacidaj lead, through such forms as

Thaumastochelesf and Calocaris, to the fossorial Thalassinidaj.

Thus limited, the AstacidjB are Macrourous Decapod Crustacea, with

carapace produced into a I'ostrum in front, and divided by a transverse

groove (cervical groove); narrow thoracic sterna; posterior thoracic somite

united to the pi'eceding somite by a movable joint ; second to sixth abdomi-

nal somites with a broad descending lateral plate (2ileuron) on each side,

wliich protects the abdominal appendages ; antennules terminated by two

filaments ; antennaj furnished with a movable external scale or squame ; t

first pair of legs much enlarged, chelate ; second and third pairs of legs with

small chek\3 ; last two pairs of legs not chelate ; first pair of abdominal

* Histoire Naturelle dcs Cvustaces, Tom. II. p. 329.

f A geuus founded by Wood-Mason (Proc. Asiatic Soc. Bengal, 1S74, p. ISl) for the reception of

Astacus zulaurus Willenioes-Sulim, brought up by tlie "Challenger" from a dcptli of 450 fathoms, near

Sombrero Island, West Indies. See Trans. Linn. Soc. London, 2d Series, Vol. I., Zool., pp. 45-50,

PL X. fig. 1. Until the structure of the gills is known, it is im]iossible to say whether, from the sum of its

characters, Thaumastoeheles should be placed among the Astacida; or among the Thalassinida;.

% The antennal scale is very small in Astacoides Madaz/ascaricnsis Aud. et M. Edw.

1
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appendages of male transformed into st}liform organs, or else absent
;

external brancL of posterior pair of appendages divided by a transverse

suture
;

gills composed of a stem beset with numerous cylindrical filaments

(trichobrancliiie), those borne on the proximal segments of the thoracic

appendages (jwdobraiichiix?) "imperfectly, or not at all, separated into a

proper branchial and a lamellar portion; just in front of the base of tlie

podobranchia? a pencil of long, fine setaj (coxopoditic seta^) arises from a

small papilla on the proximal segment of the legs.

Huxley has shown, in his essay " On the Classification and the Distri-

bution of the Crayfishes," * that the family Astacidte, as defined above,

naturally falls into two subordinate groups, to which I would assign the

value of subfamilies, viz.: —
1. The PoTAMOBliN.E, comprising the crayfishes of North America,

Europe, and Asia, In these the first abdominal somite in the male bears a

l)air of styliform appendages;! the podobranchia3 borne on the second and

third maxillipeds and on the first three pairs of legs are furnished with a

broad bilobed plaited lamina; the epipodite of the first maxilliped is desti-

tute of branchial filaments; the coxopoditic seta3 are acute, not hooked, at

the end ; the telson is comuionly divided more or less completely by a

transverse suture.

The subfiimily Potamobiinaj includes two genera :
—

a. Cambarus, distinguished principally by the absence of gills on the last

thoracic somite and the absence of a biloljed lamina from the podobranchia;

of the penultimate pair of legs. (Page 3.)

/'. AHtariis, characterized chiefly ))y tlie presence of a pair of branchiw

on the wall of the last thoracic somite, and a folded lamina on the podo-

branchiaj of the thoracic appendages from the second maxilliped to the

penultimate pair of legs inclusive. (Page 125.)

2. The Parastacin.e, comprising all the craj'fishes of the Southern

hemisphere ; viz. those of South America, Madagascar, Australia, Tasma-

nia, New Zealand, and the Feejee Islands, t In this subfiimily the fii'st

abdominal somite is devoid of appendages in both sexes ; the podobranchiaj

* Proc. Zoolog. Soc. Loudon, 1S78, pp. 752-788.

f Tlie first abdoniiiuil appendages are rudimentary or absent in the female.

X In the collection of the United States National Museum there is a specimen of an undescribcd Pa-

rastacine fi-oni Colima, Mexico, collected by J. Xantus. This is the only representative of the Parastaciuic

which has been found north of the equator. According to Huxley, op. cit., p. 771, there are two specimens

of Paranephrops from the Pcejee Islands in the British Museum. Perhaps the locality labels of the Me.xicau

and Feejee specimens are erroneous.
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lack the bilobed plaited lamina of the Potamobiina?, although the stem may

be expanded into a wing ; the epipodite of the first maxilliped almost

always carries branchial fdaments ; the coxopoditic seta3 terminate in hooks

;

the telson is not divided by a transverse suture.*

Six genera of Parastacinae have been described ; viz. Astucoidcs, by Gue-

rin ; Cheraps and Eiigccm, by Erichson ; Paninqihrops, b}' White ; Aniucopsis

and Parastaciis, by Huxley. Some of these genera are based on too trivial

characters to be valid. The group will be revised in the second part of this

memoir.

CAMBAEUS.
In the genus Cambarus, established by Erichson in 184G, t the cephalo-

thorax is subcylindrical. The last thoracic somite is devoid of gills, neither

are there any ti'aces of rudimentary pleurobranchiaa on the anterior somites

;

the hindmost podobranchia has no lamina. The branchial formula is as

follows :
—

Somite, t PoDonuANCiii.E. ARTiiKonRAscni.i;. Pleurobraxciii.e.

Anterior. Posteriur.

VI (ep.).0...0...0 = (cp.)

VII 1...1...0...0 = 2

VIII 1...1...1...0 = 3

IX 1 ... 1 ... 1 ... = 3

X 1 ... 1 ... 1 ... = 3

XI 1 ... 1 ... 1 ... = 3

XII I...1...I...0 = 3

XIII o...o...n...o =
C + ep- + C + 5 + = 1 " + ep.

This gives a total of thirty-four branchiae, counting those on both sides of

the thorax. The orifice of the green gland is situate near the apex of the

* Cliiltou (Traus. New Zealand lust., Vol. XV pp. 152, 103, V\. xx. fig. 7, 1S82) has observed tliat

the internal male reproductivg organs in Paraiwphrops setosus are very different from those iu the Potanio-

biina;. In the former the testes are two long tubes united by a traus%'erse commissure, while in the latter

tlicy form a trilobcd organ through the coaleseeuce of the right and loft testes posicrior to ihe vasa dcfercntia.

I have dissected an uudescribed Paraslaciuo from Chili, and find tlic testes to agree with those of Para-

nephrops. It will probably be found that all the Parastaeiu.-e agree iu tliis regard. On account of the resem-

blance of the internal male generative organs in Paranci)hro])s and Palinurus, and the further agreement of

the Parastacinjie and Palinuridae iu the absence of the first jiair of abdominal appendages and presence of

hooked setae, Chilton has forced these groups into too close relationship. Cf. T. Jellery Parker, iu the same

journal. Vol. XVI. p. 305.

f Uebersiclit der Arten dcr Gattung Asfacus. .\rch. f. Naturgcseh., XII. Jalirg., Cd. I. p. S8.

X The somite that bears the first pair of maxillipeds is here reckoned as the sixth.
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short conical tubercle of the basal segment of the antennule. The tlurd (in

C. Monteziimcv and C. ShufcliUii the second and third), or the third and fourth

pairs of legs in the male, have a prominent tubercle or hook on the anterior

border of the third segment. The first pair of abdomnial appendages in the

male are terminated by styles, hooks, or teeth.* A more or less mobile

annulus is situated on the sternum of the female, just behind the penulti-

mate thoracic somite ; f and in this sex the first pair of abdominal appen-

dages, though much smaller than the succeeding pairs, and simple, are

somewhat larger than in the genus Astacus. The telson is clearly divided

by a transverse suture.

The genus Cambarus is widely distributed over the North American con-

tinent, from Lake Winnipeg to Guatemala, from New Brunswick to Wyoming

Territory. For a fuller account of the geographical distribution of the genus,

the reader is referred to page 178.

Bibliography of the Genus Cambarus, from the Year 1868 to the

Present Time.

Althougli seventeen years have elapsed since the genus Cambarus was

revised by Dr. Hagen, % but little has been added to our knowledge of these

animals during that period. The bibliography of the genus down to the

year 1868 has been given with sufficient fulness on pages 5-12 of Hagen's

memoir. I will briefly mention the works published since that date which

treat of these animals.

1871. E. D. Cope, in nu article entitleil " Life in tlie Wyandotte Cave," in the

Indianapolis Journal, Sept. 5 (reprinted in Ann. and Mag. of Nat. Hist, 4th Ser.,

Vol. VIII. pp. 368-370), records the capture of a blind crayfish in the Wyandotte Cave,

Crawford Co., Ind. It is considered to be the same as the Mammoth Cave species,

C. pclluciiliis.

1872. In a " lieport on the Wyandotte Cave and its Fauna" (Third and Fourth
Aun. Rep. Geolog. Surv. Ind., pp. 157-182

; Amer. Nat., Vol. VI. pp. 406-422), Cope
gives a fuller account, accompanied by a figure, of tlie Wyandotte Ca\'e species, which,

alter comparison witli C. iKllucidus, lie concludes to be a new species. This he names
Orconcdcs incrmis, establishing a new genus for the reception of the two blind species.

* A detailed dcseripfiou of these appendages will Le found on page 17 of Hagen's Monograpli ol the

North Amei-ican Astacidie.

I See Hagen, op. cil., p. 19.

X Monograpli of the North Anie.rleau Astacid*, by Dr. Hermann A. Hagen. Ill Cat. Mas Comp.
Zool., No. IH. (Mem., Vol. II. No. 1), 1870. This mouograpli was finished iu is68, although not published
till two years later.
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In tlie uext number of the American Naturalist, Aug., 1872 (Vol. VI. p. 494), Ilagen

doulits the specific difference of the two cave forms, and opposes the establishment of a

new genus based on tiie rudimentary condition of the eyes.

1872. In a memoir " Ueber Cubanische Crustaceeu" (Arch. f. Naturgesch., XXXVIII.
Jalirg., Bd. I. pp. 77-147), E. v. Martens describes Cambarus Cuhmsis Erichs. from Cuba,

and Camharus Montezumw, var. nov. tridcns, from Mexico. Sliort diagnoses of C Ciihcnsis

Ericlis., 0. Wiegmanni Erichs., C. Mcxicanus Erichs., G. Aztccv.s Sauss., and C. Montczumcc

Sauss., are added. Concerning the identity of C. Cuhensis Sauss. and C. consohvimis

Sauss., Von Martens is doubtful ; but he thinks it probable, IVom specimens sent to tlie

Berlin Museum by Dr. CTundlach, that there is a second Cuban Cambarus agreeing with

C. Cnicnsis in the shape of the rostrum, but differing from it in tlie sexual appendages.

1873. In a paper " On the Cave Fauna of Indiana " (Fiftli Ann. Kep. I'eabody Acad.

Sci., Salem, pp. 93—97), A. S. Packard, Jr. communicates the re.sults of a comparison of

the blind Cambari from the ]\Iammoth ami Wyandotte Caves. He concludes that tliey

are one and the same species, and doubts, with Hagen, the validity of a genus based on

the atrophy of tlie visual organs.

1873. Dr. Charles C. Abbott prints, in tlie American XaturalLst, Vol. VII. pp. 80-84,

" Notes on the Habits of certain Crawfish." Tlie observations were made at Trenton,

N. J., npon tliree .species,— "C. acutus Gir." (C. Blandingii), G. affinis, and G. Bartonii.

Specimens of all three of these species, received from Dr. Abbott, are in the ^Museum of

the Peabody Academy of Science, Salem, Mass.

1874. Prof. S. I. Smith, in a paper on the Crustacea of the Fresh Waters of the

United States, in U. S. Fish Commissioner's Ileport for 1872 and 1873, gives a list of

the Astacidffi of tlie Northern United States east of the Mississippi Eiver (pp. 637-639).

This list is compiled from Hageu's Monograiih, but adds new localities for G. jit'opin-

qitus and G. Bartonii. Orconedes imrmis Co2)e is considered a synonym of Cumhu run

'pdluciihts.

1874. In " Eemarks on the Mammoth Cave and some of its Animals" (Bull. Essex

Inst., Vol. VI. pp. 191-200), Mr. F. W. I'utnam speaks of tlie association of G. pdlvcidu.s

and G. Bartonii in the Alammotli Cave of Kentucky. The occurrence of G. pdlaridus

near the entrance of another cave several miles from Mammoth Cave is noted, and obser-

vations are added on the color of cave specimens of G. jidlncidus and G. Bartonii.

1875. Substantially the same observations are again printed by I\Ir. Putnam in Proc.

Boston Soc. Nat. Hist., Vol. XVII. pp. 222-225.

1875. " On some of tlie Habits of the Blind Crawfish, Gamharus pcliiicidus, and the

Ileproduction of lost Parts." By F. W. Putnam. Proc. Boston Soc. Nat. Hist., A^ol. XVI II.

pp. 16-19. In this communication Mr. Putnam treats of the habits, coloration, exuvi-

ation, and restoration of lost parts in G. jiellucidus and G. Bartonii. The observations

were made upon living specimen;?, brought to Cambridge, Mass., from the Mammoth Cave.

The specimens are now preserved in the Museum of Comparative Zoology. One of the

specimens of C. pdlucidus lived upwards of nine months in confinement, exposed to the

full glare of day.

1875. In an essay "On the Antiquity of the Caverns and Cavern Lile of the Ohio

A'alley" (Mem. Boston Soc. Nat. Hist., Vol. II. p. 362; also in Mem. Ky. Geolog. Surv.,

Vol. I. Part I., 1876), Professor N. S. Shaler speculates on the origin of the blind

Cambarus pdlucidus of the Mammoth Cave. (See p. 41.)

1875. Erocchi, in his " Recherches sur les Organes Genitaux Males des Crustac^s

D^capodes" (Ann. Sci. Nat, 6" S(;rie, Zool. et Paleoutol, Tom. II. Art. 2), figures tlie first
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abdominal appendage of the male Camharus robustus (PI. XIII. fig. 15), and criticises

Ha"en for retaining the genus Cambarus as distinct from Astacus, and for dividing the

genus into upwards of thirty species, based cliiefly on tlie form of the male appendages.

With regard to the first point, the generic value of Cambarus, Brocchi asserts that, of

all the characters urged by Hagen as a warrant for the establishment of tlie genus, only

one seems to him to be of any importance, namely, the absence of the posterior branchise,

and this he Jias not been able to verify ! He goes on to say (p. 26) :
" Si Ton prend, par

exemple, le caractere tirt5 de la yir^sence d'un ongle a la trciisieme et quatrieme jmire de

pattes, je ferai observer qu'une seule espece Cambarus, le Camharus aeufiis, prdsente cet

appendice k la troisieme et quatrieme paire de pattes ; tous les autres ont seulement

les quatrieme et cinqni^me paires unguioulees, caractere qui leur est commuu avec les

Iilcrevisses [Astacus]." Tliis passage is inexplicable to me, but seems to show a complete

misconception of what Hagen means by the hooked legs of Cambarus. With regard to

the second point,— Hagen's division of Cambarus into species, most of which, according

to Brocchi, should be considered as simple varieties, — it must be admitted that there

will always be a difference of opinion concerning the amount of variation necessary

to warrant the erection of species ; but I think that any zoologist, with ample material

before him, will admit the justice of Hagen's principle of division. Brocchi's censure

of Hagen's work is wholly unmerited, and springs from ignorance of the subject under

discussion. That the author does not understand the phenomenon of two forms of tlie

male Cambari is shown on page 28. Tlje final objection to Hagen's principle of classifi-

cation, tliat it would lead to the breaking up of the European Astacus flv.viatilis of

authors into several species, is of no weight, since the dismemberment of that species

was brought about long ago on other grounds than the chai-acter of the male appen-

dages. Brocchi's Astacus Jluriatilis, from Vaucluse (PI. XII. figs. 12, 13), is A. 2mI'1>'P<'s

Lereboullet.

1876. S. A. Forbes, in his " List of Illinois Crustacea, with Descriptions of New
Species " (Bull. 111. Mus. Nat. Hist., No. I. pp. 3-25), records, with annotations, C. acutus

Gir., C. virilis Hag., C 2^i'02nnqu7is Gir., C. immunis Hag., G. obcsus Hag. ; also, on the

authority of Dr. Hagen, C. troglodytes and C. placidus. The second form of the male

G. immunis Hag. is described for tlie first time. Three new species, described by W. F.

Bundy, are included in the list : C. Styyius, from Lake Michigan ; G. Wisconsinensis,

from Normal, 111., and Eacine, Wis. ; and G. gracilis from Illinois and Wisconsin. In

an appendix to the list, Mr. Bundy describes two more new species of Cambarus from

without the limits of the State of Illinois ; viz. G. Sloanii from Southern Indiana and

Kentucky, and C. debilis from Wisconsin.

Of Bundy's species I have seen types (in the Museum of Comparative Zoology) of

G. Wisconsinensis, G. gracilis, G. Sloanii, and G. debilis. G. gracilis and C. Sloanii are

good species. G. Wisconsinensis appears to be the same species as Hagen's G. placidus

(= G. rusticus, var. ?). G. debilis is the second form of the male of G. virilis Hag.
C. Stygius, according to Bundy in a later paper, closely resembles C. acutus, but differs in

the shorter chela?, which resemble those of G. 2yropinejuus. All of the specimens of this

species seen by Bundy were mutilated, the fourth pair of legs being lost.

1877. Mr. Bundy (" On the Cambari of Northern Indiana," in Proc. Acad. Nat. Sci.

Phila., 1877, pp. 171-174) records C. immunis Hag., C. obesns Hag., G. virilis Hag., and
G. 2->ro2)inquus Gir., from Northern Indiana; redescribes C. Sloanii from Southern In-

diana and Kentucky
; and describes a new species, G. S2nnosus, from near Piome,

Georgia. Through the courtesy of Mr. P. P. Uhler, the Museum of Comparative
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Zoology has obtained types of C. sjnnosus. It is a distinct species from any previously

descriijed.

1877. Dr. Tliomas H. Streets, in an article entitled "Descriptiou of CamharusCoucsi,

a new species of Crawtish froni Dakota," in Bull. U. S. Geolog. and Geograph. Surv. Terr.,

Vol. III. pp. 803, 804, describes C. C'oucsi, sp. nov., from the Eed Eiver of the North, and
gives a note (by Di-. Coues) on the color of living C. virilis. Types of C. Coucsi have

been received by the IMuseum of Comparative Zoology in exchange with the U. S.

National Museum. Tliey are not sijecifically distinct from C. virilis, agreeing fully with

some of Hagen's types of that species.

1878. Huxley, in his e.ssay " On the Classification and the Distribution of the Cray-

fishes," Proc. Zoolog. Soc. London, 1878, pp. 752-788, gives an account of the branchiae in

a species of Canibarus obtained near Coban, Vera Paz, Guatemala, at an elevation of

about 4,300 feet above the sea. In his subsequent work, " The Crayfish," 1880, Professor

Huxley gives a figure of the penultimate leg of this Cambarus. It is hooked as in the

species of the C. Blandimjii group. Perhaps it is C. Wiajiiutnni Erichs. The locality is

interesting as being the most southern on record for the genus Cambarus.

1880-82. In the 57th Jahrcsbericht der Schles. Gesellsch. £ vaterl. Cultur, p. 202

(1879), it is recorded that Dr. Gustav Joseph exhibited a blind Cambarus, C. tijphlobius,

sp. nov., from the caves of Carniola, closely related to G. pclbtcidus from the IMammoth

Cave, Kentucky. In a paper published in December, 1881, in the twenty-fifth volume of

the Berliner Entomologische Zeitschr., the same writer again mentions the blind Crayfish

by the name Cambarus cascus, sp. nov. (p. 237), and Camharus Stijgius, sp. nov. (p. 249).

In the twenty-sixth volume of the same journal, p. 12, April, 1882, Dr. Joseish gives

a fuller account of this species under the name Cambarus Stygius. (See p. 45 of tliis

Eevision

)

1881. A new blind Crayfish from the Nickajack Cave, Tennessee, is described and

figured by Cope and Packard in the American Naturalist, Vol. XV. pp. 877-882, Pl.VII.

("The Fauna of tlie Nickajack Cave'). Tliis species is named Orcoiiairs Jiamulatus. It

resembles C. peUucidus in general form, but the external sexual parts are similar to those

of the Cambari belonging to the C Bartonii group. The authors surmise that 0. Jiamu-

latus is derived from C. latimanus. Two tj'pe specimens have been presented to the

Museum of Comparative Zoology by Professor Packard.

1882. Mr. C. L. Herrick, in the Tenth Ann. Picp. Geolog. and Nat. Hist. Surv. of

Minnesota, pp. 253, 254, records Canibarus virilis Hagen from Minnesota, and describes

as a new species C. signifcr, from Hennepin County, in the same State. Types of both

of Herrick's species have been procured through the U. S. National Museum and

Mr. Herrick. The " new " species, C. signifcr, does not differ from Hagen's C. immv-

nis enough to be esteemed a different species, as was pointed out in Science, Vol. I.

p. 15, 1883.

1882. " A List of the Crustacea of Wisconsin, with Notes on some new or little

known Species," by W. F. Bundy, in Trans. Wis. Acad. Sci., Arts, and Letters, Vol. V.

pp. 177-184. In this paper C. Sfi/gius, C. Wisconsinensis, C. dchilis, and C. gracilis, all

of them Bundy's species, are again described. C. acutus Gir., C. virilis Hag., C. joro-

innqivus Gir., C. placidus Hag., C. 7-usficus C!ir., C. obesHS Hag., and C. Bartonii Erichs.,

are also included in the list as Wisconsin species, C. rusticus and C. Bartonii from Lake

Superior.

1883. " The Crustacean Fauna of Wisconsin, with Descriptions of little known

Species of Cambarus," by W. F. Bundy, in Geology of Wisconsin, Survey of 1873-79,
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Vol. I. pp. 402-405. Tlii.s paj^er is the same in suUstance as tlie last ; but C. placidus

Hag. is omitted from the list, and 0. Coiicsi Streets ? is added.

1883. The exhibition of living specimens of Cambarus Bartonii from North Grafton,

Worce.'iter Co., Mass., at the rooms of the Worcester Natural Historj Society, is recorded

in " Scientific and Literary Go.ssip," Vol. I. p. 113. The only locality in this State

hitherto known was Williamstown, in Berkshire Co. Through the kindness of Mr. F. G.

Sanborn these specimens are now in the collection of the Museum of Comparative

Zoology.

1884. In a note " On the so-called Dimorphi.sm in the Genus Cambarus," in Amer.

Journ. Sci., Vol. XXVII. pp. 42-44 (reprinted in Ann. and Mag. of Nat. Hist., 5th Ser.

Vol. XIII. pp. 147, 148), I suggested that the two forms of the male Cambarus were

alternating conditions of the same individual connected with tiie reproductive seasons,

and not dimurphic forms, as was commonly supposed. (See p. 12.)

1884. Mr. Ralph S. Tarr describes in Nature, Vol. XXX. pp. 127, 128, the burrows of

C. Diogenes Gii'ard.

1884. Dr. C C. Abbott, in tlie American Naturalist, Vol. XVIII. pp. 1157, 1158,

takes exception to Mr. Tarr's conclusion that the mud chimneys built by C. Diogenes are

the accidental result of the excavation of the burrows.

1884. Descriptions of the new species of f^ambarus found dui'ing the preparation of

this Revision, togetlier with a synonyniical list of the species of Cambarus and Astacus,

were pulilished by me in the Proceedings of the American Academy of Arts and Sciences,

Vol. XX. pp. 107-158, December, 1884.

Dr. Hagen's Monograph must ever remain the foundation for all sys-

tematic work on the North American Astacitla3. The types of all his species

are in the Museum of Comparative Zoology, and have been constantly

before me in the preparation of the present Revision. With far ampler

material at my disposal than fell to Dr. Hagen's lot, I have seldom had

occasion to differ from him in his conclusions concerning the species known

to him. Thirty-two species of Cambarus are described by Dr. Hagen. Of

these, eleven are described as new species ; viz. C. fcdla.r, Lcconiei, versntus,

lancifer, viriUs, placidus, juvenilis, ohscurus. immmiis, extraneus, and ohesns. Of

these, C. 'placidus and C. juvenilis are in my opinion only forms of the vari-

able species C. nisticus Gir. ; C. ohscurus, a local variety of C. propinqmis Gir.

C. ohesiis is the same as C. Diogenes Gir. The remaining species included in

Hagen's memoir are C. acidus Gir., Clarkii Gir., troglodytes (LeC), Blandingii

(Harlan), spiculifer (LeC), angustatns (LeC), nianictdalus (LeC), penicillatus

(LeC), Wiegmanni Erichs., pellucidns (Tellk.), affims (Say), p>ropmquus Gir.,

rusticus Gir., Bartonii (Fab.), rohustus Gir., Nehrascensis Gir., latimanus (LeC),

Mexicanus Erichs., Cuhcnsis Erichs., advena (LeC), and CaroUmis Erichs.

G. manlcidatus, Nehrascensis, 3Iexicanus, and Cahensis were known to Hagen

only through the descriptions of the original authors of the species. C. acu-
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tus Gir. I consider to be the Southern and Western form of C. Bktndinc/ii

Harlan (== C. aciiius, var. B, Ilagen) ; C. robustus, a variety of C. Bartonii. By

some error the descriptions of C. advenu and C. Carolinus are transposed in

Hagen's Monograph.

It is exceedingly difficult to discriminate between the different species

of North American Cambari, even with the help of the most careful descrip-

tions and figures, which are rarely afforded us by tlie older authors. It

therefore becomes a matter of the first importance to examine type si^eci-

mens whenever it is possible. In September, 1870, Dr. Hagen examined

the types of some of Erichson's and De Saussure's Cambari in the Berlin

Museum, and has kindly placed in my hands the notes which he took con-

cerning them. Of Erichson's types he found the following:

—

C. pdlucidits,

a male, form I. C. ujfims, a female from Carolina, collected by Dr. Cabanis.

The locality is new. Cabanis informed Dr. Hagen that all the Cambari which

he collected were taken in a rivulet in the northern part of South Carolina,

near Greenville, at a farm called Tiger Hall. I suspect that this specimen

may be the nearly related sjiecies C. spinosus Bundy. (See p. 87.) C. Bnr-

foiiii : "Erichson's types are a male, form II., and young female from South

Carolina, Cabanis, and, so far as I saw, both are the young of C. latimanus."

C. Cubcims : " Three males, form I., and two females, agreeing with Erich-

son's description. It belongs probably to Group II." (See p. 51.) C. Caro-

liiius : " Erichson's type, from South Carolina, Cabanis, is a male form I.,

and, so far as I saw, my C. BartoniW Nevertheless, Erichson's description

accords well with Hagen's C. Carolimis. (See p. 56.) The types of Erichson's

two Mexican species, C. Wicgniamd and C. Mexicamis, could not be found in

the Berlin Museum by Dr. Hagen, nor at a later day by Von Martens (Arch.

f. Naturgesch., 1872).

The types of De Saussure's species, C. co)isobrimts from Cuba, C. Az/cciis

and C. Moidczumce from Mexico, were also examined by Hagen in Berlin.

When the Monograph of the North American Astacidee was written, Hagen

had seen no specimens from Culja or Mexico, and he fell into the error of

supposing that the peculiar species C Montezimuc was the same as Erich-

son's C. Mcxicanus. This mistake" was rectified on seeing Saussure's types.

C. consohrinus : " Saussure's types, two females, dry. A peculiar species, or

a young state of C. Cubcvsis. Rostrum bidentate." C. As/ecus : Saussure's

types. The male, first form, and female, from Mexico, seem to be C. 3Ie.ri-

camis Erichs., with nearly cylindrical hands. The second form, with more
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flattened hands, belongs alone, then, to Saussure's C. Azfecns. In the second

form the antenna! scale is more broadly truncate at the end, and the ros-

trum is a little different. These differences are not striking enough, however,

to preclude the specific identity of the two forms.

Of the species of Cambarus described by American authors before the

date of Hagen's Monograph, but few types are extant. The oldest known

to me ai'e Harlan's, 1830, 1835 {A. Blandiugil Har., A. Baiionii Fab., A. affinis

Say), preserved in the collection of the Academy of Natural Sciences of

Philadelphia.

In 1850, Professor Lewis R. Gibbes enumerated, without describing, four

species of Cambarus under the names Asiacus Bartonii Fab., A. affinis Say,

A. Blandingii Harlan, and A. jieUuckliis Tellk. Several specimens labelled by

Gibbes in the collection of the Philadelphia Academy' and in the Museum

of Comparative Zoology prove that his identifications were often incorrect,

and consequently the localities given by him cannot be taken as authori-

tative. Under the name of A. Bnriunii Gibbes apj^ears to have confounded

three distinct species: C. Bartonii (Fab.)/ C. Miinamis LeC, and C. riisticiis

Gir. (See p. 65.) The localities South Carolina and Alabama cited by

Gibbes under A. Bartonii probably refer to C. latimanus. Gibbes's A. affinis

is the true A. affinis of Say, as is shown by a specimen in the Philadelphia

Academy's collection ; but tlie locality, " Florida," attributed to this species

in Gibbes's paj^er, undoubtedly belongs to some other species. A specimen

in the Museum of Comparative Zoology, determined as A. Blandingii by

Gibbes, is C. troglodytes (LeC.) ; and to this species Gibbes's habitat, " the

low country of South Carolina," properly appertains

Girard in his Eevision of the North American Astacida) (Proc. Acad. Nat.

Sci. Phila., 1852) enumerates twenty species of Cambarus, twelve of which

are new. The diagnoses are in many cases insufficient for the identification

of the species, and it therefore becomes highly important to fix the spe-

cies through an examination of typical specimens. Two of the species in

Girard's list, C. fossor (Raf) and G. Oreganus (Randall), were unknown to

Girard, and remain doubtful to the present day. C. Gamhelii (types in the

Philadelphia Academy) is an Astacus. The types of most of Girard's species

were formerly in the collection of the Smithsonian Institution at Washing-

ton, whence they were transported by Dr. Stimpson to the Chicago Academy
of Science, and there consumed in the great fire of 1871. Fortunately,

before their destruction types of five of the eleven new Cambari and two
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of the previously described species were examined by Dr. Hagen in tlie

course of the preparation of his monograph; viz. C.Clarkii Gir., C. propin-

qmts Gir., C. monidiuis Gir., C. rustlais Gir., C. hmyulm Gir., C Burtonii (Fab.),

and C. (tffinis (Say). Hagen proved the correctness of Girard's determi-

nation of Fabricius's and Say's species. Of Girard's new species, C. montaims

appeared identical with C. Burtomi, and C. lungiths was deemed by Hagen

to be an accidental variety of C. Bartonii. A thorough search for Girard's

types in the Smithsonian Institution made by myself in December, 1882,

discovered one more species, C. Pcaki, which proved to be large speci-

mens, male and female, of C. affiuls (Say). These (and Astacus GamheVd

in the Philadelphia collection) are the only types of Girard's species now

existing.

There ai'e, however, in the Museimi of the Academy of Natural Sci-

ences of Philadelphia eight species labelled with Girard's names (followed

in most cases by a question-mark) and the localities quoted hy Girard. These

specimens may be considered of almost equal authority with type speci-

men.s. They are the following: C.Pealci? C.rusticus? C. niontaiiKS / C. propin-

quiis ? C. acntissimus ? C. Diogenes ? C. rohustvs, and C. Blandiiigii. C Pealei ?

is the same as the typical C. Pealei in the Smithsonian Institution (= C. affi-

nis). C. rusticus? and C. montanus? are identical with the types of the same

name examined b}^ Hagen. " C. propinqmis ? Garrison's Creek, Sackett's

Harbor," is C. ohcsus Hag., and " C. Diogenes ? District of Columbia," is

C. projnnquiis as determined from the type examined by Hagen. That an

accidental transposition of labels has here taken place is evident from the

localities given on the labels [C. propinpins is not found in the District of

Columbia), and from the account of the characteristic habits and coloration

of C Diogenes given by Gii'ard. Through this misplacement of labels, and

through his ignorance of the peculiar habits of the " chimney crayfish,"

Hagen failed to see the identity of his own C. obesiis and Girard's C. Diogenes.

C. acidissimus ? is the young of C. acidus ; C robtistus may be considered a

variety of C. Bartonii ; C. Blandingii is not Harlan's species, but the one after-

wards described by Le Conte as A. troglodytes. There remain in Girard's list,

to be determined without the aid of tj-pes or authoritative specimens, the

following : G. acidus Gir., C. pelliicidus (Tellk.), C. Carolinus Erichs., C. jnmlhis

(Raf.), C. Nebrascensis Gir. C. pusillus, whether it be the same as Eafinesque's

species or no, is piobably a small form of C. Bartonii ; C. Nebrascensis, I think,

may be a variety of C. Diogenes.
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Types of six of Le Conte's species (described in 1855) are preserved in

the Academy of Natural Sciences of Philadelphia : A. iroglodijti's, A. spicvlifcr,

A.fossarum, A. angmtatiis, A. latimanus, and A. advena. The Museum of Com-

parative Zoology also possesses types of yl. troghJ/jtcs, A. spicidifer, A.fossa-

rum, A. latimanus, and A. advena. A. fossanmi is not separable from A. iroglo-

dgtcs. Le Conte's A. manicnlatus remains yet unknown. (See p. 29.)

The Tim Forms of the Mules.— In every species of Cambarus, of which

many specimens have been examined, two forms of the adult male have

been found, characterized by striking differences in the conformation of the

sexual parts. In the form called the first by Dr. Hagen, the external organs

peculiar to the male are more perfectly formed than in the " second form,"

where they have somewhat the shape seen in the young male. The pecu-

liarities of each of these forms have been fully described by Hagen,* to

whose monograph the reader is referred for details. No intermediate con-

ditions between these two forms exist, and there is no fixed relation between

them and the size of the individual, males of the second form being often

larger than those of the first, or vice versa. They cannot, then, be consid-

ered developmental stages. Dr. Hagen interpreted the facts as a case of

dimorphism, and surmised that the second form males were sterile indi-

viduals ; but I have since shown that males of the first form after the breed-

ing season may revert to the second form by moulting.t The two forms

of the male Cambarus, instead of being dimorphic forms, are probably alter-

nating conditions in the life of one individual, the first form being assumed

during the pairing season, the second form during the interval between

the pairing seasons. The second form is probably impotent ; the testes are

smaller than in the first form, the vasa deferentia sliorter,^: but I have had

no opportunity as yet to examine their microscopic structure.

Indicaiions of Hermaphroditism in Cambarus.— Perhaps the only recorded

case of undoubted iiermaphroditism in the Decapod Crustacea is that of the

lobster {Homarus vulgaris) described and figured by F. Nicholls in 1730.§ In

« Pages 21, 22.

f Oil tlic So-called Diniorpliism in the Geuus Cambarus, by Walter Faxon. Aincr. Jour. Sci., Vol.

XXVII. pp. 42-44., January, 1884.

% See Ila.gen's Plate II.

§ An Account of tlie llcrmapliroditic Loljstcr presented to the Royal Society by Mr. Pisher, examined

and dissected, by P. Nicholls. Philosoph. Trans. Roy. Soe. London, Vol. XXXVI. No. 413, p. 290, 1730

(Abridgment, Vol, VII. Pt. III. p. 421, PI. IV., 1734). For a general account of hermaphroditic and other

anomalous conditions among the Crustacea, see Paxou, On Some Crustacean Dcformitie.s, BuU. Mus. Comp.

Zool., Vol. Via. No. 13, ISSl.
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this specimen the right half of the body was female, the left half male, as

regards both internal and external organs.

Von Martens* has given an account of three specimens of a Clieraps with

openings in the basal segment of the third pair of legs (the position of the

sexual apertures of the normal female) co-existing with the male orifices

in the first segment of the fifth pair of legs. No ovary or duct leading to

the openings in the third pair of legs was detected ; but as tlie specimens

bad lain in alcohol some seven years, the evidence against the existence

of any internal female organs cannot be taken as positive. Similar open-

ings were seen also in the third pair of legs of male Parastucus pilmanus and

P. Brasiliens/'s.i

Among the vast number of Astacida? that passed through mj- hands in

the preparation of this memoir, I have noted four specimens, all of them

Cambari, that combine external structures of the two sexes.

The first is a specimen of C. pt-opiiiquus, var. Sanhornii Faxon, GO milli-

meters long (M. C. Z., No. 3350). The general shape of the body with its

broad abdomen, and tlie form of the claw, are as in the female ; there are

no hooks on the third pair of legs ; the appendages of the first and second

abdominal somites agree with those of the female, and there is a well-

formed, though not prominent, annulus ventralis ; the external opening of

the generative system, on the contrary, is situated upon a small papilla at

the base of the fifth pair of legs, exactly as in the male sex.

The second specimen also belongs to C. i^rojnnqtnts, var. Snnhornii. It is

a young specimen, only 38 millimeters in length (M. C. Z., No. 3588). The

first abdominal appendages are formed as in all young males of this species,

but the sexual apertures are situate on the basal segment of tlie third pair

of legs, and have the same appearance as in the normal female ; there is

also a well-formed annulus ventralis, and there are no tubercles on the third

segment of the third pair of legs. Tlie second pair of abdominal appen-

dages are not at all transformed, but agree with the same appendages of

the normal female.

The third specimen is a C. Diogenes Girard, from New Orleans, La., 84

millimeters long (M. C. Z., No. 242). It has all the external characters of

the female, excepting the first pair of abdominal appendages, which are

* Sitzuiigsbcr. Grsollsoh. natiirforseh. Frcmulc zii JSeiliii, 18 Jan., 1S70.

t E. Roiissnau and E. Dcsniarcst (Ann. Soc. Ent. dc France, 2= Scric, Tom. VI. p. 479, PI. XIIL, Tom.

VI. \>. 481, 18iS) have rccordcil cases of Anliicus Jhrnuhhi with two jiaii'S of scxnal orifices, one on the

tliird, tlie other on tlie fonrtli pair of legs; but in these .specimens both pairs of orifices were vulvic leading

to the ovaries by a branched duct on each side of the body.



14 A EEVISION OF THE ASTACID.^.

curiously modified so as to resemble the same parts in the males of the

genus Astacus. The transverse suture near the base of the appendage is

obliterated ; the apical half, instead of being membranous and fringed with

setae, as in tiie normal female, is firm and naked, and rolled from the out-

side inward so as to form on the inner side a groove which is converted into

a tube just at the tip, owing to the closeness of the coil at that point. The

whole organ is larger and thicker than in the ordinary female, although not

so large as in the male. The tip is altogether destitute of the recurved hooks

of the normal male organ in this species,.

The fourth specimen belongs to C. propmqmis Girard. It is 72 milli-

meters long (M. C. Z., No. 3432). It agrees with the female in every respect

except the shape of the first pair of abdominal limbs, which are partly trans-

formed into the condition which obtains in the male. The modification of

the appendages has not gone so far on the right side as on the left. In both,

the transverse suture is obliterated ; the basal half is thick and corneous,

and produced into a prominent tubercle on the inner side, as in the male.

The apical half of the right appendage retains the membranaceous and

setiferous character of the female appendage, while in the left it is more

corneous, and rolled from without inwards in such a fashion as to form an

inner and an outer part somewhat as in the male, though neither part is

in this case produced into an acute style, as in the normal male, and the

outer part retains the membranaceous setiferous tip.

These specimens are in such a bad state of preservation that a deter-

mination of the sex from the internal generative organs in several of

them is wellnigh impossible. Dissection of the first-described specimen,

with the orifices of the generative organs in the base of the last pair of legs,

as in the male, revealed many large ovarian eggs, and I little doubt that

the otlier three individuals are females which have assumed some of the

characters of the opposite sex.* It would be interesting to determine from

fresh specimens whether such monstrous conditions as those just described

ever denote true hermaphrodites, producing both male and female genera-

tive elements, or whether they may involve sterility. They are the more

interesting from the fact that hermaphroditism exists as a normal condition

in another highly specialized order of Crustacea, the Isopoda.f

* Boas (Vidensk. Selsk. Skr. 0*= Tlaekke, naturvidensk. og Math. Afd., Bd. I. pp. 9i, 1S4) says lie lias

seen a female Thakissina anomala and a female Astacus fliioiatilis with abdominal appendages like the male,

but gives no jiaii.iculars concerning these specimens.

t See Bullar, Journ. Anat. Physiol., Vol. XI. p. 118, 1S76 ; Ann. Mag. Nat. Hist., Ith Sei-., Vol. XIX.
p. 254, 1877; and P. Mayei-, Millli. Zoolog. Station zu Neapel, Vol. I. pp. 165, 177, 1878.
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Peculiarities of the Yomig Stages of Camharns.— Tlie young Carabarus, like

the young Astacus, when it leaves the egg is devoid of appendages on the

first and sixth abdominal somites. The telson is not divided by a trans-

verse suture. I have examined specimens of C. rudicus when but four milli-

meters in length, evidently just released from the egg. They have much

the same appearance as the embryo of Astacus fluviatilis just before hatching,

as figured by Rathke.* The cephalothorax is very large in propoi'tion to the

abdomen, and spherical ; the rostrum is bent down between the e^-es ; the

antennfB are laid back closely upon the breast. All of the appendages are

soft, weak, and flexed beneath the sternum. There is no vestige of a gill on

the last thoracic somite any moi'e than in the adult Cambarus. The telson

is a thick oval plate, entirely destitute of marginal setae, such as are seen

fringing the telson in recently hatched young of Astacus figiu'ed by Huxley

on page 220 of " The Crayfish "
; agreeing in this respect with the telson

of the embryo of Astacus as shown in Plate II. fig. 25, of Rathke's memoir.

I have no doubt that the newly hatched young of Astacus figured by Huxley

has undergone one ecdysis since leaving the egg, whereby the embryonic

cuticle has been discarded.

Young sjoecimens of C. Clarkii, seven millimeters long, taken from under

the abdomen of the parent, have acquired the general form of the adult.

The swimmerets, or posterior abdominal appendages, are well developed,

while in the European Astacus j)allij)es, ten days old and eleven millimeters

in length, these appendages are enclosed within the notched telson, froni

which they are set free after the second or third moult, judging from speci-

mens received from the College de France. Specimens of C. gracilis, nine

millimeters long, and C. Bartonii, ten millimeters long, still under the pro-

tection of the parent, have the swimmerets perfectly expanded, and even

show the transverse suture of the telson. It seems probable, from a com-

parison of these Cambari with the young of European Astaci, that the devel-

opment of the former goes on more rapidly after leaving the egg than that

of the latter.

It is interesting to observe that in the young C. Clarkii above mentioned

the areola is moderately wide in the middle, where it is reduced to a line in

the adult ; the lateral spines of the rostrum are well developed, the acumen

long and acute. In all the recently hatched Cambari which I have seen, the

legs and claws are long and slender compared with the adult.

• Untersucliungeu iiber die Bilduug uiid Eutwickelung des Flusskrebses, Tab. I. fig. 10, Tab. II. fig. 25.
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It has been noted already that in the young stages of Cambarus and Asta-

cus tlie i\rst abdominal appendages are wanting, and the telson is not divided

by a transverse suture. In these respects the young stages agree with the

adult condition of the Parastacince. On this account, and on account of

the more generalized arrangement of the gills in the ParastacinsB,* it would

seem that the Potamobiina^ are a more specialized type than the Parastacin^.

Further, among the Potamobiine crayfishes the genus Cambarus will hold the

highest place by reason of the complete suppression of the pleurobranchia?

and the hio-h degree of specialization exhibited in the first abdominal appen-

dao-es and hooked thoracic les-s of the males and the annulus ventralis of the

female. In the abnormal female of Ckmbariis Diogenes, noticed on page 13, it

is clearly demonstrated that an organ essentially like the first abdominal

appendage of Astacus is the first step in the transformation of the conunon

type of abdominal limb into the male appendage of Cambarus. The three

species of Cambaroides (p. 126) form a passage from Cambarus to Astacus

proper.

Division of the Species of Cambarus info Subordinate Grouj)s.— Girard divided

the Cambari into three groups, based upon the form of the rostrum and the

anterior pair of abdominal legs in the male. Dr. Hagen also concluded that

the genus comprehended three well-defined groujis, but he based his division

of the genus upon the number of hooked thoracic legs in the male, taken

in connection with tlie shape of the rostrum (whether toothed or toothless).

It follows that the groups of these authors do not exactly coincide ; e. g.

C. jjcllucittus falls into the same assemblage of species with C. affinis, C. rtisti-

ciis, etc., in Girard's system, whereas by Hagen's mode of division it is asso-

ciated with C. Blimdingii and allied species. It seems to me that we get a

more natui'al grouping of the species by taking the number of hooked tho-

racic legs in connection with the structure of the first pair of abdominal

appendages of the male as the basis for the division of the genus, without

reference to the form of the rostrum. Any division based wholly or in part

upon tlie presence or absence of lateral rostral spines will divorce species

which in the totality of their organization are most closely related.' If it be

urged against this mode of division that it implies a knowledge of the pecu-

liarities of one sex, I reply that the same objection applies to the groups of

Girard and Hagen, which are based in part upon characters found only in

* III all tlie ParastaciusE, except Astacoides Madagascarieiisis, there are four plcurobraucliia; developed,

aiul llio whole mmiber of gills is twenty or twenty-one.
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the male. If the reader is unable to determuie the group to which the speci-

mens in his hands belong, through the lack of males, the fault lies, as Dr.

Hagen observes, not in the principle of classification, but in the scantiness of

his material. A species involves two sexes ; and until the species is known, it

avails little to attempt the determination of a specimen in this difficult genus.

In accordance with the above principle of division, the genus Cambarus

falls into five subordinate groups, viz. :
—

I. Third segment of third and fourth pairs of legs of male hooked. First

pair of abdominal appendages of male with outer part truncate at the tip,

with one to three recurved teeth ; inner part terminated by a short acute

spine, which is generally directed outwards. Type, C. BhunUngu.

II. Third segment of third pair of legs of male hooked. First pair of

abdominal appendages of male as in Group I. Type, C adi'cna.

III. Third segment of third pair of legs of male hooked. First pair of

abdominal appendages of the male thick, terminated by two recurved teeth,

the larger of which is formed hy the tip of the outer part of tlie appendage,

the smaller by the inner part. Type, C. Bartonii.

IV. Third segment of third pair of legs of male hooked. First abdomi-

nal appendages of male terminating in two elongated, nearly straight, acute

tips. Type, G. affijils.
'•-

^"5"

V. Third segment of second and third pairs of legs of male hooked.

TypC;, C. llontezmnce.

GROUP I. (Type, C. Blandingii.)

Third segment of t/iird and fourth pairs of legs of nude hooked. First pair of

abdominal appendages of mate with outer part truncate at the tip, and furnished

with one to three small recurved teeth ; inner jmrt terminated bg a short acute spine,

which is generallg directed outwards.

In this group the rostrum is generally triangular, with a small tooth on

each side, near the apex ; in C. Lreonfci, C. spiculifer, C. versutus, and C. pubes-

cens, tlie lateral teeth are more strongly developed. The chelas are slender

and covered with flattened, squamous tubercles, ciliated in front. The male

appendages are tipped with two or three small curved teeth (corneous in the

first form), and armed on the inside with a sharp spine directed obliquely or

horizontally outwards. The terminal teeth are very minute in C.fallux.

3
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The section of the carapace behind the cervical groove is more than half

as lono- as the distance from the cervical groove to the tip of the rostrum, as

in C. Bhimlmffii, etc., or much less than lialf this distance, as in C. vcrsiitus, etc.

In C. spicidifer, C. rcrsiiiiis, and C. pnhcsccns, the areola is broad, as in the genus

Astacus. In the majority of the species of Cambarus the areola is narroAV^, or

even obliterated by the close approximation of the branchio-cardiac lines in

the median line of the bacli:, as in C. Diogenes, C. Clarkii, etc. The narrow-

in "• of the areola involves an increase in height of the branchial chambers,

for the so-called branchio-cardiac lines which form the lateral boundaries of

the areola denote the upper limit of the branchial chamber where the lining

•membrane of the carapace is continued into the lateral wall of the tliorax.

This increase in the height of the branchial chamber which generally obtains

in the genus Cambarus may perhaps be explained as a means to allow an

increase in the length of the branchite in compensation ibr the diminution

in number. The broad areola which accompanies the more generalized gill

formula of Astacus may be considered the more primitive form. In accord-

ance with this view, it appears that in sjoecies of Cambarus with very narrow

or linear areola, as C. Clarldi, the very young stages of growth display an

appreciably wider areola.

The antennal scale in the species of Cambarus belonging to the first

group is commonly broadest toward the base or at the middle.

The most aberrant species of the group are C. penicillatus, C. Allcni, and

C. ijellucidiis. In C. penicillatus and C. Allcni the rostrum is devoid of lateral

teeth, the spine tliat terminates the inner part of the first abdominal appen-

dages of the male is long and erect, the terminal teeth minute. In C. peni-

cillatus the antennal lamina is short, and broad toward the tip. The blind

C. pcllucidus, from the caves of Kentucky and Indiana, is the most peculiar

species of the group. The sides of the rostrum are sub-parallel from the

base to the lateral spines, the acumen long ; the antennal scales are broadest

at the distal end ; the portion of the carapace which lies in front of the cer-

vical groove is very short compared with the hinder section. The first pair

of abdominal appendages of the male are hardly specialized to a greater de-

gree than in the genus Astacus, the tips of the organs being simply produced

into two small processes, the one representing the spine that terminates the

inner part of the appendage in the more normal species of the group, the

other the teeth of the outer part. In the first form of the male the latter

process is corneous. The appendage, as a whole, is more closely rolled than
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in the genus Astacus, anil in its general Ibrm agrees with the corresponding

limb in the other Cambari. Remarks on the relations of this interestino-

species will be found on page 42.

I am disposed to regard the Cambari of this group as, on the whole, the

lowest forms in the genus. The slight degree of specialization of the exter-

nal male appendages, the tendency toward an oval^ astacoid form of body,

the slender claws and generally toothed rostrum, all point to this. That

the stout-clawed species with toothless rostrum are derived from forms with

slender chelaa and toothed rostra seems probable from the fact that the latter

characters are conunouly found in very young individuals of all species.

This group corresponds exactly witli Group I. of Hagen's Monograph.

o ,• e It 111 C Epistom;i voiiiided in front: C. Bhimliiu/ii, C.
bection ot the carapace nelinul ccrvi- \ ^jr n j-n at

cal ''wove loiiirisee p. io). / i? • » t <. n m ! n i i i i° o V
1 / (_ Epistoraa truncate : C. Clarku, C. trogMi/tcs.

J • . ,•
I.

1 i r Areola narrow : C. LecoiUei.
tenor section ol carapace short i a i -j /i • /•/• /i / /->

, OS ' < Areola wide : 6. npicuhfer, C. versutiis, 0. anyus-
* y- >

(_ tatus, G. pubescens.

Eyes atrophied : C. pellucidits.

Rostrum tootllless. C. Wiegmaitiii, C. penicillatus, C. Alleiti.

1. Cambarus Blandingii.

Plate VII. figs. 3, S , 2 ', 2 a, 2 a (first abdominal appendages of malo).

Astuciis Blaiidiiif/ii, Harlan, Trans. Amer. Pliilosopli. Soc, III. 4fii, 1830.— Medical and Physical Re-

searches, p. 220, fig. 1, 1835.

Astacus BlaH(li)ir/ii, MiLXE Edwards, Histoire Natnrelle des Crustaces, 11. 332, 1837. (After Harlan.)

Astacus Blandingii, De K.^y, Zoology of New York, Part VI. Crustacea, p. 23, 1844. (After Harlan.)

Astacus {Cambarus) Blandingii, Erichson, Arch. f. Naturgesoli., Jalirg. XII., I. 98, 1846. (After Harlan.)

•> Astacus Blandingii, Le Conte, Proc. Acad. Nat. Sci. Phila , VII. 400, 1855."

Cambarus Blandingii, Hagen, 111. Cat. Mus. Comp. Zool, No. III., 43, PI. I. figs. 63, 04, PI. III. fig. 140,

1870.

Cambarus aculus, var. B, Hagen, op. rit., p. 36, PI. III. fig. 144, 1870.

Cambarus aculus, Abbott, Anier. Naturalist, VII. 80, 1873. (Habits.)

Cambarus acutus (in part), Smith, Rep. U. S. Comni. Fish and Fisheries for 1872 and 1873, p. 637, 1874.

(After Hagen and Abbott. No description.)

Cambarus Blandingii, F.-ixON, Proc. Aincr. Ac:vd. Arts and Sci., XX. 135, 1884.

Known Localities^— New York. New Jersey: Essex Co.; Delaware River

and tributaries, near Trenton. Maryland : Baltimore Co. (Coll. P. R. Uhler)
;

* In some specimens of C.falla.t the hinder section of the carapace is a little less than one h.ilf the

distance from the cervical groove to the tij) of the rostrum. C. maniculutus (LeC.) is omitted from tlie

above table, as I have seen no specimens answering to the description of Le Conte.

t Localities for which no authority is given in parentheses are repvescnted in the collection of the

Museum of Comparative Zoology.
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Caroline Co. (Coll. P. E. Uhler) ; Dorchester Co. (Coll. P. E. Uhler) ; St. Mary's

Co. (Coll. P. E. Uhler); Somerset Co.; Wicomico Co. (Coll. P. E. Uhler); Wor-

cester Co. Virginia : James Eiver (Coll. Acad. Nat. Sci. Phila.) ; Lunenburg

(Coll. L. A. Lee). North Carolina: Turboro (Coll. U. S. Nat. Mus.); tributa-

ries of Neuse Eiver, Goldsboro (P. E. Uhler); Kinston ; Beaufort; Salmon

Creek (Coll. U. S. Nat. Mus.) ; Wilmington (Coll. U. S. Nat. Mus.). South Caro-

lina : Camden (Coll. Acad. Nat. Sci. Phila.) ; Saluda Eiver (Coll. Butler Univ.)

;

Columbia. Georgia : Eichmond Co.'o

Vae. acuta.

Camharux uculiis, Girakd, Proc. Acad. Nat. Sci. Pliila., VI. 91, 1852.

Cumliui-us actiliHsiijius, GiR.\RD, loc. eit., 1852.

Cambarns amtus, IIages, 111, Cat. Mus. Coiiip. ZooL, No. III., 35, PL I. figs. 1-5, PL II. fig-s. 100, 108, 110-

114, 116, lis, 120-121, 126, 127, PL III. lig. M3, 1S70.

Gamh/irm acutiis, var. A, Hagen, op. cU., p. 36, PI II. figs. 107, 109, 115, 117, 119, 125, 1870.

CamLiii-iis aciitus (in part). Smith, Rep. U. S. Comin. Fish and Pislieries for 1872 and 1873, p. 637, 1874.

(After Hagen. No description.)

Cfimhariis acuius, FoEBES, Bull 111. Mus. Nat. Hist., No. I., 3, IS, 1S76.

Cambarns andiis, Bundy, Trans. Wis. Acad. Sci., V. 180, 1SS2. — Geol. Wis., Surv. 1873-79, I. 402, 1883.

(No description.)

Cambaru.i Blandiiigii, var. acuta, Faxon, Proc. Amer. Acad. Arts and Sci., XX. 130, 1884.

K/io/nii Localities.— Louisiana : New Orleans ; Amite City, Tangipahoa

Eiver (Coll. U. S. Nat. Mus.) ; Tickfaw (Coll. U. S. Nat. Mus.). Mississippi :

near Vicksburg ; Kemper Co., tributary of Tombigbee River (Coll. Acad.

Nat. Sci. Phila.). Alabama: Mobile ; Blount Spring, Blount Co. (Coll. U. S.

Nat. Mus.)
; Cullman, Cullman Co. (Coll. U. S. Nat. Mus.); Decatur, Morgan

Co. (Coll. U. S. Nat. Mus.) ; Bridgeport, Jackson Co., in pond formed by over-

flow of Tennessee Eiver. South Carolina : Beaufort (Coll. Acad. Nat. Sci.

Phila.) ; Charleston. Tennessee : Memphis (Coll. 0. P. Hay). Missouri: St.

Louis. IllinoLs : Athens, Menard Co. (Coll. Peabody Acad. Sci.) ; Decatur,

Macon Co. ; Pekin, Tazewell Co. (S. A. Forbes) ; Normal, McLean Co. (Pea-

body Acad. Sci.); Oquawka, Henderson Co. (Coll. 0. P. Hay); Peoria, Peoria

Co. ; Lawn Ridge,* Marshall Co. ; Evanston, Cook Co. Lidiana : Wheatland,

Knox Co. Iowa : West Liberty ; Dubuque (Peabody Acad. Sci.). Wisconsin

:

Eacinc (W. F. Bundy); Sauk City (W. F. Bundy).

Harlan's tj^pe is still preserved in the collection of the Academy of Natu-

ral Sciences of Philadelphia, and has been well described by Hagen. It came

* The localities "Basson Ridge" and " Basson Pudge," given by Hagen (pp. 37, 39, 97, 102), are false

readings of the MS. label " Lawn Ridge."
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from Camden, a town near the Wateree River, Kershaw Co., S. C. Com-

pared with Girard's (J. acndis, from farther south, the rostrum is longer, with

longer acumen ; carapace smoother, although granulated on tlie branchial

regions ; lateral thoracic spine prominent ; antennal scale longer and much

naiTOwer ; hand longer, more cylindrical, the squamous tubercles not tend-

ing to form a definite line of teeth on the inner margin, as in C acidus.

Harlan says, " All the crawfish which I have seen from the Southern States

(and I have received specimens from New Orleans and South Carolina) are

of the same species with that now described."* It is probable that he

included in this species not only C. ucidiis, but also other allied species, as

C. troglodytes, &c.

Among si)ecimens collected for the IT. S. National Museum by Col. M. M.

McDonald in the neighborhood of Columbia, S. C, (a city thirty-two miles

southwest of Camden, in the same river basin,) are several which nearly

resemble Harlan's tA'pe. They are ^"ounger, and the males are all of the

second form, with small chela3. The antennal scale is somewhat broader

than in Harlan's specimen. Lateral thoracic spine well developed. The

largest male is o\ inches in length, chelipeds 2| inches.

In the collection of Butler University, Irvington, Ind., thex-e is a first

form male of the same species from the Saluda River, S. C, collected by Prof.

D. S. Jordan. The Saluda River unites with the Broad River at Columbia

to form the Congaree. The chelijieds have been lost. The antennal scale

is somewhat broader than in Harlan's type, Ijut in other respects, including

the form of the anterior abdominal appendages, it agrees Avith it. Length,

3 inches.

In specimens from the low country of North Carolina, Maryland, and New

Jersey, the rostrum narrows nearer the base, and the hand is closely set

with ciliate squamous tubercles. In some individuals from Nortli Carolina

the cardiac region of the carapace is shorter in proportion to the anterior

portion than in the ordinary form (less than one half tlie distance from tip oL

rostrum to the cervical groove).

Camharm acutus of Girard, from the South and West, is a larger form,

with quite a differently shaped hand and rostrum and a shorter abdomen
;

but after a careful study of a very large number of specimens from the

Atlantic and Gulf States and the Mississippi Valley, I am inclined to con-

sider them forms or varieties of one species. The male sexual appendages

* Trans. Aiiicr. Pliilo.soph. Soc, III. 465.
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are the same in all essential regards, and specimens intermediate in the form

of the hands, rostrnm, and antenna! scale ai-e frequently met with.

Two dry male specimens in the Museum of the Academy of Natural Sci-

ences of Philadelphia, from Kemper Co., Miss., labelled " G. acutissimus ? " are

probably types of the species described under that name by Girard. They

appear to be young specimens of C. acuhis.

The specimens of G. Blandingii, var. acuta, received from the Western

States differ somewhat from those of the Southern States, as pointed out

by Hagen on page 3G of the Monograph of the North American Astacidje.

They form a sub-variety designated by the letter A.

Dr. Hagen considers Le Conte's A. Blandingii to be his G. Lccontci. No

type of Le Conte's species is known, but the description and habitat (middle

regions of Georgia and Carolina) fit Blandingii better than Lecontci.

Gibbes and Girard seem to have confounded this species with G. troglo-

dytes. There is a specimen of G. troglodgtes in the Museum of Comparative

Zoology, sent by Gibbes with the label '' Astacus Blandiiigi Harl.," and the

localities given by him,* viz. " the low country of South Carolina," and by

Girard, viz. " Summerville, S. C," refer to G. troglodytes.

Fi'om Montgomery, Ala., comes a form which agrees with G. Blandingii in

all respects except the male sexual appendages, which approach those of

G. Lecontei in the curvature of the two anterior apical teeth. The posterior

apical tooth is straight, as in G. Blandingii. In many of the larger specimens

there are three spines on each side of the telson. This may perhaps prove

to be a distinct species.

Two female specimens in the Museum of Comparative Zoology, from

Dallas, Texas, agree well with G. Blandingii, but it is difficult to determine

them positively in the absence of male specimens. They were collected by

J. Boll, and are labelled " Burrowing Crabs."

In specimens of var. acuta, subvar. A, from the West, that have not lain

long in alcohol, the rostrum is i-ed (in some specimens only a pair of red

blotches at the base), and there appears a good deal of red color on the

dorsal side of the abdominal segments and the basal segment of the telson

and swimmerets. Living specimens of C. Blandingii collected by me near

Trenton, N. J., are of a dull greenish brown, whitish beneath and on the

lower part of the carapace, Avith a dark-greenish longitudinal stripe on each

* On tlie Carciiiological CoUeotious of tlie Cubiucts of Naluval History in the United States. Proc.
Amer. Assoc. Adv. Sci , pp. 167-201, 1S50.
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branchial region, half-way between the areola and the lower border, and

a whitish longitudinal band on each side of the abdominal somites, these

bands not reaching to the hind border of the somites. The tubercles of the

cheli^ are black, and thei'e are dark spots on the margin of the rostrum.

Dr. Abbott * states that in Trenton, N. J., this species frequents " running

streams which have masses of vegetation growing in them, the animal in

question resting upon the plants, usually near the surface of the water. We
have found since our collecting excursions, on carefully approaching clear

running streams, such as just mentioned, that this crawfish is to be seen

resting on the plants, always with the head directed above stream. If dis-

turbed, they would dart backwards down to the roots, apparently, of the

plant upon which they were sitting. After a lapse of about ten minutes,

they Avould retiu'n to their former resting-place, creeping up the plant

down which they had so suddenly darted tail foremost."

Mr. P. R. Uhler, in his studies on the distribution of the crayfishes of

Maryland, finds that this species belongs to the lowlands at the mouth of

sluggish rivers, or near the ocean in muddy and grassy ditches and drains,

and even in salt water, in company with C Uhleri. In his collection are

specimens from near Ocean City, Worcester Co., Md., found in a ditch in

holes six to nine inches deep. At Goldsborough, N. C, the same gentleman

found it abundant in drains and branches running through cotton fields,

tributaries of the Neuse River.

C. Blandingii, var. acuta, attains a very large size. The largest I have

seen, a male of the first form, is 5| in. in length. The cheliped is 6| in., the

chela Z\ in. This specimen is in the Museum of Comparative Zoology.

2. Cambarus fallax.

Plate II. flR. 4.

Cambarus fiillax, Hagex, 111. Cat. Mus Comp. Zoiil., No. III. p. 45, PI. I. figs. 103-105, 1870.

Cambarusfallax, Faxon, Proc. Anier. Acad. Arts and Sci., XX. 136, 1884.

Knoivn Localities.— Florida : St. John's River at Jacksonville, Orange Bluff,

Hawkinsville, Horse Landing, Blue Spring (Coll. Peabody Acad. Sci.), and

Lake Jessup (Coll. U. S. Nat. Mus.) ; Magnolia (Coll, Boston Soc. Nat. Hist.)

;

Indian River (Coll. U. S. Nat. Mu.s., Yale Coll.); Titusville, Brevard Co.

(Coll. U. S. Nat. Mus.).

* Ainer. Naturalist, VII. 80.
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The four type specimens, collected by Dr. H. Bryant, are 1 <? form I,

2 <? form II., 1 ?. The measurements given by Hagen are those of the

laro-est specimen, <? form II. This is the largest specimen I have seen.

C. fullax is very near C. Blandingii, which it seems to replace in the State

of Plorida. It is easily distinguished from the latter species by the male

appendages, which are curved backwards at the end, and armed with only

minute teeth at the tip. The distal margin of the proximal segment of the

telson is armed on each side with three or four spines. In a few specimens

from Hawkinsville, St. John's Eiver, Fla., the acumen of the rostrum is

lengthened, the lateral spines of the i-ostrum are stronger, and the portion

of the carapace behind the cervical suture is shortened. The sjDecimens

thus approach G. Lcconki. Tlie shortening of the posterior part of the

carapace is not so great as in C. Lecontci, the areola is narrower, and the

male appendages do not differ from those of the tjqjical C.faUax. In the

ordinary form of C.faUax the distance from the tip of the rostrum to the cer-

vical groove is twice the distance from the cervical groove to the hind border

of the carapace. In the abnormal specimens just noticed the anterior dis-

tance is two and one third times, that of the posterior ; in G. Lccontei it is

two and one half times. In many specimens, contrary to Hagen's descrip-

tion, tlie antenuix; are much longer than the body, and in well-developed

males of the first form the chelne are inflated and cylindrical. Specimens

of this sj^ecies, now in the Museum of the Peabody Academy of Science,

Salem, were collected by C. J. Maynard, in Blue Spring, St. John's River,

a mineral spring impregnated with sulphur and magnesia,— temperature

70° Fahr. Tiiey were clinging to the iinder side of leaves.

3. Cambarus Hayi.

Plate I. fig. 4, Plate VII. figs. 3, 3', 3a, 3a'.

Cambrims ILn/i, Faxon, Proc. Amer. Acad. Arts and Sci., XX. lOS, 18S4.

Male, form I. Rostrum broad, triangular, excavated, sparsely pubescent

above ; acumen short, lateral spines moderate. Carapace punctate above,

granulated on the sides, the granvdes ciliate. Lateral spines slightly devel-

oped in fully-grown individuals, more prominent in the young. Areola

narrow. Abdomen broad, shorter than the cephalo-thorax. Pleural angles

rounded. Proximal segment of telson with two spines on each side of the

distal border. Hind margin of telson slightly concave. Anterior 'process
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of epistoma broadly triangular. Antenna? shorter than the body. Antennal

scale a little shorter than the peduncle, equal to the rostrum, broad, broadest

at the middle. Chelipeds slender, chela long, inner and outer margins par-

allel, squamoso-tuberculate, tubercles ciliate, those along the inner margin of

the hand blunt spiniform. Fingers longer than the hand. Opposed margins

of fingers ciliate, with one or two small spinous teeth. Carpus long triangu-

lar, smooth without, tuberculate and spinous within. Meros with scattered

impressed dots without, tuberculate on the upper margin ; one or two spines

at the anterior end of upper margin, two rows of spines beneath. Third and

fourth pairs of legs hooked on third segment. Anterior abdominal legs of

moderate length, deeply excavated on the outer side near the tip ; a beard-

like tuft of cilia from the protuberance behind the excavation ; the tip bears

three flattened horny teeth ; inner part ciliate, with a long spine directed

outwards and forwards.

The second form of the male has shorter chelipeds, smaller hooks on the

second and third pairs of legs, the terminal teeth of the first pair of ab-

dominal legs smaller and not corneous.

In the female the chelipeds are short, the chelge broad. Sternum bitu-

berculate between the fourth pair of legs. Annulus ventralis umbilicoid,

with a tubercle in the median depression.

Length, 100 nun. Rostrum, 15 mm. ; acumen, 3 mm. Length of cara-

pace, 51 mm. From cervical groove to posterior margin of carapace, 18.5

mm. Abdomen, 50 mm. Width of areola, 1.5 nun. Chelipeds, 92 mm.

Chela, 43 mm.

Knoivn Localities.— Mississippi : Macon, Artesia.

Closely related to Cambarus Blandingii, but easily distinguished by the

first pair of abdominal legs of the male, which are characteristic even in very

small specimens. Over a dozen specimens of this species (including males

of the first form, males of the second form with first pair of abdominal

appendages articulated near the base, and unarticulated, and females) were

collected by Prof. 0. P. Hay in Eastern Mississippi. One lot has a particular

locality specified,— Macon. Macon is situated on the Noxubee, an affluent

of the Tombigbee River. Another lot was collected at Artesia, a town about

twentv miles north of Macon.
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4. Cainbarus Clarkii.

Cambams Clarldi, Girard,, Proc. Acad. Nat. Sci. Philad., VI. 91, 1852.

Cambarus Clarkii, Hagen, 111. Cat. Miis. Coinp. Zool., No. III. p. 39, PI. I. figs. 7-10, 99, 100, PI. II. figs.

133, 134, PI. III. fig. 142, Pi. IV. (this figure is copied ou a reduced scale iu Huxley's " Crayfish,"

p. 248, 1880), 1870.

Cambarus Clarkii, Faxon, Proc. Amer. Acad. Arts and Sci., XX. 136, 1SS4.

Knotvn Localities.— Texas : between San Antonio and El Paso del Norte

(Girard); San Antonio; Clear Creek, Waller Co. (Coll. U. S. Nat. Mus.).

Louisiana: New Orleans; Tangipahoa River (Coll. U. S. Nat. Mus.). Mis-

sissippi: Ocean Springs, Jackson Co. (Coll. U. S. Nat. Mus.). Alabama:

Mobile. Florida : Pen.sacola (Coll. U. S. Nat. Mus.) ; three miles below Horse

Landing, St. John's River. Ohio: Olmsted [?].

Girard's specimens were collected between San Antonio, Texas, and El

Paso del Norte, by John H. Clark, of the U. S. Mexican Boundary Commis-

sion. The original description of the species is hardly sufficient for determi-

nation, but fortunately Dr. Hagen was able to identify the species by an

examination of Girard's types, which were probably lost in the great fire

at Chicago, whither they were sent to Dr. Stimpson. A fidl description

of C. ClurJdi is given on page 39 of Hagen's Monograph.

In specimens collected by Edward Palmer at San Antonio, Texas, the

carapace is smoother than in the form commonly received from New Orleans

and Mobile, with more prominent lateral and postorbital spines. The ros-

trum tapers much less than iu the form from farther east, the sides being

more nearly parallel. The areola, moreover, is not entirely obliterated in

the middle, but foi'ins a linear area about as wide as in C. troglod//tes. The

male sexual appendages do not differ from those of the Louisiana speci-

mens. This is probably the form described by Girard.

In this connection it is interesting to note that in young individuals of

this species eight millimeters long, taken from beneath the abdomen of a

female from New Orleans, the areola is proportionally even wider than in the

San Antonio specimens.

In a male, form II., GO mm. long, collected by J. A. Allen in St. John's

River, Fla., the areola is like that described in the San Antonio specimens,

and the distal margin of the proximal segment of the telson is armed with

three or four spines on each side. The carapace is smooth.

A female specimen, 92 mm. long, in the Academy of Natural Sciences of

Philadelphia (No. 654), from the Smith.sonian Institution, without locality,
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differs in some resjoocts from aii}- other seen by me. Tiie granules of the

carapace are larger, the gastric area more heavily punctate, the rostrum is

longer (14 mm., the whole carapace being 48 mm., while in New Orleans

specimens the rostrum is only one fourth the length of the carapace), with

longer acumen and lateral spines, and narrower at the base, than in New
Orleans specimens, with less converging sides ; the arm is more conspicu-

ously tuberculated along its upper edge. The lateral thoracic spines are

prominent, as in the San Antonio form. Tlie areola is obliterated in the

middle, as in specimens from Louisiana and Alabama.

A dry cephalothorax of a female in the Museum of Comparative Zoology

(No. 3337), referred to C tmjlodijtes by Hagen (pp. 42, 43), seems to belong

to (7. Glurkil. As dry specimens are easily transposed, and this is the only

specimen recorded from the North, I believe the locality to be erroneous.

(j. Clurkii is the species commonly on sale in the New Orleans market.

5. Cambarus troglodytes.

Astacns troglodytes, Le Coste, Proc. Acad. Isat. Sci. Pliila., VII. 400, 1S55.

Asiacusfosscmm, Le Conte, Proc. Acad. Nat Sci. Pliila., VII. 401, 1S55.

Cambarus troglodytes, Hagek, III. Cat. Mus. Comp. Zool., No. III. p. 41, PL I. figs. 11-14, PI. II. fig. 141,

1870.

Cambarus troglodytes, Pokbes, Bull. 111. Mus. Nat. Hist., No. I. pp. 4, 18, 1876. (After Hageu.)

Cambarus troglodytes, Faxon, Proc. Amer. Acad. Arts and Sci., XX. 136, 18S4.

Kiioivn Localities.— Lower Georgia; Richmond Co., Ga. South Carolina:

Charleston; Oakley (Coll. U. S. Nat. Mus.); Columbia (Coll. U. S. Nat. Mus.).

Illinois: Lawn Ridge, Marshall Co. [?].

This species resembles C. Clarkii very closely, but is readily distinguished

by the first pair of abdominal legs of the male, and by the rostrum, which

is nearly plane above, with yevy slight marginal teeth (often obsolete), and

shorter acumen. The areola is very narrow, but not obliterated, in the

middle.

Two of Le Conte's types (both males, form I.) are extant, one in the

Museum of Comparative Zoology, and one in the Academy of Natural

Sciences of Philadelphia. Li each of these museums there is also a small

female type of G. fossanmi of Le Conte, which does not differ essentially

from C troglodyies of the same author. It is difficult to see why Le

Conte separated the two, unless on the ground of a difference in color

during life.
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Both Girarcl and Gibbes (Proc. Amer. Assoc. Adv. Sci., 3d Meeting)

api^ear to have confounded this species with G. Blandingii Harlan. A female

C. troghdgies in the Museum of Comparative ZoiJlogy, from South Carolina,

is labelled "Astacns Blandingi Harl." bj Professor Gibbes. Tlie localities for

(7. Blandingii (Summerville, S. C, and low country of South Carolina) given

by these authors undoubtedly appertain to G. Iroglodgtes.

Slight differences between specimens from Georgia and Charleston, S. C,

are pointed out by Hagen (pp. 42, 43). In one of the Georgia specimens the

telson is quadrispinose. In specimens from near Columbia, S. C, the basal

segment of the telson is bispinose on each side.

The rostrum is sometimes sliglitly carinated near the tip.

I doubt the accuracy of the locality label of the specimen of this species

in the Museum of Comparative ZoiJlogy numbered 197. It was taken from

a jar containing C. Diogenes from Lawn Ridge, III. No other specimens have

been reported from the West.

The specimen in the Museum of Comparative Zoology (No. 3337) labelled

Rocky River, Olmsted, Ohio, determined as C. troglodgtes by Hagen (p. 43),

seems to be C. Glarldi (see p. 27).

According to colored dr-awings of this species made from living specimens

by J. Burkhardt at Charleston, in 1853, the body is brownish red, the tuber-

cles on the chelae bright red, legs red below.

Dr. Le Conte states that in Lower Georgia this species is found in the rice-

fields, where it makes holes four inches deep, and in ditches {A.fossantm).

Specimens from Richmond Co., neighborhood of Augusta, Ga., received

recently from Col. Charles C. Jones, Jr. (Cat. No. 3550), are noteworthy in

that the male appendages, especially of the second form, approach closely

in their form those of C. GlarJcli. In the shape of the rostrum and other

respects these specimens agree with C. troglodgtes. The telson is trispinose

on each side. In the light of these specimens, I am inclined to suspect

that further explorations will break down the specific distinctions between

C. troglodytes and C. Clarkii. But my material does not represent a wide

enough geographical range to warrant a definite opinion.
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6. Cambarus maniculatus.

Astaciis manknlattm, Le Coxte, Proc. Acad. Nat. Sci. Pliila., VII. 401, IS.'iS.

Cambarus maniculatus, Hagen, 111. Cat. Mus. Comp. Zool., No. III. p. 52, 1S70. (.M'ter Le Conte.)

Cambarus maniculatus, Faxon, Proc. Amer. Acad. Arts and Sci., XX. 137, ISSl. (.Vfter Le Conte. No
description.)

This species is known only from the description of Le Conte, which is

quoted in full on page 52 of Hagen's Monograph. The description was

perhaps drawn up from an immature specimen of C. iroglodi/les. The num-

ber of hooked thoracic legs in the male is not specified in Le Conte's descrip-

tion, but the species is probably one of the C. Blandingii group, since it is

placed among the species of that group in Le Conte's list.

7. Cambarus Lecontei.

Plate II. Hg. a.

Cambarus Lecontei, Hagen, 111. Cat. Mus. Comp. Zoiil., No. IIL p. 47, PI. I. figs. 15-18, PI. III. fig. 143,

1870.

Cambarus Lecontei, Faxon, Proc. Amer. Acad. Arts and Sci., XX. 137, I8S4.

Kmtvn Localities.— Alabama: Mobile. Georgia: Athens.

Resembles C. Blandingii and G. fulluy, but is easily distinguished from

these by the shortness of the portion of the carapace behind the cervical

groove, the greater length of the acumen of the rostrum, antennal scale, and

chela3, and the shape of the male sexual appendages. The areola is some-

what wider. The rostrum is deeply excavated above, the sides converging

but slightly up to the lateral teeth, which are separated by more than one

half of the width of the base of the rostrum. The proximal segment of the

telson is armed on each side of its distal margin with three or four teeth.

The proportions may be seen from the following measurements of a male,

foruT L : Length of body, 86 mm. ; of carapace, 43 mm. ; of abdomen, 48 nun.

From tip of rostrum to cervical groove, 31 mm.; from cervical groove to

posterior border of carapace, 12 mm. Length of rostrum, 14 mm. ; of acu-

men, 5 mm. Breadth of rostrum at base, 7 mm. ; at lateral spines, 4 mui.

Breadth of areola, 2\ mm. Length of chela, 40 mm. ; breadth, 8 mm.

Smaller specimens are more characteristic on account of a greater propor-

tional breadth of the areola and shortness of posterior portion of the carapace.

In a male, form II., 65 nun. in length, the length of the carapace from the

tip of rostrum to cervical groove is 24 mm. ; from cervical groove to poste-

rior border of carapace, 8.5 mm. Breadth of areola, 2 mm.
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The types of C. Lceontci came from Mobile, Ala. The .specimens fi'om

othei- localities assigned to this species by Hagen, on page 48 of his Mono-

graph, certainly do not belong here. '^Phe specimens from Beaufort, N. C,

and Root Pond, Miss., are C. Blandingii. The female from Milledgeville, Ga.

(No. 246) ill agrees with the types, on account of the shortness of the acu-

men of the rostrum (the rostrum being like that of C. Blandingii), the short

and broad antennal scales, breadth of the hand, etc. Of the three young

specimens, one is C. spiculifer, the others are too small to be determined

with any certainty. The three specimens from Pensacola, Fla. (No. 249)

are young (one female, two males), aud resemble C. Leconiei only in the short-

ness of the posterior portion of the carapace and the width of the areola ; in

other respects, they are like the smooth form of G. Blandingii, var. acuta.

There is no lateral spine on the carapace, and the telson is bispinose.

Besides the Mobile types, I have found but one other specimen of this

species in the Museum, a young female in a jar with G. sjjiculifcr (Cat. No.

172), from Athens, Ga.

8. Cambarus angustatus.

Astaciis aiiffitskilus, Le Coste, Proc. Acad. Nat. Sci. Pliila., VII. 401, 1S55.

Cambanis anf/ttstatus, Hagen, 111. Cat. Mus. Comp. ZooL, No. III. p. 50, PI. I. figs. C5-C7, PI. III. fig. U6,
1870.

Cumhanis migustatiis, Faxox, Proo. Amer. Acad. Arts and Sci., XX. 137, 1884.

Localifi/.— Lower Georgia..

This species is known only through a dry type specimen in the Museum
of the Academy of Natural Sciences of Philadelphia. Le Conte's description

of the species is as follows :
—

"tI. angustatus.— Rostrum concavum, valde acuminatum, utrinque versus

apicem fortiter et acute unidenticulatum. Lamina antennalis pedunculum

antennalem asquans. Cephalothorax punctatus, parcius ad latera, adeo ut

vix paucis punctis notatur, linea ordinaria apice spina armata. Thorax totus

punctatus, parcius ad latera, tuberculis vel granulis nulUs. Areola suturalis

lata. Dorsum sicut in prioribus [i. e. glabrum seriebus parvis punctorum

transversalium]. Chela parva, angusta, subcylindrica, punctata, sine tuber-

culis aut granulis, excepto margine interiore qui paucis denticulus incon-

spicuis instructus est, digiti recti punctati carinati. Carpus glaber, punctis

tribus vel quatuor. Brachium glabrum, spinulis paucis latere superiore : infe-

riore seriebus duabus spinarum, quarum dua3 anteriores majores et longiores.

Caudas lamella intermedia utrinque trispinosa.
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"Long. 1.95. Cephalothorax .6. Thorax .25. Abdomen .8. Cauda .3.

Antenna .9. Chela .6, Lititud. .2, forceps .3.

" Habitat in Georgia inferiore, in aquaj pura? rivulos qui inter colHculos

arenosos [saml-hins) currunt."

The Philadelphia type agrees well with Le Conte's description. The

chela, however, under close inspection, is seen to be covered with obsoles-

cent, ciliate, squamous tubercles, and the areola is moderate rather than

wide. The fingers are ciliated along their inner margins. There is a single

lateral spine on each side of the thorax, three spines on the right side of the

telson, four on the left side. Carpus with two prominent spines on the inside,

and one below, near the exterior articulation of the hand. The sides of the

rostrum converge but little from the base to the lateral spines. The acumen

is long. The sexual appendages are figured by Hagen. The measurements

of this specimen (a male, form I.) are these :
—

Length, 47 mm. Carapax, 22 mm. Abdomen, 25 mm. From tip of ros-

trum to cervical groove, 16 mm. From cervical groove to posterior border

of carapace, 6 mm. Length of rostrum, 8 mm. ; acumen, 3 mm. Width of

rostrum at base, 3 mm. ; between lateral spines, 2 mm. Width of areola,

.1.5 mm. Length of chela, 15 ram. ; breadth of do., 4 mm.

It resembles C. Lccontci in general appearance, the shape of hand, and

number of lateral thoracic and telson spines. The first pair of abdominal

legs are different, resembling those of C spiculifcr, but different from either.

The sides of the rostrum are more nearly parallel than in C. Leconici, in

this respect resembling C. versutus. It seems to be a very much smaller

species than its near allies.

9. Cambarus pubescens.

Plate I. fig. 3, Plate VIII. flgs. 1 a, 1 a.

Cambarus pubescens, Faxon, Proe. Amer. Acad. Arts ami Sci., XX. 109, lS8t.

Male, form II.— Rostrum long, triangular, sides subparallel at the base,

then converging towards the lateral spines, which are evident ; slightly de-

pressed above at the base, subplane, with raised margins ; ciliated, especially

on the acumen ; acumen long, pointed. Post-orbital ridges with anterior

spines. Carapace cylindrical, fore border angulated behind the antennae,

punctate above, slightly granulated on the sides, Avith one lateral spine on.

each side. Cervical groove ciliated. Cardiac region short (much less than
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one third as long as the anterior part of the carapace). Areola broad. Ster-

num covered with a dense growth of coarse seta?. Abdomen longer than the

coplialothorax. Proximal segment of telson armed on each side with four

spines. Anterior process of epistoma broad triangular with ciliated margin.

Basal segment of antennule with a sharp spine below, near the inner margin

of the middle of its length. Antennte shorter than the body. Second and

third segments with acute external spine ; scale a little longer than peduncle

of antennae and rostrum, moderately broad, broadest below the middle.

Third maxillipeds hairy within and below. Chela moderately broad, cov-

ered with inconspicuous ciliate squamous tubercles, internal margin nearly

straight. Fingers as long as the hand, densely ciliated. Carpus tubercu-

late, a prominent spine within, and one near each point of articulation with

the chela. Meros smooth outside and inside, tuberculate and spinous above,

biserially spinous and ciliate beneath. Third and fourth pairs of legs toothed

on the third segment. Fifth pair of legs with a hook on the basal segment.

Anterior abdominal appendages of moderate length, articulated at the base,

internal part with an articulated spine obliquely placed, external part termi-

nating in a rounded head with two short, blunt teeth.

Female.— Differs from the male in its shorter and smaller claws. The

sternum is densely ciliated, as in the male. The annulus ventralis conical

with sigmoid longitudinal fissure ; movable. *

Length, 54 mm. Carajiace, 26 mm. Abdomen, 29 mm. Distance from

tip of rostrum to cervical groove, 19 mm. ; from cervical groove to poste-

rior border of carajiace, 7 mm. Width of areola, 3 mm. Length of chela,

15.5 mm. ; breadth, 4 mm. (In the female, which is 59 mm. long, the chela

is 12 mm. long by 4 mm. wide.)

Two specimens, one male of the second form and one female, in the

U. S. National Museum (No. 3181), collected by A. Graves in McBean

Creek, a tributary of the Savannah River a little south of Augusta, Georgia,

are the types of this species. There are two young female specimens from

the same region, Richmond Co., in the Museum of Comparative Zoology.

Differs from C. Lccontei and (7. aucfustatns by its broader areola, subplane

rostrum, and the pubescence of rostrum and cervical groove. The male

appendages also differ, as shown in the description and figures.
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10. Cambarus spiculifer.

Plate II. fig. 5.

Astacus spiculifer, Le Conte, Proc. Acad. Nat. Sci. Pliila., VII. 401, 1855.

Cambarus spiculifer, Hagkn, 111. Cat. Mus. Comp. Zubl., No. III. p. 48, PL I. figs. 59-62, PI. III. fig. 147,

1870.

Cambarus spiculifer, Faxon, Proc. Amer. Acad. Arts and Sci., XX. 13S, 1S84.

Known Localities.— Upper Georgia : Oconee River at Athens and Milltjdge-

ville ; Ocmulgee River in the neighborhood of Atlanta (Coll. Butler Univ.,

from D. S. Jordan) ; Chattahoochee River at Roswell, Cobb Co., and near

Gainesville ; Etowah River (Coll. Butler Univ., from D. S. Jordan).

There is a male type, form I., in the Museum of Comparative Zoology,

and one in the Academy of Natural Sciences of Philadelphia.

In none of the specimens seen by me are there three spines on each

side of the basal segment of the telson, as is said by Hagen to be some-

times the case (p. 49), nor have I seen an individual with but one lateral

thoracic spine (Hagen, p. 50). I think these statements are based upon

erroneous determinations, for in the jarful of specimens from Athens, Ga.,

labelled Canihanis spiculifer by Hagen, I find the young of C. Leconiei, which

has a trispinous telson and one lateral thoracic spine.

Measurements of a male, form II.— Length, 71.5 mm. Carapace, 34.5 mm.

Abdomen, 37.5 mm. From tip of rostrum to cervical groove, 25. 5.mm. ; from

cervical groove to posterior margin of carapace, 9 mm. Length of rostrum,

11.25 mm. ; breadth of rostrum at base, 5.5 mm. ; between lateral spines,

2.75 mm. Length of chela, 29 mm. ; breadth of do., 11 mm. Width of areola,

3.5 mm. The largest specimen seen by me is 97 mm. long, male form II.

Cambarus spiculifer has been found as yet only in Upper Georgia, in the

Altamaha and Chattahoochee River basins.

C. Leconiei, C angustatus, C. pnbescens, C. spiculifer, and C. versutus are dis-

tinguished from the other species of Group I. by the shortness of the

i^ardiac region of the carapace. C. Lecoidci, C. angusladis, and C. pnbescens

have one lateral thoracic spine on each side ; C spiculifer and C versutus

have two. C. Lecontei and C. anrjustatus have subcylindrical hands, areola

of moderate width, rostrum smooth and hollowed out above ; C. jmbescem

has broader hands and areola, rosti-um pubescent and subplane above. In

C. angustatus the sides of the rostrum are subparallel ; in C. Lecontei the

rostrum is more tapering. In both C. spiculifer and C. versutus the areola is
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wide and the hands broad ; C. vcrsidiis has the hand covered with small,

close-set, squamous tubercles, the sides of the rostrum are subparallel, and

the telson commonly tri- or quadrispinose on each side ; in C. spicnVfer the

hands bear large tubercles much less closely set than in C. vermtus, the

rostrum tapers more between the base and the lateral spines, and the tel-

son is bispinose on each side. Each of these five species has characteristic

male appendages, figured by Ilagen and on Plate VIII. of this Revision.

11. Cambarus versutus.

Cambanis rmutits, Hagen, 111. Cat. Mus. Comp. Zoijl., No. III. p. 51, PI. I. figs. 55-58, PI. III. fig. 150,

1870.

Camhm-us versutus, Faxon, Proc. Amer. Acad. Arts and Sci., XX. 138, 1884.

Known LocciMtics. — Alabama: neighborhood of Mobile. Florida: Cape

Barrancas [Pensacola Bay?].

Cambarus versutus resembles C. spicuUfer in the shortness of the carapace

behind the cervical groove, the wide areola, and the two spines on each

side of the carapace. In addition to the difference in the male ajapendages

(.see Hagen's figures), the chelaj are covered with small, closely-set squa-

mous tubercles, while in C. sjnculifer the chela? have fewer and larger tuber-

cles. In C. versutus the hand is sulcated below, along the inner border, and

the areola is a little wider. The telson is tri- or quadrispinose in C. versu-

tus, bispinose in C. spiculifcr. The sides of the rostrum converge less between

the base and the lateral spines in C. versutus.

Measurements of a male, form I.— Length, 73.5 mm. Carapace, 35 mm.

Abdomen, 38.5 mm. From tip of rostrum to cervical groove, 26 mm.; from

cervical groove to posterior border of carapace, 8.5 mm. Length of rostrum,

12 mm. ; acumen, 5 mm. Breadth of rostrum at base, 5.5 mm. ; between

lateral spines, 4 mm. Length of chelsB, 33 mm. ; breadth ^f do., 11 ram.

Width of areola, 4 mm.

Three small dry specimens, two males and one female, from Cape Barran-

cas, Fla., differ from the Alabama specimens in that the rostrum tapers a

little more and is lightly carinated above in the middle third of the median

line. Although none of the specimens are over 40 mm. in length, the males

are of the first form, with well-developed hooks on the third and fourth pairs

of legs. The male appendages a.gree with those of C. versutus. The telson

is tri- or quadrispinose, and the hand is sulcated below, along the inner

margin, as in C versutus.
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12. Cambarus Alleni.

Plate I. flg. 1, Plate VIII. Ubs. 2, 3.

Camhui-us Alleni, Faxon, Proo. Aiiicr. Acad. Arts and Sci., XX. 110, ISSt.

Male, form I. — Rostrum broad, triangular, somewhat deflexed, smooth,

excavated above, margins raised into sharp crests and gradually converoino-

to near the tip, where they suddenly come together to form the short,

sharp acumen ; no lateral spines. Post-orbital ridges without spines. Cara-

pace cylindrical, somewhat compressed laterally, fore border angulated be-

hind the antennas, punctate above, granulated on the sides. Cervical groove

deeply sulcated, without lateral spines. Cardiac region more than one third

as long as the distance from the tip of rostrum to hind border of carapace.

Areola narrow. Abdomen broad, longer than cephalothorax. Angles of

pleura rounded. Three or four spines on each side of posterior border

of basal segment of the telson. Terminal segment of telson shorter than

basal part, one third broader than long, hind margin concave. Anterior

process of epistoma subquadrangular. Basal segment of antennules with a

sharp spine below, near the inner margin, half-way towards the end of the

segment. Antennas shorter than the body, second and third segments with

an external sharp tooth. Antennal scale equal to peduncle, slightly sur-

passing the rostrum, broad, broadest at the middle, rounded at apex, termi-

nating in a short spine, external margin inflated. Third maxillipeds hairy

within and below. Chelipeds slender, chela long, subcylindrical, squamoso-

tuberculate, tubercles ciliate anteriorly, internal border straight, serrate.

Fingers as long as the hand, with alternate lonii;itudiiial ribs and lines of

ciliate impressed dots. Opposed margins of fingers straight, unidentate.

Carpus squamoso-tuberculate within, obsoletely so without, with one promi-

nent spine on inner boi'dei'. Meros })unctate outside, ciliato-tuberculate

within and on upper margin, which has two ante-apical spines obliquely

placed ; two rows of spines beneath. Third and fourth pairs of legs hooked

on third segments, hooks of fourth pair bituberculate. Fifth pair of legs

with a flattened laminate tubercle on basal joint. Anterior abdominal appen-

dages of moderate length, bifid at apex, outer part forming a broad flattened

plate whose anterior margin is furnished with hairs and one strong seta, the

posterior margin of the plate pi'oduced anteriorly into a blunt tooth-like

process. Ituier part bearded within, and produced into a long erect spine,

which much exceeds in length the outer part of the appendage.
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Length, G2 mm. Rostrum, 6 mm. Carapace, 30 mm. From tip of ros-

trum to cervical groove, 19.5 mm. ; from cervical groove to posterior border

of carapace, 10.5 mm. Abdomen, 32 mm. Width of areola, 7 mm. Antennae,

47 mm. Chelipeds, 49 mm. Chela, 23 mm. Width of chela, 6 mm.

St. John's River, Hawkinsville, Orange Co., Fla. : J. A. Allen.

A well-marked species with toothless excavated rostrum (younger speci-

mens probably have marginal I'ostral teeth), narrow areola, long, sub-

cylindrical chelipeds covered with ciliated squamous tubercles. The first

abdominal legs are not jointed, the hooks on the third and fourth pairs

of thoracic legs are large and well finished, so that I consider the single

specimen examined to be the first form.

In the collection of the Academy of Natural Sciences of Philadelphia

is a specimen from Hernando Co., Fla., Jos. W. Wilcox, which is probably

the second form of the male of this species. The sexual appendages are

not articulated at the base. The hooks on the third and fourth pairs of

legs are small, tooth-like processes merely. Besides the differences in these

hooks and in the sexual appendages, the following may be pointed out

:

the rostrum has small lateral teeth near the tip, the post-orbital ridges have

a sharp spine at their anterior end, the basal segment of the fifth pair of

legs is armed with a sharp hooked tooth in place of a flattened tubercle, and

the hind segment of the telson is longer in proportion to its width.

13. Cambarus penicillatus
.1 . H H

Astacus penicillatus, Le Conte, Proc. Acad. Nat. Sci. Phila., VII. ttOl, 1855.

Cambarus penicillatus, Ha&en, 111. Caf. Mus. Comp. Zoo]., No. III. p. 53, Pi. I. figs. 93, 94, [95, 96 ?], PI.

III. fig. 149, 1870.

Cambarus iienicillatus, Faxon, Proc. Ainer. Acad. Arts and Sci., XX. 138, 1884.

Known Localities.— Georgia. Eastern Mississippi [?]. Charleston, S. C. [?].

None of Le Conte's types of this species ai'e known. Of the specimens in

the Museum of Comparative Zoology referred to this species by Dr. Hagen,

a small male of the first form, from Georgia (No. 279), agrees well with Le

Conte's description. It has a small branchiostegian spine, overlooked in

Hagen's description. The rostrum has no trace of ante-apical spines ; the

antennal scale is very broad, attaining its greatest breadth in the middle,

then narrowing but little until reaching the level of the apical spine. It

is a little shorter than the peduncle of the second antennte, and equal to

the rostrum in length. The male appendages are represented on Plate I.
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of H.igen's Monograph, figs. 93, 94. This is rloubtless Le Conte's species.

It is pecuhar in liaving tufts of long hair-lilve seta; on tlie inner margin of

the hand. The only other species known to have these hair-like growths

is Astacus Gambelii, from the Westei'n United States, which has the pilosity

on the outer as well as the inner margin of the hand.

Length, 42 mm. Carapace, 21 mm. Abdomen, 22 mm. From tip of ros-

trum to cervical groove, 14 mm. Cardiac region, 7 mm. Width of areola,

1 mm. Length of chela, 14 nnn. ; breadth of do., 5 mm.

Of the other specimens referred to C. 2^eniciU(dus, two young females from

Charleston, S. C. (Cat. No. 254) are surely C. troglochjtes. Two other females

and two males, form II., also from Charleston (Cat. No. 250), may be the

female and second form of the male of C. peniciUutus, as claimed by Hagen,

but I suspect that they belong to another species. The form of the first pair

of abdominal appendages of the male (Hagen, PI. I. figs. 95, 96) is not what

one would expect in the second form of C peniciUatus. The antennal scale

is narrower, longer, diminishing more rapidly in width beyond the middle.

The lack of beard on the hands, a more gradually tapering rostrum with

longer acumen, and the trispinous basal segment of the telson also serve

to distinguish these specimens from the first form male from Georgia.

In the collection of Butler University, Irvington, Ind., is a male, form

II., collected in Eastern Mississippi by 0. P. Hay, which closely resembles

the specimen of C peniciUatus from Georgia, excepting in the following par-

ticulars. The base of the rostrum is more clearly foveolate. The areola is

only one half the width of that of C pctticillaius, being reduced to such an

extent as to admit but one line of iinpres.sed dots within its area, while in

the Georgian specimen there are two or three ])arallel longitudinal rows

in the narrowest part of the areola. The fore Ijordor of the carapace is

not angulated behind the antennte, as in the specimens from Georgia and

Charleston. The setao that grow from the squamous tubercles on the inner

edge of the hand are longer than on the other parts, but are not drawn

out into pencils, as in the first form from Georgia.

The first pair of abdominal appendages are articulated at the base, re-

curved at their distal end, though not so strongly as in the first form from

Georgia; internal part with a short apical tooth directed obliquely outwards,

external part with two stout apical teeth. TIic short apical toOth of the

internal part of the appendage gives it a very different appearance from the

second form males from Charleston, described above, and referred to C. pern-



38 A KEVISION OF THE ASTACID^.

cillatus by Hagen, and the two can hardly belong to the same species. The

teeth at the tip of the external part are also shorter and blunter in the

Mississippi specimen than in those from Charleston. The hooks on the third

and fourth pairs of thoracic legs are very small,— mere tooth-like processes.

The antennal scale is broad at the tip, as in the Georgia specimen.

Measurements.— Length, 50 mm. Carapace, 25 mm. Abdomen, 26 mm.

Rostrum, 5 mm. From tip of rostrum to cervical groove, 16.5 mm. Car-

diac region, 8.5 mm. Width of areola, .5 mm. Length of chela, 14 mm.
;

breadth of chela, 5 mm.

This specimen, as well as those from Charleston, may belong to different

species from C. penicillatus, but my material is not sufficient to warrant the

establishment of new species.

Le Conte does not specify from what part of Geoi-gia his specimens came,

nor is the locality of the Georgia specimens in the Museum of Comparative

Zoology any more precisely indicated.

14. Cambarus Wiegmanni.

Astacns (Cambarus) Wiegmanni, Ekichson, Arch. f. Natui-gesch., XII. Jahi'g., I. 99, 184fi.

? Cambarus Wiegmamii, Hagen, 111. Cat. Mus. Comp. Zool., No. III. p. 54, PL III. fig. 151, 1870.

Cambarus Wieijmanni, Paxon, Proc. Aiiicr. Acad. Arts and Soi., XX. 138, 1884.

Four species of Cambarus have been described from Mexico; viz. C. Wicff-

mamii Erichs., 0. Mexicamis Erichs., C. Aztccus Saussure, and C. Montczumw

Saussure. C. Wiegmanni has hooks near the base of the third and fourth pairs

of legs of male, tuberculated chelce, carpus dentated on the inner border.

C. Mexicamis has only the third pair of legs of the male hooked, chelas

granulated, carpus unarmed. C. A?:tccns also has the third pair of legs

hooked in the male, chelae granulated, more compressed than in C. IJexi-

caniis, carpus armed with some spines within and below. It is doubtful

whether this be specifically distinct from C. Ilexicanus. In C. 3Iontcsvmw

the second and third pair of legs of the male are hooked, the carpus and

cheltB smooth. To the list of Mexican Cambari is to be added C. immimis,

collected at Orizaba by Prof. Sumichrast. An un described Parastacine occurs

at Colima, on the west coast.

The types of Erichson's two Mexican species of Cambarus, C. Wiegmanni

and C. Mexicamis, could not be found in the Berlin Museum, either by Hagen,

who examined the collection in September, 1870, or by Von Martens (Arch.

Naturgesch., 1872, p. 131). C. Wiegmanni alone of the known Mexican spe-
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cies belongs to the C. Blandingii group, with hooks on the third and fourth

pairs of legs in the male. The female specimen in the Acad. Nat. Sci. Phila.

(No. 170, Mr. Pease), fully described by Hagen, is probably correctly referred

to this species by him, although in the absence of male specimens there is

some uncertainty. It would seem to belong here rather than to C. Mexi-

camis, on account of the tuberculous chelae and the dentiform tubercles on

the inner margin of the carpus.

I have seen but one specimen of C. Mencanns, a male. In this the chelae

are more cylindrical, and are covered with smaller, more closely set, granular

tubercles. In the collection of Acad. Nat. Sci. Phila. I find another alcoholic

female from Jalapa, Mexico, which agrees well with Mr. Pease's specimen. A
mutilated female in the U. S. Nat. Mus. (No. 3288, Prof. Sumichrast), from

the Isthmus of Tehuan tepee, seems also to belong here.

C. Wiegmmmi differs from C 'pcnicilMns in the strongly tuberculated

chete, rostrum narrowing moi'e suddenly before the acumen, and broader

areola. Erichson's descrijjtion is appended. The forjn of the male appen-

das:es is not noticed.

" A.
(
Cumharns) Wiegmanni : Chelis tuberculatis, digitis asqualibus, carpis

intus dentati.s, rostro lato, lanceolato.

*' Panzerschild punktirt, die LJingsleisten an der Schnabelwurzel kurz,

etwa bis zur Mitte des dritten Gliedes der ausseren Fiihler rcichend, der

Schnabel breit, lanzettform.ig zugespitzt, oben flach ansgehohlt, mit aufge-

worfenem scharfen Rande. Die Fiihlerblatter sehr breit, der Aussenrand

etwas verdickt, mit liberragender Spitze. Die Scheerenbeine ziemlich kurz,

die Scheeren langlich, ziemlich schinal, oben und imten gewiilbt, mit pleinen

Hcickerchen etwas weitl'aufig besetzt, am Innenrande die Hocker dichter und

spitzer ; die Finger kraftig, gefurcht, in den Furchen punktirt ; das Glied

vor der Scheere am Innenrande mit einigen Zahnen besetzt. Der Schwanz

etwas zusammengedriickt, schmaler als das Panzerschild, nach hinten allmlih-

licli etwas verschmalert.

" Das zweite Glied am dritten und am vierten Beinpaar beim Miinnchen

mit einem hakenftirmigen Fortsatz.

" Lange des Korpers von der Schnabelspitze bis zum Ende der Schwanz-

flosse 2", des Schnabels 2i"', des Scheerenbeins 1" 4'", der Scheere 8'", Breite

derselben fast 3'", grosste Breite des Panzerschildes G'", Hohe desselben eben-

falls 6"'.

"In Mexiko. Von Deppe gesammelt."
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15. Cambarus pellucidus.

Asfacus pelhiridiis, Tellkajipf, Arch. Anat., Physiol, u. wissensch. Med,, 1844, p. 383.

Astanis {Cambarus) peUiieuliis, Ericiison, Arch. Naturgescli., XII. Jahrg., I. 95, 1846.

Astaciis pdlucidus, Gibbe.s, Proc. Amer. Assoc. Adv. Sci., 3d Meeting, p. 195, 1850. (No description.)

Cambarus pellucidus, G1K.4.RD, Proc. Acad. Nat. Sci. Phila., VI. 87, 1852. (No description.)

Cambarus pellucidus, Hagen, HI Cat. Mus. Comp. Zool., No. HI. p. 55, PI. I. Ggs. 68-71, PI III. fig. 148,

PI. VI., 1870.— Amer. Naturalist, VI. 494, 1872.

Cambarus pellucidus, Packard, Amer. Naturalist, V. 750, fig. 131 (after Hagcu), 1871. — Fifth Ann. Rep.

Trustees Peabody Acad. Sci. for the Year 1872, p. 94, 1873.

Orconectes pellucidus. Cope, Amer, Naturalist, VI. 410, 419, 1872. — Third and Fourth Ann. Rep. Geolog.

Surv. Indiana, pp. 162, 173, 1872.

Orconectes inermis. Cope, Amer. Naturalist, VI. 410, 419, 1873.— Third and Fourth Ann. Rep. Geolog. Surv.

Indiana, pp. 1G2, 173, 1872.

Cambarus pellucidus. Smith, Rep. U. S. Comni. Fish and Fisheries for 1872 and 1873* p. 639, 1874. (No

description.)

Cambarus pellucidus, Putnam, Proc. Bostou Soc. Nat. Hist., XVII. 222, XVIII. 16, 1875. (Habits.)

Cambarus pellucidus, Faxon, Proc. Amer. Acad. Arts and Sci., XX. 139, 1884.

Knotvn Localities.— Kentucky : Mammoth Cave and other caves in Ed-

monson Co. Indiana : Wyandotte Cave, Crawford Co. ; cave in Bradford,

Harrison Co.

The earUest notice of the blind crayfish of the Mammotli Cave occurs

in the Proceedings of the Academy of Natural Sciences of Philadelphia,

Vol. I. p. 175. In the i^ecord of the meeting of the Academy on May 24,

1842, the donation of a specimen is thus acknowledged: '^' A white eyeless

crayfish [Astacus Bartonil) .... from the Mammoth Cave, Kentucky, about

2J miles from the entrance. Presented by W. T. Craige, M. D."

From a " Notice of the Blind Fish, Crayfish, and Insects from the Mam-

moth Cave, Kentucky," communicated by William Thompson to the Annals

and Magazine of Natural History (Vol. XIII. p. Ill, February, 1844), I quote

the followini>; :
—

" At a meeting of the Belfast Natural History and Philosophical Society,

Jan. 17, 1844, Mr. Thompson, the President, called attention to specimens

of the Blind Fish, Crayfish, and Locusts from the great Mammoth Cave in

Kentucky, procured in the month of May last, specially for the Society, by

the kind attention of our townsman, Gordon A. Thomson, Esq.. on his visit

to the cave. They are perhaps the first examples of their respective species

brought thence to Europe.

" The cave itself is popularly known from having been described in

' Chambers's Edinburgh Journal ' for 1838, Vol. VI. p. 234 ; and more recently,

at least in this town, from a letter by the Rev. Wm. Murphy, St. Mary's
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College, Kentucky, published in the 'Belfast Commercial Chronicle' of Jan. 1,

1844, where it occupies two columns, but the source whence it was obtained

is not acknowledged The crayfish and ' crickets ' are stated in the

letter already noticed [the Rev. Wm. Murphy's ?] to be blind, but this is

erroneous. Both species have eyes. Our specimen of the crayfish wants

both the claws, but is otherwise perfect, and agrees with the description of

the AstacKS Bartoni Fabr., given in Milne Edwards's ' Histoire des Crustaces,'

Vol. 11. p. 331. The length there attributed to the species is 3 inches ; the

specimen before us is 2\ inches in length from the point of the rostrum to

the extremity of the caudal plates."

The description of Asfacus Bartonii by Milne Edwards, here referred to,

is in reality a description of Asiacus affinh Say ; but as C. Bartonii is the

only eyed crayfish known to inhabit the Mammoth Cave, it was probably

the species in Thompson's hands. Tellkarapf's type (a male, form I.) was

more fully described by Erichson, and was seen by Hagen in the Berlin

Museum in September, 1870.

The presence in the Mammoth Cave of a crayfish with well-developed

eyes, together with the blind species, was noticed by Prof. B. Silliman, Jr.,

in 1850. In a letter to Professor Guyot, dated Louisville, Nov. 8, 1850,

printed in the American Journal of Science and Arts, 2d Scr., Vol. XI.,

May, 1851, he says (p. 336): —
"The crawfish, or small Crustacea inhabiting the rivers with the fish,

are also eyeless and uncolored, but the larger-eyed and colored crawfish,

which are abundant without the cave, are also common at some seasons in

the subterranean rivers Among the collections are some of the larger-

eyed crawfish which were caught by us in the cave."

I have now before me specimens of C. pellucidus and C. Bartonii from the

Peabody Museum of Yale College (Nos. 1814, 1815), collected by Professor

Silliman in the Mammoth Cave. More recently, C. Bartonii has been fre-

quently captui-e.d there.

The association of C. pellucidus and C. Bartonii in the Mammoth Cave,

and the fact that cave specimens of the latter are often very light colored,

led Professor N. S. Shaler * to conclude that the two species were connected

by transitional forms, and that the blind form was derived from the present

outside fauna of the region. He even goes so far as to suppose that the

blind form, C. pellucidus, \s continually reinforced by interbreeding with the

Mem. Boston Soc. Nat. Hist., II. 362, 363, 1875.

C



42 A REVISION OF THE ASTACID.E.

eyed form derived from without the cave ! But as we have seen (see p. 18),

C. pcUucidiis is a very aberrant species, with no very closely related form

outside the cave. The simple form of the male appendages, and the com-

bination of characters belonging to different groups,* seen in C. pellucidiis,

indicate, to my mind, that it is a very ancient form, which has been preserved

in the seclusion of the cave, while its nearest kin succumbed in the sharper

strufffrle incident to life outside, or were replaced by modified descendants

evolved to meet the changeable conditions which obtain without the caverns.

This view is rendered more probable when one remembers that the same

form, C. pcllucidus, occurs in the Wyandotte Cave on the other side of that

ancient river, the Ohio. The transportation of an eyeless cave species from

the Kentucky caverns to those of Indiana seems out of the question, and

one is driven to the conclusion that the subterranean waters of both localities

derived this eyeless species from a similar form with well-developed eyes,

that peopled the streams throughout this region at a remote period. Fur-

ther, if we trust the statements of Gustav Joseph (see p. 45), a Cambarus is

found in the caves of Carniola in Southern Austria very closely related

to C. pdlncidns, while all the European crayfishes else belong to another

genus, Astacus. That the similarity of conditions affecting cavern life in all

parts of the world is sufficient to bring about the close agreement between

the crayfishes of the caves of Carniola and Kentucky, when the forms out-

side the caves belong to different genera in the two localities, seems highly

improbable. The genus Cambarus in North America has not originated

under the influences of subterranean life, but is the ordinary form of cray-

fish throughout the whole of the eastern and central portions of the conti-

nent. If the cave species of Carniola were derived from the present outside

fauna of Europe, we should have a blind Astacus instead of a blind Cambarus.

I am rather inclined to accept the Carniola cave species as a witness to the

former existence of the genus Cambarus in the rivers of Europe (see p. 176).

C. pelluddvs is subject to considerable variation. In some specimens

the rostrum is shorter than in typical specimens, and contracts more from

the base to the lateral teeth, which are much less prominent. The spines

of the postorbital ridge and sides of the carapace are slightly developed.

This is the form described as a new species, Orconcdes inermis, from Wyan-

dotte Cave, Indiana, by Prof Cope, in 1872. I owe to Prof A. S. Packard

* Willi the essential cliai-acters of Group I. ave found tlie general form of body of the species belonging

to Group III. and the rostrum of Group IV. The auteuual scale dilated ucar the tip is characteristic of

Groups III. and IV., rather than of Group I.
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an opportunity to examine Cope's type. It is a naale, form II., with the

first pair of abdominal appendages not articulated, a condition often found in

the second form males of this species. After an examination of this speci-

men, I can indorse the opinion of Hagen (Amer. Nat, Aug., 1872) and Pack-

ard (Fifth Ann. Rep. Peabody Acad. Sci., for 1872), expressed before seeing

the specimen, that the variation is not of specific value. All the specimens

which I have seen from the Indiana caves, amounting to. six in number,

belong to this form. But the same form also comes from the Mammoth and

neighboring caves in Kentucky. In a gigantic female in tlie Museum of

Comparative Zoology (No. 3417, collected in Mammoth Cave by F. W.

Putnam), the peculiarities of Cope's form are intensified. The point of the

rostrum does not reach the distal end of the j^eduncle of the antennule, and

hardly attains the proximal end of the distal segment of the peduncle of

the antenna.* The lateral rostral spines are reduced to salient angles. The

post-orbital ridges are destitute of spines, as in C. Baiionii. The antennal

scales reach but to the proximal end of the terminal segment of the peduncle

of the antenna. The lateral spinules of the carapace are represented by

granular tubercles. The spines of the meros of the cheliped are short and

tooth-like ; those on the upper surfixce are blunt, those beneath are ii'regularly

disposed, without the clear biserial order seen in the typical form, and also in

Cope's type of 0. iuennis. The hands are broad, flattened, and tuberculate.

In this specimen, moreover, the anterior process of the epistoma is trun-

cated in front. The dimensions are subjoined. Length of body, 93 mm.

;

of carapace, 46 mm.; of rostrum (from level of post-orbital spines to tip),

9 mm. ; of abdomen, 49 mm. ; from tip of rostrum to cervical groove, 26

mm.; from cervical groove to posterior margin of carapace, 20 mm. Length

of cheliped, 84 mm. ; of chela, 43 mm. ; of antenna, 86 mm. ; of antennal

scale, 8 mm.

The other blind Cambanis from the United States (C. hamulafiis from

Nickajack Cave, Tenn.) resembles C. pellucidns superficially, but belongs to

Group III., with hooks only on the third pair of legs in the male. The first

pair of abdominal appendages are very different from those of C. pcUtic/diis,

being formed after the pattern of those organs in C. Bartonu. The annulus

ventralis of the female is also different.

A small specimen of C. pellucidns was found in a jar containing C. rutnami

from Green River, near the Mammoth Cave, collected by Mr. F. W. Putnam.

* III the typical form of C jielliicidux tlie rostrum oqiials or exceeds in length the peduncle of the antenna.
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So it would seem that the blind species sometimes finds its way out from

the cave.

The blind fishes of the Mammoth Cave are compensated for tlie loss of

sight by the development of special tactile papillae. Among the Crustacea

the eyeless Gammarus putcanus and Aselliis cavuticus are more richly furnished

with olfactory setaj than are their relatives that enjoy the sense of sight.

In the Astacidae-the sette to which Leydig has ascribed an olfactory function

are boi-ne by the outer flagellum of the antennules. Leydig * has described

their arrangement in C. pclhicidus. The outer flagellum is composed of about

thirty-six segments. The olfactory setee are situate for the most part on the

distal half of the flagellum, beginning with the fifteenth segment, the number

of setfB on each segment decreasing toward either extremity of the olfiictory

portion of the flagellum. Leydig was unable to compare C. pellucidus with

any of the species of Cambarus possessed of eyes, but he observed that the

antennulary flagella of Adacus fuvkdUis were shorter and contained fewer

segments than in C. pcllucidiis. This, however, is a generic distinction, and

cannot be brought into relation with the absence of visual organs in the

cave species.

Professor R. Ramsay Wright t has followed up Leydig's suggestion by a

comparison of the so-called olfactory organs of. C. peUncidiis with those of the

eyed C. jjropinquns. He finds that the external flagelhun of the antennule

of the latter species is composed of eighteen or nineteen segments, the distal

nine of which alone bear olfiictory seta3. He therefore concludes that

C. pellucidus, like the blind Gammarus and Asellus, has acquired a more com-

plete olfactory apparatus in compensation for the loss of sight.

I have examined several specimens of G. propiiiqims with reference to

this point, and find that the number of segments in the external flagel-

lum of the antennule may be as high as thirty-five, fifteen or sixteen of

which may carry olfiictory organs. \n 0. affinis I have counted as many as

thirty-three segments in the flagellum, nineteen with olfiictory seta^. A
moderate-sized C. Blandmyii from New Jersey reveals about fifty segments,

twenty-nine of them provided with olfiictory seta\ It thus appears that

Professor Wright's conclusion, that the number of antennulary segments and

olfactory organs is increased in the blind species, is not supported by the facts.

It is noteworthy, however, that the olfactory seta? of C. pellucidus are longer

* Uiilcrsiiclmiigdi /.in- Aiiatoinie imd Histologic ilfr Thicre, ]). 38.

t American Naturalist, Vol. XVIII, p. 27:?, ilarcli, ISSl.
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tlum in most species of Cambarus. In a specimen of C. /nonu/a/tis, tlie other

blind cave species, there are thirty segments in the outer flagellum of the

anteuuule, and the olfactory seto3 are long, as in C pellucidus.

Cambarus typhlobius.

Cambarm Sli/gius, Joseph, Berliner Eutomolog. Zeitsclir., XXVI. 12, April, 1883. (Name preoccupied by

Buudy.)

The earlie.st notice of the existence of a blind crayfish, closely resembling Camhams
pellucklus, in the caves of Carniola, is in the 57th Jahresbericht der Schlesischen Gesell-

schaft flir vaterliindische Cultur, 1879, p. 202, Breslau, 1880. It is there recorded that

Dr. Gustav Joseph " demonstvirte einen neuen, 9 cm. langen, zur Familie der Astaciden

gehorigen blindeu Grottenkrebs aus Krain, welcher der aus der Mammutlislilihle von

Kentucky in Anierika bekannten Art {C'amharus pelkicidus Tellkampf ) sehr uahe steht

nnd deshalb vom Vortrageiiden Caniharits fi/phlobius u. sp. benannt worden ist."

In a paper published in December, 1881, in the twenty-fifth volume of the Eer-

liner Entomologische Zeitschrift,* the same writer mentions, without describing, tlie

animal, under the names Camharus coecm n. sp. (p. 237) and Catiibarus Stijgius n. sp.

(pp. 241, 249).

In the twenty-sixth volume of the same journal, pp. 12-14, April, 1882,t a fuller

account of the animal is given by Dr. Jo.seph. Ou account of the importance of the

discovery, and the rarity of the Berlin Entomological Journal in America, I transcribe the

entire description.

" Camharus Stijgius, n. sp.

" Wie Anophthahmis Tellkampfii Erich.s. aus der Mammuth-Hohle bei Kentucky der

niichst Verwandte des Krainer ^. Schmidtii Sturm, so erscheint Camharus Stygius niit dein

amerikanischen C. pcllucidus Tellkampf aus der genannten Hcihle sehr nahe verwandt.

In der Sammlung von Ferdinand Schmidt in Ober-Schiska bei Laibach befand sieh zur

Zeit ein getrockenes Exemplar dieser von mir entdeckten Krebsart, das aus der Grotte von

St. Kanzian stammte und mit dem Namen 'Astacus saxatilis ' (?) bezeichnet war. Eeste

von Scheeren fand ich im Darm eines 01m, der in einer Hiihle bei Gabroviza oberlialb

Triest gefunden sein soil. Nachtraglicli wurde mir mitgetheilt dass in der Hohle von

Ospo unweit Triest ein grosser, dem Flusskrebs ahnlicher, Krebs vorkoiamen soil. Die

Exploration derselben im September 1881 in Begleitung des Herrn Dr. Graeffe, In.spector

der Kais. Kiinigl. Zool6g. Station in Trie.st, hatte abcr ein negatives Eesultat. Das Ex-

emplar nieiner Sammlung, welches ebenfalls aus dem Eeccafluss aus der Grotte von S.

Kanzian bei Metaun unweit Divazza stammt, ist ein geschlechtsreifes Miinnclien, das

an Grijsse die amerikanische Art nach der von Packard (' The Manunoth Cave and its

Inhabitants'. . . .) veroffeiitlichten Abbildung kaum ubertrifft. Trotz aller Miihe gelaug

es mir bisher nicht mir ein Exemplar der amerikanischen Art Behufs Yergleichuug zu

verschafien. Leider stand mir auch nicht die Abbildung, welche Tellkamjif und Hagen

• " Erfalirungen im n-isseiiscliaftliclieii Sammclu uiid Beohachteu der den Kraiiier Tropfstcingrottea

eigeuen Arthropodcu von Dr. Med. et Phil. Gustav Josepli, Doeenten a. d. Universitiit Breslau."

t
" Systematisclies Verzeicluiiss der in den Tropfsteingrotten von Krain einlieiniiselien Artiiropodcn

uebst DiaOTosen der vom Verfasser entdeckten und bisher noeh nicht bcscliricbeneii .Vrti'u."
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von diesem grossteii aller Grottenkrebse geben, zu Gebote, walirend die von Packard pul>

licirte uiclit detaillirt genug ist, um bei Yergleichung die uothige Sicherheit zu gewiiliren.

Von der Spitze des Eostrum frontale bis zur Schwanzflosse misst das (7 Jalir in Spiritus

aufbewahite) Thier 6.5 cm. Die lateralen grcssen Fuhler sind nm J^ langer als bei der

aiuerikaniscben Art. Die Basis der iunern Fuhler ragt weiter als das liostrum nach vorn,

M'ahrend bei der amerikanischen Art Nichts davou zu sehen ist. Wiihrend in der Pack-

ard'sclien Abbildung die Augiipfel nicht wahrnehrabar sind, erscheiuen dieselben bei dem

Krainor Exemplar ebenso deutlich wie bei Troglocnris Schviidtii, aber statt der Hornhaut-

facetteu besteht das Integument des Angapfels wie des Augenstiels aus undurchsiclitiger

Chitiuhaut. Ebenso fehlen wie bei dem blinden Cariden jegliche lichtbrecliende iind

lichtempfindende Elemente. Der Augapfel ist ertullt von derber bindegewebiger, mit Fett

durchsetzter Masse. Durch den Augenstiel zielit ein bindegewebiger Streif in der Eicht-

unc- cegen das obere Schlundganglion bin, Pjefunde, wie icU sie bereits seit langer als

eiuem Jahrzeluit bei Troglocaris Schmidtii gefunden und veroffentlicht babe. ludem

ich mir die Abbildung nnd genaue Bescbreibuug fur eine grcissere Arbeit liber die Ge-

sammtfauna der Krainer Grotten vorbehalte, will ich nur nocli i'olgende, im Vergleicli

zur wahrscheinlich mangelhaften Packard'schen Abbildung der amerikanischen Art hochst

auffallende, Unterscheide hervorheben. Von dem 2. Gliede des 3. Sehreitfusses ragt ein

hakenforraiger Auswuchs von J der Grosse dieses Gliedes schief nach vorn und (proximal-

wiirts) medialwJirts ; ebenso von entsprecliender Stelle am 4. Schreitfuss ein ahnlicli

gestalteter aber kiirzerer und schmachtiLier. Das 1. Paar der Schwimmfiisse ist in iihn-

licher Weise zu Begattungsorganen umgebildet, wie bei dem Flusskrebs ; das 2. Paar ist

im Endgliede membranos nnd tief gespalten."

From this imperfect description it appears that tlie peduncle of the antennule is

longer in proportion to the rostrum than in the typical C. pellvcidus, and the eye larger.

Whether this species conforms to the genus Cambarus in the number and arrangement of

the gills, we are not told ; but the jiresence of books on the third and fourtli pairs of legs

seems to indicate a true Cambarus.*

As the name Cambarus Stijgius was employed by Bundy, in 1876, for an American

species, I have adopted tlie name suggested by Joseph in his first notice of this species.

It is to be lamented that a fuller account of this animal has not been published, on

account of its important bearings on the subject of the geographical distribution of these

animals. Eemarks on the meaning of the presence of this Cambarus in the caves of Car-

niola, the sole representative of the genus in the Eastern continent, will be found on pp.

42. 176.

Cambarus Stygius.

Cambarus Sti/gius, Bundy, Bull. 111. Mus. Nat. Hist., No. I. p. 3, lS7fi. — Trans. Wis. Acad. Sci., V. 180,

1882. — Geol. Wis., Surv. 1873-'1879, I. 402, 1883.

Cambarus Sfi/gius, Forbes, Bull. 111. Mus. Nat. Hist., No. I. p. 19, 1876- (After Bundy.)

"Eostrum long and pointed, smooth above, foveolate at base, cephalothora.x slightly

compressed, smooth or slightly punctate above, finely granulate on sides ; areola narrow

;

lateral spine acute ; antennal plates wide, truncate, with short apical teeth ; epistoma

* I jjresume that Joseph's statement, that the hooks sprin<j; from the second segment of the leg in the

Carniola sjiecies, is an en-or, since these processes are always found on the third segment.
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rouuded in front, twice as wide as long; tliird maxillipeds hairy on inner and lower

aspects ; chelaj sliort, smooth above, serrate on interior margins ; fingers sliort, nearly

straight, costate and punctate above, contiguous margins tubercidate, exterior one hairy;

third joint of third (and fourth ?) thoracic legs of male hooked. (Of three mules sent me
by Dr. P. li. Hoy, not one had the fourth thoracic legs remaining.)

" First abdominal of male short, truncate, with three short, obtuse teeth directed out-

ward from the posterior margin at apex. A smooth groove passes up on the outside of

the leg between these teeth and the anterior margin.

"Ventral anuulus of female flat, transversely elliptical, posterior margin slightly

elevated.

" This species is closely related to C. acutus, but may be at once separated by the

.shorter hands— similar to those of C. propinquus— and the non-tuberculated annulus

of female.

" Found by Dr. P. E. Hoy on the shores of Lake Michigan [at Eacine, Wis.], having

been wa.shed ashore during a storm." — Bundy, Geol. Wis., Vol. I. p. 402.

Color, " dark cream, darker along the sutures."

This species is known to me only through the descriptions of Bundy. In his earlier

description, in the Bulletin of the Hlinois Museum of Natural History, he states tliat the

rostrum has "small teeth near apex," and that the carinae are " parallel, separated from base

of rostrum by slight grooves." In this description it is said that the " third and fourth

joints of third tlioracic legs " are hooked. This is probably a jjrinter's error for the " third

joint of third (and fourth ?) thoracic legs of male hooked " of the later description. Misled

by this typographical (?) error, Forbes, in his synopsis of the species mentioned in the

paper in the Bulletin of the Illinois Museum of Natural History, places tliis species with

C. gracilis in the group with hooks only on the third pair of legs. The " outer margin of

finger hairy," of Forbes 's diagnosis, seems to show a misconception of Bundy's description,

which undoubtedly means iniur margin of outer finger hairy.

GROUP II. (Type C. advena.)

" Third segment of ihinl pair of legs of male Iwoked. First pair of ahdominal legs

of male similar to those of Group I.

The species of tbi.s group seem to form tlie passaj^e from Group I. to

Group III. (C Barlonii). The first pair of abdominal appendages of the male

are similar to those of the species in the C. Blandingii group, being truncate

at the tip, the outer part terminating in one or two short tubercles or teeth,

the inner part in a short, erect spine. Only the third pair of legs of the

male are hooked. C. simulans, C. Mexicaniis, and C. Cubensis resemble in

their general form and shape of chela the species included in Group I. The

chela and antennal scale of C. simidaiis are much as in C. Blandingii, var.

acuta. In 0. ]\[exicamts and C. Cubensis the chela is sub-cylindrical and

slender, and covered 'with small ciliated squamous tubercles. C. advena.
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C. Carolinus, and C. gracilis resemble C. Diogenes of Group III. in the general

form of body, linear areola, small antennal scale, broad chela, etc. The fore

border of the carapace is angulated behind the antenniB in C sinndans,

C. Mexicamis, G. Cuhensis, and C. gracilis ; not angulated in C. advena and

C. Carolinus. The rostrum is armed with small lateral teeth in C. Cuhensis

;

in the other species of this group the rostrum has no lateral teeth.

Of the sj)ecies belonghig to this group, Hagen knew only C. advena and

C Carolinus. These were placed by him, as aberrant forms, in Group III.

(
C. Bartonii).

Kostrmii with small lateral tuef.li, areola broad. C. Ciihemis.

I Areola of moderate •width. CheliE subcyliiidrical. C. Mexicamis.

Areola narrow. Antenual scale large and broad. C. simulans.

r Front margin of carapace angulated

, , , ,. ... , . ,, .11, ' behind antenna;. C. gracilis.
'Areola linear, or obliterated m the middle. -<

I
Front margin of carapace not angu-

^ lated. C. advena, G. Carolinus.

16. Cambarus simulans.

Plate I, tig. 3, Plate VIII, tigs. 3, 3', 3 a, S a'. ^
•

Cambarus simulan.t, Faxox, Proc. Anier. Acad. Ans and Sci., XX. 112, 188i.

Male, form I.—Rostrum broad, deeply excavated ; margins raised into

sharp crests, wdiich overhang the base of the sides of the rostrum, converging,

sinuated before the tip to form the short acumen ; no lateral spines ; the

acumen is barely margined. Post-orbital ridges subacute in front, divergent

and ending in slight callosities behind. Carapace ovate, narrowing in front,

gastric area smooth, cardiac area lightly punctate, sides granulate ; anterior

border notched behind the antennaj ; cervical groove sinuate, split on the

sides, witli a minute terminal branchiostegian spine ; no lateral spine ; areola

more than one half as long as the distance from tlie point of the rostrum to

cervical groove, narrow, carinate, expanding into an anterior and a posterior

triangular field ; two longitudinal dotted lines run along the areola from the

anterior triangle to the posterior triangle, which is irregularly and sparsely

dotted. Abdomen broad, shorter than carapace, punctate, posterior margins

of pleura obliquely convex; hind margin of anterior segment of telson bi- to

multi-denticulate on each side, posterior segment short, hind border almost

straight ; median rib of inner plate of swimmeret ends inside of the mar-

gin. Basal segment of antennule with a spine below. Antennae shorter than
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body, second and third segments furnished with minute bhmt spinules, scale

a trifle longer than the rostrum, very broad, broadest in the middle, truncate

at apex, external terminal spine minute. Anterior process of the epistoma

triangular, antero-lateral borders convex, rimmed, anterior angle truncate or

notched in old specimens, with a projecting median spine. Third maxillipeds

densely hairy within and beneath. Chela long, slender, squamoso-tubercu-

late, internal margin long, straight, strongly dentate ; fingers long, punctate,

external border of movable finger tuberculate, inner border of both fingers

toothed, a prominent tubercle near the base of external finger opposite a

more or less clearly marked incision in the base of the thumb. Carpus

triamgular, obliquely truncate, inner margin armed with a stout spine and

some low, scattered tubercles, lower side with two or three teeth and numer-

ous small tubercles. Superior margin of meros with short spines, which

are sometimes obsolescent except the distal ones ; below, the biserial .spines

are well developed. Sternum hairy. Thii-d pair of legs hooked. First pair

of abdominal appendages strong, straight, internal part with a very small,

straight apical spine, which does not reach the end of the external part

;

external part with two horny terminal teeth, one of which is flat and disk-

shaped, the other slender and somewhat curved.

Length, 97 mm. Breadth, 27 mm. Length of carapace, 51 mm. Length

of areola, 18 mm. Width of areola, 1.3 mm. Length of rostrum, 11.5 mm.

Length of chela, 50.5 mm.

Male, form XL—Chelipeds smaller, hooks on the third pair of legs smaller,

first abdominal appendages without horny teeth at apex.

Female.— Chelte smaller and shorter-fingered "than in the male; annulus

ventralis bituberculate in front, each tubercle denticulate.

Known Localities. — Texas: Dallas; east of Canadian River (Coll. U. S.

Nat. Mus.). Kansas: Fort Hays.

This species is remarkable in having the general form of body and claw

of the C. Blandimjii group of species, while the fact that only the third pair

of legs are hooked places it in the C. advcna group. The male appendages

and the female annulus are very near to those of C. gracilis. In the shape of

the body, areola, antennal scale, and claw, it resembles C. Blmdingii, var. acuta,

but the rostrum is deeply excavated, and toothless even in small specimens.

The full cephalothorax and large abdomen seem to indicate that it is not a

pre-eminently burrowing species, like its allies, C. gracilis, C. udmia, etc.

There are specimens m the United States National Museum collected by
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the United States Exploring Expedition West of the Hundredth Meridian in

pools east of the Canadian River. This locality, I presume is within the

limits of the State of Texas.

17. Cambarus Mexicanus.

Astacus {Cambarus) Mei-ici/mis, Erichson, Arch. Natiirgesch., XII. Jahrg., I. 99, 1S46.

? Cambarus Aztecus, SaUssure, Rev. et Mag. de ZooL, 2" Ser., IX. .503, 1857.— Mem. Soc. Pliys. Hist. Nat.

Geueve, XIV. 460, PL III. fig. 23, 1858.

Cambarus Mexkanus, Hagen, 111. Cat. Miis. Coiiip. Zool., No. III. p. 84, 1870. (After Ericlisou.)

Cambarus Mexkanus, Faxon, Proc. Amer. Acad. Arts and Sci., XX. 141, 1884.

Male. — Ro.strum sub-plane, margins raised into crests gradually con-

verging until within a short distance of the tip, where the crests become

obsolete and the margins of the rostrum suddenly converge, without lateral

spines, to form the short-pointed acumen. Post-orbital ridges parallel, obtuse

in front. Carapace laterally compressed, of nearly equal width throughout,

thickly punctate, sub-orljital angle rounded, cervical groove sinuate, no

lateral spine, branchiostegian spine small, blunt ; areola narrow, punctate.

Abdomen as long and broad as the cephalothorax, telson with three or four

small spines on each side, posterior segment short. Antennal scale broad,

broadest in the middle. Chela long, subcylindrical, thickly beset with squa-

mous ciliated granules : fingers about the same length as the hand, ciliate,

granulate, costate. Cai'pus hardly sulcate above, covered with granules like

the hand ; no teeth on the inner margin. Meros granulate, outer surface

smooth except on the margins and distal end ; a biserial row of spines below.

Third pair of legs hooked. Sternum setose. First pair of abdominal ap-

pendages short, straight, a rectangular shoulder on the anterior margin near

the tip, external and internal parts in close apposition to their tips ; external

part furnished with a small, slender, procurved, hoi'uy spine ; internal part

flattened within, apex straight, scarcely separated from external part.

Length, 51 mm. Carapace, 25 mm. Length of areola, 8 mm. ; width of

areola, 0.6 mm.

The above description is drawn up from a specimen in the Academy

of Natural Sciences of Philadelphia, received from Mirador, Mexico, through

Dr. Sartorius. The hooks on the third pair of legs are well developed, the

first pair of abdominal appendages not articulated. I think there is no doubt

that this specimen is Erichson'.s C Mexkanus, tlie types of which could not

be found in the Berlin Museum either bv Dr. Hao^en or Von Martens.
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Cambarus Aztecus, as described and figured by Saussure, has a shorter,

flatter hand, and carpus spinous on internal border.* Von Martens (Arch.

Naturgesch., XXXVIII. Jahrg., I. 131) would separate it from C 3Ic.vicanus.

Dr. Hagen has kindly given me the following note on the types of Saussure

in the Berlin Museum, which he examined in September, 1870.

'• The first form of the male and the female, from Mexico, seem to be

C. Mexicanus Erichs., with nearly cylindrical hands. The second form, with

more flattened hands, belongs alone, then, to Saussure's C. Astecus. In the

second form the antennal scale is more broadly truncate in front, and the

rostrum is a little different, but these differences are not striking enough to

preclude the identity."

A sketch of the first form male appendages, made from one of these

types by Dr. Hagen, shows them to be of the same form as in the specimen

I have described above.

The female specimens noticed on page 39 under C. Wiegmamii have a

shorter and broader chela and carpus, the granules on the internal margin

of the carpus assuming the character of spinules, As there are no male

specimens among them, I am not sure that they are not the female of

C. Aztecus Saus. ; but this point, as well as the identity of C. Azlecus and

C. 3Iexicamis, I must leave unsettled for lack of material.

Saussure's locality for C. Aztecus is, " Les ruisseaux du Mexique.— Pris

a Tomatlan, dans les Terres-Chaudes." According to Von Martens (Arch.

Naturgesch., XXXV^III. Jahrg., I. 130) there are specimens in the Berlin

Zoological Museum from Puebla.

18. Cambarus Cubensis.

Plate II. fig. 1, Plate Till. figs. 5, 5 , 5 a, 5 a'.

Astaciis {Cambarus) Cubensis, Eeichson, Arcb. Naturgesch., XII. Jahrg., I. 100, 18-46.

? Cambarus consobriims, SiUSSUKE, Rev. et Mag. tie ZooL, 2« Ser., IX. 101, 1857.— Mem. Soc. Phjs. Hist.

Nat. Gcuevc, XIV. 157, PL III. fig. 21, 1858.

O.mharus Cubensis, Hagen, 111. Cat. Mus. Comp. Zool., No. III. p. 85, 1870. (After Ericlisou.)

Cambarus Cubensis, Von Martens, Arch. Naturgesch., XXXVIII. Jalirg., I. 129, 1873.

Cambarus Cubensis, Faxon, Proc. Amer. Acad. Arts and Sci., XX. 142, 1S84.

Male, form I.—Rostrum triangular, moderately excavated, acumen short,

acute, small lateral teeth at base of acumen. Anterior end of post-orbital

* " Cambarus Aztecus. Rostre court, arrondi au bout. Carl-ucs latcralcs obtuscs, uc se tcniiiiiaut pas

en une ^piuc. Carapace ponctuee, granuleuse sur les cotes, a. sa portion anterieure, mais sans epines au herd

du silloii oblique. Mains mediocres ou petites, compriuiees, forteincnt granideuses et ccailleuscs ;
carpes

ecailleux, amies de petites epines, en dessnus, une double rangoe d'epincs. Pattes de la troisienie paire, chcz

le male, arniees, .a leur base, d'une apophvse rudinientairc. Long., 2 pouccs.— Mexique." — Sai'ssube.
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spines acute. Carapace laterally compressed, punctate, fore border slightly

ano'ulated behind the antennae ; cervical groove sinuate ; no lateral spine
;

small branchiostegian spine ; areola of moderate width, punctate. Abdo-

men longer than the cephalothorax ; anterior segment of tclson with two to

five spines on each side. Epistoma very short, broad, with an anterior spine.

Antenna) long, slender; scale very broad, broadest in the middle, with very

small apical spine. Third maxillipeds hairy within. Chela sub-cylindrical,

long, slender, densely covered with ciliate, squamous, small tubercles ; fingers

slender, with an internal and external longitudinal rila. Carpus cylindroidal,

hardly furrowed above, squamoso-tuberculate like the hand, one or more of

the tubercles on the inner margin spiniform. Meros granulate, with spines

on the lower surface and at the distal end of superior border. Sternum

lanuginose. Third pair of legs with a long, slender hook on the third joint.

First pair of al^dominal appendages short, thick, outer part ending in a blunt

tubercle, bearing a minute horny tooth directed forwards ; the internal part

projects far beyond the hind l^order of the external part, terminating in a

slender outwardly directed spine ; within, it forms a Inroad, Hat, setose plate
;

the anterior margin of the ajipendage has a projecting rectangular shoulder

near the tip.

The second form of the male has the hooks on the third legs short and

blunt ; the external part of the first abdominal appendages has a terminal

blunt tubercle in j^lace of the sharp horny tooth of the first form.

The female has shorter, broader, smoother hands ; annulus composed of a

large anterior bilobed tubercle and a smaller posterior tubercle. In a large

number of the females examined the annulus is hardly at all developed.

Length, 56 mm.

Hahitat.— Cuba.

Erichson does not describe the male appendages, but Von Martens as-

serts that in Erichson's types in the Berlin Museum these organs have the

same structure as in those described by himself as C. Cuhensis from Gund-

lach's Cuban collections :
" Die ersten Abdominalfiisse sind eigenthiimlicli

gebildet ; obwohl nur aus einem Stuck bestehend, lassen sich doch gegen ihr

Ende zu zwei mit einander verwachsene Theile unterscheiden, ein ausserer,

der in eine stumpfe Spitze endigt und dessen Vorderrand nahe derselben

merklich anschwillt, und ein innerer, welcher nach hinten den vorigen iiber-

ragt, nach innen eine ebene ovale Flache bildet, welche sich an die des

Anhangs der vordern Seite anlegt, imd an seinem Ende zwei Lnppen zeigt.
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einen au das Ende des aussern Theils angelegten und einen zweilen kiirze-

ren frei nach vorn vorstehenden, mehr abgeruudeten."

It is exceedingly difficult to elucidate the complex structure of these

appendages without the aid of figures ; but I think there is no doubt that

Yon Martens's description appertains to the species described above by

myself, from specimens collected by Mr. S. Garman near Havana.

Saussure's types of C. comobriims, also in the Berlin Museum, were ex-

amined by Hagen in 1870, and by Von Martens. They consist of two dry

female specimens. The acumen of the rostrum is longer than in Ericlison's

species, and it would seem from Saussure's figure that the lateral .spines are

more ^jrominent. Saussure mentions a small lateral spine, sometimes obso-

lete, on the carapace, which does not appear in any of the specimens in the

Museum of Comparative Zoology. In some of the second form males in

the latter collection the chelae are smaller and comparatively smooth, as

Saussure says was the case in some specimens of his C. consobrinus: "Souvent

les pattes de la premiere paire sont petites et presque sans caracteres, les

doigts sans carenes, ponctues au lieu d'etre tuberculeux. (Ceci se voit sur-

tout chez les males.)" The statement of Saussure, that the second joint of

the third pair of legs is hooked, is undoubtedly an error for third joint. As

the male abdominal appendages are not described by Saussure, it is doubtful

whether his species be the same as Erichson's. According to Yon Martens,

specimens in the Berlin Museum make it probable that a second species of

Cambarus inhabits the island of Cuba,— a species with a rostrum like C. Cu-

bensis, but different sexual appendages.

C. Cubensis finds its nearest kin in C. 31(\iicanits. It is distinguished from

that species by its wider areola and toothed rostrum. The male appendages

are similar in form, but the inner part is broader, forming a large oval plate.

The specimens obtained by Mr. Garman were found in creeks in a little town

opposite Havana. According to Saussure, C. consobrinus inhabits stagnant pools

in Cuba.

The Astaeus flnviatilis major of Sloane's Jamaica, Yol. II. p. 271, PI. 245,

fig. 2, is a Palasuion, and it is probable that the " common crawfish " of the

same author is also a fresh-water prawn. I have seen a specimen of C. affinis

in the Philadelphia Academy's collection, labelled, " Santo Domingo, W. M.

Gabb," but no doubt the locality is erroneous. The only authentic "West

Indian Cambari are those found in the island of Cuba.
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19. Cambarus advena.

Abacus udoena, Le Conte, Proc. Acad. Nat. Sci. Phila., VII. 402, 1855.

Cambarus CaroU/ms, Hagen, IU. Cat. Mus. Comp. Zool, No. III. p. 87, PI I. figs. 51-54, PI. III. fig. 1G5,

1870.

Cambams ndveiia, Hagen, III Cat. Mus. Comp. Zool., No. III., PI. III. fig. 164, PI. VII., 1870.

Cambarus advena, Paxos, Proc. Amer. Acad. Arts aud Sci., XX. 140, 1884.

There is a female type specimen of Le Conte's Astacus advena in the

Museum of Comparative Zoology, and another, also a female, in the col-

lection of the Academy of Natural Sciences of Philadelphia. By some error

Dr. Hagen transposed the descriptions of G. advena and C. Garoliniis in his

Monograph, so that his descriptions do not agree with his own types of these

species in the Museum of Comparative Zoology ! He gives, under the name

of C advena, a full figure of Le Conte's species on Plate VH., and the anten-

nal scale, spine of the second segment of the antenna, and epistoma (from

Le Conte's type in the Philadelphia Academ}^ on Plate HI. fig. 164. The

male appendages, antennal scale, and epistoma are figured on Plate L figs.

51-54, Plate IH. fig. 165, as C. CaroUniis.

" Habitat in Georgia inferiore. Hyeme vitam degit subterraneam. Estate

in fossis invenitur." (Le Conte.)

The type of Le Conte in the Museum of Comparative Zoology has a spine

on the lower side of the first segment of the antennules, as in C. CaroUnus.

20. Cambarus Carolinus.

? Astacus {Cambarus') Carolinus, Erichson, Arch. Naturgesch., XII. Jahrg., I. 96, 1846.

Cambarus advena, Hagen, III. Cat. Mus. Comp. Zool., No. III. p. 86, PI. I. figs. 90-92, 1870.

Cambarus CaroUnus, Hagen (as determined b_y exaiiiiuatiou of his type speciineu !).

Cambarus Carolinus, Faxon, Proc. Amcr. Acad. Arts and Sci., XX. 140, 1884.

For the transposition of the descriptions and part of the figures of C. Caro-

linus and C. advena in Hagen's Monograph, see above. Hagen's types of

these two species in the Museum of Comparative Zoology are correctly de-

termined. The larger dimensions given by Hagen (p. 86), 2.9 in., are those

given by Le Conte for Astacus advena.

Hagen's type, labelled " Cambarus Carolinus Er.," and described by him

(p. 86) as Cambarus advena LeC, is a male of the first form (M. C. Z., No.

232) from Charleston, S. C. It differs from Astacus advena LeC. as follows.

The rostrum is less triangular and less deflexed, the cephalothorax more
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compressed from side to side, the carapace loss granulate on the sides, more

spai'sely punctate ; the branchial regions are more closely appressed, so that

they bulge upwards on each side of the areolar line, which thus comes to lie

in a depression in the median line of the back ; the metacarapace is longer

in proportion to the procarapace, the distance from the cervical groove to

the posterior margin of the carapace being equal to the distance from the

cervical groove forwards to the front end of the post-orbital ridge, whilst in

C. advena it falls considerably short of this ; the epistoma is truncate in front,

with a median spine ; in C. adi'ena it is more rounded in front ; the antennal

scale is a little wider in front, with shorter apical spine ; the serrate crest

on the inner border of the hand js less prominent, and the lower face of the

hand is less clearly impressed at the base of this crest ; the carpus is less

spinulose within and below, and the line of teeth on the superior margin

of the meros is obsolescent, except the two distal ones ; the lateral margins of

the pleura? of the abdominal somites are straighter ; the posterior segment of

the telson is shorter, and the spine at the end of the median rib of the inner

blade of the posterior pair of appendages is marginal, while in C. advena this

rib terminates in a spine some distance inside the margin. The first pair

of abdominal appendages are quite different, as will appear by comparison

of the figures on the first plate of Hagen's Monograph, bearing in mind that

the names of the two species are transposed on this plate. The distinctions

noted by Hagen, based on the presence or absetice of spines on the lower side

of the first segment of the antennule and at the end of the cervical groove,

are not good, as the former is present in Le Conte's type of C. advena in this

Museum, and the latter is also apparent in most specimens of C. advena. The

statement of Hagen, that " in the larger specimens the hand is more sulcated

beneath at the inner margin, and the carpus more spinulose," probably refers

to Le Conte's type of C. advena in the Philadelphia Academy.

The female specimen in the same jar with the male just noticed differs

from the male in so many ways, that I doubt whether Hagen has properly

referred it to the same species. Its abdomen is not only very broad, but

longer than the cephalothorax, whilst in the male specimen it is consider-

ably shorter than the cephalothorax. The carapace is not strongl}' com-

pressed in the lateral direction, is more heavily punctate, the areola is

not impressed, the epistoma is sharply triangular, the antennal scale broader.

The tubercles of the internal border of the hand are less prominent, the

external border of the hand is marginate, instead of being rounded and
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obsoletelj serrate, as in the male. The superior border of the meros is

smooth except at the distal end. The terminal spine of the rib on the

inner blade of the swimmerets is inside of the posterior margin. The an-

nulus is quite different from that of the other species of this group, viz.

C. gracilis, adrcna, and sinmlans, and I suspect that this female belongs to a

species of the C. Bartonii group allied to C. Diogenes and argillicoja.

All the other specimens in the Museum which are referred to C. Caro-

Unus by Dr. Hagen are small specimens. No. 3308, dry female from Georgia,

L. Agassiz, is certainly 0. advena. No. 3367 (No. 1850 of Hagen), a young

female also from Georgia, resembles G. advena in most respects, but the anten-

nal scale is too broad near the tip. No. 23.0, seven young female specimens

from Mobile, Ala., and No. 275, a very young male from the same locality,

appear to belong to some species of the C. Bartonii group, rather than to the

G. advena group, the tips of the male appendages being strongly recurved.

I am not certain of the identity of Erichson's species. Hagen examined

Erichson's type (a male of the first form) in Berlin, in 1870, and thought it

was G. Bartonii. Erichson's description, nevertheless, fits the present species

very well. The shape of the carapace, the linear areola, the small abdo-

men, and the crest-like single row of tubercles on the inner side of the

hand, certainly seem to indicate this species rather than C. Bartonii. Erich-

son's type was collected by Dr. Cabanis, who informed Dr. Hagen that all

the Astacida3 he procured came from near Greenville in the upper part of

South Carolina. The specimen in the Museum of Comparative Zoology here

referred to G. Carolinus comes from the seaboard at Charleston. The form

of the male appendages of Erichson's type would at once prove or disprove

its identity with G. Bartonii. If it be the same, the species under consider-

ation must receive a new name, G. Ilar/enianus. The vmispinous telson of

Erichson's type is probably an abnormal condition, not a specific character.

21. Cambarus gracilis.

Plate ^^II. iig^s. 4, 4, 4" {first abdominal appendages of male).

Cambarus gracilis, Bundy, Bull. 111. Mus. Nat. Hist., No. I. p. 5, 1S76. — Trans. Wis. Acad. Sci., V. 1S2,

]882.— Geol. Wis., Surv. of 1873-79, I. 403, 1SS3.

Camhurus gracilis, ToRBES, Bull. 111. Mus. Nat. Hist., No. I. p. 18, 1876.

Cambarus gracilis, Paxon, Proc. Amer. Acad. Arts aud Sci., XX. 141, 1884.

Male, form I.—Rostrum of moderate length, depressed, broad, excavated,

foveolate at base ; margins raised, punctate, slightly converging from the
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base to near the tip, where tliey suddenly converge to form the short, acute,

broadly triangular acumen ; the acumen is slightly margined. Post-orbital

ridges unarmed in front, with posterior caUosities. Cephalothorax long, lat-

erally compressed. Carapace smooth and sparsely punctate above, granular

on the sides; cervical groove sinuate, no branchiostegian spine; sub-orbital

angle moderately developed, rounded ; areola linear, with a small anterior

and a larger postei-ior triangular space. Abdomen shorter than the cephalo-

thorax bv the length of the rostrum, lateral margins of the pleuras nearly

straight, basal segment of the telson one- or two-spined on each side, poste-

rior segment short, rounded ; rib on inner blade of the- swimmeret ends

inside the margin. Basal segment of antennule with a spine beneath. An-

tennae short, scale short and of moderate width. Epistoma triangular, sides

convex and setose, anterior angle truncate in some specimens. Third max-

illipeds furnished with long hairs within. Chela broad, inflated, punctate,

squamoso-tuberculate on the inner part of the upper face of the hand

;

inner margin of hand serrato-dentate ; fingers laterally compressed, punc-

tate ; movable finger tuberculate on the outer margin at the base ; inner

margins of fingers tuberculate. Carpus triangular, obliquely truncate, armed

on the internal side with a long strong tooth and one or two smaller teeth

and low tubercles ; on the lower face there are a small external spine, a

strong median anterior spine, and two or three small tubercles between the

median spine and the internal tooth. Distal half of superior margin of

meros tuberculate, lower face biserially spinulose. Third pair of legs hooked.

Sternum hairy. First pair of abdominal appendages long, slender, twisted

;

internal part cylindrical, straight, apex acute, longer than internal ]5art, bent

somewhat outward ; external part truncate, terminated by two horny teeth.

Length, 80 mm. Carapace, 45 mm. Width of carapace, 20 mm. Length

of metacarapace, 19 mm.

Female.—Abdomen broader, annulus ventralis composed of two cres-

cents flattened and interlocked behind, the anterior horn of each crescent

making a prominent denticulated tubercle.

I have not seen the .second form of the adult male. Very young males

have the first pair of abdominal appendages unarmed at the tip. In the

larger male specimens the movable finger is somewhat excised at the base

within, and the index has a very prominent tubercle opposite the excision.

In 3ounger specimens the antennal scale is broader and more convex within

than in mature specimens. Very young ones, taken from the parent, have

6
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long, slender antennoe, and the areola is not reduced to a line in the middle,

as it is in larger specimens.

G. gracilis has much the general habit of C. Diogenes of the same region,

but the male appendages are formed after the fashion of the C. Blandixgii

group. The annulus ventralis of the female is also quite different from that

of C Diogenes. Apart from the sexual characters, it is distinguished from

C. Diogenes by the very prominent single row of teeth on the inner border

of the hand, the narrower cephalothorax, etc. It agrees very closely with

the male sj^ecimen from Charleston, referred by me to C. Carolinus Erichs.

(p. 54), described by Hagen on page 86, imder the name of C advena. The

Western species differs, however, in the rostrum, which is more sharply angu-

lated at the base of the acumen, the fore border of the carapace is angulatcd,

the carpus and meros are more spiny, the rib on the internal lamina of

the swimmeret terminates in a spine inside the margin. The male appendages

are like those of C. Carolinus. It differs from G. advena in the male appen-

dages and shape of rostrum. The annulus ventralis of tlie female is much

like that of C. adi'cna, but in that species the anterior tubercles are not

sharply multi-denticulate, as in G. gracilis. The female of G. Garoliniis has

probably not yet been made known. (See p. 55.) The female specimen

(M. C. Z. Cat., No. 3453) mentioned by Hagen, page 82, as an abnormal

specimen of G. obesns, is G. gracilis.

According to Dr. P. R. Hoy, G. gracilis burrows in the clay in the prairies

near Eacine, Wis. ; and Professor Forbes states that it is very common along

water-courses, in early spring, in the neighborhood of Normal, 111. Mr. H.

Garman informs me that, among hundreds examined from such localities, he

has not found a dozen males. Other localities are Lawn Ridge, 111., Athens,

111., and Davenport, la. There is a type specimen, male form I., received

from Professor Bundy, in the Museum of Comparative Zoology.
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GROUP III. (TviE, C. Bartonii.)

Third secjmcnl of third pair of legs hooked. First pair of abdominal appen-

dages of the male thick, the inner and outer parts each terminating in a slwrt

recurved tooth.

The more typical forms of this group have no lateral teeth on the ros-

trum, but in C. extraneus, Jordani, Girardianus, cormdus, and hamulatus, lat-

eral rostral teeth are present. Of these five, only C. extraneus was known

to Dr. Hagen, who placed it, on account of the rostral teeth, as an aber-

rant species in the C. affinis group. I think the structure of the male ap-

pendages is of much greater value in determining the subordinate groups

of Cambarus than the form of the rostrum, which presents every condition

between one with well-developed lateral teeth and one with entire margins.

C. cornutus is peculiar in the enormous development of the antennal flagella.

C harmdatus, like C. pellucidus in Group I., is blind. It has slender chelse, and

resembles G. pellucidus a good deal in its general form.

n

lateral teetli.

'Areola broad. Rostrum loug, tapering C. acuminatus.'

Areola of moderate width C Bartonii, C. latimanus. d if ,.

Aj-eola narrow C. dubitis. \>
'> •^

-,,
''

|

Rostrum cxeavated above . C. Diogenes, C.argillieola.

Rostrum plane above . . C. Uhleri.

. luccrta: sedis .... C. Nebrasceiuis. ]'.?>

( Auteuna> of nomial size. C. Girardianus, C. Jordani, C. extranetts.

1 Autennte with large flagelluin, ciliate on inner side. C. eornutus.

es rutlimentary C. hamulatits.j.^^

Rostrum without

lateral teeth.

. Areola obliterated in the middle

Rostrum with f Eyes well developed.jEy

22. Cambarus Bartonii.

? Astacus Bartonii, EABRlcrus, Suppl. Entomolog. Systeniat., p. 407, 1798.

? Astacus Barto7iii, Bosc, Histoire Naturelle des Crustaees, II. 62, PI. XI. fig. 1, 1802. (2d ed., II. 40,

PI. XI. fig. 1, 1S30.)

? Astacus Bartonii, L.\treille, Hist. Nat. Gen, et Partie. des Crustaees et des Inseetes, VI. 240, 1S03.

(After P.ibricius.)

Astacus ciliaris, R.\finesque, Anier. Monthly Mag. and (,'rit. Rev., II. 42, Nov. 1817.

? Astacus pusillus, Rajinesqtje, Anier. Monthly Mag. and Crit. Rev., II. 42, Nov. 1817

Astacus Bartonii, Say, Jour. Acad. Nat. Sci. Pliila., I. 167, Dee. 1817.

? Astacus Bartonii, Desmahest, Consid. Gen. sur la Classe des Crustaees, p. 212, 1825. (After Fabricius.)

Astacus Bartonii, Harlan, Med. and I'hys. Researches, p. 230, fig. 3, 1835.

Astacus aj/i/iis, MiLNE Edwards, Hist. Nat. Crust., II. 332, 1837.

Astacus Bartonii, Gould, Rep. Invert. Mass., p. 330, 1841.

Astacus Bartonii, Tuompson, Hist. Vermont, Part I. ]). 170, 1S42. (With a wortlilcss cut.)

Astacus Bartonii, De Kay, Zoology of New York, Part VI., Crustacea, p. 22, PI. VIII. fig. 25, 1844.

Cambarus Bartonii, GiRARD, Proc. Acad. Nat. Sci. Phila., VI. 88, 1852. (No description.)
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Ciimbarus moiitaiius, Girard, Proc. Acad. Nat. Sci. Pliila,, VI. 88, 1833.

? Ciimbnrus loiigulus, Giraud, Troc. Acad. Nat. Sci. Pliila., VI. 90, 1852.

? Cambarus pmillits, Girard, Proc. Acad. Nat. Sci. Phila., VI. 90, 1852.

Cnmbariis Barionii, Hagen, 111. Cat. Mus. Coinp. Zool., Nu. III. p. 75, PI. I. figs. 47-50, PI. II. figs. 135-

139, PI. III. fig. 166, 1870.

Ciimbarm Barton'd, Abbott, Amcr. Naturalist, VII. 80, 1873, (Habits.)

Cambams BciHonii, Smith, Rep. U. S. Coram. Fisb and Fisheries for 1872 and 1873, p. 639, 1871'. (No

description.)

Cambams BuHonii, Bundy, Trans. Wis. Acad. Sci., V. 1S3, 1882. — Geol. Wis., Surv. 1873-1879, I. 103,

1883. (Cited from Hagcn.)

Cambams Bartoiiii, Faxon, Proc. Amer. Acad. Arts and Sci., XX. 22, 1884.

Known Localities. — Dominion of Canada : St. John, N. B. ; Montreal,

P. Q. (?) Maine : Houlton and May.sville, Aroostook Co. (Coll. Bowdoin

Coll.) ; Madison, Somerset Co. (Coll. Colby Univ.). Vermont : Burlington,

Colchester, and Shelburne, Chittenden Co. Massachusetts : North Graf-

ton, Worcester Co. ; Williamstown, Berkshire Co. New York : Lake Cham-

plain ; Ellenburg, Clinton Co. (Coll. Peabody Acad. Sci.); Westport (Coll.

Yale Coll.) and Elizabethtown, Es.sex Co. ; Fulton Lakes, Hamilton and

Herkimer Cos. (Coll. U. S. Nat. Mus.) ; Canton, St. Lawrence Co. (Coll. L. A.

Lee) ; Port Jervis and Newburg (Rafine.sque), Orange Co. ; Fishkill, Duchess

Co. (Rafinesque) ; Fallsbnrg, Sullivan Co. ; Slierburne, Chenango Co. (Coll.

Yale Coll.) ; Cazenovia, Madison Co. ; Ithaca, Tompkins Co. (Coll. Yale Coll.)

;

Berkshire, Tioga Co. ; Genesee River, Rochester, Monroe Co. ; Niagara, Niag-

ara Co. ; Forestville, Chautauqua Co. New Jersey : Schooley's Mountain
;

Orange (Coll. Yale Coll.) ; Trenton (Coll. Peabody Acad. Sci.). Pennsylvania

:

Bedford and Pattonville, Bedford Co. ; Windham, Bradford Co. ; Hummels-

town, Dauphin Co. (Coll. Peabody Acad. Sci.) ; Carli.sle, Cumberland Co. (Coll.

U. S. Nat. Mus.); Berwick, Columbia Co. (Girard); Schuylkill River, near

Philadelphia; Chester Co. (Coll. Acad. Nat. Sci. Phila.); Bainbridge, Lancas-

ter Co. (Coll. U. S. Nat. Mus.) ; McKean Co. (S. L Smith) ; Foxburg, Clarion

Co. (Girard). Maryland: Harford Co. ; Howard Co. ; Montgomery Co. (Coll.

P. R. Uhler); Frederick Co. (Coll. P. R. Uhler) ; Washington Co. ; Garrett

Co. ; Cumberland, Alleghany Co. (Girard). District of Columbia : above

Wa.shington ; Rock Creek, Georgetown. Virginia : Clarke Co. (Coll. U. S.

Nat. Mus.); Alexandria Co. ; Franklin, Southampton Co. ; tinbutaries of Rap-

pahannock River, Stafford Co. ; James River (Coll. Acad. Nat. Sci. Phila.)
;

tributaries of James River, Rockbridge Co. (Girard) ; Lunenburg, Lunenburg

Co. (Coll. L. A. Lee) ; Bath Co. ; Reed Creek, west of Wytheville, Wythe

Co.
; Holston River, Smyth Co. (Coll. U. S. Nat. Mus.). West Virgiuia : Wil-

liamsport. Grant Co. ; South Branch of Potomac River ; Glade Creek (Ran-
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dolpli or Tucker Co. ?) ; Patterson's Creek ; Petroleum, Ritchie Co. ; near

White Sulphur Springs, Greenbrier Co. ; branch ot" Clinch l\iver, northern

base of Clinch Mountains. North Carolina : Kinston ; Newman's Fork, Blue

Ridge, McDowell Co. Ohio : Marietta (Coll. Bost. Soc. Nat. Hist.) ; Cincin-

nati; Yellow Springs ; Scioto River, Columbus. Indiana: New Albany ; Full

Creek, Indianapolis (Coll. Peabody Acad. Sci.). Lake Superior. Kentucky:

Cumberland Gap, Josh Bell Co.; Smoky Creek, Carter Co.; Kentucky River,

Little Hickman, Jessamine Co. ; Hickman's Landing ; Bear Creek, Gray.son

Springs, Grayson Co. ; Mammoth Cave, Edmonson Co. Tennessee : Line-

ville Cave, near Blountsville, Sullivan Co. ; Doe River, Carter Co. (Coll.

U. S. Nat. Mus.) ; Knoxville. Mis.souri : Osage River (?).

Yah. robusta.

Cambarus rohiistiis, Gikabd, Pi-oc. Acad. Nat. Sci. I'liila., VI. flO, 1852.

Cambarus rohitstiis, IIagex, HI. Cat. Mus. Cimip. Zocil., No. III. p. 80, P). IIT. fig. 107, 1870.

Cambarus robustus. Smith, Rep. U. S. Comm. Eisli and Fisheries for 1S72 and lS7;i, p. 639, 1871-. (Cited

from Hageu. No description.)

Cambarus robustus, Faxon, Proc. Amer. Acad. Arts and Sci., XX. 113, 1SS4.

Known LocalUies.— Dominion of Canada : Humber River (Coll. Acad. Nat.

Sci. Phila.) and Don River, Toronto, and Indian Creek, Weston, Province of

Ontario. New York : Forestville, Chautauqua Co. ; Genesee River, Roch-

ester, Monroe Co, ; Sodus, Wayne Co. ; tributaries of Racket River, near

Tupper's Lake, St. Lawrence Co.- (Coll. L. A. Lee); Canton, St. Lawrence

Co. (Coll. L. A. Lee) ; Fulton Lakes, Hamilton and Herkimer Cos. (Coll.

U. S. Nat. Mus.) ; Natural Bridge, Jefferson Co. (Coll. C. H. Merriam).

Maryland : Montgomery Co. (Coll. P. R. Uhler). "\'irginia : Fredericksburg,

Spottsylvania Co. Illinois: Decatur, Macon Co. (Coll. Bost. Soc. Nat. Hist.).

Tennessee ? (Coll. Bost. Soc. Nat. Hist.).

In the Museum of Comparative Zoology there is a specimen of C. Bar-

ixinil (Cat. No. 3358) labelled " Charleston, S. C. ?" and three specimens (No.

1101) in the same jar with an Alpheus are mai'ked "Pico, Azores, Miss 0.

Dabney, May 23, 18G0." The latter locality, at any rate, is probably erro-

neous. Hagen states (p. 77) that he has seen a specimen from Georgia; and

I find in the collection of the Boston Society of Natural History this species

in the same bottle with a Pagurus and Hi/as coardatus, labelled " Savannah,

Ga., Dr. H. Bryant." The presence of the marine forms, especially the

Northern Hyas, casts doubt on the correctness of the label. The locality

label, " 0.sage River," is marked by Dr. Hagen as being very doubtful.
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The centre of distribution of this common Eastern species seems to be

the Appahichian Mountain system in Pennsylvania, and the Susquehanna

and Delaware Rivers with their tributary streams. To the nortliward from

this region it is found throughout the State of New York, in the basins of

the Susquehanna, Delaware, Hudson, and St. Lawrence Rivers. I have seen

Massachusetts specimens from Williamstown, Berkshire Co. (Hudson River

basin), and from Grafton, Worcester Co. (Blackstone River basin). The

Grafton specimens were lately collected by Mr. L. W. Sargent, in a clear,

cold spring. I have been unable to obtain any specimens from Rhode

Island or Connecticut, but Prof. E. P. Larkin informs me that about forty

years ago crayfishes {C. Bartoniil) were not uncommon at Westerly, R. I., on

the Pawcatuck River near the border of Connecticut. Vermont specimens

have been received from Chittenden Co. on Lake Champlain. According to

Zadock Thompson, C. BaHonii is very common in many of the small streams

in the western part of the State. In the State of Maine, it occurs in the

valleys of the St. John, Kennebec, and Penobscot.* I have myself seen

specimens from Houlton and Maysville, Aroostook Co. (St. John valley),

and from Madison, Somerset Co. (Kennebec valley). Other localities in the

State from which crayfishes (probably C Bmionii) have been reported are

the following : Heron Lake (Thoreauf) and Churchill Lake (A. S. Packard) on

Allegash River, a tributary of the St. John ; Moosehead Lake and Solon in

the Kennebec valley {fide Wm. Elder) ; Lobster Pond (see Thoreau, Maine

Woods, p. 99) and Patten in the Penobscot valley. Professors Verrill and

Smith, who have explored the neighborhood of Norway, Oxford Co., in the

Androscoggin valley, are confident that no Cambari are found in that part of

the State. The easternmost point from which C. Bartuuii has been received

is St. John, New Brunswick.

To the westward, C. Bartonii extends into the vjilley of the Ohio River

and its tributaries, in the States of Pennsylvania, West Virginia, Virginia,

Ohio, Indiana, Kentucky, and Tennessee.

Southerly its range involves the area drained by the rivers that debouch

into Chesapeake Bay, in Maryland and Virginia. From North Carolina I

have seen specimens collected in the mountain region of the western part of

the State (McDowell Co.), and at Kinston in the eastern part of the State

* The St. John and Penobscot are connected by a canal from Tclos Lake to Webster Pond, and the

divide between the head-waters of the Penobscot and the Kennebec is so low that it is said that in very wet
seasons their waters mingle. (See Tiwreau, Maine Woods, pp. 36, 250.)

t Maine Woods, p. 237.
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(Neuse River basin). It is doubtfully reported from South Carolina and

Georgia ; but its place seems to be largely taken in those States by the

nearly related C. latimamis. Lake Superior and Osage River are isolated

Western localities from which C. Bartonii is reported.

As a rule, C. Bartonii prefers the cooler waters of mountain regions or

uplands, while the clay bottoms and marshes, both on the east coast and in

the Western prairie country, afford the related C. Diogenes. According to Dr.

C. C. Abbott, C. Baiionii in the neighborhood of Trenton, N. J., burrows in

the muddy banks of ditches, small streams, and of the Delaware River. He

says: " The burrows of Camharus Bartonii, so far as we have discovered them,

have all been in the banks of the smaller sti'eams and meadow ditches (and

occasionally a colony of burrows in the river bank, where peculiarly favor-

able), a little below the usual water line." It is not, however, pre-eminently

a burrowing species, like its cousin, C. Diogenes, being more commonly found

under the stones in clear streams and in springs. In the U. S. National

Museum are young specimens found in a spring in Clarke Co., Va., the

temperature of whose water is 67° F. The observations of Dr. Godman*

upon the habits of a burrow-dwelling species probably relate to C. Bartonii.

According to Dr. John Sloan, of New Albany, Ind., C. Bartonii is found

in ponds and still water in that locality, C. /Siounii being the common form

in the running streams.

The well-known occurrence of C. Bartonii with well-developed ej^es in

the Mammoth Cave of Kentucky is mentioned on p. 41. Mr. A. R. Crandall

has also collected it in Lineville Cave, near Blountsville, Tenn.

As might be expected in a species with such an extended geographical

range, C. Bartonii is subject to considerable variation. The variations affect

especially the rostrum, areola, antennal scale, epistoma, and chelse. In the

common Eastern form, the rostrum is short, broad, nearly plane above, the

sides nearly parallel from the base to near the tip, where they suddenly

converge to form the short acumen. The antennal scale is narrow. The

areola is rather narrow, with two or three longitudinal rows of impressed

dots. The chelce are coarsely punctate, the internal margin of the hand sub-

tuberculate, the fingers gaping at base. To the westward, in the Alleghany

Mountain region of Virginia, and in the Ohio River basin, specimens are

found in which the rostrum is longer and narrower, the margins converging

* Rambles of a Naturalist, with a Memoir of the Autiior, Dr. John U. Godman, p. 42. Philadelphia,

1859. (Republished from " The Friend.")
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more gradually to form the longer acumen. The areola is wider and more

punctated, the antennal scale broader at the tip. This is the form described

by Girard under the name of C. montanus. From this form we easily pass

to one with a still more elongated rostrum, hand and fingers scarcely tuber-

culated, external finger bearded within at the base, antennal scale truncate

at the end, with the inner margin straight and parallel to the outer one.

The epistoma is short and transverse. This foi-m I have called C. Bartoidi,

var. longirostm. It is perhaps the same as Girard's Canihanis longulus (see

p. 66). My specimens come from Eastern Tennessee and West Virginia.

Three fi-om Cumberland Gap have a well-marked lateral spine on the cara-

pace. There are so many varieties connecting this one with the more typical

forms with a short rostrum, that I cannot regard it as a distinct species.

Even among those with the short quadrangular rostrum there is consider-

able variation, the upper surface of the i^ostrum being more or less hollowed

out and the margins thickened, and the areola of variable width. From one

locality, Cincinnati, Ohio, come three forms which are readily distinguishable

from each other. In one of these (M. C. Z., No. 267).the rostrum is sub-

quadrangular, the antennal scale narrow, and the areola narrow (2 mm. in

a specimen 75 mm. long) with two longitudinal lines of dots. This comes

very near the common Eastern form, but the rostrum is more excavated

above. In another form (M. C. Z., No. 288) the rostrum is also quadrangu-

lar, Init the areola is broad (4 mm. in a specimen 91 mm. long) and thickly

sown with dots. The cervical groove is more sinuate, the post-orbital ridge

shorter. The third form (M. C. Z., No. 243) has a somewhat longer and

more tapering rostrum, an almost linear areola, antennal scale broad near

the tip, and a shorter and more conical hand. This form approaches 0. kdi-

mdnus, and may be a distinct species from C. Burtonii.

In specimens from the Mammoth Cave, the antennae are extremely long

{\\ times as long as the body), the antennal scale broad and sub-truncate

at the end ; the metacarapace is very long, and a lateral spine is evident.

The maro;ins of the rostrum are anc^ulated at the base of the acumen, in

young specimens even toothed. The terminal segment of the telson is oval.

The largest specimen from the cave, a male of the first form, measures

108 mm. from tip of rostrum to posterior border of telson.

Fabricius's description of Astacus Burtonii is as follows :
—

" A. thorace Irevi, rostro brevi, acuminato, carpis dentatis.

" Hal)itat in America boreali. Prof Smith Barton.
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" A. flnviatili minor. Thorax la3vis, punctatus, lateribus antice parum

scabris. Rostrum breve, planum, apice acuminatum. Chela3 sex, anticis

majoribus, brachiis serratis, cai'pis dentatis, manibus ovatis, lievibus, punc-

tatis, reliquiis quatuor filiformibus."

As Dr. Barton lived in Philadelphia, the specimen sent by him to

Fabricius was probably the species now commonly known as C Barlonii.

Bosc's type probably came from South Carolina, as Desmarest asserts,

and may have been some other species. His figure is too defective for

identification.

Rafinesque's A. cUiaris, from Fishkill, Newburg, etc., N. Y., is without

doubt this species, and his description of A. jmsillus is probably based on

small specimens of the same species. It runs thus: '-Antens length of the

thorax, rostrum oval acute, a thorn and a longitudinal angle behind each

eye ; three pairs of pinciferous feet, hands of the first oblong dotted, wrist

smooth. Obs. A very small species, living in the brooks near Saratoga, Lake

George, Lake Champlain, Utica, Oswego, etc. Length one or two inches

;

vulgar name, brook prawn, shrimp, or lobster; entirely fulvous brown."

Say's description was evidently drawn up from this species, although his

supplemental remarks on page 443, where he says it is extremely common

in the pine-barren marshes of the Southern States, particularly Georgia and

Florida, probably relate to some other species.

Milne Edwards, misled by the transposition of the numbers of Harlan's

figures, has described G. offinis under the name of A. Bartonii ; C. Bartonii

(or a closely related species), under the name of A. affinis.

The Museum of Comparative Zoology contains specimens of G. latimanus

from South Carolina, labelled A. Bartonii by Dr. Lewis R. Gibbes, and in the

collections of the Academy of Natural Sciences of Philadelphia are speci-

mens of G. nisticns, var. placida, also labelled A. Bartonii by the same writer.

The localities given by Gibbes for A. Bartonii, therefore, cannot be taken

as belonging to this species.

Erichson's types of C. Bartonii in the Berlin Museum were examined by

Dr. Hagen in 1870. They are a male, form U., and a young female, and

according to Dr. Hagen both are G. lathnamis. They were collected by Caba-

nis in upper South Carolina. Erichson's type of G. Garolhms, also from South

Carolina, appeared to Dr. Hagen to be G. Bartonii, but the description of

Erichson agrees much better with the species formerly referred to G. Caro-

limis by Hagen.
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Girard does not describe his G. Bartonii, but cites as synonymous A. Bar-

tonii of Fabricius, Latreille, Bosc, Say, Harlan; and Gould, and A. ciUaris of

Rafinesque. His localities are Foxburg, Carlisle, and Berwick, Pa. Hagen

examined a specimen from the latter locality, communicated by Stirapson,

undoubtedly one of Girard's types. This specimen agreed perfectly with

Hagen's C. Biirtonii from the Schuylkill River. There is now in the col-

lection of the Academy of Natural Sciences of Philadelphia a dry female

specimen labelled " G. Burtoniil Cohaxie [Coxsackie?]," in the same hand-

writing as the other species of Girard mentioned on page 11. It is the

typical Eastern form of C. Bartonii, with two longitudinal rows of dots in the

areola, narrow antennal scale, and short, quadrangular rostrum.

Girard also describes C. montanus, sp. nov., C. longidits, sp. nov., C pusillns,

sp. nov., and G. rohustus (Raf ). The types of G. montamis came from the

Alleghany regions in Maryland, Virginia, and West Virginia. A young

second-form male type from Greenbrier River, W. Va., was compared by

Hagen, and deemed identical with C. Bartonii. The young male in the Pliila-

delphia Academy, labelled " G. montanus ? James River, Va.," said by Hagen

to be identical with the type of G. montanus, has been examined by me. The

rostrum is more oval than in the common form of G. BartonU, the antennal

scale broader near the tip, the areola more punctate, with the dots irregu-

larly disposed over the whole field of the areola. It cannot be separated

specifically from G. Bartonii.

The type of G. lontjulus, from the Middle States, was also examined by

Dr. Hagen, and thought to be a deformed specimen of C. Bartonii. " The

fingers are cylindrical, very widely separated at the base, and bearded in

this place and inside of the external finger, along the basal half .... The

other differences quoted by Mr. Girard, and taken from the shape of the

rostrum and the breadth of the areola, are not important enough to warrant

a specific separation." According to Girard's description the areola is very-

broad, the rostrum much narrower and longer than in G. Bartonii and slightly

concave on the sides. The specimens described above under the name of

C. Bartonii, var. longirostris, perhaps are the same form as G. longulus. They

agree with Girard's description in the length of the rostrum, and the ex-

ternal finger is bearded within in accordance with Hagen's description of

Girard's type.

Girard's type oiG.jmsilliis came from the stomach o? a. Lota maculosa taken

in Lake Ontario three miles from shore, off Osw^ego, N. Y. Compared with
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C. niontamis, the anteiuate wore longer, the rostrum was more tapenug and

terminated in a more elongated point, and the areola narrower. This was

probably a form of G. Budouu, whether identical with Rafinesque's C. [ju-

sillus or no is doubtful.

C. rohusins Girard, not an uncommon form in the St. Lawrence valley

about Lake Ontario, is so near to C. Bartonii that it is best treated as a

variety of that species. The differences are sufficiently pointed out by

Hagen on page 80 of the Monograph of the North American Astacidaj.

They are hardly greater than in some of the varieties of C. Bartonii noticed

above. Both forms, C robustiis and the typical C. Bartonii, are found to-

gether in some parts of New York State. A male specimen in the collection

of the Academy of Natural Sciences of Philadelphia, fioui Humber River,

Toronto, is probably one of Girard's types. There is a male specimen from

Decatur, 111., in the collection of the Boston Society of Natural History, and

two small specimens from Tennessee, Dr. Curtis, which appear to be C ro-
,

ktstiis. In the Philadelphia Academy there is also a young specimen from

Florida that resembles G. roljustus, but the antennal scale is broader at the

tip. C. Bartonii, var. rohiista, is also found in Virginia. I have seen speci-

mens 86 millimeters in length.

The first abdominal appendage of the male G. Bartonii, var. rohusta, is

figured by Brocchi, Ann. Sci. Nat., & Ser., Zool. et PaleontoL, II., PI. XIII.

fig. 15.

In the Report on tlie Crustacea of the United States Exploring Expe-

dition (Pt. I. p. 525, PI. XXXIII. fig. 2) Dana describes and figures as

AstacHS
(
Gamharus) Bartonii a crayfish of uncertain locality, " possibly from

Brazil." It is clearlv not Gamharus Bartonii, neither is it the same as the

Brazilian Parastacine crayfish in the Museum of the Academy of Natural

Sciences of Philadelphia, as Hagen suggests (p. 11). I have not been able

to find Dana's type in the collections of the Smithsonian Institution.

23. Cambarus acuminatus. " ^. bartonM oo^^ .j;>
o.
JVs^ |-^. vr

Plate m. fie. 5, Plate VIII. figs. 6 a, G a'.
^'^^

'
(T"

'

Cambarus acuminafus, Faxon, Proe. Aiiier. Acad. Arta ami Sci., XX. 113, ISSi.
^

Rostrum long, tapering, ending in a long, sharp acumen, without lateral

spines ; upper surface smooth, somewhat hollowed out, margins punctate,

ciliate, raised into low sharp crests. Post-orbital ridges with sharp anterior
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spines. Carapace smooth, punctate, granulated on the sides, cervical groove

sulcate, sinuate ; a sharp lateral and branchiostegian spine ; suborbital angle

rounded
J
an irregular indentation on the side of the carapace, below the lat-

eral spine, on the hepatic region and anterior part oi" the branchial region

;

areola broad, smooth, punctate, less than half as long as the distance from

the tip of the rostrum to the cervical groove. Telson bispinose on each

side. Epistoma triangular, angles rounded. Second and third segments of

the antennae with a strong sharp spine ; scale of moderate length, rather

broad, inner margin rounded, outer margin thick, turned outwards at the

tip. Third maxillipeds hairy within. Chela moderate, punctate, serrato-

tuberculate on internal border, fingers setose on their inner margins, ex-

ternal border of outer finger submarginate. Carpus armed with a strong

internal spine and smaller inferior median and external spines. Meros with

well-developed biserial spines below, and two obliquely placed near the dis-

tal end of the superior border. In some specimens one of the superior pair

is obsolete. Third pair of legs hooked. First pair of abdominal appendages

as in C. Bartonii.

Length, 48 mm. Carapace, 23 mm. Rostrum, 6 mm. Areola, 7 mm.

Breadth of areola, 2 mm.

Saluda River, west of Greenville, S. C. Collected by Prof. D. S. Jor-

dan. Three specimens, one male of the second form, two females. For the

opportunity to examine these I am indebted to Prof. 0. P. Hay of Butler

University, Irvington, Ind. Differs from the other species of the G. Bar-

tonii group in its long, gradually tapering rostrum, short metacarapace,

strongly developed spines of carapace, antennae, and meros. The acumen

of the rostrum is scarcely upturned at the tip.

Specimens from North Carolina, Old Fort, McDowell Co., and French

Broad River (in Mus. Comp. ZoiJl. and Acad. Nat. Sci. Phila.), differ from

the above in having the rostrum flatter and less attenuated at the tip, a

.shorter antennal scale, sub-orbital angle produced into a sharp spine. These

may prove to be a distinct species from the Saluda River specimens.

They approach C. Bartonii, var. rohusta, but may be distinguished from that

form by the longer-pointed rostrum, shorter metacarapace, better-developed

spines, etc.
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24. Cambarus latimanus.

Plate II. ttK. 3.

? Astactis (Cam/Mrnm) Barlonii, Ericusox, Arch. Natui-gescli., XII. Jalir"-., I. 97, 1S46.

Astarus lallmanns, Le Conte, Proc. Acad. Nat, Sci. Pliiia., VII. 402, 1855.

Cambarus latimanus, Hagen, 111. Cat. Mus. Comp. Zool., No. III. p. 83, PI. I. fio^s 43-46, PI III fi» 162
1870.

"
'

'
•

o-
.

Cambarus lati/iunius, Faxon, Proc. Aincr. Acad. Arts and Sci., XX. 144, 18S4.

Known Localities.— South Carolina : near Columbia (Coll. U. S. Nat. Mus.)

;

near Greenville (Coll. Berlin Wws., teste Hagen). Georgia: Athens; Milleclge-

ville; Roswell. Alabama: Blount Spring and Cullman, Sand Mountain; near

Bridgeport (var.). Mississippi : Ocean Springs. Tennessee : near Ashland

City, Cheatham Co. (var.).

Erichson's types of C. Bartonii in the Berlin Museum were examined by

Dr. Hagen in September, 1870. They consist of a male of the second form

and a young female collected by Cabanis in the upper part of South Caro-

lina, near Greenville. Hagen considered them both to be young C latima-

nus. A large C. Diogenes, from St. Louis, Mo., with a deformed rostrum, in

the same museum, was also labelled Astaciis Bartonii by Erichson.

There is a type, male form I., of Le Conte's A. latimanus in the Museum

of Comparative Zoology, and another, a female, in the Philadelphia Academy.

Two specimens from South Carolina in the Museum of Comparative Zoology

were received from Dr. Lewis R. Gibbes as "Astacus Bartonii Fab."

One male specimen, in the same jar with C. latimanus, from Athens, Ga.,

has a rather broad areola, and seems to be a foi'm of C. Barlonii, rather than

of C. latimanus.

Mr. C. L. Herrick collected small specimens at Ocean Springs, Miss., on

the Gulf of Mexico, which appear to be this species, but its fiivorite habitats

are the higher regions at a distance from the coast.

In specimens from Blount Spring and Cullman, Ala., the areola is some-

what narrower than in the types from Georgia ; and in those received

through the U. S. National Museum from Bridgeport, Jackson Co., Ala., and

Ashland City, Cheatham Co., Tenn., the areola is almost reduced to a line in

the middle, the metacarapace is longer in proportion to the procarapace, the

fingers are shorter, the tuberculation of the hand weaker, the epistoma

narrower and less sharply truncate. In the typical specimens from Georgia

the distance from the cervical groove to the hind margin of the carapace

is equal to the distance from the cervical groove forwards to the middle of
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the post-orbital ridges. In the form from Bridgeport and A.shland City it is

equal to the distance from the cervical groove forward to the anterior spines

of the post-orbital ridge.

25. Cambarus dubius.

Plate IV. fig. 3, Plate VIII. figs. 7, 7.

Cambarus diibkis, Faxon, Proc. Amcr. Acad. Arts and Sci., XX. Hi, 1S84.

Rostrum short, broad, sides subparallel from the base to near the tip,

when they suddenly converge to form the short, broadly triangular acu-

men ; the rostrum is angulated, but not toothed, at the base of the acumen
;

upper surface of rostrum concave, sides thickened, punctate-lined. Post-

orbital ridges without spines, slightly swollen at the posterior end. Cara-

pace longer than the abdomen, oval, punctate, granulated on sides, posterior

dorsal margin depressed, cervical groove hardly sinuate, crossing the median

line of the back half-way between the base of the rostrum and the poste-

rior margin of the carapace ; lateral and branchiostegian spines obsolete

;

sub-orbital angle little developed, obtuse ; areola narrow, with two irregu-

lar longitudinal rows of dots. Epistoma subquadrangular. Abdomen small,

short ; anterior segment of telson bispinose on each side, posterior segment

rounded behind. Antenna? shorter than the body, second and third segments

without spines, scale small. External raaxillipeds hairy within. Chela punc-

tate, inner margin of hand serrato-tuberculate, outer margin thickened,

serrate ; fingers somewhat down-curved, slightly gaping, toothed on their

opposed margins. Carpus with a strong tooth on the inner side, teeth of

the lower side obsolescent. Superior border of meros serrate, lower side

armed with two rows of spines. Third pair of legs hooked. First pair of

abdominal legs of the first form of the male short, thick, twisted ; internal

part cylindrical, recurved, with pointed apex ; external j^art broader, plane

within, apex recurved, compressed, external margin corneous, striated.

Length, 62 mm. Carapace, 33.5 mm. Abdomen, 28.5 mm. Rostrum,

5 mm. Metacarapace, 15 mm. Width of areola, 1.5 mm.

Known Localities.— West Virginia : Cranberry Summit, Preston Co. Vir-

ginia : Pennington's Gap, Lee Co. Tennessee : Cumberland Gap.

This species has the general appearance of C. Dlor/enes, but the rostrum

is short, as in (J. Baiionii, and the areola is not obliterated in the middle
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by the ai:)position of the brauchio-cardiac lines. The few (four) specimens

Avhich I have seen come from the Appalachian Mountain region of Virginia

and West Virginia. According to Mr. Uhler, it makes mud chimneys like

C. Diogenes, which it seems to represent in the mountain regions, C. Diogenes

belonging to the lowlands.

26. Cambarus Diogenes.

Cambams Diogenes, Gieard, Proc. Acad. Nat. Sci. Phila , VI. 88, 1852.

Camhitrus obesus, Hagen, 111. Cat. Mus. Comp. ZouL, No. III. p. SI, PI. I. figs. 39-42, PI. III. fig. 163, PI.

IX., 1870.

Cambarus obesiis, Smitit, Hep. U. S. Comm. Fisli and Fislicrics for 1873 aud 1873, p. 639, 1S74. (After

Hage'u. No description.)

Cambarus obesus, Forbes, Ball. lU. Mus. Nat. Hist., No. I. pj). 5, I'J, 1876.

Cambarus obesus, BcNDY, Proc. Acad. Nat. Sci. Pliila., 1877, p. 171.— Trans. Wis. Acad. Sci., V. 183, 1882. —
Geol. Wis., Surv. 1873-1879, I. 403, 1883. (No description.)

Cambarus J)io//eites, Faxox, Proc. Anicr. z\cad. Arts and Sfi., XX. p. 114, 1884.

Cambarus Diogenes, var. Ludoviciana, Faxon, Proc. Arner. Acad. Arts aud Sci., XX. p. 144, 1884.

Known Localities.— New Jersey : Mercer Co. Pennsylvania : Derry Sta-.

tion, Westmoreland Co. Maryland : Baltimore Co. ; St. Mary Co. ; Caroline

Co. (Coll. P. K. Uhler) ; Dorchester Co. (Coll. P. R. Uhler); Worcester Co.;

Deer Park, Garrett Co. (Coll. P. R. Uhler). District of Columbia : near Wash-

ington. Virginia : Alexandria Co. ; Accomack Co. ; Northampton Co. ; Fred-

ericksburg ; Petersburg. North Carolina: Wilmington (Coll. U. S. Nat Mus.);

Kinston (Coll. U. S. Nat. Mus.). Ohio: Kelley's Island, Lake Erie (Peabody

Acad. Sci.). Indiana : Long Lake, Kendallville, Noble Co. (Bundy ) ; Mechanics-

burg, Henry Co. (Bundy) ; Knox Co. (Coll. U. S. Nat. Mus.). Illinois: Lawn

Ridge ; Evanston ; Belleville ; Decatur ; Chicago ; Abingdon (Coll. L. A. Lee

and B. F. Koons). Michigan : Detroit. Wisconsin : tributaries of Pecatonica

River, Green Co. ; Appleton (Coll. Butler Univ.) ; Racine (Coll. Acad. Nat.

Sci. Phila.). Iowa : Davenport. Missouri : Carroll Co. (Coll. Bost. Soc. Nat.

Hist.); St. Louis (Coll. Bei'lin Mus., Ms-^e Hagen). Kansas: Leavenworth. Colo-

rado : Clear Lake. Wyoming : Cheyenne. Arkansas. Kentucky : near Louis-

ville ? Mill Branch, near Bee Spring, Edmonson Co. V Mississippi : Monticello,

Lawrence Co. Louisiana: New Orleans.

The labels of specimens, probably tjpes, of C. Diogenes and C. propinqims,

in the Philadelphia Academy have been transposed accidentally, so that Dr.

Hagen failed to see the identity of the former and his own C. obesus. Girard's

diagnosis is too incomplete to be of much value, although his account of
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the peculiai' mode of life of this species would serve to identify it to those

familiar with its habits.

Specimens from the West are larger than the Eastern examples, and have

a broader antennal scale. In many of the Eastern specimens, moreover, the

bounding lines of the areola are not so closely approximated as in the West-

ern form, a very narrow linear space being left in the centre. Specimens

from New Orleans, La., have a narrower rostrum with the sides nearly par-

allel, a narrower ej^istoma, and metacarapace longer in proportion to the

procarapace. This form I have called C Diogenes, var. Ludoviciana.

A male specimen (M. C. Z., No. 3609) from Detroit, Mich., collected by

Mr. H. G. Hubbard from a burrow in blue clay in company with C. argilli-

cola, differs from the common Western form in having a narrower, more taper-

ing rostrum, less clearly foveolate at its base, a longer apical spine to the

antennal scale, and the post-orbital ridge more interrupted anteriorly to the

posterior callosity, which is in the form of a prominent tubercle. The fingers

are shorter, giving the chela a more conical shape. Tlie terminal segment

of the telson is moi'e oval behind, and the sides of the areola are not so

closely approximated. A female specimen (M. C. Z., No. 3458) from the

neighborhood of Mammoth Cave agrees very nearly with this male from

Detroit. The body is more attenuated than in the ordinary form, in this re-

sembling C. gmciUs. The other specimens which I have seen from Kentucky

are too small to determine with certainty.

I have seen no specimens of C. Diogenes from Tennessee, although it

probably inhabits that State, judging from the mud " chimneys," similar to

those built by this species, collected by Mr. Edward Palmer.

The female noticed by Hagen (p. 82), considered by him to be an

abnormal and deformed specimen of C. Diogenes, is C. gracilis Bundy.

C. Diogenes is pre-eminently a burrowing species, being found in mead-

ows and clay bottoms, often at a great distance from any permanent stream.

Girard has given an account of their burrows and the mud " chimneys

"

which they build over them. His observations were made in the neighbor-

hood of the city of Washington. " The holes, as they appear at the sur-

face of the ground, are nearly circular, from seven tenths of an inch to

one inch and one inch and a lialf in diameter. The depth of the burrows

varies according to the locations ; this we generally found to be from six-

teen inches to two feet, and sometimes to three feet and more. The con-

struction of the burrow itself is often exceedingly simple : from the surface
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of the ground the excavation exhibits a gradual slojie, in direction more or

less undulating for a distance from five to ten inches, when it becomes verti-

cal for six or eight inches, and then terminates in a sudden bottle-shaped

enlargement, in which the animal is found. The bottom of the burroyr

having no subterraneous communication, no other issue except towards the

surface, it is entirely isolated from its neighbors, and leaves no chance for

escape to its inhabitant. The same burrow may liave several external holes

connected with it, several inclined channels, which, however, meet at the

depth where it becomes vertical. We found constantly the cavity full of

water, but this was in March and April. The bottom, for several inches, was

filled with soft and pulpy mud.

" There are other instances of burrows somewhat more complex. Their

direction may be oblique throughout their whole extent, and composed of

a series of chambers or ovoid enlargements succeeding each other at short

intervals. Sometimes, also, and connected with one of the chambers, a nar-

row and nearlj' vertical tubuliform channel extends downwards to a much

greater depth, and appears to us as a retreat either during the cold win-

ters or else during the dryness of the summer, when water is low. That

it is not for the mere purpose of escaping pursuit, we infer from the fact

that we repeatedly caught the animals in the chambers above, where they

remained quietly, instead of attempting to disappear into the apartments

below

" In the spring, and we are told in the fall also, the burrowing craw-

fish builds over the holes of its burrow a chimne}' of the maximum height

of one foot, but most generally lower. The chinuiey, circularly pvramidal in

shape, is constructed of lumps of mud, varying in size, irregularly rolled up,

,

and piled up one upon each other, and intimately cemented together. Its

exterior has a rough and irregular appearance ; whilst the interior is smooth

and as uniform as the subterraneous channel, having the same diameter as

the latter

" The animal works during night. How the work is performed has not

yet been ascertained by actual observations On an examination of

these chimneys, we detected the imprints of the second and third pair of

claws, which indicate, evidently, that the parcels of mud, once brought to the

surface, .... are arranged and fixed in their definitive place by means of

these organs.

" When the work has thus been carried on towards completion, the last

. 10
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touch consifsts in .sluitting up the aperture. This is accomphshed by means

of several balls of mutl, brought up from underneath, deposited temporarily

on the edge of the chimney, and drawn back in close contiguity, so as to

intercept all communication with the external world."*

Another account of the burrows and mounds of C. Diogenes, by R. S.

Tarr, has recently been printed, with diagrams, in "Nature," Vol. XXX.

p. 127, June 5, 1884.t Mr. Tarr's observations, like Girard's, were made in

the neighborhood of Washington. According to Mr. Tarr, the eggs hatch

about the middle of May, while the parent is living within her burrow ; but

Mr. P. R. Uhler tells me that during the period of incubation the female

goes into pools, ditches, and quiet waters along the margin of overflowing

creeks. Mr. Tarr believes that the chimneys result from the excavation

of the burrow, without implying design on the part of the crayfish. Dr.

C. C. Abbott,^ on the contrary, is convinced that they are carefully designed,

since they are often built on the steeply sloping banks of ditches, where

the ejected balls of mud would surely roll into the ditch if they were re-

garded by the crayfish simply as rejected matter. In fact, an artistic tower,

only two inches in diameter and varying from eight tg eleven inches in

height, is erected on the steep incline. In several sncli instances observed

by Dr. Abbott the base of the tower was provided for by levelling the ground

before the foundation pellets of mud were laid. Of a series of forty towers

observed by Dr. Abbott on the banks of a ditch, not one, in his estimation,

could have been the result of accident.

As these pages are going through the press, I have received an article

by Dr. Abbott,§ which states that his nephew, Mr. Jos. DeB. Abbott, has seen

Ihe crayfish engaged in building its chimney. The observation was made

in the night by the light of a candle. The crayfish was seen to emerge

partially from its buri'ow, bearing "on the back of its right claw a ball of

clay mud which, by a dexterous tilt of the claw, was placed on the rim of the

chimney. Then the crayfish remained perfectly quiet for a few seconds,

when it suddenly doubled up and dropped to the bottom of its burrow.

* Girard states that Mr. T. R. Pcalc informed liim that he had observed inud cliimneys, similar to tliosc

built by C. Diogenes., in New Grenada, along the llio Magdalena, several hundred miles from the sea. This

observation is of interest, as indieating the possible soutliward extension of Cambarus beyond the Isthmus of

Panama.

f " Habits of Burrowing Crayfishes in the United States."

X "Arc the 'Chimneys' of iSurrowiug Crayfish designed?" Amcr. Naturalist, Vol. XVIII. p. 11.57,

November, 1SS4.

§ " How the Burrowing Crayfish works." The Inland Monthly, Vol. I. pp. 31, 132, Columbus, Ohio,

February, 1885.
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There elapsed some three or four minutes between each appearance ; hut

every time it came, it bi-ought a ball of clay and deposited it in the manner

I have described. About two fifths of the balls were not placed with suffi-

cient care, and rolled down the outside of the chimney."

Dr. Abbott believes that the closing of the orifice of a chimney is merely

the result of the accidental falling in of pellets from the rim, loosened

perhaps by atmospheric moisture. In some localities where the burrowing

crayfish abounds, there is a weather proverb to the effect that, when the

crayfish closes the opening of his chimney in dry weather, there will be a

rainfall within twenty-four hours.

It is difficult to imagine the object of this crayfish in building these

elaborate subterranean abodes. Further observations on the method of tun-

nelling, on the winter habits of the animal, and on its mode of life during

the breeding season, are much needed.

The mud chimneys built by C Diogenes were observed and figured long

ago by Audubon (Birds of America, Plates 222, 386 ; 8vo ed.. Plates 360,

370), who describes the ingenious device whereby the White Ibis draws the

crayfish from its retreat (Vol. VI. p. 57).

In life C. Diogenes is olive-colored, reddish on the margins of the rostrum,

the post-orbital ridges, and the margins of the abdominal somites ; chela)

cream-colored within, fingers reddish.

The largest specimen which I have seen from the East measures 84 mm.

from the tip of the rostrum to the end of the telson. Specimens received

from Illinois measure 111 mm. in length.

According to Forbes and Bundy, C. Diogenes is one of the commonest

species in Illinois and Wisconsin.

27. Cambarus Nebrascensis.

Ccmbanis Nebrnscensis, Giuard, Proc. Acad. Nat. Sci. Pliila., VI. 91, 1852.

Cambarus Nebrascensis, Hagen, 111. Cat. Mus. Comp. Zool., No. III. p. 83, 1S70. (.Vl'tev Girard.)

Cambarus Nebrascensis, Faxon, Proc. Amcr. Acad. Arts aud Sci., XX. 145,.1SS-1. (After Giraid. No de-

scription.)

" Kostrum intermediate in form between that of C. robtistus and C. Dio-

genes. Dorsal lines of suture of the carapace in close contiguity. Large

claw nearly conical, giving to the species a very peculiar aspect.

'^Locality.— Fort Pierre (Nebraska) ; collected in 1850 by Thaddeus Cul-

bertson." Girard.
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This species is unknown to me. Girard places it in his second group of

species [C. Barfonii and allies), with toothless rostrum and male apjaendages

recurved iit their extremity. I atn inclined to think that it is a Western

form of C. Diogenes, or possibly C. argilHcoht. Fort Pierre is on the right

bank of the Missouri River, at the mouth of Bad River, within the present

limits of the Territory of Dakota. Specimens of C. Diogenes collected at

Cheyenne, Wyoming, have the hand broad and fingers rather short, so that

the chela assumes a triangular shape when the fingers are closed. They

do not differ from C. Diogenes enough to warrant a separation, but are

vei-y likely the form named G. Nebrascensis by Girard. I do not know

what Hagen means when he .says the hands resemble in shape those of

G. 3Iexic(ums.

28. Cambarus argillicola.

Plate IV. flg. 3.

Cambarus arr/illicola , Faxon, Proc. Amer, Acad. Arts and Sci., XX. 115, 1S81.

Rostrum short, broad, down-curved, excavated, with a deep foveola at

base ; acumen short, broadly triangular, acute, no lateral spines. Post-orbital

ridges without anterior spines, sw^ollen behind. Cephalothorax laterally

compressed, carapace punctatCj anterior border not angulated, cervical

groove sinuate, no lateral or branchiostegian spine. Areola linear in the

middle, with an anterior and posterior triangular space, the latter the larger*.

Abdomen broad, but narrow at the base, longer than the cephalothorax.

Telson uni- or bi-spinose on each side. Epistoma rounded in front. An-

tennal scale small, rounded within. Third maxillipeds heavily bearded

within, lightly so beneath. Chela large, hand swollen, denticulate on inner

border, irregularly punctate, fingers flattened laterally, punctate and costate
;

the movable finger has a single row of tubercles on its external border and

a very prominent rib on its upper face ; its internal, cutting edge is toothed

and excised at the base ; the outer finger is sharply niarginate on its

external border, inner border toothed and heavily bearded at the base.

Carpus armed with a sharp spine and a few minute tubercles within ; be-

neath them is a sharp median anterior spine, and a minute spiniform tubercle

between this and the spine of the internal l^order. Meros furnished with

one or two small subapical teeth on the superior border, and two rows of

teeth below. Second pair of legs ciliate near the end. Third pair of legs
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of male hooked. First abdominal appendages of male and annulus of female

as in G. Diogenes.

Length, 76 mm.

Enoivn Localities. — Dominion of Canada : Toronto, Prov. Ontario. Mich-

igan : Detroit, East Saginaw (Coll. Peabodj' Mus. Yale Coll.). Indiana : New
Albany. Louisiana : New Orleans (Coll. U. S. Nat. Mus.). North Carolina :

Kinston.

Closely related to C. Diogenes, bnt at once distinguished by the sharply

compressed fingers bearded at the base, excised thumb with a single row of

tubercles on external margin, non-angulated anterior border of carapace, etc.

The types of this species were dug out of burrows in solid blue clay in

Detroit, Mich., by Mr. H. G. Hubbard, in August, 1873. The burrows were

three to five feet deep. At the bottom of each burrow was a pocket in a

laj-er of loose gravel and clay, holding water. Just above the water line an

enlargement in the burrow formed a shelf on which the animal rested.

Specimens from Kinston, N. C, and New Orleans, La., which I have

referred to this species, are not adult, and cannot be determined with

absolute certainty.

29. Cambarus Uhleri.

Plate VIU. figs. 8. 8', 8 a. 8 a' (flrst abdominal appendages of male *),

Cambarus Uldfi-i, Faxon, Proc. Aiiier. Acad. Ai-ts and Sci., XX. 116, 1SS4.

Male, form I.—Rostrum of moderate length, sides nearly parallel to base

of acumen, which is broadly triangular, acute ; no lateral spines ; upper

surface of rostrum plane, punctate, lightly foveolate at base, margins raised

into a low, sharp crest, punctate-lineate ; there is a faint trace of a median

longitudinal carina. Post-orbital ridges without anterior spines, swollen

posterioi'ly. Carapace oval, punctate, granular on sides. Antero-lateral

border not angulate or notched. No lateral or branchiostegian spines.

Cervical groove sub-sinuate. Areola none. Abdomen longer than cephalo-

thovax. Anterior segment of telson bi.spinose on each side, posterior seg-

ment round behind. Epistoma triangular. Antennae short, with very small

spines on the second and third segments, scale short, broad, inner margin

rounded. Third maxillipeds hairy within and beneath. Chela moderate,

hand inflated, punctate, ciliate, inner margin ornamented with a row of sharp

* The full figure of C. Uhleri was accidentally omitted by the artist.
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dentiform tubercles, outside of which is a row of smaller tubercles. Fingers

compressed, punctate and costate, movable finger with a single row of tuber-

cles on the outer edge, a prominent rib running along the middle of the

upper surface, inner margin excised at base and furnished with tuberculiform

teeth ; external finger toothed within, hairy at base, outer border marginate.

Carpus armed with a strong tooth and a few small scattered tubercles on

tlie inner side, a stout median anterior spine beneath, and two or three

smaller ones between the median and internal spine. Superior border of

meros serrate, inferior surface with two longitudinal rows of spines. Second

pair of legs densely ciliate on the inner side near the tij). Third pair of legs

hooked. First pair of abdominal appendages of male and annulus of female

as in C. Diogenes.

Length, G5 mm. Cai'apace, 30.5 mm. Rostrum, 6.5 mm.

Knoimi Localities.— Maryland: Caroline Co. (Coll. P. R. Uhler) ; Dorches-

ter Co.; Talbot Co. (Coll. P. R. Uhler); St. Mary's Co. (Coll. P. R. Uhler);

Wicomico Co. (Coll. P. R. Uhler) ; Somerset Co. ; Worcester Co.

This species was discovered by Mr. P. R. Uliler, of Baltimore, in the

counties of Maryland enumerated above, on the Chesapeake and Atlantic

coasts of Maryland. It is found in salt marshes, covered twice daily by the

tides, and also in brackish and fresh-water ditches in company with C. Blun-

diuijii. In Dorchester County it is found far back in the lowlands in the

neighborhood of Vienna.

C. Uhlcri is easily distinguished from C. Diocjcnes and (J. argiUicola by its

plane rostrum, shape of the hand, etc.

30. Cambarus Girardianus.

Plate IV, flg. X, Plate IX. figs. 3 a, 3 a'.

Cambarus Glrarditniiis, Faxon, Proe. Aiiicr. Acad. Arts and Sci., XX. 117> ISSi.

Male, form 11.—Rostrum broad, excavated, margins with a line of

puncta, slightly convergent ; acumen long, ending in a brown corneous

upturned tip ; a pair of minute, brown horny teeth at base of the acumen.

Post-orbital ridges depressed, with sharp anterior spines. Cephalothorax as

long as the abdomen. Carapace flattened above, densely and finely punc-

tate, slightly granulated and finely ciliated on the branchial and hepatic

regions. Cervical groove snlcate, sinuate, with minute lateral spine, and

terminating with a small branchiostegian spine ; external angle of the orbit
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very prominent, ending in a spinule. Areola long and wide, plane, punc-

tate, in length more than one half the distance between the tip of rostrum

and posterior margin of the carapace ; sides nearly parallel to within a

short distance of the posterior margin, where they divei'ge. Telson bispi-

nous on each side. Anterior process of epistoma broad. Antennaj longer

than the body, scale moderately broad, ending in long, acute apical spine.

Third pair of maxillipeds hairy within. Chelipeds moderate ; chela large,

densely punctate, inner margin short, lightly serrate ; fingers long, with

parallel rows of pmicta, toothed within, outer one bearded within at base.

Carpus broad, obliquely truncated, punctate above, with a strong median

spine on the inner side and a small double one at the base ; below, the

carpus is armed with a spine on the anterior border. Meros smooth, with

a single ante-apical spine on the upper edge ; of the usual biserial spines

beneath, only two or three at the proximal end are developed. Thoracic

stei-na naked. Third pair of legs hooked on the third segment. Fourth

pair of legs with a small ovate basal tubercle. First pair of abdomin:il

appendages articulated near the proximal end, stout, short, swollen in the

middle; external part with the couipressed apex in the form of a strong,

obtuse, recurved tooth, double within ; internal part recurved, cylindrical,

short, acute.

Female.—Annulus ventralis transverse, with a sigmoid sulcus.

Measurements of an individual. — Length of body, GO mm. ; cephalo-

thorax, 31 mm. ; abdomen, 29 mm. From tip of rostrum to cervical groove,

'20 mm. ; from cervical groove to hind margin of carapace, 11 mm. Width of

areola, 3.5 mm. Length of rostrum, 7.5 mm. ; acumen of rostrum, 2.5 mm.

;

chela, 20 mm. ; inner margin of hand, 7 mm. ; fingers, 13 mm. ; antenna?,

58 mm.

This species i.s near C. cxtranciis, but differs in its longer and narrower

areola, in the short hand and long fingers, the single superior ante-apical

spine on the meros, naked thoracic sterna (in C. cziraneiis they are sctif-

erous), the greater smoothness of the body altogether, and the fineness of

the punctation of tlio carapace ; the suborbital angle is very much more

projecting than in C cxtraneus.

This species was discovered by Mr. C. L. Herrick in Cypress Creek, Lau-

derdale Co., Ala., when collecting under the auspices of the U. S. National

Museum, in October, 1882. The ."specimens obtained were two males, form

IL, and three females.
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31. Cambarus cornutus.

Plate V. figs. 1. 2, Plate IX. figs. 3, 3.

Cambtirm cornutus, Faxon, Proc. Amer. Acad, Arts and Sci., XX. 120, 18Si.

Male, form I.— Rostrum long, naiTow, excavated above ; margins diver-

gent at the base, thickened, concave, costate ; acumen long, Avith upturned

horny tip ; lateral teeth at base of acumen upright, stout, blunt, horny. Post-

orbital ridges sulcate on the outer side, with well-developed horny-tipped

anterior spines. Carapace flat, smooth and punctate above, granulated on the

sides; a depression on each side just outside the orbital ridges; no sub-orbital

angle nor spine ; cervical groove sulcated, sinuate, with a strong, sharp lat-

eral spine ; no branchiostegian spine ; areola long, of moderate width, plane,

punctate, widening at the posterior end of the carapace. The length of

the areola is equ.al to the distance from the cervical groove to the base of

the rostrum. Abdomen broad, as long as the cephalothorax without the

acumen of the rostrum, pleura triangular, with sharp lateral angles. Termi-

nal segment of telson broader than long, posterior border rounded ; anterior

segment of telson bispinous on each side. Anterior process of epistoma very

broad, short, triangular ; apex not truncated nor notched. Thoracic sterna

ciliated. Basal segment of antennule with a spine on lower side on the distal

half of the segment. Antennae longer than the body, flagellum very large,

composed of annulations flattened in the vertical direction, conspicuously

bearded along the inner margin. Antennal scale oblique to the horizontal

plane of the bod}', a little longer tlian the rostrum, inner margin straight

and parallel with the outer margin, subtruncate at the tip, apical spine

strong, long and acute ; second segment of antenna Avith a large external

spine at base of the scale ; another small but well-formed external spine

on the following segment below. Chelipeds large. Chela of moderate size

;

hand smooth, punctate, internal margin serrate ; fingers of moderate length,

curved slightly downwards, ribbed and punctate above, tips incurved, horny

;

external finger serrate on outer margin, impressed above and below at base

;

inner borders of fingers tuberculate and ciliated especially at their bases.

Carpus smooth, lightly punctate above, with a strong median internal spine

and a small basal internal spine ; a sharp, prominent median anterior spine

beneath. Meros smooth, a single acute ante-apical spine on the superior

margin, only one or two distal spines in the outer row of biserial spines
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beneath. Third joint of thiid pair of legs hooked. Fourth pair of legs with

a conical tubercle on the first segment. Fii\st pair of abdominal appendages

short, stout, twisted, distal half bent in towards the median line of the body

;

internal part truncate at apex, with a small spine directed backward and

outward ; external part longer, ending m a short, recurved, blunt, laterally

compressed, horny tooth.

Measurements.—Length of body, 81 mm.; of cephalothorax, 43.5 mm.;

of abdomen, 37.5 mm. From tip of rostrum to cervical groove, 27 mm.

;

from cervical groove to posterior border of carapace, KJ mm. Length of

rostrum, 11 mm.; of acumen of rostrum, 5 mm.; of antennte, 91 mm.; of

chela, 36 mm. ; of movable finger, 22 mm. Width of base of acumen of ros-

trum, 3 mm.; of areola, 3 mm. ; of chela, 15 mm.

One specimen, collected by Mr. F. W. Putnam in Green River, near the

Mammoth Cave, Ky., November 3, 1874.

This species is very distinct from every other known crayfish. In its

general appearance it approaches those species included in the group typi-

fied by C. Baiiomi. The rostrum, however, is more after the fashion of C. rus-

t'icus, but the lateral spines are much larger and stand erect. The impressed

external finger recalls C. Barionii, var. robus/a. The sexual appendages are

formed nearly as in C. Bationii The development of the anteun£e is extraor-

dinary.

32. Cambarus hamulatus.

I'late IV. flg. 6, Plate IX. Hgs. 1 a, 1 a'.

Orconedes hnmulatits. Cope and Packard, Amer. Naturalist, XV. 881, PI. VII. figs. 1, la, 1 b, Nov. 1881.

CambuTus humulutus, F.\xoN, Proc. Amer. Acad. Arts and Sci., XX. 145, 188-1.

Male, form IT.— Rostrum long, subexcavated, foveolate at base, mar-

gins moderately raised, converging, lateral spines strong and acute ; acumen

long, narrow, acute. Post-orbital ridges slightly developed, impressed with-

out; with prominent acute anterior spines. Carapace subcylindrical, flattened

above, region posterior to cervical groove long ; smooth above, granulated

on the sides. A sharp spine on each side at the base of the antenna? at the

anterior extremity of the cervical groove, and two or three on each branchial

region just behind the cervical groove, one of which is prominent, the other

minute. Areola of moderate width, sparsely punctate, sides parallel. Abdo-

men longer than the cephalothorax, equal to the cephalothorax in width.

11
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Telson long, proximal segment bisi^iiiose on each side, distal segment ellipti-

cal. Anterior process of epistoma obtusely subtriangular. Eyes rudimentary,

concealed under the rostrum. Basal segment of antennules furnished with

a sharp spine beneath near the distal extremity. Antennas shorter than the

body, scale equal to the rostrum in length, broad, broadest at the distal end,

external border slightly convex, inflated, produced into a long, acute spine.

Third pair of maxillipeds bearded within. Chelipeds slender, chela long,

slender, subcylindrical, slightly pubescent, inner margin straight, subdentate.

Fingers long, slender, subcostate, inner margin straight, hairy. Carpus long,

inner side tuberculate, with a sharp anterior spine ; two spines on the ante

rior margin of the lower surface. Upper margin of the meros granulated,

with two sharp spines near the distal end ; lower surface of the meros fur-

nished with sharp spinules arranged biserially. Third pair of legs hooked.

First pair of abdominal appendages fashioned after the type of the C. Bar-

tonii group, articulated near the base, short, dilated in the middle, tip bifid,

recurved ; inner and outer parts forming recurved hooks, the tip of the inner

attenuated ; outer part double within. The curve of the terminal hooks is

not so strong as in C. Bnrtonii and allied species, and the two are closely

approximated instead of being separated.

Female.— Body stouter, sternum between the fourth pair of legs smooth,

annulus vcntralis broad, with a raised rim on the posterior margin, and a

wide longitudinal sulcus anteriorly.

Measurements of male, form II.— Length, 44 mm. ; of carapace, 21 mm.

;

of rostrum, 5 mm.; of acumen of rostrum, 2.5 mm. From tip of rostrum to

cervical groove, 12 mm. ; from cervical groove to posterior border of cara-

pace, 9 mm. Length of abdomen, 2.3 mm. ; of antennas, 3-5 mm. ; of cheliped,

31 mm.; of chela, 15 mm. Breadth of chela, 3 mm.; of carapace, 8 mm.

Locality.— Nickajack Cave, Tennessee.

I am indebted to Professor Packard for an opportunity to examine four

males, form II., and two females of this species, which was discovered by

Professor Cope while exploring Nickajack Cave, in the southern part of

Tennessee, near the point where the boundary of that State is met by the

line which divides the States of Georgia and Alabama. In general form and

appearance it bears a close resemblance to C. pclkcidits, but the carapace is

less spiny, and the male has hooks on the third pair of legs only, and the

first pair of abdominal appendages are formed after the fiishion of the C. Bar-

tomi group. The rostrum tapers towards the tip more than it does in the
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typical form of C. jn-lluciJm, re.soinbling in this rcsi^ect the form C. pcUucidus

uicniiia. The terminal segment of the telson narrows at the hinder end more

than in C. pcllucidus. I do not find the differences in the mandibles, autennal

scales, and chelae mentioned by Packard.

33. Cambarus Jordani.

Plate III. fig. 3.
" J

Cambarus Jordani, F.vxox, Troc. Amcr. Acad. Arts and Sci., XX. 119, ISSl.

Male, form II.— Rostrum broad, .subplane, sides nearly parallel, acumen

long, with minute lateral teeth at base. Post-orbital ridges provided with

sharp anterior spines. Carapace punctate (sparsely so on the gastric re'i-ion),

slightly granulated on the sides. A single acute spine on each side of the

carapace behind the cervical groove, and a branchiostegian spine on the

anterior border. Sub-orbital angle prominent. Areola long, narrow, widen-

ing gradually anteriorly, suddenly posteriorly, smooth, with but few puncta

irregularly disposed in its field. Abdomen longer than the cephalothorax

;

proximal segment of the telson bispinous, distal segment rounded posteriorly.

Epistoma triangular. Antennte equal in length to the body minus the telson,

scale broad, greatest width toward the distal end, which is sub-truncate

and furnished with a sharp external spine. Third pair of maxillipeds hairy

within. Chela punctate, ciliate ; inner margin of hand short, serrate

;

fingers long, costate, outer border of movable one serrato-tuberculate. Car-

pus with a sti'ong, acute median spine, and a small basal spine on inner

border; a small spine at each articulation with the chela. Meros smooth

on the external surface, two ante-apical spines obliquely placed on the upper

edge. First pair of abdominal appendages short, thick, articulated near the

base, terminating in two blunt, recurved teeth.

Length of body, 47 mm. ; of carapace, 23 mm. ; of abdomen, 24 mm.

;

of rostrum, G mm. ; of acumen of rostrum, 2 mm. From point of rostriun

to cervical groove, 15 mm. ; from cervical groove to hind margin of cara-

pace, 8 mm. Width of areola, 1.3 mm. Length of antenna), 44 mm.

Of this species I have seen but one specimen, a male of the second form,

collected by Prof D. S. Jordan in the Etowah River near Rome, Georgia,

communicated by Mr. P. R. Uhler, of Baltimore. It has a toothed rostrum

and first abdominal appendages like C. Bariomi It is distinguished from

the other allied species by its flat rostrum and narrow areola.
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34. Cambarus extraneus.

Camhams extraneus, Hagen, 111. Cat. Mus. Conip. ZooL, No. III. p. 73, PI. I. figs. 88, 89, PI. III. fig. 156,

1S70.

Camhurus extraneua, Faxon, Proo. Ainer. Aciid. Avts and Sci., XX. 115, 1884.

Known Localities.— Tennessee Eiver near the border of Georgia. Etowah

River, Rome, Ga.

Cambarus extraneus, Girardianus, Jordani, coiiiutus, and hamidatus agree in

combining the toothed rostrum of the C. affinis group with male ajjpendages

formed as in the C. Bartonii group. The third pair of legs alone are hooked.

G. hamidatus is at once distinguished by its rudimentary eye-stalks, the great

length of the posterior segment of the carapace, and long and slender chelte.

It has the superficies of G. pellucidus. G. cormdus has strong, erect, lateral

rostral teeth, and very thick antennal flagellum, heavily bearded on inner

side. G. Jordani has a narrow areola with but a few scattered dots, and the

antennal scale is broadest toward its tip. G. extraneus and G. Girardianus

have a wide areola thickly .sown with dots ; they are closely related, but may

be separated as follows. In G. extraneus the areola is broader and shorter

than in G. Girardianus; while in G. extraneus the section of the carapace

behind the cervical groove is never more, usually less, than one third of

the entire length of the carapace from tip of rostrum to jjosterior border,

in C. Girardianus this section of the carapace is more than one third of the

length of the entire carapace. The jjunctation of the carapace is much

coarser in G. extraneus than in G. Girardianus. The lateral spine of the

carapace is very prominent in G. extraneus, rudimentary in G. Girardianus.

In G. Girardianus the external orbital angle is very prominent, and ends

in an acute spine with a corneous tip ; the fingers are longer in propor-

tion to the hand than in G. extraneus. The distal end of the meros has

a single spine on the iipper edge in G. Girardianus ; G. extraneus has two

obliquely placed.

Of G. extraneus I have seen nine specimens, of G. Girardianus five, of

G. Jordani one, of G. hamidatus six. Among these are males of the second

form with the first abdominal appendages articulated and not articulated,

but no males of the first form.

The larger female mentioned by Hagen, p. 74, is G. sjnnosiis Bundy.

The largest specimen of G. extraneus seen by me, a male, form II., with

articulated first abdominal appendages, is in the possession of Butler Uni-
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versity, Irvington, Ind. It was collected by Jordan in the Etowah River,

at Rome, Ga. It measures 3| inches in length. The areola in this specimen

is a little longer and less dilated posteriorly than in the types from the

Tennessee River.

The antennas (mutilated in the type specimens) are nearly as long as

the body.

C. exiraneus has been found in but two localities, in both places in com-

pany with C. spinosus.

GROUP IV. (Type, C. affinis.)

Third segment of the third pair of legs of the male hooked. First abdominal

appendages of the male hifd, terminated by ttm nearlg straight styliform branches.

Rarely a specimen of C. ririt/s and C. jirojmqints is found with hooks on

the third segment of the second, as well as the third, pair of legs, but

normally only the third legs are provided with hooks.

The first pair of abdominal appendages in the male are bifid, ending

in two free styliform rami. Tlie rami are short, so that the tips reach

forward only to the base of the third pair of legs in C. affinis, Sloanii, lan-

cifer, propinqtms, and Harnsonii, while in the other species of the group the

rami are elongated to such a degree that they reach forward as far as

the base of the second pair of legs, or even to the chelipeds when the

abdomen is flexed. In C. immimis, Alahamensis, Palmeri, Mississippiensis,

and compressus the distal part of the long rami is strongly recurved. In

G. lancifer the terminal rami are short, the outer part almost tooth-like,

so that the character of the appendage approaches the type seen in the

species belonging to Group I. The shape of the rostrum, antcnnal scales,

and chelas also mark C. lancifer as a passage form between Group I. and

Group IV.

The rostrum is commonly armed with a lateral spine in this group, I)ut

in G. mediits, G. imnmnis, and G. 3Iississippiensis the margins of the rostrum

are entire, at least in full-grown individuals.

This group corresponds to Ilagen's Group II.

The following artificial key may aid in the determination of the species

in this group.
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Rostrum without lateral tcetk (at least in the adull). -j

( Areola linear iu the middle. C. Miss.ssissippicnsis.
lr\

Areola linear iu the middle

Rostrum

with lat- \

cral teeth. Areola of

moderate

width.

\ Areola not linear in auy part. C. meditts, C. ininmnis*
t^

—

Rostrum and aiiteunal sealcs very long. C. lanrifer.
'

Rostrum and autennal scales of moderate length. C. Palmeri. f
.'''

Rostrum with a median carina above. C. Alabamcnsis,'t!. comprcssus, C. propiuquusy'

' Sides of carapace armed with numerous spines. C. affinis.

R(5strum but slightly excavated, or .^ub-i)lauc.

C. virilis, C. pf^pimpctts^f^im. obscurcil C. Sloauii. 'Rostrum

not ca- \ Only one latuj-al

rinatcd. spine on cara-

pace (sometimes

obsolete).
Rostrum deejily

excavated, witii •!

raised margins

Margins of rostrum concave.

6'. llarnsonii,' C. riis/iciis,

C. forceps."^

i\'largins- of rostrum straight.

C. propinqims. var. Sanborn ii,

C. spbwstis, C. Putnami.'~
'''

\ Cambarus lancifer.

lielw,."

Cambarus lancifer, Hagen, 111. Cat. Mus. Cump. ZooL, No. ILL p. 59, PI. I. tigs. 86, S7, PI III. fig. 159,

1870.
^

Cambarus luiwi/cr, Faxon, Proc. Amer. Acad. Arts and Sci., XX. 116, 1SS4.

The only specimen of this species l^nown is Ilagen's type from Root

Pond, Miss. I cannot find iu what part of the State Root Pond is situated.

Al

36. Cambarus affinis.

? Aslactts Umosus, Rafinesque, Amer. Monthly Mag. and Critical Rev., II. 42, Nov. 1817.

Astacns affiiiis, Say, Journ. Acad. Nat. Sci. Pliila., I. 168, Dec. 1S17.

Astacus affinis, Harlan, Medical and Physical Researches, p. 230, fig. 2, 1835.

Astacns Barionii, Milne Edwards, Histoire Naturclle des Crustaces, II. 331, 1837.

Astacus affinis, De Kay, Zoology of New York, Part VI. Crustacea, \^. 23, 1844. (After Say.)

? Astacus (Cambarus) affinis, Ericdson, Arch. f. Naturgesch., Jalirg, XII., I. 96, 1846.

Cambarus affinis, Girakd, Proc. Acad. Nat. Sci. Phila., VI. 87, 1852. (Young.)

Cambarus Pealci, Gikard, Proc. Acad. Nat. Sci. Phila., VI. 87, 1852. (Adult.)

Cambarus affinis, Hagen, 111. Cat. Mus. Comp. Zool., No. III. p. GO, PL I. figs. 19-22, 84, 85, PI. III. fig.

152, PI. v., 1870.

Cambarus affinis, Abrott, Amer. Naturalist, VII. SO, 1873. (Habits.)

Cambarus affinis. Smith, Rep. U. S. Comm. Fish and Fisheries for 1872 and 1873, p. 638, 1874. (After

Hagen and Abbott.)

Cambarus affinis, Faxon, Proc. Amer. Acad. Arts and Sci., XX. 146, 1S84.

Kmim Localities.— New York : Niagara. New Jersey : Schooley's Moun-

tain, Morris Co. ; Red Bank, Monmouth Co. (Coll. Acad. Nat. Sci. Phila.)

;

Trenton ; Burlington ; Camden Co. (Coll. Acad. Nat. Sci. Phila.). Pennsyl-

* There is a variety of ('. iiumunis willi lateial rostral spines. See p. 99.
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vania: Brandywine Creek (Coll. Acad. Nat. Sci. Pliila.); Schuylkill (Coll.

Acad. Nat. Sci. Phila.); Reading (Girard); Philadelphia (Coll. Acad. Nat. Sci.

Phila.); Bristol; Susquehanna River (Coll. U. S. Nat. Mus.) ; Bainbridge

(Coll. U. S. Nat. Mus.); Carlisle. Maryland: Cecil Co.; Havre de Grace,

Harford Co. ; Guynn's Falls, Druid Hill, etc., Baltimore Co. (Coll. P. R.

Uhler j ; Anne Arundel Co. (Coll. P. R. Uhler) ; Montgomery Co. ; Charles

Co., Potomac River (Coll. P. R. Uhler); Williamsport, Washington Co.

(Coll. P. R. Uhler); Cumberland, Alleghany Co. District of Columbia:

Washington, Potomac River (Coll. U. S. Nat. Mus.). Virginia: Gunston,

Potomac River, Fairfax Co. (Coll, U. S. Nat. Mus.). Lake Erie (Coll. Pea-

body Acad. Sci.). Lake Superior (Coll. Bost. Soc. Nat. Hist).

Rafinesque's description of Asfacus Uinosus is as follows :
—

" N. Sp. Asfacus limosus. Antens length of the thorax, rostrum equal

to their peduncle, one-toothed on each side, canaliculated at its base ; a

thorn above the eyes, another on each flank, three pairs of pinciferous feet,

bearded at their articulations, hands short, smooth, unarmed.— Obs. I dis-

covered this species in 1803, and observed it again in 1816, in the muddy

banks of the Delaware, near Philadelphia ; vulgar name, mud lobster ; length

from three to nine inches; good to eat; commonly brown, with an oliva-

ceous tincre."

From the habitat it is probable that this imperfect description refers to

the species well described in the following month by Say under the name of

A. affinis, as assumed by Girard and Hagen.

A dry male specimen in the Academy of Natural Sciences of Philadelphia,

No. 127 ^ "Schuylkill. Dr. Harlan," is probably Harlan's type.

Milne Edwards, apparently misled by the transposition of the numbers

of Fig. 2 and Fig. 3 on Harlan's plate, has described this species as Astacus

Barfonii ; A. Bartoniz as A. affinis.

Erichson's type, a female, in the Berlin Museum, was examined by

Hagen in September, 1870. The specimen is stated by Erichson to have

been collected in Carolina by Cabanis. The label only gives America borcalis.

Dr. Cabanis assured Dr. Hagen that he collected all his Astacidte in a rivulet

near Greenville, in the northwestern part of South Carolina. No other speci-

men of C. affinis has been reported from that State, and I suspect that Erich-

son's type belongs to the closely allied C. spinosus Bundy, which has been

found in the Saluda River, S. C, by Prof. D. S. Jordan. In the museum of

the Academy of Natural Sciences is a specimen of this species (No. 127)
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from Red Bank, N. J., Dr. Jos. Leidy, labelled "A. affinh {fide L. R. Gibbes)."

Gibbes states that his own specimens came from Florida. They probably

belonged to some other species. Hagen states that Gibbes's types of A. Bar-

ionli in the Academy of Natural Sciences of Philadelphia are C. offinis, but

they are hi fact C. placidus Hagen (Nos. 126% 126°).*

Types, male and female, of Girard's C. cf/in/'s, from Reading, Pa., collected

by Professor Baird, were communicated to Dr. Hagen by Dr. Stimpson. The

male belonged to the second form ; the specimens were young, with only one

lateral thoracic spine. I have myself discovered in the collection of the

Smithsonian Institution four types (two males, two females) of Camhanis

Pecdei Girard (Smithson. Cat. No. 2081), from tlie Potomac River, Washing-

ton. The largest is 4^ in. in length, the smallest q\ in. They are the

adult (J. affinis Say. These are the only types of Girard's Cambari now in

existence, as far as I can discover. The rest were probably burned when

loaned to Stimpson, in the great fire of Chicago.

Color.— Upper surface greenish, mottled with darker green, especially

on tlie chela? ; tips of fingers orange, preceded by a dark green ring,

which runs along the outer border of the hand to the wrists ; abdominal

somites ornamented with interrupted transverse chestnut-coloi'ed double

bands. Under surface of a lighter hue. In recent alcoholic specimens the

bands of the abdomen turn bright blood-red.

In some specimens the basal segment of the telson has three spines on

each side of its posterior margin.

The centre of distribution of C. affinis appears to be the great rivers

which empty into tlic Delaware and Chesapeake Bays.

According to Dr. C. C.Abbott (American Naturalist, YH. 80, 81), ^'Cam-

hanis affiius is apparently the river species at Trenton, N. J. We have been

able to find it, as yet, only in tlie Delaware River, usually frequenting

the rocky bed, but also, in fewer numbers, on the mud-bottomed portions

of the river. They are usually found resting under flat stones, well out

from the banks of the stream, where the water is of considerable depth.

Wherever the vegetation is dense we have failed to find them ; nor have

we seen anything to indicate that it is a burrowing species."

Since this was written. Dr. Abbott and myself have taken C. affinis in

great numbers from shallow ditches in the Delaware meadows near Trenton,

N. J., in company with C.Blandingii.

* See p. 114.
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According to Mr. P. R. Uhler, C. ((jjiuk is the common form in the warmer

parts of the rivers and creeks of Marjhind, underneath stones. In his col-

lection are specimens from Montgomeiy Co., labelled as found in " stagnant

pools," and specimens from Alleghany Co., four miles below Cumberland,

were taken from " holes in the bottom and sides of a canal."

A female alcoholic specimen of C. "ffinis in the Academy of Natural Sci-

ences of Philadelphia is labelled " Santo Domingo, W. M. Gabb." The locality

is doubtless erroneous.

In young specimens of C. affiids the lateral thoracic spine on the cervi-

cal groove is single, and the spinules of the hepatic region are reduced to

a mere granulation. Very small individuals closely resemble small exam-

ples of C. propinqims, as Hagen observes. The body, however, in the young

C affum is more pubescent, the rostrum is not carinated, and the hand is

differently shaped. The specimens in the Museum of Comparative Zoology

from Niagara, referred to C affinis by Hagen, are all very young (the largest

measuring 1| in.), but I think there is no doubt of the correctness of the

determination.

C. affinis is the common crayfish exposed to sale in the markets of New

York and other Eastern cities.

37. Cambarus Sloanii.

Plate IV. fiR. 5, Plate X. flgs. 1, 1 , 1 a, 1 a'.

Cambarus Sloanii, Bundy, Bull. 111. Mus. Nat. Hist., No. I. p. 24, 1S76.— Proc. Acad. Nat. Sci. Pbila.,

1877, p. 172.

Cambarus Sloanii, Faxon, Proc. Amer. Acad. Arts and Sci., XX. 147, 1884.

Male, form I. — Rostrum wide, subexcavated, plane towards the tip,

margins nearly parallel, acumen long, triangular ; lateral teeth small in full-

grown specimens, in .some individuals reduced to an angle merely. Post-

orbital ridges with very small anterior spines, or none. Carapace flattened

above, punctate, lightly granulate on the sides, lateral spines acute, ante-

rior border distinctly angulated, areola wide. Basal segment of telson two-

spined on each side. Antennal scale a little longer than the rostrum, of

moderate width. Anterior process of epistoma broad, excavated, emarginate

in front. Third pair of maxillipeds hairy within, naked below. Chela short,

broad, inner margin with a double series of depressed teeth ; outer finger

wide at base, farrowed above near the outer and inner margins ; inner finger

12
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curverl, costate above ; the two fingers are furnished with bhmt tubercles

on their opposed margins, which touch one another only at their tips. Car-

pus with a strong inner tooth. Third jiair of legs hooked. First pair of

abdominal appendages stont, bifid ; rami short, acute, outer one with its tip

turned outwards, inner one with its tip turned inwards ; tips brown, horny.

Male, form II.— The fingers are less gaping, tlie hooks on third pair of

legs small, the first pair of abdominal ajopendages are bifid for a less distance

from the tip, the rami are swollen, without homy tips ; these apjaendages

may or may not be articulated near the base.

Female.— Chela like that of the male, form II. Annulus ventralis with

anterior border depressed, posterior border elevated, tuberculate, tubercle

divided longitudinally by a sinuous furrow.

Kwnm Localities.— Indiana: New Albany. Kentucky (Bundy).

I have seen two of the types of this species, male form I. and female,

in the collection of the Peabody Academy of Science, Salem, Mass. Dr.

Sloan has also sent me specimens taken at the same time with those sent

to Bundy for description, and there are specimens from the same source

in the collections of the Boston Society of Natural History, the Peabody

Museum of Yale College, and Butler University, Irvington, Ind.

Dr. Sloan writes me that this is the common species in running streams

at New Albany, while C. Bartonii is the form found in still waters. Accord-

ing to the same gentleman, as quoted by Bundy, this is a burrowing species.

" He commences on the bank of the stream, burrows below the bed, and has

an opening two or more feet out in the stream, where he sits watching for

anything that may turn up, with a safe retreat."

G. Sloanii closely resembles C. jvopinqims, var. ohscura, in general appear-

ance, but may l^e at once distinguished by the male appendages and the

annulus ventralis of the female. In the latter species the anterior border of

the annulus is prominently bituberculate, whereas in C. Sloanii the anterior

rim is sunk below the level of the sternum in front of it.

The largest specimen seen by Bundy measured 3|^ inches in length. The

largest I have seen, a female, is a little less than three inches long.
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38. Cambarus propinquus.

Citmharun propinquus, GiRAED, Proc. Aciid. Kat. Sci. Pliila., VI. SS, 1S52.

CiimLiiriis prupiiiqiius, Hage.v, 111. Cat. Miis. Couip. Zool., No. III. p. 07, PI. I. ligs. 34-38, PI. III. lig, 153,

1870.

Cumhdrus propinquus. Smith, Rep. U. S. Coiuin. Fish and Eisbcrics for 1872 and 1873, p. 638, 1871. (No
description.)

Cambarus propinquus, Forbes, Bull. 111. Mas. Nat. Hist., No. I., pp. 4, 19, 1870.

? Cambarus propinquus, Bundv, Proc. Acad. Nat. Sci. Phila., 1877, p. 171.— Traus. Wis. Acad. Sci., V. 181,

1882. — Geol. Wis., Surv. 1873-/9, I. 402, 1883. (No description.)

Cambarus propinquus, Faxon, Proc. Amer. Acad. Arts and Sci., XX. 147, 1884.

Knoim Localities.— Dominion of Canada: Montreal (Coll. Peabody Mus.

Yale Coll.) ; Toronto. New York: Grass River, St. Lawrence Co. (Hagcn);

Canton, St. Lawrence Co. (Coll. L. A. Lee); Black Lake, St. Lawrence Co.;

Ogdonsburg (Coll. U. S. Nat. Mas., Young) ; Luke Ontario (Girard); Garri-

son Creek, Sackett's Harbor (Girard); Four-Mile Creek, Oswego (Girard);

Oneida Lake ; Cayuga Lake (S. L Smith) ; Rochester; Niagara; Forestville,

Chautauqua Co. Indiana: Elkhart Rivei', Rome City, Noble Co. (Bundy);

Delphi; Indianapolis (Coll. Peabody Acad. Sci.); Michigan City (Coll. Acad.

Nat. Sci. Phila.) ; Turman Creek, Sullivan Co. ; Clear Creek, Bloomington
;

White River (Coll. Bost. Soc. Nat. Hist.); Switz City (Coll. C. H. Gilbert).

Illinois: Freeport, Stephenson Co. (Forbes); Ogle Co.; Geneva, Kane Co.

(Coll. Peabody Mus. Yale Coll.) ; Pekin, Tazewell Co. (Forbe.s) ; Normal, McLean

Co. (Forbes) ; Decatur, Macon Co. ; Aux Plains River (Coll. U. S. Nat. Mus.).

Michigan : St. Clair River ; Detroit River; Northville (Coll. U. S. Nat. Mus.)

;

Huron River, Ann Arbor (Coll. Bost. Soc. Nat. Hist., Peabody Acad. Sci.,

Acad. Nat. Sci. Phila.) ; Ecorse (S. I. Smith) ; Kalamazoo River, Otsego (Coll.

Bost. Soc. Nat. Hist). Lake Superior. Wisconsin : tributaries of Pecatonica

River, Green Co.; Madison (Coll. Peabody Mus. Yale Coll.). Iowa : Daven-

port ; Des Moines River, Ottumwa.

Var. Sanbornii.

Plate V. fig. 3, Plato IX. flss. 10, 10. 10 a, 10 a'.

Cambarus Sanboniii, Faxon, Proc. Anicr. Acad. Arts and Sci., XX. 128, 1884.

Knoivn Localities.— Kentucky: Smoky Creek, Carter Co. Ohio: Oberlin.
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Var. obscura.

Cambarus oljsciints, Hagen, 111. Cat. Mus. Comp. Zoul., Nu. III., p. GO, PI. I. figs. 72-75, PL III. fig. 154,

1870.

Cambarus obscurus, Smitu, Rep. U. S. Comin. Pish and Fisheries for 1872 and 1873, p. 639, 1874. (After

Hageu. No description.)

Cambarus obscurus, Faxon, Proo. Amer. Acad. Arts aud Sci., XX. 148.

Known Localities.— Genesee Kiver, Eochester, New York.

Girard's diagnosis of C. propinqims is too imperfect to avail in tlie determi-

nation of the species, but fortunately Dr. Hagen identified it by examination

of one of Girard's types.

In the Academy of Natural Sciences of Philadelphia there is a dry male

specimen of C p-ojiinquiis which was labelled " C Diogenes ? District of Colum-

bia," when the collection was examined by Hagen. The original label of

this specimen is now lost, but the box contains Dr. Hagen's label, " C. j>ro-

pinquus Gir. (C. Diogenes Gir. ?)," and the tablet to which the specimen is

fastened carries a label with the locality " District of Columbia." A dry

specimen of C obesns Hag. in the same museum is labelled " C. pvopinqmis ?

Garrison Creek, Sackett's Harbor." The labels of these two specimens were

undoubtedly transposed by accident.

I am not sure that Bandy's C propinqims is this species, as I have not

seen his types. He says that there is " in these crawfishes a tendency mani-

fested toward multiplication of the lateral thoracic spines, there being in

some individuals two and m others three of these on each side." This ten-

dency does not appear in any specimens that I have seen. It is an abundant

species in Wisconsin, in company with C nnlis.

Smith says that the crayfish found in the valley of the Aroostook River

in Maine and New Brunswick is most likely G. propinquns. It is really

C. Bartonii.

In the variety that I have named after the late Mr. F. G. Sanborn

(C. Sanhornii, Proc. Amer. Acad. Arts and Sci., XX. 128) the first abdominal

appendages are less deeply bifid, the rami closer together, than in the typi-

cal C. propinqims. The rostrum is not carinate, the chela is finely pubescent,

the hiferior median anterior spine of the carpus is evident. This variety

was collected by Mr. Sanborn in Carter Co., Ky., and I have received addi-

tional specimens from Prof B. F. Koons collected at Oberlin, Ohio. Suiall

individuals closely resemble young specimens of tlie typical C. prop)inqmis,
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C (tffinis, and more closely C. Pntnami ; but the young of the first may
be distinguished by the carinated rostrum ; of the second, by the longer

rostral acumen, antennal scale, and anterior spine of post-orbital ridge, by

the longer hand and internal carpal spine, and by the divergent tips of the

first pair of abdominal appendages in the male ; of the third, by the longer-

spined antennal lamina, and the long, deeply cleft abdominal appendages of

the male.

In C. obseurus Hag., which I deem a local form of C propmquus, the ros-

trum is somewhat broader, not carinate above, and less deeply hollowed out

than in the typical C. fropinqims ; the hand is broader, with a few tubercles

disposed in a longitudinal row opposite the base of the movable finger ; the

fingers are more widely separated at the base, the epistoma more truncate
;

the male appendages have a projecting angle or shoulder on the anterior

margin at the base of the rami, the outer part often grooved longitudinally

on the outer side. This form has been discovered only at Rochester, N. Y.

The differences between it and G. propinqmis are so slight that I consider it

only a variety. Some specimens of C. j)ropmqims show a strong tendency to

develop the projecting shoulder on the front border of the male appendages.

In the United States National Museum is a small first-form male of a

Cambarus labelled "California" (No. 2531), which I cannot distinguish spe-

cifically from C. obscKnis. The areolar part of the back of the carapace is

a little flatter, and the row of small tubercles on a line with the middle of

the base of the movable finger is not apparent ; but this often happens

in small specimens of C. obseurus. The locality of this specimen is very

probably erroneous, as no other specimen of a Cambarus from the west coast

is known.

Hagen thinks that C obsciinis may be the Aslacus fossor of Rafinesque.

Rafinesque's description is as follow-s :
—

"Astacus fossor. Antens length of the body, rostrum short, one-toothed

on each side, a thorn behind the eyes ; three pairs of pinciferous feet, hands

of the first pair very large, granular, gaping, toothed, with a furrowed and

bispinous wrist.— Ob.s. Vulgar name, burrowing lobster,— communicated to

me by Dr. Samuel L. Mitchill,— native of Virginia, Pennsylvania, and New

York; size from four to six inches; it burrows in meadows and milldams,

which it perforates and damages."

It is impossible to determine what species is here meant. The descrip-

tion would suit C. propinqmts, a commoner form, as well as C. obseurus.
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Neither of these forms has been reported from Pennsylvania or Virginia.

The only species known to me to be common to the three States of New

York, Pennsylvania, and Virginia are C. Blamlmgu, ((ffinis, and Baiionii. Ra-

linesque's description fits none of them. Girard surmised, from the habits

of C.fossor, that it might prove to be C. Diogenes.

In the collections of the Boston Society of Natural History and the

Museum of Comparative Zoology (Cat. No. o590) there are three second-

form males of a Cambarus which closely resemble C. 'propinqims, but the

sexual appendages are longer, as in C. ritsticus. The epistoma is long. The

carpus has a strong internal median carpal spine and a small basal internal

spine ; beneath, the carpus is unarmed. The biserial spines of the meros

are well developed. The outer ramus of the first abdominal appendages is

a little recurved at the tip. The largest of these specimens is To mm. long.

No locality is given. They seem to belong to an undescribed species.

39. Cambarus Harrisonji.

Plate III. fls. 1, Plate IX. flgs. 9, 9.

CamLarxs Harrhoiiii, Faxon, Proc. Amer. Acad. Aits and Sci., XX. 130, lS8i.

Male, form I.— Rostrum long, narrow, deflexed, excavated ; margins

thickened, a little convergent ; acumen of moderate length, triangular,

acute ; marginal spines short, obtuse, often obsolescent. Carapace flattened

above, coarsely punctate, granulate on the sides; post-orbital ridges prom-

inent, sulcate without, with acute anterior spine ; antero-lateral margin

notched at base of antenna ; cervical suture not sinuate, interrupted on the

side ; lateral spine small, acute ; branchiostegian spine obsolete ; areola at

least one half as long as the distance from the tip of the rostrum to the

cervical groove, of moderate widths punctate, the dots tending to a biserial

arrangement in the middle portion. Abdomen as long as the cephalothorax

;

telson long, posterior margin rounded, posterior margin of basal segment

bispinous on each side. Basal segment of antennule with an internal, sub-

apical, inferior spine. Antenna} as long as the body ; second segment armed

with a short, acute, external sjiine ; scale as long as the rostrum, of moderate

width, widest near the middle, thence tapering to the acute external apical

spine. Anterior process of epistoma with convex sides, apex blunt or trun-

cate. Third pair of maxillipeds hairy within. Chelipeds of moderate length,

thick
; chela large, broad, coarsely punctate above and below, inner margin
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of hand with two or three rows of depressed cili.ate tubercles; fingers coslate

and punctato-lineate, gaping, inner margins with rounded tubercles ;' mov-

able finger incurved ; carpus punctate above, armed with an acute median

internal spine and two inferior spines (a large median and a minute external).

In some specimens there are one or two small antennal basal tubercles.

Meros smooth without, two obliquely disposed superior sub-apical spines;

of the biserial inferior spines only a few of the distal ones in each row are

developed. Distal end of second pair of legs ciliate. Third segment of third

pair of legs hooked. First pair of abdominal appendages short, reaching to

the base of third pair of legs, thick, split for a short distance from the tip

;

outer part longer than the inner ; tips recurved, brown and hornj-.

Female.— Fingers less widely gaping, outer one ciliate within at base.

Abdomen broader. Sternum between fourth thoracic legs smooth. xVnnulus

ventralis a transverse ridge, thickest in the middle, where there is a rounded

tubercle divided longitudinally by a sinuous groove. Between the ridge

and the sternal plates of the fourth pair of legs there is a deep transverse

fossa.

Measurements of a male, form I.— Length of body, 60 mm. Length of

carapace, 30 mm. Length of abdomen, 30 mm. From end of rostrum to

cervical suture, 20 mm. From cervical suture to posterior border of cara-

pace, 10 mm. Length of rostrum, 10 ram. Breadth of rostrum at base,

4 mm. Length of rostral acumen, 3 mm. Width of areola, 1.5 mm. Length

of antennte, 60 mm. Length of chela, 25 mm. Breadth of chela, 12 mm.

Length of movable fingei', 17 mm. Internal border of hand, 7 mm.

In one specimen, a male, form I, the fingers are ver}^ much elongated,

not gaping at base. The length of the internal border of tlie hand in this

specimen is 7.5 mm. ; the length of the movable fingei", 21 nun.

LocaUtjj.— Irondale, Mo. Collected by E. Harrison.

This species resembles C rudicus in its general form. The male ap-

pendages, as well as the annulus ventralis of the female, however, are very

different from those of any previously described species. The male ap-

pendages approach in form those of C. p-opinqmis more nearly than any

other, but in that species these appendages are more deeply bifid, and

not recurved.

f The second form of the male is unknown.
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40. Cambarus virilis.

Ccimbarus virilis, Hagen, 111. Cat. Mus. Comp. ZooL, No. III. p. 63, PI. I. flg.s. 23-28, PI. II. figs. 128-132,

PI. III. fig. 155, PI. VIIL, 1870.

Ciiitiharus virilis. Smith, Rep. U. S. Comm. Fish ami Fisheries for 1872 and 1873, p. 638, 1S71. (After

Hagen. No desoriptiou.)

Cambarus mrilis, Forbes, Bull. 111. Mus. Nat. Hist., No. I. pp. 4, 19, 1876.

Camburus debilis, BuNDY, Bull. HI. Mus. Nat. Hist., No. I. p. 24, 1870.— Trans. Wis. Acad. Soi., V. 181,

1883.— Geol. Wis., Surv. 1873-1879, L 403, 1883. (Male, form II.)

Cambarus virilis, BuNDY, Proc. Acad. Nat. Sci. Pliila., 1877, p. 171. —Trans. Wis. Acad. Sci., V. 180,

1882. — Geol. Wis., Siirv. 1873-1879, I. 402, 1883.

Cumbariis Couesi, Streets, Bull. U. S. Geolog. Geograph. Surv. Terr., 111. 803, 1877.

Cambarus virilis. Streets, Bull. U. S. Geolog. Geografih. Surv. Terr., III. S04, 1877.

Cambarus virilis, Hereick, Tenth Ann. Rep. Geolog. Nat. Hist. Surv. Minnesota, p. 253, 1882.

? Cambarus Couesi? Bundy, Geol. Wis., Surv. 1873-1879, I. 402, 1883. (No deseriptiou )

Cambarus virilis, Faxon, Proc. Amer. Acad. Arts and Sci., XX. 147, 1884.

Kiioivn LocaIit!ei<. — Dominion of Canada : Lake Winnipeg ; Saslvatchewan

River ; Red River of the North ; Toronto (Peabody Acad. Sci.) ; Montreal (?).

Daltota : Red River of the North near Pembina ; Souris or Mouse River.

Minnesota : Lalce Superior (C. L. Herrick) ; Mississippi River (C. L. Ilerrick);

Lalve Minnetonka (C. L. Herrick), Minnehaha Creek, Cedar Lake (Coll. U. S.

Nat. Mus.), Bassett's Creek (Coll. U. S. Nat. Mus.), and Lake Independence,

Hennepin Co. Wisconsin: Apple ton ; Ironton, Bai-aboo River; Sauk City,

Wisconsin River (W. F. Bundy); Sugar River (Coll. Peabody Acad. Sci.);

Rock River (S. A. Forbes) ; Jefferson (W. F. Bundy) ; Milwaukee (Coll. U. S.

Nat. Mus.). Iowa : Davenport ; Burlington ; Fort Dodge (Coll. Bost. Soc. Nat.

Hist.) ; Spring Vale (Coll. Peabody Acad. Sci.) ; Des Moines River (Coll. U. S.

Nat. Mus.) ; Bedford (Coll. U. S. Nat. Mus.). Nebraska : Omaha. Wyoming :

near Laramie City. Kansas: Leavenworth (Coll. Acad. Nat. Sci. Plula.)
;

Manhattan (Coll. Acad. Nat. Sci. Phila.); Republican River, northwest of

Fort Riley (Coll. Acad. Nat. Sci. Phila.); Ellis (Coll. Peabody Acad. Sci.}.

Missouri: St. Louis (Coll. P. R. Uhler) ; Osage River; Irondale. IlHnois

:

Quincy, Adams Co. ; Lawn Ridge, Marshall Co. ; Decatur, Macon Co. ; Nor-

mal, McLean Co. (S. A. Forbes); Pekin, Tazewell Co. (S. A. Forbes); Cairo,

Alexander Co. (S. A. Forbes) ; Geneva, Kane Co. (Coll. Peabody Mus. Yale

Coll.); Stillman's Creek, Marion, Ogle Co. (Coll. Bost. Soc. Nat. Hist.).

Indiana: Michigan City, Lake Michigan (Acad. Nat. Sci. Phila.); Long Lake,

Kendallville (W. F. Bundy); Elkhart River, Rome City (W. F. Bundy).

Alabama: near Bridgeport, Jackson Co. (Coll. U. S. Nat. Mus.). Arkansas:

White River, Eureka Springs, Carroll Co. (Coll. U. S. Nat. Mus.). Texas.

New York : Lake George (?).
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Camldrm virilis is subject to some variation in the shape of the rostrum,

the punctation of the carapace, breadth of areola, etc., as Hagen pointed

out in his account of this species, p. 64. Yet it is not liable to be con-

founded with any other species if good-sized specimens are at hand.

I have noticed in a few second-form (?) males of this species an inter-

esting variation from the ordinary type of the first pair of abdominal ap-

pendages. In most examples these appendages are split for a considerable

distance from the tip, and the two rami are drawn out to a point at the tip.

Tn the other specimens the whole appendage is stouter, the prominences

more pronounced, the extremity is split to a less distance from the tip, and

the ends of the rami are blunt, almost tubercutate. The hooks on the third

pair of legs are well developed, as in the first-form male. The abdominal

appendage is not articulated, but this is sometimes the case in the other and

commoner type of abdominal appendage of the second-form males. I have

found both these forms together in collections made at several places (Lake

Superior, Lake Winnipeg, etc.), and the differences in the sexual appendages

are not accompanied by any that would indicate a new species.

A specimen of C. dehilis from Baraboo River, Ironton, Wis., .«ent by Mr.

Bundy, is the second form of the male of C. virilis.

Males are occasionally found with small hooks on the third segment of

the second pair of legs, as well as on the third pair.

From the U. S. National Museum I have received the t3'pes of Street's

C. Goiiesi and C. virilis. The differences between the two are very slight,

and do not warrant their separation as two distinct species. Some of Hagen's

types of C. virilis from the Red River of the North and the Saskatchewan

River are of precisely the same form as Street's C. Coitesi.

The following description of the living colors of C virilis is given by Dr.

Streets from the notes of Dr. Cones on the specimens collected in the Souris

River, Dakota :
—

"Carapace variegated with lighter and darker shades of brown: tail

segment darker and more uniform brown, with large, symmetrical, dark

brown spots, one on each side. Claws green, speckled with darker, with the

protuberances yellow and reddish; other legs paler greenish. Below, in-

cluding under side of the claws, greenish white, the claws speckled with dark

spots. Antennte rich brown."

A large female specimen in the U. S. National Museum, collected by Mr.

Edward Palmer in a pond near Bridgeport, Jackson Co., Ala., appears to
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belong here. Tlie rostrum is mutilated, however, and my identification may

be erroneous.

A young female from Lebanon, Tenn., in the Museum of Comparative

Zoology, also seems to belong to this species.

A dry female in the Museum of Comparative Zoology is labelled " Lake

George, L. Agassiz " ; and there are also three dry specimens labelled

" Montreal ? Mr. Hunt." Considering the ease with which labels of dry

specimens get misplaced, it is hardly safe to. give Lake George and Montreal

as localities for this species until confirmed by further exploration.

C. virUls attains a very large size. I have seen a female specimen which

measured very nearly 4^ inches in length, and Bundy records a specimen

from Jefferson, Wis., 6| inches from tip of rostrum to tip of telson.

In specimens from Laramie the lateral spines of the rostrnm are obsoles-

cent, and the rami of the male appendages are more strongly curved than in

the typical form. Li these respects the specimens approach C. iimnums. A
male, form II., from Ellis, Kansas, in the Peabody Academy of Science at

Salem, has the areola reduced almost to a line in the middle, and the short-

ness of the carapace behind the cervical groove shows another approach to

C immnnk.

In specimens from Irondale, Mo., the cephalothorax is more cylindi-ical

than in the type form, the areola wider in the middle (2 mm. in a specimen

68 mm. long, whereas in a specimen of the same size of the typical form it

is about 1 mm.), and the tubercles on the internal border of the hand and

on the movable finger are less prominent and more heavily ciliated. The

sides of the rostrum are nearly parallel, with small acute lateral teeth. The

carpus has the additional inferior spine as in Hagen's variety A. But I see

no difference of sufficient importance to be deemed of specific value.

C. virilis and G. immimis are two of the Western species of crayfish es-

teemed as food. They are sometimes sent to the New York market from

Milwaukee and other Western cities, but the species commonly found in the

Eastern markets is C. affinis.
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41. Cambarus iramunis.

Plate X. figs. G a, 6 a' tflrst abdominal appendages of male, form II.).

Camharus immunis, Haoen, 111. Cat. Mus. Comp. Zool., No. III. p. 71, PI. I. ligs. 101, 102, PI. III. Cs. IfiO,

ri. Vm. fig. b, 1S70. (Male, form I., aud female.)

Cambarus immuiih. Smith, Rep. U. S. Comin. Fish aud Fisheries for 1S72 and 1S73, p. (J39, 187-t. (.M'tcr

Hagcn. No description.)

Camharus immunis, FounKS, Bull. 111. Mus. Nat. Hist., No. I. pp. 4, 19, 1870. (Male, form II., and youn".)

Cambarus immunis, Bundy, Proc. Acad. Nat. Sci. Pliila., 1877, p. 171.

Cambarus signifer, Herrick, Teutb Anu. Hep. Geol. Nat. Hist. Suvv. Miuu., for the Year 1881, p. 253, 18S2.

Cambarus immutds, Faxon, Proc. Amer. Acad. Arts aud Sei., XX. 14G, 1884.

Known LocaMlcs.— New York (Coll. L.A.Lee). Indiana: White Eiver

(Coll. Bost. Soc. Nat. Hist.) ; Fall Creek, Indianapolis (Coll. Peabody Acad.

Sci.) ; Long Lake, Kendall ville (Bundj). Illinois : Aux Plains (Coll. U. S. Nat.

Mus.) ; Belleville ; Lawn Ridge ; Normal ; Oquawka (Coll. 0. P. Hay). Michi-

gan : Detroit River, Detroit. Wisconsin : Milwaukee (Coll. U. S. Nat. Mus.).

Minnesota : Richfield, Hennepin Co. Iowa : West Liberty. Missouri : St.

Louis (Coll. P. R. Uhler). Kansas : Leavenworth (Coll. Acad. Nat. Sci. Pliila.)

;

Ellis (Coll. C. H. Gilbert). Wyoming : near Laramie (Coll. U. S. Nat. Mus.).

Alabama : Huntsville. Mexico : Orizaba (Coll. U. S. Nat. Mus.). see/y. 3 ?<?

Wo.6. M.C.i

Yar. spinirostris. -IVH ~

Plate I. fig. 5.

Cambarus immunis, var. spinirostris, Faxon, Proc. Auicr. Acad. Arts aud Sei., XX. 146, 1SS4.

Knotvn Locality.— Obion Co., Tenn.

C iinminuT is a very common species in Illinois, being especially fre-

quent in the muddy ponds of the prairies. Mr. H. G. Hubbard has found

it in muddy pools and ditches connected with the Detroit River, Michigan.

According to Mr. Hubbard, it does not form burrows, but conceals itself

among weeds.

The second form of the male was unknown to Hagen, and was first

described by Forbes in December, 187G. The first pair of abdominal a})-

pendages are split for but a very short distance from the tip ; the branches

are thick, and neither of them is dilated, flattened, or channelled at the

tip, as is the case in the first form. (See PI. X. figs. G a, 6 a'.) The tufts

of hair-like setoe on the inner side of the penultimate and autepenidtimate

segment of the second pair of legs, so characteristic of this species, are
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much less developed in the females and second-form males than in fii-st-

fonn males. In some, esijecially young, specimens slight ante-apical teeth

are present on the rostrum.

I am indebted to Mr. C. L. Herrick for three examples, two first-form

males and one female, of his C. sigiiifer. It does not differ specifically from

Hao-en's C. immuiiis. The antennal scale is a little broader than in the types

from Illinois, and the aiiterior process of the epistoraa is not so clearly trun-

cated ; the punctation of the carapace is more pronounced. These diflfei'-

ences are no greater than we often find in the same species when specimens

from widely separated localities are compared. The color, as given by Her-

rick, is " reddish (crimson) brown, not obviously figured ; tail lighter ; fin

chestnut, marked with gray ; chelae bright crimson below ; there are green

markings on the body and legs, and some yellow below." In the female,

the " abdomen is marked with chestnut bars on each segment above." " Tlie

young males have the chelse greenish blue and mottled, while the coloration

of the body is like the females." The figure of the antennal scale (fig. 7, b)

in tierrick's paper is very incorrect.

The hand of this species figured by Hagen on Plate VIII. of his Mono-

graph is not of the normal form, but belongs to the specimen from Hunts-

ville, Ala., mentioned on page 72. Although this specimen is a first-form

male, the tufts of cilia on the second pair of legs are hardly developed.

The female from Beaufort, N. C, (M. C. Z., No. 3356,) doubtfully assigned

to this species by Hagen, does not belong here. It is perhaps C. Diogenes.

I have seen a few specimens of C. immunis with the internal margin of

the movable finger straight, without the excision at the base, but such cases

are very rare.

In the typical form of C. imnmnis the margins of the rostrum are sinu-

ate at the apex, without spines at the base of the acumen. In many of the

well-grown second-form males and females from the Detroit River, small

lateral spines are developed at the base of the acumen ; and these speci-

mens thus lead to a form from Obion Co., Tenn., (Coll. U. S. Nat. Mus.,) in

which the lateral rostral spines are developed in all the examples exam-

ined (seven second-form males, nine females). The sides of the rostrum

in some of tliese are nearly parallel as fixr as the lateral spines. Although

these specimens are of moderate size, they show the mai'ks of immaturity,

the chelipeds being small, the chelse narrow, with slender fingers. The inner

finger is generally excised at the base, as in the typical form ; the lateral
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thoracic spine is better developed, the uiitemiaj are longer (equal to the

length of the body), and the tufts of cilia on the inner side of the second

pair of legs are not developed. The anterior process of the epistonia is not

notched or truncated. The male appendages and the annul us ventralis are

as in the typical C. imrimnis. In the only old specimen (female, 4;^ inches

long) the rostrum and epistoma are, unfortunatel}', mutilated, but the chelae

are broad, as in the typical form, and the second pair of legs show the ciliate

tnfts. I am disposed to con.sider the variations here as varietal rather than

specific. The form may be called Camhanis vnmunis, var. sjmiirostris.

The only specimens I have seen from the State of New York are a

pair, so labelled, in the collection oi' Prof L. A. Lee. Two specimens in

the U. S. National Museum, male, form IL, and female, from Orizaba, Mexico,

(Prof Sumichrast,) do not diifer to any extent from those inhabiting the

United States.

42. Cambarvis Mississippiensis.

Plate III. flg. 2, Plate X. figs. 4, 4 , 4 a, 4 a.

Ciimbarua Missmippietisis, Paxox, Pi-oe. Ainer. Acad. Arts and Sci., XX. 123, 1884.

Male, form I.— Eostrum broad, twice as long as broad, subexcavated

above, smooth, foveolate at base, margins raised, converging anteriorly, sinu-

ate at apex ; acumen short, triangular, acute, no lateral teeth. Post-orbital

ridges sulcate on outer side, with short, blunt anterior spines. Carapace

densely punctate, sides lightly granulate, front lateral border not angulated.

Cervical groove sinuate, with small lateral and branchiostegian spines. Areola

linear anteriorly to the middle, with a small anterior and a larger posterior

triangular field. Length of areola equal to half the distance from tip of

rostrum to cervical groove. Abdomen as long as the carapace. Terminal

segment of the telson shorter than the basal segment, hind border slightly

concave at the centre ; basal segment bispinose on each side. Anterior angle

of epistoma notched. Sternum between the legs densely ciliated." Antennal

scale very broad, apical spine short. Third maxillipeds hairy without and

beneath. Chela; large, punctate, smooth below, margined without ; inner

margin of hand short, furnished with dentiform tubercles irregularly disposed

in a double series ; a little distance from these is another line of smaller cili-

ated tubercles on the upper surface of the hand on a line with the middle

of the base of the movable finger. Fingers long, gaping at base, each with
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a jJiinctiite impressed line parallel with inner margin, and furnished with

rounded tubercles on inner margin. Movable finger tuberculate on outer

maro-in. Outer finger bearded below at base. Carpus broad, obliquely trun-

cate on the external side, punctate and tuberculate above, a strong median

internal spine, two small spines near on the base and one at the anterior

end near the articulation ; multispinous beneath, the two anterior spines the

largest. Meros smooth, two ante-apical spines obliquely placed on upper

margin, lower fiice with blunt biserial spines. Second pair of legs with long-

setae near the end on inner side, not tufted as in C. iminium. Third pair of

legs hooked. First pair of abdominal appendages long, deeply bifid, rami

recurved at tip, parallel, internal ramus subcylindrical, dilated and grooved

at tip, external ramus a little longer than the internal, laterally flattened,

ending in a slender, sharp point.

Male, form 11.— Rostrum with small lateral teeth ; hand smaller, with

smaller tubercles ; hooks on third legs smaller ; third pair of abdominal

appendages stouter, cleft for only a short distance from the tip, tips blunt,

no articulation at the base in the one specimen examined.

Female. — Rostrum as in the second form of the male. Hand shorter

and broader, annulus ventralis with a very deeply excavated fossa.

Measurements of male, form I.— Length, 73 mm. Length of rostrum,

9 mm. Breadth of rostrum at base, 5 mm. Length of areola, 11 mm. From

tip of rostrum to cervical groove, 25 mm. Length of chela, 35 mm. Breadth

of chela, 14 mm. Length of inner finger, 24 mm. Length of internal margin

of hand, 11 mm.

Five specimens, one male, form I., one male, form II., and three females,

were collected by Prof 0. P. Hay in Eastern Mississippi. Two of them are

labelled " Macon, Miss."

Differs from C. mmums in its linear areola, flatter rostnnn, differently

shaped chela, and male appendages, the rami of which are longer and less^

strongly recurved. C. Pulmcri differs from it in its quadrangular rostrum,

which has a longer acumen and more prominent lateral spines, narrower

and long-spined antennal scale, and longer areola ; the rami of the male

appendages (form II.) are a little longer and more widely separated.

G. Alabamensis differs by its wide areola, toothed and carinated rostrum,

etc.
; C. comprcssus, by its laterally compressed carapace, wide areola, nar-

row carinated rostrum, etc.
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43. Cambarus Palmeri.

Plate III. fig. 6, Plate X. figs. 5 a, 5 a'.

Palmeri, Faxox, Proc. Amer. Acad. Arts Mid Sci., XX. 124, 1884.

Male, form II. — Rostrum broad, subexcavated, margins nearly paral-

lel from base to lateral spines, which are small and sharp ; acmnen long.

Post-orbital ridge with sharp anterior spine. Carapace smooth and punc-

tate above, granulate on sides, lateral spine of moderate size, anterior lateral

border notched just below the sub-orbital angle, which is not prominent.

Areola linear for a short distance anterior to the centre, witli a small ante-

rior and a larger posterior triangular field. The length of the areola is

one half the distance from cervical groove to tip of rostrum. Abdomen as

long as the cephalothorax. Proximal segment of telson bispinose on each

side. Antennae nearly as long as the body. Lamina a trifle longer than

rostrum, broad, greatest width at the middle, thence tapering to the long

spine at apex. Third maxillipeds hairy within and below. Anterior process

of epistoma truncate at apex. Chela broad, depressed, smooth and punc-

tate below, ciliate-punctate above, margined on the outer edge. Inner mar-

gin of hand short, with a double row of small ciliated tubercles. Fingers of

moderate length, straight, corneous and incurved at tip, costate, punctate, and

ciliate above. Movable finger with outer edge furnished with a double row

of ciliated tubercles on basal half. Outer finger hairy below at base of inner

side. Carpus tuberculate above, with a strong and acute internal median

spine, and a minute one at the base ; smooth below, with two prominent

anterior spines. Third pair of legs hooked. First pair of abdominal ap-

pendages articulated near the base, long, stout, strongly curved, bifid for a

short distance from tip, rami divergent, outer one the longer.

Female. — Annulus ventralis triangular, rounded anteriorly, posterior

wall with a longitudinal sigmoid fissure. Sternum between fourth pair of

legs smooth.

Length, 61 mm. Antennae, 52 mm.

Twenty-five specimens of this species were collected for the U. S. Na-

tional Museum by Mr. Edward Palmer, in a brook running into the eastern

side of Red Foot Lake, near Idlewild Hotel, Obion Co., Tenn., May 30, 1882.

The lot contains males of the second form and females. The rostrum, chela^

and anteunal scale are similar to those of C. lirilis. It differs from that
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species in its linear shorter areola and male appendages, which are more

strongly curved, and formed more on the pattern of the same parts in

C. immnnis. In the latter species, however, these appendages are still more

stron'dy curved, the areola is not linear in any part, the rostrum is more

deeply excavated, longer, and (usually) toothless, the antennal scale is sub-

truncate at the end, and the hand different. Its closest relative is C. Missis-

sijjpknsis. See description of that species, page 101.

Some of the specimens still show spots of dark color (purplish) on the

chelae, carpus, and branchial regions of the carapace. In a few specimens

there is a very faint indication of a median carina on the rostrum.

44. Cambarvis Alabamensis.

Plate IV. fig. 4, Plato X. Uss. 3, 3 . 3 a, 3 a'.

Camhana Alahcimensis, Faxos, Proc. Amcr. xVcad. Arts and Sci., XX. 125, 1884.

Male, form T.— Eostrum broad, punctate, subexcavated above at base, watli

a broad, roimded, slightly elevated median carina near the tip
;

sides sub-

parallel, punctate, ciliate ; acumen long, triangular, marginal spines slightly

developed. Anterior spine of post-orbital ridge hardly developed. Carapace

smooth, punctate, cervical groove sinuate, with minute lateral and branchi-

ostegal spines; anterior margin notched at base of antennas; areola wide,

short (less than half as long as the distance from cervical groove to the lat-

eral rostral spines), thickly punctate. Abdomen longer than the cephalo-

thorax by the length of the terminal segment of telson, Telson rounded

behind, basal segment bispinous Epistoraa triangular. AntenniB nearly as

long as the body, slender ; scale moderately broad, broadest in middle, thence

tapering to the apical spine. Third maxillipeds hairy within and Ijelow.

Chelipeds of moderate length, strong. Chela broad, thick ; hand punctate,

inner margin of moderate length, scarcely serrate ; fingers of moderate

length, costate, ciliate-punctate, usually meeting only through their distal

thii-d. Immovable finger heavily bearded at base within, both above and

below. Carpus smooth, punctate above ; on the internal border there is a

strong median spine ; in front of this, near the articulation, is a minute spine,

and behind it are one or two faint ones near the base ; below, the carpus has

a single small spine near the external articular point of the hand. Meros

smooth, punctate, with two obliquely disposed spines near the anterior end

of superior border ; of the biserial spines beneath, only the distal one or two
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of the outer row are developed. Third pair of legs hooked at base. First

pair of abdominal appendages long, deeply bifid, rami slender, recurved,

parallel, inner ramus spoon-shaped at tip, outer ramus a little longer than

the inner, compressed laterally, tapering to a fine point at tip.

Male, form II.— Lateral rostral spines a little more prominent, liand

smaller, hooks on third legs less strongly developed, first abdominal ap-

pendages thicker, bifid for only a short distance from the tip, rami laterally

compressed^ blunt-pointed.

Female — Rostrum as in the second form of the male, hand shorter and

wider. Annulus ventralis with well-marked transverse fossa.

Measurements of a male, form I.— Length, 55 mm. Carapace, 25 mm.

Abdomen, 30 mm. Length of antennae, 50 mm. Length of areola, 7 mm.

Breadth of areola, 2.5 mm. Length of chela, 21 mm. Breadth of chela,

9 mm. Length of movable finger, 12.5 mm.

A female of the same size has the areola 3 mm. in width, 7 mm. in

length.

Forty specimens, including both forms of the male and the female, were

collected by C. L. Herrick in Second Creek, Waterloo, Lauderdale Co., Ala.,

for the U. S. National Museum. The male appendages are ver\^ like those

of C Ifismsippieiisis, the rami being longer and less strongly recurved than

in C immunis. It is at once distinguished by its broad and short areola from

the other species in which the first abdominal appendages are formed after

the pattern of those of C. /««»H«7k Tlie section of the carapace behind the

cervical groove is very short in this species, and the dense beard at base of

the external finger is very characteristic. In C. comjjressus the areola, al-

though broad, is long, and the strong lateral compression of the body, differ-

ent form of the chela, etc., distinguish it from this species at a glance.

45. Cambarus compressiis.

Plate V, «g. 6, Plate X. flgs. 3, 2'. 2 a. 2 a'.

C/imbarits eompressus, Faxon, Proc. Amer Aciid. Arts and Sci.. XX. 127, 18S4.

Male, form I.— Rostrum narrow, excavated, curved downwards, with a

longitudinal median carina; margins thickened, converging, with a line of

ciliated dots; acumen long, triangular, with acute lateral spines at base

which are obsolescent in the largest specimens. Cephalothorax strongly

compressed laterally. Post-orbital ridges armed with acute anterior spines.

14
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Carapiice punctate on both the back and sides ; on the gastric region the

2:)unctation is very coarse, assuming the form of reticulation ; cervical groove

sinuate ; no lateral or branchiostegian spines ; anterior lateral margins

notched behind the antenna3 ; areola broad, heavily punctated. Abdomen

about tlie length of the thorax. Telson long, proximal segment Ijispinose

on each side. Antennfe slender, shorter than the body by the length of the

telson. Antennal scale of moderate width, terminal spine very long, reach-

ing beyond the tip of the rostrum. Epistoma triangular. External max-

illi2:)eds hairy within and below. Chelipeds short, stoat; chela3 very large,

broad, non-tubercalate, hand convex above and below, punctate, internal

margin entire ; fingers short, thick, with lines of ciliated dots. Carpus

punctate above, with one internal median spiue. Upper border of meros

with one or two ante-apical spines ; the biserial spines below are not devel-

oped, except the distal one of each row, and even these are minute. Third

segment of third pair of legs hooked. First pair of abdominal appendages

reach the base of the second pair of legs. They are deeply bifid, the rami

recurved ; the outer ramus is aciculate, the inner is enlarged at base and at

tip, and the tip is furthermore grooved in front and rounded off at the end.

Male, form II.— Hand smaller, fingers gaping at base, external finger

ciliated at base within, hook on third segment of third legs very small ; first

pair of abdominal appendages articulated near the base, thick, inner and

outer parts separated for only a very small distance from apex, compressed

from side to side, tips a little recurved, blunt-pointed.

Female.— Chelaa .somewhat smaller than in the first form of the male,

fingers less Avidely separated at base, external finger ciliated at base within.

Anterior border of annulus ventralis nearly obliterated in the median line,

lateral borders raised into prominent tubercles, transverse fossa wide.

Length of body (male, form I.), 45 mm. Length of carapace, 22.5 mm.
Length of areola, 8 mm. Breadth of areola, 2 mm.

In the largest specimen seen, the dimensions of which are given above,

the lateral spines of the rostrum are obsolete, the margins simply notched

at base of the acumen ; in the other specimens the lateral rostral spines,

though small, are evident ; the antennae in the larger specimens are shorter

in proportion to the length of the body.

Thirty-nine specimens (eighteen males, form I., two males, form II., and

nineteen females) were collected by C. L. Ilerrick, for the U. S. National

Museum, in Second Creek, Waterloo, and in Cypress Creek, Lauderdale Co.,

Ala., October, 1882.
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A small species, with first abdoiiiinul appendages of the male similar to

those of C. mmunis. It is readily distinguished from all the other species

with similar male appendages by the lateral compression of the cephalo-

thorax, form of the chela, etc.

46. Cambarus medius.

Plate lU. fig. 4, I'late IX. figs. 4, 4'.

Camiarus mei/ius, Faxon, Pruc. xVmc;i-. Acad. Arts ;md Sci., XX. 131, 18S4.

Male, form I.— Rostrum of moderate length, excavated, slightly cari-

nated at the tip ; margins thickened, converging, sinuated near the tip to

form the short triangular acumen; no hitei'al spines. Post-orbital ridges

depressed, sulcated on external face, subacute anteriorly. Carapace sub-

cylindrical, somewhat flattened above, punctate, granulated on the sides

;

cervical groove sinuate, no lateral or brancliiostegian spine ; sub-orbital an-

gle I'ounded ; areola long (much more than half as long as the distance from

the cervical groove to the tip of the rostrum), of moderate width, punctate,

widening posteriorly. Abdomen as long as the cephalothorax ; telson

rounded behind, basal segment bispinous on each side of the posterior bor-

der. Basal segment of antennule with an interior median spine. Second

and third segments of antennaj not spiniferous (flagellum of antenna? broken

off in the specimen examined, probably much shorter tlian the body). An-

tennal scale short, of moderate width, terminating in a short, acute spine.

Anterior process of epistoma triangular, apex pointed, sides convex. Tliii'd

maxillipeds bearded within. Chelipeds of moderate length, stout; chela

bi'oad, inflated, coarsely punctate above and below, external margin rounded
;

niternal margin of hand with a double row of obsolescent tubercles ; fingers

stout, gaping at base, costate, heavily dotted-lined, internal margins fur-

nished with rounded tubercles. Carpus sparsely punctate, nrmed with a

moderate median and a smaller basal internal spine; below, there are no

spines developed. Meros furnished with two nearly obsolete obliquelv'

placed tubercles near the distal extremity of superior border, and with a

double row of tubercles below. Second pair of legs provided with long cilia

towards their distal extremity. Third segment of third pair of legs hooked.

First pair of abdominal legs long (reaching to base of chelii^eds), deeply bifid,

rami slender, straight, the outer one a little recurved at the tip, aciculate,

the inner one slightly dilated near the tip, blunt pointed ; a projecting angle

or shoulder at base of lanii on anterior margin.
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Female. — Hand small, fingers not gaping, ciliated within ; sternum

between fourth pair of legs plane ; annulus ventralis bilaterally symmetrical,

anterior border bituberculate, posterior border unituberculate, transverse

fossa deep, recurved at each end.

Measurements of male, form I.— Length of body, 49 mm. Length of

carapace, 25 mm. Length of rostrum, 6 mm. Length from end of rostrum

to cervical groove, 15.5 mm. Length from cervical gi'oove to hind border

of carapace, 9.5 mm. Width of areola, 2 mm. Length of abdomen, 25 mm.

Length of chela, 23.5 mm. Length of internal margin of hand, 9.5 mm.

Breadth of chela, 11.5 mm. Length of movable finger, 14 mm.

Two specimens, first form of male and female, in the Museum of Compar-

ative Zoology, from Irondale, Mo.

This species has the general form of body, rostrum, and chelie of the

C. Bartonii group, together with the male abdominal appendages of the

C. affinis group. These appendages have a projecting shoulder at the base

of the rami, on the anterior edge, as in C. rusiicus, C. Putnami, etc. C. im-

munis and C. 3Iississrppiensis, belonging to the C. affinis group, also have the

rostrum devoid of lateral spines, but in general habit of body they do not

resemble C. Bartonii and its allies, as is the case with the present species.

47. Cambarus rusticus.

"5" D 5 2- b*cJ , ^j r •r^^ Plate IX. figs, 8, 8 , 8 a, 8 a' (first abdominal appendages of male).

» ^. Cambarus rusticus, Gieakd, Proc. Acad. Nat. Sci. Pliila., VI. 88, 18.52.

Cambarus rusUais, Hagen, 111. Cat. Mus. Comp. Zool., No. III. p. 71, PL I- figs. 80-83, PI. III. fig. 161,

1870.
'"^

*(/'' '" - Cambarus plaeidns, Hagen, op. cit,, p. 65, PI. I, figs. 76-79, PL HI. fig. 158, 1870.
''^''

Cfl?«AffnM>i;CTH7!.!, Hagen, op. cit. p. 66, PL I, figs. 29-33, PL III. fig. 157, 1870.

Cambarus rusticus. Smith, Rep. U. S. Coiiini. Pish aud Fisheries for 1872 and 1873, p. 639, 1S74. (After

Ilagcn. No description.)

Cambtirus pliicidus, SsiiTU, op. cit.. p. 638, 1874. (After Hagen. No description.)

Gamharus juimdtis, Smith, op. cit., p. 38, 1874. (After Hagen. No description.)

Cambarus IVisconsi/icnsis, Bundy, Bull 111. Mus. Nat Hist., No. I. p. 4, 1876. — Trans. Wis. Acad. Sci., V.

181, 1883.— Geol Wis., Surv. 1S73-1879, I. 402, 1883.

Cambarus placidus, Pokbes, Bull. 111. Mus. Nat. Hist., No. I. p|). 4, 19, 1876. (After Hageu.)

Cambarus Wisconsimnsis, Porbes, op. cit., p. 19. (After Buudy.)

Cambarus rusticus, Bundy. Trans. Wis. Acad. Sei., V. 181, 1882.— Geol. Wis., Surv. 1873-1879, I. 402,

1883. (Not described.)

Cambarus placidus, Bundy, Traus. Wis. Acad. Sci., V. 181, 18S2. (Not described.)

Cambarus rusticus, Paxon, Proc. Amer. Acad. Arts aud Sci., XX. 148, 1884.

Male, form L— Rostrum long, narrow, concave on the sides, excavated,

margins thickened, dotted-lined, divergent at the base ; acumen of moderate
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length, triangular, with aciite, upturned, brown, horny terminal spine ; mar-

ginal spines short, upturned, fusco-corneous. Carapace flattened above,

punctate, lightly granulate on the sides, lateral spine small, often obsolete,

branchiostegian spine obsolete
;
post-orbital ridges terminating anteriorly in

a very short spine, which is sometimes obsolete in large specimens ; antero-

lateral border very slightly angulated behind the antenna3 ; areola equal in

length to the distance from the cervical groove to the base of the rostrum,

narrow, irregularly punctate, sides subparallel for the greater part of its

length, divergent at the fore and hind ends. Abdomen a little shorter than

the cephalothorax
;
posterior border of telson rounded, posterior margin of

basal segment bispinose on each side. Basal segment of antennule armed

with an interior spine near the apex of lower side. Antennae about as long

as the body, spine on external margin of second segment small or obso-

lete ; scale broad, a trifle longer than the rostrum, widest beyond the middle,

thence tapering to the short, acute, horny-tipped, external apical spine. Thiid

maxillipeds hairy within,- nearly naked below. Anterior process of epistoma

triangular, antero-lateral borders convex, lateral angles prominent, apex

usually blunt. Chela lai'ge, punctate ; internal border of hand furnislied

with a double row of low depressed tubercles ; fingers ornamented with lines

of dots, of moderate length (the movable finger not much more than twice

the length of internal margin of the hand) ; fingers gaping at the base, not

bearded, movable finger incurved, external margin concave, with obsoles-

cent tuberculation like that on the inner margin of the hand ; external

finger incurved, external margin convex ; inner margins of both fingers

furnished with rounded tubercles. Carpus broad, coarsely punctate above,

internal median spine small, in some examples obsolescent, inferior median

and external spines small or obsolete; meros smooth on the external face,

with two small, obliquely placed superior sub-apical spines, one or both of

which may be obsolete, inferior biserial spines usually but slightly devel-

oped, except the apical one of each row. Third segment of third pair of legs

hooked. First pair of abdominal appendages, when turned forward, reach

the base of second pair of legs ; they are deeply bifid, the rami slender,

styiiform, shorter than the proximal undivided part; outer ramus straight,

or arcuate (the concave side being posterior), subulate; inner ramus a little

shorter than outer, straight or arcuate, a little incurved at the apex, tip

aciculate, or in old specimens dilated ; a projecting angle or shoulder on

the anterior margin at base of the rami.
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Male, form II. — Hooks of third pair of legs smaller ; first pair of abdom-

inal appendages thicker, bifid for but a short distance from the tip, rami

stout, the outer one the longer, the inner one slightl}' incurved, swollen at

tip, blunt pointed ; very slight trace, or none, of projecting angle on ante-

rior margin at base of tlie rami.

Female. — Sternum between the fourth pair of legs smooth; anterior

wall of annulus ventralis largely developed, bituberculate, fossa triangular,

posterior wall with a median, backward-projecting tubercle divided by a

longitudinal narrow fissure.

Length of a male, form II., 73 mm. Length of carapace, 36.5 mm.

Length of abdomen, 36.5 mm. Length of rostrum, 8.5 mm. From tip of

rostrum to cervical groove, 22.5 mm. From cervical groove to hind margin

of carapace, 14 mm. Width of areola, 1.5 mm.

Known LocaliUes. — Pennsylvania : Pittsburg (Coll. Acad. Nat. Sci. Phila.)

;

Philadelphia Co. [?] (Coll. Acad. Nat. Sci. Phila.). Ohio: Kelley's Island,

Lake Erie (Peabody Acad. Sci.); Miami River, Dayton (Coll. Acad. Nat. Sci.

Phila.); Yellow Springs; Cincinnati, Ohio River. Indiana: Madison, Ohio

River (Coll. 0. P. Hay); White River (Coll. Bost. Soc. Nat. Hist); Indian-

apolis (Coll. Peabody Acad. Sci.). Illinois : Quincj' ; Normal (W. F. Buiidj^).

Kentucky : Little Hickman, Kentucky River ; Perryville, Boyle Co. ; Salt

River. Tennessee : Cumberland Gap ; Lebanon. Lake Superior. Wiscon-

sin : Racine; Beloit (W. F. Bundy) ; Ironton (W. F. Bundy) ; Fox River

(W. F. Bundy [C. yyfom7«s]). Iowa: Lizard Creek, Fort Dodge. Missouri:

Osage River. Arkansas: White River, Eureka Springs, Carroll Co. (Coll.

U. S. Nat. Mus.). Texas.

The above description is drawn up from Hagen's types of C. rnsticus

from Cincinnati, Ohio (M. C. Z., No. 285), and from specimens of the same

form from Yellow Springs, Ohio (M. C. Z., No. 3427). Hagen's type from

Lake Superior (M. C. Z., No. 187) differs in having very long, straight fingers,

not tuberculate on their inner margins, like C. placidu^ Hag.

In the larger males, form I , from Yellow Springs, the rami of the first

abdominal appendages are curved forwards a little at the base, and then

recurved toward the tip, forming an arc ; the tip of the inner rami is con-

siderably dilated. In very young specimens of both sexes (20 mm. long,

or thereabouts) there is a dense beard on the interior margin of the car-

pus and meros of the chelipeds, as well as on the inner side of the external

finger near the base. In some specimens the fingers are long and straight.
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Girard's description of C. rii-sf/'ciffi is as follows :
—

'' Rostrum narrower than in both C. affinis and C. Pealei, and, besides,

concave on the sides. Terminal point shorter than either of the preceding

species [C pelluckliis, affinis, OrcgunHx, and Peuki\ ; anterior pair of abdom-

inal legs (in the male) elongated, slender, with their tip curved inwards,

whilst the same tips are straight in C. affinis, and twisted in C. pcllucidus.

The dorsal area is broader than in C. Pealei.

"Locality.— The Ohio, at Cincinnati."

This description does not fit very well, but Dr. Ilagen examined one

of Girard's types and ascertained its identity.

Closely related to the above described form are Hagen's C. placidus and

C. juvemlis. I find so many specimens among the material at my disposal

which combine characters of these three, that I am led to consider them

all as varieties or forms of C rnsticiis.

In the type (male, form I.) of C. jilacidus, from Quincy, 111. (M. C. Z., No.

29G), the rostrum is longer and narrower than in the tj-pical C. rusliciis,

with longer acumen and lateral spines ; the hands have long, straight, non-

tuberculate fingers, like the C. rusticus fi'om Lake Superior mentioned above

;

the rami of the first pair of abdominal appendages are a little recurved, and

want the projecting shoulder at the base of the rami on the anterior border

;

the antennal scale is subtruncate, with longer apical spine. The types from

Lebanon, Tenn. (M. C. Z., No. 289), are second-form males and females. They

differ from the Quincy specimen in having a well-developed internal median

spine on the carpus, and an acute though small lateral spine on the carapace;

in some of these .specimens the rostrum is slightly carinated near the tip ; the

external ramus of the first abdominal appendage, instead of being straight,

as in the typical C. rusticus, is a little recurved at the tip. Of the tj-pes from

Texas (M. C. Z., No. 170) there are now five in the Museum collection, four

males of the first form, one male of the second form. In three of the first

forms a projecting shoulder is prominently developed on the anterior border

of the first pair of abdominal appendages, as in C. rusticus and 0. Juvenilis ;

in the fourth specimen it is also present, but less marked. Two or three of

these examples further agree with the typical C. ruslicus in the form of the

chela. The internal median carpal spine is strongly developed, the lateral

spine of the carapace small and acute, the inner row of inferior spines of

the meros well pronounced. The (irst pair of abdomiu;d appendages in all

the first-form male types of C. placidus are a little longer than in C. ruslicus.
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The types of C. juvenilis from Little Hickman, Ky. (M. C. Z., Nos. 213,

3347) differ from the types of C. rusflms in the following respects. The first

pair of abdominal appendages are longer, reaching forwards as far as the

base of the chelipeds when the abdomen is flexed ; the rami are slenderer,

longer, and set at a slight angle with the basal part of tlie appendage ; the

inner ramus is straight, parallel with the outer ivaraus (not twisted), pointed

at the tip, not dilated. The margins of the rostrum are more thickened.

The punctation of the carapace is finer. The areola is narrower, the nar-

rowest part being in front of the centre, thence widening posterioii}' ; it fol-

lows that the sides of the areola are not parallel for any distance, whereas

in C. nisticus the . sides of the areola, after converging to the posterior end

of the anterior triangular field, run nearly parallel to one another for some

distance, diverging towards the posterior end of the carapace to form the

hinder triangular areolar field. The hand is short, with long fingers which

meet throughout their entire length ; the external finger is barbate within

at base. In the male of the second form the tip of the outer ramus of the

first abdominal appendages is slightly recurved.

There is, however, some variation among these types. In one male of

the first form the fingers are of moderate length, slightly gaping at the

base, the inner carpal spine small but acute ; the areola is of the form seen

in C. rusticns.

Two female specimens from Cumberland Gap, Ky. (M. C. Z., No. 3580)

agree with the t.ypes of C.jnvi'itiils from Little Hickman.

Hagen's type of C jiiveniUs from the Osage River (M. C. Z., No. 271

)

differs from tlie Kentucky types, and agrees with the specimens from the

Osage River (M. C. Z., No. 3446) mentioned farther on.

Among specimens received from Perryville, Ky. (M. C. Z., Nos. 3442,

3443) and Salt River, Ky. (M. C. Z , No. 3578), which agree in most respects

with Hagen's types of C. rustkus, many have an inflated hand, with very

convex external border and rather short fingers. The carapace is flattened

on the back. In many respects these specimens resemble C. jnvenilk ; and

if G. juvenilis and C. rusticus be separated as two distinct species, it is hard

to say to which species these specimens should be assigned.

Specimens from Cumberland Gap, Ky., males of the first form (M. C. Z.,

No. 3444), have the rami of the first pair of abdominal appendages long

and slender, as in C. jttvenilis ; when the abdomen is flexed, these appen-

dages reach forward to the base of the chelipeds. The internal median
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and the inferior median anterior spines of the carpus are well developed
;

of the spines of the meros, the superior apical and the external row of the

inferior biserial ones are developed ; only one or two of the distal ones of

the inner row are present. In one specimen the fingers are much elongated.

There is a dark ring around the fingers near the tip. The carapace is

flattened above, densely and coarsely punctate, lateral spines small, acute

;

areola as wide as in the typical C. rusticus, and of a similar form. A closely

similar form comes from Lizard Creek, Fort Dodge, Iowa (M. C. Z., No. 3554).

In small specimens, 52 mm. long, males of the second form and females,

from Southern Indiana (M. C. Z., No. 3553), the lateral spine of the carapace,

the anterior spine of the post-orbital ridge, and the spine of the carpus and

meros, are acute and well formed, though small. The rostrum is excavated,

and thickened on the margins, as in the typical C. rusiicits.

A t\'pe, male form II., of C. Wiscondiicnsis Bundy, from Racine, Wis., re-

ceived from Dr. Bundy (M. C. Z., No. 3448), agrees in most particulars with

C. placidiis Hagen. The rostrum is shorter, and the internal part of the

first abdominal appendages is swollen near the tip, as in Hagen's C. rusticus.

The anterior process of the epistoma is not truncate or emarginate. The

Ulterior median and inferior median carpal spines are well developed.

In the same jar with C. virilis from the Osage Eiver (M. C. Z., No. 169)

I find many small specimens, males of the second form and females, which

agree very closely with the types of C. jjlacidus from Lebanon, Tenn., and

from Texas. With these goes a single first-form male from the same local-

ity (0.sage River), determined by Hagen as C. juvenilis (M. C. Z., No. 271).

The largest of these specimens (a female) is 71 mm. long. The rostrum

and antennal scale are as in C. plac'idus, the fingers of moderate length, tlie

internal median carpal spine well developed, the inferior median carpal spine

small and acute (in the first-form male obsolescent), the areola narrow. The

first abdominal appendages of the first form of the male have a prominent

angle on the anterior border, the inner ramus is straight, dilated at the tip,

the outer ramus is a little recurved ; in the second form of the male the inner

ramus is straight, the outer slightly recurved at the tip. The inner side of

the base of the external finger is bearded in the female and second-form male,

naked in the first-form male. Differs from C. Putnami ui having a narrower,

more excavated rostrum, narrower areola, and shorter male appendages.

In the collections of the Peabody Academy of Science, the Boston Soci-

ety of Natural History, and Bowdoin College, there are many young speci-

15
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mens, second-form males and females, from Bradford, Ind., collected by A. S.

Packard, Jr., labelled (apparently in Dr. Packard's hand) " Cambarus sjj/iicmis

Bundy," in one case ^^Cumbarus spinosus Bundy, /'f/c Bundy." They are cer-

tainly not C. spinosus, which is a Southern species with a short areola. I

think they are young C. rusticiis, some of them possibly C. Fiifnami. The

areola is rather broad for C. rusticus, and the male appendages are rather

short for C. Pulimmi. In some of these specimens the rostrum is broad and

nearly plane (in this resembling C. olscuriis), and even a little carinated near

the tip. The tips of the fingers are orange-color preceded by a dark ring.

All the forms mentioned above agree in having an excavated rostrum

with thickened margins, a long and narrow areola, the first pair of abdomi-

nal appendages of the first-form male furnished with a projecting angle on

the anterior margin at base of rami (except in the C. placidus from Quincy,

111., in which this angle is obsolete), the rami long and straight or the outer

one somewhat recurved. The chela? have a double row of low, inconspicuous

tubercles on their inner margin. They vary somewhat in the width of the

rostrum and areola, in the development of the spines of the rostrum, cara-

pace, carpus, and meros, in the length and curve of the fingers, and in the

length of the rami of the first abdominal appendages. After a careful com-

parison of all the specimens before me, I am inclined to unite them all as

forms of C. rusiicus.

In the collection of the Academy of Natural Sciences of Philadelphia

are five dry specimens of this species (Nos. 126", 126''), which, according to

the labels, came from the State of Pennsylvania. Two of these are labelled

by Dr. Hagen "C. placidusr Three (126% 126% Philadelphia Co. and Pitts-

burg) are in the same box together, labelled ''A. Bartonu" by Gibbes, "C. affi-

nis" by Hagen; and on pages 62 and 78 of his Monograph Dr. Hagen says

that the types of JL. Bartonii Gibbes in the Philadelphia Academy are C. affinis

Say. When I examined the Philadelphia collection in December, 1882, they

seemed to me surely C. placidus Hagen. No. 126'' in the same collection,

labelled "C. affinis Say (C. Barionii Gibbes)," is the true C. Bartonii, from Dela-

ware. There is little chance that transposition of labels has taken place, as

the nnmber is pasted upon the specimens, and Gibbes's label and the original

locality label bear the same number.
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48. Cambarus spinosus.

Plate IX. iigrs. 7, 7', 7 a. 7 a' (first abdominal appendages of male).

Cambarus spi/iosits, Bundv, Proc. Acad. Nat. Sci. Phila., 1877, p. 173.

Cambarus sjmosus, Faxon, Proc. Aiiicr. Acad. Arts and Sci., XX. 14S, 1881.

Male, form II.— Rostniiu broad, excavated, the rai.sed margins parallel

and continued back on the carapace between the post-orbital ridges, an

impressed ciliated line on each margin ; acumen long, acute, with well-

developed lateral teeth at base. Post-orbital ridges sulcate without, witli

short anterior spines. Carapace ovoid, smooth and punctate above, lightly

granulated and ciliated on the .sides, lateral spines single, long, acute ; cervi-

cal groove not sinuous ; .small branchiostegian spines ; front border of cara-

pace a little angulated behind the antennae ; areola moderately wide, of

equal width before and behind, punctate, equal in length to half the dis-

tance from cervical groove to lateral rostral spines. Abdomen equal to the

cephalothorax in length, mostly smooth, proximal segment of telson bispi-

nose on each side. Epistoma wide, emarginate in front. Antennas long (as

long as the body or longer) ; scale as long as the rostrum, narrow, widest

in the middle, thence tapering gradually to the long, sharp, apical tooth

;

external border inflated, turned outward at the distal end. Third j^fiii' of

maxillipeds hairy without, naked below. Chela of moderate size, punctate

above, smooth below, a double row of ciliated tubercles on the inner border

of the hand ; fingers of moderate length, slightly gaping at base, costate

and ciliate-punctate, toothed and ciliate on inner border; outer margin of

movable finger with two or three rows of tubercles. Carpus tuberculate

above, internal border with a large, curved, sharp median spine, and a small

anterior and posterior spine ; below there is a large median spine on anterior

margin, and a smaller one at the point of articulation with the hand. Meros

with two obliquely disposed .spines near the distal end of superior border;

the outer row of the biserial spines beneath consists of the two distal spines

alone. Third pair of legs hooked. Anterior pair of abdominal appendages

very long, reaching forward to the base of the large claws, deeply bifid, rami

slender, blunt-pointed, outer ramus longer than the inner, a little recurved

at the tip.

Male, form I.— According to Bundy, the hooks on the third legs are

larger; first pair of abdominal appendages "strongly bifid, tips of equal

length, very slender, straight, separating at node ; anterior margin with a
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tooth or projecting angle about midway from base to extremities; apical

forming a very obtuse angle with basal half."

Female.— Fingers shorter than in the male; annul us ventralis •with a

large tubercle on the posterior margin divided in the middle by a longitu-

dinal sinuous line, anterior border bituberculate, fossa deep, transverse.

Measurements of a male, form II.— Length, 70 mm. Cephalothorax, 35

mm. Abdomen, 35 mm. From tip of rostrum to cervical groove, 24 mm.

From cervical groove to posterior Isordor of telson, 10 mm. Length of

rostrum, 11 mm. Width of rostrum, 4.5 mm. Length of acumen of ros-

trum, 5 mm.

Known Localities. — South Carolina: Saluda River (Coll. Butler Univ.).

Georgia : neighborhood of Rome (Etowah, Oostenaula, and Coosa Rivers).

Tennessee River near border of Georgia. Alabama : Cypress Creek, Lau-

derdale Co.

The specimens described by Bundy were collected in the neighborhood

of Rome, Ga., by Prof D. S. Jordan. Some of these specimens have been

communicated to me by Prof. 0. P. Hay, of Butler University, Irvington,

Ind., and Mr. P. R. Uhler, of Baltimore, Md. They embrace males of the

second form, females, and young. According to Bundy, only one out of the

nineteen specimens examined by him was a male of the first form.

In general appearance this species resembles C. affinis, but differs in

being smoother, in the shortness of the carapace behind the cervical groove,

the single lateral spine, the absence of spines on the hej^atic region, emar-

ginate epistonui, longer antennae, and in tlie foi'm of the male appendages,

Avhich resemble those of O. rustmis and C ohscnriis. In these, however, the

male appendages are shorter, and the rami are shorter relatively to the

length of the whole appendage.

The female specimen from the Tennessee River near the borders of

Georgia, mentioned by Hagen under C. exiraneus as resembling C. (tffinis,

belongs to this species. Jordan also found C. spinosiis in company with

C. extraneus in the rivers explored by him in the neighborhood of Rome,

Georgia.

In the collection of Butler University is a single female C. sjnnosus, col-

lected by Jordan in the Saluda River, South Carolina. In this specimen the

posterior section of the carapace is a little longer than in the Georgian types,

the distance from the cervical groove to the posterior border of the cara-

pace being equal to half the distance from the groove to the middle of the
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acumen of the rostrum, and the anterior process of the epistoma is longer

and not emarginate.

Before this species was well known, the female might easily liavc been

confounded with C. affinis. I suspect that the female specimen from Green-

ville, South Carolina, in the Berlin Museum, referred to C. uffinh by Erich-

son, belongs here.

The Saluda River specimen is the largest seen by me. It measures 3J

inches in length. Bund}' gives the length of the largest examined by liim

as of mches.

Specimens collected for the U. S. National Museum in Lauderdale Co.,

Alabama, by C. L. Herrick, agree in most respects with the specimens from

Georgia, but differ as follows. The lateral margins of the rostrum, instead

of being very nearly parallel from the base to the lateral spines, converge

very perceptibly from the base to midway between the base and the lateral

spines; the epistoma is longer, but emarginate in full-grown .specimens, like

the type form ; the carapace is more heavily punctate. I am inclined to

regard it as a variety of C spiuosns.

Among these specimens from Lauderdale Co. is the first form of the

male, in which the hand is broader and shorter-fingered than in the second

form, and the hooks on third legs larger ; the first abdominal appendages

(PI. IX. figs. 7, 7') agree pretty well with Bund\-'s description of these parts

in C. spinosus, but the outer ramus is a little longer than the inner. The

shoulder at the base of the rami, on the anterior border, is very prominent

;

the inner ramus is thicker than the outer, lanceolate at the tip, the outer

aculeate at the tip. The rami form a hardly perceptible angle with the basal

part of the appendage. The coloration of these specimens agrees with

Bundy's description of the color markings of C. sjyinosus. The fingers have

a dark band near their tips, the tips being orange ; outer margin of outer

finger with a dark stripe continued on the outer margin of the hand to

the carpus ; two or three dark spots on the hand at the base of the mova-

ble finger. Until I have seen the first form of the male of C. spinosus from

Georgia, I cannot be positive of its specific identity with the Alabama

specimens.

/
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49. Cambarus Putnami.

Plate V. Hg. 5, Plate IX. figs. 6, G', 6 a, 6 a'.

Cambarus Putiuimi, Faxon, Proc. Amcr. Acad. Arts and Sci., XX. \'i\, ISSl.

Male, form I. — Rostrum broad, subexcavated, margins nearly parallel,

with a line of ciliated puncta; acumen long, equal in length to the width of

base of rostrum, narrow, acute, with a black horny tip and lateral spines.

Post-orbital ridges sulcate on external side, inflated at posterior end, armed

with a sharp, horny-tipped anterior spine. Carapace long-oval, slightly flat-

tened above, heavily punctated, sides rough with ciliated granules ; cervi-

cal groove deep, lightly sinuate, broken on the sides just above the small,

acute lateral spine ; branchiostegian spine slightly developed ; anterior latr

eral margins angulated, but without sub-orbital spine. Posterior segment

of carapace equal in length to half the distance from tip of rostrum to

cervical groove. Areola of moderate width, punctated. Abdomen as long

as cephalothorax, pleura punctate, telson bispinose on each side. Ante-

rior process of epistoma ciliated, triangular, sides convex, marginate. Basal

segment of antennule armed below with an internal ante-apical spine. An-

tennae slender, about as long as the body, scale as long as the rostrum, of

moderate width, external border inflated, ending in a .sharp spine. Third

maxillipeds hairy within and below. Chelipeds stout ; chela large, external

margin convex; hand ciliate and punctate above and below (the dots large),

swollen above, internal border of moderate length and furnished with two or

three rows of depressed ciliated tubercles ; fingers gaping at base, at least in

large individuals, costate and punctate-lined, external margin of movable

finger with depressed ciliated tubercles irregularly disposed in two rows

;

tips of fingers incurved, horny. Carpus smooth or faintly tuberculate above
;

a large, acute median internal spine, and small proximal and distal internal

spines ; beneath, the carpus has a very minute or no median anterior spine,

a short and acute external spine. Meros with two superior obliquely placed

ante-apical spines; of the ordinary biserial inferior spines only the distal one

or two of the outer row are developed. Third pair of legs hooked on third

segment. Thoracic sterna hairy. First pair of abdominal appendages very

long^v^reaching the base of the chelipeds when the abdomen is flexed, tuber-

culatedf\on internal border at the base, deeply bifid ; rami slender, acute,

forming afl, acute angle with the basal part, the outer slightly recurved, the

\
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inner shorter, incurved, and a little dilated before the tip ; a projecting angle

or shoulder on the anterior border at base of rami.

Male, form II.— Chela smaller, fingers not gaping, hook on third segment

of third pair of legs smaller ; first pair of abdominal appendages split only

half as far down as in the first form, rami much thicker, no projecting angle

on the anterior border; the.se appendages are as long as in the first form,

reaching forward to the base of the chelipeds; they are articulated near

the base.

Female.— Chela shorter and wider, external finger bearded within at

base ; sternum between fourth pair of legs non-tuberculate, lightly ciliatc.

Annulus ventralis large, transverse fossa broad and deep, anterior border

bituberculate.

Measurements of a male, form I.— Length of body, 73 mm. Length of

carapace, 36 mm. From tip of rostrum to cervical groove, 24 mm. From

cervical groove to hind border of carapace, 12 mm. Length of rostrum,

11 mm. Breadth of rostrum at base, 4.5 mm. Length of acumen of rostrum,

4 mm. Width of areola, 2.5 mm. Length of abdomen, 37 mm. Length of

chela, 34 mm. Breadth of chela, 14 mm. Length of movable finger, 22 mm.

Known LocalUies. — Kentucky : Grayson Springs, Grayson Co. ; Green

Eiver, near Mammoth Cave ; Cumberland Gap.

M. C. Z., No. 3574 (young female), from Knoxville, Tenn., "Walter

Faxon,. and No. 3575 (male, form II.), from Bradford, Ind., A. S. Packard,

Jr., probably belong to this species, but the specimens are too 3'oung to

determine with confidence.

This species resembles C spinosus, from which it is easily distinguished

by the length of the posterior section of the carapace, and by the length of

the male appendages. From C affinis it may be separated by the different

form of the male appendages and female annulus ventralis, and by the single

lateral spine of the carapace. I have seen males of the first form only

34 mm. in length.

50. Cambarus forceps.

Plate V. flg. 4, Plate IX. figs. 5, 5', Ba, B»'.

Cambarus forceps, Faxon, Proc. Amcr. Acad. Arts and Sei., XX. 13.3, 1884.

Male, form I.— Rostrum narrow, excavated, faintly carinatcd in the mid-

dle ; margins divergent at the base, thickened, dotted-lined ; acumen long
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and narrow, liornj-tipped ; lateral spines small. Post-orbital ridges not very

pi'oniinent except anteriorly, where they terminate in a spine with a corne-

ous tip. Carapace cylindroidal, punctate above, gi-anulated on the sides,

antero-lateral margins bluntly angulated ; cervical groove sinuate ; small and

acute lateral spine ; no branchiostegian spine ; areola of moderate width,

punctate. Abdomen as long as the cephalothorax ; telson rounded behind,

bispinose on each side. Epistoina smooth, anterior process triangular, in .

some specimens truncate. Thoracic sterna with silky setoe at bases of the

legs. Antennae slender, as long as the body ; scale a little longer than the

rostrum, of .moderate width, subtruncate at distal end, outer margin ending

in a long, sharp, somewhat outwardly directed spine. Third pair of maxilli-

peds hairy Avithin. Chelipeds short, stout; chela3 large, wide, with slender

cylindrical, widely gaping fingers, which are curved outward at the base and

opposable onl_y at their tips ; hand thickly punctated above and below, inner

margin obscurely serrate ; fingers naked at base, with parallel rows of ciliated

dots ; a dark band around both the inner and outer fingers a little distance

from the tip. Carpus punctate above, with a strong, sharjo internal median

spine ; below there is no anterior median spine, and only a very minute ex-

ternal one. Meros short ; of the biserial inferior spines only the distal one

in each row is usually developed to any extent; above there are commonly

two obliquely placed ante-apical spines, in some specimens only one. Distal

portion of the following pairs of legs furnished with long seta3, especially

long on the second pair of legs. Third segment of third pair of legs hooked.

First pair of abdominal appendages long, deeply bifid ; rami slender, straight,

parallel, the outer a little longer than the inner, and a little recurved at the

tip ; in some specimens the anterior border at the base of the rami has a

projecting angle or shoulder, but in most specimens this is not evident.

Female. — Finu;ers straiijhter. Base of external fino-er has a dense beard

on the inside ; in a few of the specimens seen, the fingers are longer, nearly

straight, their opposed margins almost meeting throughout their length.

Annulus ventralis bilaterally symmetrical, anterior margin bituberculate,

posterior margin vmituberculate, fossa transverse.

Dimensions of a nude, form I. — Length of body, 38 mm. Length

of carapace, 19.5 nun. Length of abdomen, 18.5 mm. From tip of ros-

trum to cervical groove, 14 mm. From cervical groove to posterior bor-

der of carapace, 6 mm. Length of rostrum, 5 mm. Length of acumen of

rostrum, 2 mm. Width of areola, 1 mm. Length of antenna, 36 mm.
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Length of chela, 16 mm. Breadth of chela, 7.5 mm. Length of movable

finger, 10.5 ram.

The largest female specimen is 60 millimeters in length.

Locality.— Cypress Creek, Lauderdale Co., Ala.

Nine specimens, four males of the first form and five females, collected

by C. L. Herrick for the U. S. National Museum, October, 1882.

This is a small species with large hand, slender fingers widely separated

at base and meeting only at the tips. In the female there is a heavy beard

at base of external finger on the inner side.

In the summer of 1872, I collected in a brook at Knoxville, Tenn., six

specimens, three second-form males and three females, which closely resem-

ble those obtained by Mr. Herrick in Alabama, and belong, I think, to the

same species. The external finger of tlie males is densely bearded within at

the base, as in the females from Alabama ; the first abdominal appendages

reach forward to the base of the second pair of legs, are bifid at the tip, the

internal and external parts are thick, blunt at the tip, the outer somewhat

longer than the inner, and slightly recurved at the tip.

GROUP V. (Type, C. Montezumae.)

Third segment of the second and third pairs of legs hooked. First pair

of abdominal appendages of the male similar to those of the species included in

Group IV.

51. Cambarus Montezumae.

Plate II. fig. 6. Plate X. tics. 7, 7', 7 a, 7 a'.

Cambarus Montezumte, Saussure, Rev. et Maij. de Zool., 2« Ser., IX. 102, 1S57.— Mem. Soc. Pliys. Hist.

Nat. Geneve, XIV. 459, PI. III. fig. 22, 1858.

Cambarus Montezunue, var. tridens. Vox Maktexs, Arch. Naturgescli., XXXVIII. Jalirg., I. 130, 1872.

Cambarus Montezuma; Pason', Proc. Anici-. Acad. Arts and Sci., XX. 149, 18S4.

Camharus 3Ionlezimice and C. Shifeldlii are small species distinguished from

all the others of the genus by having hooks on the third joint of the second

and third pairs of legs of the male. In C. JJonteziimce the rostrum is plane or

lightly concave above, with a slightly raised margin ; it varies much in its

shape. In the typical fi^rm, as described and figured by Saussure, its mar-

gins are subparallel from the base to near the extremity, where they con-

16
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vei-o-e to form the short acumen, without lateral angle or sphie. In other

specimens there are lateral spines at the base of the acumen (var. iridens of

Von Martens), and in an intermediate form the rostrum is simply angulated

instead of spinous at the base of the acumen. The sides may be more or

less convergent from the base. In specimens from Mazatlan, the rostrum,

although destitute of lateral spines, differs from the typical form in being

lon<Ter and more tapering. The post-orbital ridges are in some specimens

unarmed at the anterior end, in others they end in a sharp spiue. The fore

border of the carapace is angulated under the orbit. No branchiostegian

spine. Carapace smooth, punctate on the gastric region and areola. No

lateral spine. Areola of moderate width. Abdomen longer than the cephalo-

thorax, broad, especially in the female. Anterior segment of telson armed

on each side with one, two, or (seldom) three spines. Antennal scale broad.

Chelipeds without spines or tubercles, excepting, in some specimens, one or

two spicules at distal end of superior border of the raeros ; hand of male

long, cylindrical, inflated ; fingers slender, with cutting edges smooth, meeting

throuo-hout their lenoth. In the female the chela is shorter and broader.o o

In the first form of the male the third segment of the second and third

pairs of legs has a sharp hook, the first abdominal appendages are of mod-

erate length, recurved, bifid, the rami divaricate, horny-tipped, the outer

one ending in a slender recurved point, and furnished with a single seta

on its posterior border, the inner one laterally compressed, spoon-shaped at

the end.

The second form of the male has the hooks on the second and third pairs

of legs slightly developed, the first pair of abdominal appendages less deeply

bifid, the tips of the rami membranous and both blunt.

Annulus ventralis of the female movable, fixed only at the posterior end,

between the sterna of the penultimate and the last thoracic somites. The

ventral face of. the annulus is marked by a longitudinal fossa open at the

posterior end.

Saussure's types of C. Montezuincc in the Berlin Zoological Museum were

examined in September, 1870, by Dr. Hagen, who has kindly furnished me

with the following information concerning them. The types are in alcohol,

male, form I., and female. In the male (young) the rostrum is nearly

rounded in front. Another jar contains male, form II., and female, also from

Saussure, with tridentate rostrum. The second and third pairs of legs are

hooked, as is stated by Saussure.
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In Arcliiv fiir Naturgeschichte, XXXVIII., 1GT2, page 130, Voii Martens

communicates some remarks upon the form with lateral rostral spines,

received by the Berlin Museum from Puebla, Mexico, together with the

typical (J. Montezmnce and C. Azfecus. This form he calls Cambanis Monlc-

ziimce, var. tridcns. The largest part of those which I have myself seen,

amounting to about seventy specimens, have the lateral spines on the

rostrum, but in some specimens the spines are very small, and in others

reduced to a mere angle at the base of the acumen.

Some of the female specimens collected by Prof A. Duges, in the col-

lections of the U. S. National Museum, have a short, broad, and hirsute

chela.

Five imperfectly preserved dry specimens in the Museum of Comparative

Zoology come from Mazatlan. These specimens have a rather long, taper-

ing, entire rostrum, but do not differ from C Monteziunce enough to warrant

separation. The sexual parts are the same as in the more eastern speci-

mens. It appears from these specimens that the genus Cambarus extends,

in Mexico, to the Pacific coast.

There are also in this Museum six specimens, two males, form I., three

females, and one young male, collected by Mr. Edward Palmer near Parras,

Cohahuila, Mexico, which differ from C. Montcziimce, var. iridcns, in having

the section of the carapace posterior to the cervical groove shorter, the

areola much broader. This form, which I have named provisionally C. 3fon-

tczumce, var. arcolata, may prove to be a good species. But considering the

variability of individuals of C. 3Iontczum(r, and the small numl:)er of Mexican

localities from which specimens have been received, I prefer to treat this

form as a variety simply, the more because the sexual parts of both male

and female are like those of C. Montezuma'. In this form, the distance from

the cervical groove to the posterior margin of the carapace is half (or even

less) the distance from the cervical groove to the lateral rostral spines. The

areola is about half as broad as it is long. Length of body, 28 mm.

The largest specimen of C Montezimtcc Avhich I have seen measures

38 mm. from tip of rostrum to end of the telson.

Known Localities.— Mexico: marshes of the Valley of Mexico (Saus-

sure)
;
ponds, Chapidtepec ; Lake Tezcoco,* near city of Mexico ; Puebla

(Von Martens); Lake San Roque, Trapuato (Coll. U. S. Nat. Mus.); Parras;

Mazatlan.

* Lake Tezcoco is said to be salt.
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52. Cambarus Shufeldtii.

Plate VII. fljt. 1, Plate X. figs. 8, 8', 8 a, 8 a.

Cambarus Shufeldtii, Faxon, Proc. Amcr. Acad. Arts and Soi., XX. 13-1, 1S84.

Male, form I. — Rostrum plane above, margins a little convergent, raised

into a slight rim from the base to the lateral spines, which are prominent

and acute ; acumen of moderate length, acute, pubescent. Post-orbital

ridges with anterior spines. Carapace smooth ; a sharp spine on the cervi-

cal groove on each side ; sub-orbital angle prominent, branchiostegian spine

present. Areola of moderate breadth. Telsoh bispinous on each side.

Epistoma triangular. Antennal scale broad. Hand smooth, cylindrical, in-

flated; fingers slender, incurved at the tips. Carpus smooth, armed with

a single spine on the antero-inferior border. Meros provided with a single

spine near the distal end of the superior margin, and two or three below.

Third segment of second and third pairs of legs hooked. First pair of ab-

dominal appendages straight, bifid, inner part ending in a straight, acute tip,

outer part split at the tip into two straight acute points.

In the second form of the male the hooks upon the thoracic legs are very

slightly developed, and the first abdominal appendages are less deeply cleft,

with blunter and less finished tips. The chela is shorter.

In the female the chela is much shorter, broader, and less cylindrical, the

abdomen broader. Annulus ventralis a transverse curved ridge, the hind

side of the ridy;e concave.

Length, 19 to 27 mm.

Locality.— Near New Orleans, La.

Foimd with C. Clarldi in the collection made by Dr. R. W. Shufeldt,

U. S. A., in 1S83, now in the U. S. National Museum.

This is a minute species closely related to C. Montezuma; from Mexico.

Like that species, it has the second and third pairs of legs hooked in the male,

a condition which normally obtains in no other species known.* C Slwfcldlii

is distinguished from C. Moutezumcv by the presence of a lateral spine on the

carapace and by the form of the male appendages. In the latter species the

tips of these appendages are recurved, the inner part flattened at the end

into a spoon-shaped surface. In C. Shufeldtii the tips of these organs are

straight, and each of the three points in which they terminate is acute.

* I have seen two or tbree abnormal specimens of C. virilis anfl C. projnnquus with a like disposition

of hooks on tlie legs. The same arrangement is found in the three species of Cambai'oides from the Amoor

River basin and Japan.
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A STAC US.

Ix the genus Astacus the last thoracic somite bears a gill (plciiro-

branchia) on each side, the full number of gills being thirty-six (eio-hteen

in each branchial chamber). There are besides two or three rudimentary

gills on each side of the body. The hindmost podobranchia is provided

with a plaited, bilobed lamina, like those in front. The arrangement of the

gills is expressed in the following formula :
—

Somite. I'ouobkaxcih.e. AitniiiiinnAxcni.E. l'Lia'niiBK.v.\cni.E.

Anterior. Posterior.

VI. ... (ep.) . ... ... =0 (op.)

VII. ... 1 ... 1 ... ... =2
VIII. ...1...1...1...0 r=3
IX. ... 1 ... 1 ... 1 ... =3
X. ... 1 ... 1 ... I ... or r =: 3 or 3+ r

XL ... 1 ... 1 ... 1 ... »• = 3 + /-

XII. ... 1 ... 1 ... 1 ... r — :i-}-r

XIII, ... ... ... ... 1 =1
6+,.p. + 6 4- .5 + l+2»-or3/- = 18-)-2ror3r+ ep.

The orifice of the green gland is situate on the posterior face of the tu-

bercle. The annulus ventralis is represented by a transverse ridge behind

the penultimate thoracic sternum.

The Astaci occupy three widely separated geographical areas: 1. Western

North America from the Rocky Mountains to the Pacific Ocean;* 2. The

western portion of the Europa;o-Asiatic continent, from the Ural Mountains

and the basin of the Sea of Aral to the Spanish peninsula and Ireland
;

3. Eastern Asia in the Amoor River system (Transbaikailia, Territory of

Amoor, and Manchooria), and in Japan. No Astaci are known from any

l)art of Siberia between Lake Baikal and the Ural Mountains, or from any

of the Siberian rivers that flow into the Arctic Ocean.

t

The North American and European Astaci form a natural group (Astacus

proper). In these the body is robust and ovate, the first pair of abdominal

* One species, A. Gambelii, Ivas invaded the territory of the Caiiibari, following down the Yellowstone

Eiver to its mouth.

f That is, no speeies known to be indigenous. A. leptodactylus has been artificially introduced into the

Irtish River basin.
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appendages of the male are neither bifid nor toothed at the tip, and there

are no hooks near the base of any of the thoracic legs.

The Astaci from Western Asia curiously simulate the Cambari of North

America in the general shape of the subcylindrical body and in the form

of the chelipeds. The second and third pairs of thoracic legs of the male

jjear hooks on the third segment similar to those of the male Cambarus,

and the first pair of abdominal appendages are terminated with short teeth.

The three Asiatic species, A. Jajmiicus, Dauricus, and SchrencH, thus form

a second natural group, combining some of the characters of Astacns and

Canibarus. This group I have called Cambaroides.

Subgenus CAMBAROIDES.

Cephalothorax subcylindrical. Last thoracic segment bearing a pair of

pleurobranchios. Third segment of second and third pairs of legs of the

male hooked. First pair of abdominal appendages of the male terminating

in short teeth or tubercles.

The three species Astacus Japonicns, Dunrlcus, and Srhrencldi, from Japan

and the basin of the Amoor River, widely separated from the rest of their

family in geographical position, form a natural group of subgeneric value,

to which I have given the name Cambaroides. In them is found a com-

bination of characters of Astacus and Camburus. In the general appear-

ance of the body, with its subcylindrical cephalothorax, and in the form

of the rostrum and chelipeds, these Asiatic Astacidoe strikingly recall the

Cambari of North America, and their affinity is made more evident through

the hooked thoracic legs and tooth-tipped sexual appendages of the male.

The hooks are situate, in all these species, on the third segment of the

second and third pairs of legs, as in Camhariis Moiitcsvmcc and SluifclJtii.

The rostrum is devoid of lateral teeth. The carpus is armed with a strong

median internal and an anterior inferior spine. The external flagellum of

the antennules is serrate below, each segment being produced at its antero-

inferior angle, which bears a bundle of eight or ten of Leydig's olfactory

organs. These are arranged in a single group on each antennulary segment,

instead of being distributed into two bundles, as in Cambarus and Astacus

proper.* The front border of the carapace is strongly angulated behind the

* The same arrangemeut of the olfactory seise is found hi the Parastaciuse.
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eyes. The areola is broad, about one half as broad as long. The telson is

notched on each side, and furnished with one or two spines, but it is not

divided by a transverse sutui-e. In this respect these species resemble the

Parastacinas of the Southern hemisphere. The transverse suture of the tel-

son is most complete in the genus Cambarus and in the European Astaci.

The Astaci of Western North America occupy a middle ground in this

regard, the suture being incomplete or absent.

In all the male specimens of Cambaroides that I have seen (one A. Daiiri-

cus, three ^4. JajKimcus), the first abdominal appendages are divided into two

sections by a transverse suture. The distal portion of these appendages is

so closely rolled and consolidated that a mere groove remains on tlie inner

side. The tip is truncate, and furnished with a few short blunt teeth or

tubercles. I suspect the existence of two forms of the male here, as in Cam-

barus, for in the male specimen of A. Dauricus the hooks on the thoracic legs

are strongly developed, and some of the teeth at the end of the first abdomi-

nal appendages are brown and horny at the tips, whilst in the three male

A. Japonicus the hooks of the thoracic legs are weak, and the terminal teeth

of the first abdominal appendages are smaller and not of a horny texture.

The second pair of abdominal appendages of the male are somewhat dif-

ferent from those in the genera Cambarus and Astacus proper. The terminal

part of the endopodite, which retains the membranous character of the ex-

opodite in Cambarus and Astacus proper, is here corneous, very short, and

closely applied to the rolled lamella which lies on the inner side of the

appendage. The rolled part assumes a somewhat triangular shajae, as in

Cambarus and the Astaci of Western North America.*

In the female of -4. Schrenckii thei'e is a transverse tubercle behind the

sternum of the penultimate thoracic somite, much as in Astacus proper. In

A. Dauricus and A. Japonicus this transverse tubercle or ridge is hollowed out

behind, but still remains closely soldered to the sternum. The first abdomi-

nal somite of the female is devoid of appendages, as in the" American species

of Astacus and in the Parastacinse.

In the number and arrangement of the gills, Cambaroides agrees with

Astacus, and differs from Cambarus.

The post-orbital ridge is slightly developed in all the species. It is least

prominent in A. Japonicus, in which even the anterior end of the ridge is

* The reader is referred to page 17 of Hagen's Monograph, and to page 146 of Huxley's " Crayfish," for

a general description of these appendages in Canibanis and Astacus proper.
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bivrely indicated as a minute tubercle. In A. Daiiricus the post-orbital

spine is more prominent ; it lies very close to the margin of the cara-

pace ; the ridge continues but a very short distance backward from the

spine. In A. Schrcnclcii the spine and ridge are more jDronounced, but

still small.

The three species may. be separated by the following table :
—

A. Lateral spine beliiiid tlie cervical suture, llostrum convex above A. Schrenckii.

B. No lateral spine behind the cervical suture. Eostrum concave and lightly carinate above.

a. Rostrum equal in lengf li to peduncle of antenna;. Abdominal pleura narrow, poiuted. A. Dauricus.

b. Rostrum shorter than peduncle of autenus. Abdominal pleui'a broad, rounded. . . A. Japoiiicus.

1. Astacus (Cambaroides) Japonicus.

Plate X. figs. 10, 10' (first abdominal appendages of male).

Astacus Japonicus, De Haan, Crustacea of Siebold's Fauna Japonica, p. 164, Tab. XXXV. fig. 9, 1812.

Astacus Japonicus, Ericiison, Arch. Naturgesch., XII. Jalirg., I. 94, 1846. (After De Haan.)

Astacus Japonicus ? Kessler, Bull. Soc. Imper. Nat. Moscou, XLVIII. 364, 1874.

Astacus {Cambaroides) Japonicus, Taxon, Proc. Amer. Acad. Arts aud Sci., XX. 149, 1881.

HubUcd.— Japan.

Prof C. O. Whitman, to whom the Museum of Comparative Zoology is

indebted for four specimens of this species, informs me, that, during his

residence in Japan, he could nob learn of its occurrence in Niphon, the

main island of the Empire, all the specimens known to him coming from the

island of Yesso. Kessler's specimens came from the same locality as Prof.

Whitman's, viz. Hakodadi, Yesso.

In the four specimens received from Prof Whitman, the posterior mar-

gin of the telson is rounded, and shows no trace of the deejj median notch

described and figured by De Haan. In this respect, these examples agree

with those described by Kessler. Individuals with similarly notched telson

are found in some other species, e. g. A. Gamhclii, although in these the

emargination is less pronounced.

The rostrum terminates in three minute horny points. The branchial

formula is the same as in Astacus fluviatiUs , there being one pleurobranchia

(on each side) on the last thoracic somite, and one rudimentary pleuro-

branchia, in the shape of a simple filament, on each of the three antecedent

somites.

The arrangement of the gills is shown in the following table :
—
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Somite.

VI.

YII.

VIII.

IX.

X.

XI.

XII.

XIII.

PODnBRANflll.K.

(op.

Ar.THROBRAXCHI.K. PLEITIIOBIUNCHIjE.

Posterior.

. .

. .

Autevior.

.

. I

. 1

. 1

. 1

. I

. 1

.

1

I

I

1

r

r

r

1

= (C3P.)— 2

= 3

= 3

= 3 + .

= 3 + r

= 3 + r

= 1

6 +.ep. + + 5 + 1 + 3 >• = 18 + 3 ;- + cp.

The structure of the gills aud coxopoditic seta3 is the same as in the

Astaci proper.

2. Astacus (Cambaroides) Dauricus.

Plate X. fig:s. 9, 9' (first abdominal appendages of male).

Astacus Daiiiiriciis, Pallas, Spicilegia Zoologica, Faso. IX. p. 81, 1772.

Cancer Dauuricus^ Pallas, L c.

Dauurische Krehs, Herbst, Versuch Naturgesch. Krabben u. Krebse, II. 43, 1796. (After Pallas)

Astacus leptorrhiuus, Fischer, Bull. Soc. Imper. Nat. Moscou, IX. 467, Tab. V. fig. 1, 1836.

Astacus Danrinns, Erichson, Arcli. Naturgescli., XII. Jalirg., I. 94, 1846.

Astacus Bauiiricus, Gerstfeldt, Mem. Acad. Imper. Sci. St. Petersbouvg, VIII. 292, 1S59.

Astacus Dniii-icus, Kessler, BuU. Soc. Imper. Nat. Moscou, XLVIII. 361, 1874.

Astacus (^Cambaroides') Dauricus, Faxon, Proc. Anier. Acad. Arts aud Sei., XX. 1.51, 1884.

Ilahitat.— Upper portion of the Anioor River basin as far down as Alba-

sin, including the rivers Ingoda, Argoon, Onon, Sliilka, and Nercha. It is

not found in the Gasimoor, a tributary of the Argoon (Gerstfeldt, Kessler).

3. Astacus (Cambaroides) Schrenckii.

Plate \'I. fig. 3.

Astacus Schrenchii, Kessler, Bull. Soc. Imper. Nat Moscou, XLVIII. 363, 1874.

Astacus (Cambaroides) Schrenckii, Faxon, Proc. Auier. Acad. Arts aud Sci., XX. 151, 1SS4.

HaUtai. — Lower part of the basin of the Amoor River (Kessler).

In the form of the rostrum and in the possession of a lateral thoracic

spine, A. Schrenckii bears less resemblance to A. Dauricus, from the upper

part of the same river basin, than A. Japonicus does. On the other hand,

the chelaj and abdominal pleura of A. Schrenckii are very much like tho.se

of A. Dauricus, while in A. Japonicus the chela3 are much shorter and broader,

the abdominal pleura broader and more rounded, than in the Amoorland

species.

* The opipodite of the first maxIUipcd bears no branchial filamcuts.

17



]30 A KEVISIOX OF THE ASTACID.E.

In the remaining species of Ast;icus the first abdominal appendages are

simply rolled, never bifid nor toothed at the end, neither are there hooks on

any of the thoracic legs in the male.

THE NORTH AMERICAN ASTACI.

Six species of Astacus have been described from Western North America,

viz. : — ^1. Orcgumis Randall, 1839 ; the type of this species was lost, and

the figure and description are insufficient for its determination ; it is perhaps

the same as A. leniuscitlus Dana. A. Gamhclil Agassiz, first described as a

Cambarus in 1852 by Girard; the types of Girard are in the Philadelphia

Academy. A. kniuscuhis Dana, 1852 ; type in the collection of the Smith-

sonian Institution, Washington, D. C. A. nigyescem, A. Trowhridgii, and

A. Klwuxdhcmis, described by Stimpson in 1857; there are types of A. Trow-

bridjjil in the Smithsonian Institution, the Museum of Comparative Zoiilogy,

and the Peabody Museum of Yale College ; Dr. Hagen examined types of

A. nigyescem and A. Kldiii'dheims communicated by Stimpson.

Distribution. — The nearly related species A. leniusculus and A. Troivhridgii

are found in the lower part of the Columbia River, Paget Sound, and adja-

cent regions. To the southward near tlie coast, in the neighborhood of San

Francisco, A. nigrescens appears to be the dominant sjiecies. It perhaps ex-

tends northwai'd near the coast as far as Alaska. In the more elevated

regions of the Northwest, in Oregon-, Washington Territory, and British

Columbia, A. Klamathensis is found. The most eastern of the American

Astaci is ^1. Gauihdii, which is found in the Great Salt Lake Valley and in

the upper waters of the Snake River, Idaho. From this region it has passed

over the divide into the Yellowstone Valley, and invaded the domain of the

Cambari as far as the confluence of the Yellowstone and Missouri Rivers.

An examination of the physical geography of this region shows that the

migration of a Western species into the Mississippi basin at this point is no

difficult matter, the divide separating the waters of the Yellowstone from

those of the Snake River being very low, hardly above the level of the

ancient Yellowstone Lake.*

Compared with the European species, the American Astaci have the

* See W. H. Holmes's Report on tlie Geology of the Yellowstone National Park, in Twclflh Ann. Rep.

XJ. S. Geolog. and Geograph. Surrey of tlie Territories for 1878, Part II. p. 56, 1883.
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telson less clearly divided by a transverse suture, and the first pair of male

appendages are more closely rolled, with a more pointed and membra-

naceous tip.

I have examined the branchiic of ^-1. Klamaihenm, A. nigrcRcens, and

^1. Gamhclii. In all of them the formula is the same as for A. Jhivialilis,

there being three rudimentary gills on each side of the thorax. In A. ni-

(/rescens the two anterior ones are short, but thick. They arc more highly

developed in A. GambcUi than in any other species of Astacus examined,

presenting an interesting approacli in structure to the perfectly developed

gill. Each of the rudimentary gills is much larger than in any other species,

and is jointed at a short distance from the base. At the joint there are, in

the intermediate pair, two short lateral branches, one on each side ; in the

anterior and posterior pairs the main stem bears one lateral filament.

I find no trace of appendages on the first abdominal somite of tlie

female in any of the American species of Astacus.

The five American species of Astacus may be distinguished as follows :
—

A. Margins of the rostrum iint denticulated.

a. llostmm sliort, witli short acumen. Post-orbital ridge without posterior spine. A. Klamathensis.

b. Rostrum long, with long acumen. Post-orhital ridge with a posterior siiine or tubercle.

a. Posterior spiue of post-orbital ridge long and acute. Areola one half as broad as

long A. leiiiusnilus.

|3. Posterior spiue of post-oi-bital ridge small, sometimes reduced to a tubercle. Are-

ola one third as broad as long . A. Trotobridgii.

B. Margins of tlie rostrum denticulated.

a. Rostral acuineu lung. Posterior spine of post-orbital ridge prominent. Cliela not

barbated A. nigrescens.

b. Rostral acumen short. No posterior spine on post-oibiial ridge. Chela barbated . A. Gambelii.

m

1. Astacus Klamathensis.

Plate VI. Hg». 1, 2.

Astams Klamathemis, Stimpson, Proc. Bost. Sue. Nat. Hist., VI. 87, rcbruary, 1857- — Jouni. Bost. Soc.

Nat. Hist., VI. 494., April, 1857.

Antaeus Klamathensis^ Spence Bate, in Lord's "Naturalist in Vancouver Island and British Columbia," 11.

27s, 1866. (No description.)

Astacus Klamafficims, II.vfiEN, III. Cat. Miis. Comp. Zool., No. III. p. 93, PI. Ill- fig. 169, 1870.

A.itarus Klamalhcusis, F.\xoN, Proc. Amcr. Acad. Arts and Sci., X-X. 151, 1884.

Known Localities.— Oregon: Klunath Lake (Stimp.son) ; Sikan Creek;

Des Chutes River. Washington Terr. : Fort Walla Walla ; Wenas Valley

;

Spokane Falls. British Columbia : streams east of the Cascades (Bate).

Stimpson's types were found in Klamath Lake by Dr. Newberry. One

of these, a female, was described by Hagen. It is common at Fort Walla
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Walla, judging from the iminber collected at that place hy Captain Charles

Bendire, U. S. A. These specimens are in the U. S. National Museum.

Specimens from Sikan Creek, Oregon, differ in some respects from those

received from Washington Territory,-- the sides of the rostrum converging

more (as described hy Stimpson and Ilagen in the Klamath Lake specimens)

and ending in a longer acumen. In the specimens from Fort Walla Walla

the rostrum is quadrangular, with shorter acumen. In the Oregon specimens

the cervical groove is more broadly sulcate, the posterior portion of the

cephalothorax broader, the carapace impressed on each side of the median

line of the cardiac region and less densely punctate ; the abdomen of the

female is more expanded anteriorl}', the internal margin of the antennal scale

tapers off more gradually from the middle to the tip, and the hand is longer.

In small specimens of A. Klamathemis there is a sharp spine at the

antero-interior angle of the carpus ; the rostral acimien is longer, and the

post-orbital spines longer and sharper than in the adult.

In some adult specimens a faint trace of a posterior post orbital spine is

to be seen on close examination as a minute brown-horny granule, similar

in appearance to the tip of the front end of the post-orbital ridge. This

granule occupies exactly the place of the hinder post-orbital spine of ^. Troiv-

hridgii, etc.

Length, 95 mm.

2. Astacus leniusculus.

Plate VI. flg. 4.

Axlacus leidiiscidus, Dana, Crustacea U. S. Exploi-. Exped., Pt. I. p. 534, PI. XXXIII. iig. 1, 1852.
i

Astacus leniusmilus, Stimpson, Journ. Bost. Soc. Nat. Hist., VI. 493, 1857-

Astacus lanlusadus, Hagen, 111. Cat. Mus. Comp. Zool., No. III. p. 94. (After IJaiia and Stimpson.)

Astacus lemusculiis, Faxon, Proc. Amer. Acad. Arts and Sei., XX. 151, 1884.

Knoivn Localities.— Washington Territory; Columbia River ; Puget Sound

(Dana, Stimpson).

One of Dana's types is in the collection of the Smithsonian Institution

(U. S. Explor. Exped., No. 375, Smithson. Inst., No. 2019). The rostrum of

this specimen, a male, is mutilated and deformed. Two inox-e male speci-

mens are in the same Museum (Cat. No. 2161) without any label indicating

their origin.*

The hands are of unequal size, the left being the larger. Dana says that

* Que of tlicse is uow iu tlic Museum of Comparative Zoijlogy (Cat. No. 3fi55). This is the one figured

ou Plate VI. of this work.
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in } oung specimens the posterior spines of the carupaco are obsolescent ami

the hands of nearly equal size. Judging from his figure, 1 b, the postcarapace

is also longer. Perhaps these young specimens were A. Trowbridf/u Stimpson.

A. leninsciilus is closely related to A. Trowbridyii For the distinctions, see

imder the latter species.

The posterior margin of the anterior segment of the telson is bi- or tri-

spinous on each side. The cone at the orifice of the green gland (" anditory

tubercle ") terminates in a sharp spinule ; in A. Trowbiidgii it is blunt. The

spines on the second and third segments of the antennas are prominently

developed and acute. The anterior process of the epistoma is triangular,

similar in form to that of A. Trowbridgu. The fingers are spinulose at the

distal ends, as in A. Trmbridijii.

Astacus Oreganus.

Astacus Oreganus, Randall, Joum. Acad. Nat. Sci. Pliila., VIII. 13S, PL VII., IS39.

Astacus Oregamts, De Kay, Zoology of New York, Pt. VI., Crustacea, p. 23, lS4i. (After Randall.)

Astacus Oreganus, Ericusox, Arch. Naturgcscb., XII. Jahrg., I. 375, 181-6. (After Raudall.)

Cambarus Oreganus, Girakd, Proc. Acad. Nat. Sci. Phila., VI. 87, 18.52. (After Raudall. No descriptiou.)

Astacus Oreganus, Stimpson, Jouru. Post. Sue. Nat. Hist., VI. 495, 1857. (After Randall.)

Astacus Oreganus, Hagen, 111. Cat. Mus. Cump. Zuol., No. III. p. 95, 1S70. (After Raudall.)

"Testa grauulata, bimaculata, froiite valde iiroducta.

" Body fii.scous, graiuilated, carpus with a sharp spine at the inner angle ; arm pro-

duced into a spine on each side anteriorly ; thora.x. behind tlie front with five spines,

placed three before and one on eacli side beliind the Literal ones ; a large reddish spot

on each side posteriorly ; front little refle.xed on the sides, terminating in a very long

slender spine, and having a short marginal spine on each side.

" Lengtli about four inches.

"Taken by Mr. Nuttall in the Columbia Eiver, west coast of North America."—
Eandall.

The type of A. Oregamcs was lost or destroyed while in the hands of the artist by

whom the drawing was made,* and no specimen answering to the descriptiou and figure

has since been fouud. The figure' given by Eandall is very faulty, as has been pointed

out by Hagen. The tri-articulate structures interpreted by Hagen as badly drawn anteu-

nal scales are, I think, tlie three distal segments of the tliird niaxillipeds, the antennal

scale not being represented at all. Dr. Hagen thinks that the median spine at the base

of the rostrnni may be a carinated elevation simply, such as is seen in A. nigrcscens (he

might have added also A. Trowhridgii and A. Icniusculns). The drawing miglit well be

thus exjilained, but it is hard to make Eandall's explicit mention of /ire spines accord

with sucli an interpretation. I incline, nevertheless, to Dr. Hagen's opinion, that tliis

specimen was no other tlian A. Icniuscidus Dana. The sliort post-carapace and long ros-

tral acumen agree better witli that species than witli A. Trowhrulgii.

* See Proc. Acad. Nat. Sci. Phila., V. 30.
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3. Astacus Trowbridgiio

AaUicus Trowhndgii, Stimpson, Pi-oo. Bost. S(ic. Nat. Hist., VI. 87, Febi-uary, 1857. — Jouni. Bust. Soc.

Nat. Hist., VI. 4.93, April, 1857.

yUtacm rrviobrldrjii, J. G. Cooper, Hep. U. S. Pacific R. R. Expl., XII. Pt. II. 388, 1860.

y/.vte-«.s Trowbridr/U, H,vGEN, III. Cat. Mus. Comp. ZoOL, No. III. p. 93, PI. III. fig. 171, PI. X., 1870.

Astacus Troiebridgii, Faxon, Proc Amcr. Acad. Arts and Sci., XX. 152, 1884.

Known Localillcs.— Oregon; Columbia Eiver, near A.storia. "Washington

Territoi-y : streams running into Shoalwater Bay (J. G. Cooper).

There are types of il. Troivhridgii in the collections of the U. S. National

Museum, the Peabody Museum of Yale College, the Boston Society of Natu-

ral History, and the Museum of Comparative Zoology. There are also two

specimens in the Academy of Natural Sciences of Philadelphia. One of the

two female types in the collection of the Boston Society of Natural His-

tory is figured by Hagen. The spine on the third segment of the antenna

is commonly longer than represented by Hagen.

In the larger specimens the posterior pair of spines on the carapace

may be obsolete, while in other specimens these spines, although smaller

than the anterior pair, are well developed, with acute, brown, horny tips.

The dimensions of a large specimen as given by Stimpson are as fol-

lows : — Length of bodj^, 4.80 in. ; breadth, 1.30 in. Length of rostrum,

0.50 in. ; acumen of rostrum, 0.18 in. ; hand, 2.60 in.; breadth of hand, 1.15 in.

The areola is two and one half times as long as it is broad. The dis-

tance from the tip of the rostrum to the cervical groove is but a trifle more

than twice the distance from the cervical groove to the posterior margin of

the carapace. The length of the acumen of the rostrum is equal to the dis-

tance between the lateral spines of the rostrum. The tips of the first pair of

abdominal appendages of the male are delicately membranous.

Of the eleven specimens (six males, five females) which I have seen,

nine are types collected by Lieut. Trowbridge in the Columbia River above

Astoria, Oregon. Of the other two, in the Philadelphia Academy, one is

labelled Columbia River, the other is without locality. According to Cooper,

it is also found in the streams running; into Shoalwater Bav, Washina;ton Ter-

ritory, to the north of Columbia River, and even in the brackish water of

the bay. According to the same authority, its color, when fresh, is olive

above
;

pale, tinted with red, below.

A. Trowhndgu is closely related to A. km'usculus. It differs from it in the

following particulars : the body is more obese ; the cephalothorax is broader
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posteriorly, in A. kniusculm more cylindrical ; the carapace is less punctate

and less ciliate ; the rostrum is shorter and broader, with shorter acumen,

the distance between the lateral spines of the rostrum being equal to the

length of the acumen, whereas in A. leniusciilus the length of the acumen

much exceeds the distance between the lateral spines ; the length of the

part of the carapace posterior to the cervical suture is greater, being very

nearly equal to half the distance from the cervical groove to the tip of the

rostrum, while in A. kniiiscidus the latter distance is twice and one half the

distance from the cervical groove to the posterior margin of the carapace

;

the areola is longer and narrowei", considerably more than twice as long as

broad, while in A. leniuscidiis it is much less than twice as long as broad;

the spines on the carapace behind the eyes are less developed, especially the

posterior ones, and the chela is bi'oader.

4. Astacus nigrescens.

Antaeus nigrescens, Stimpsox, Prnc. Bost. Soc. Nat. Hist., VT. 87, rcbruary, 1857. — Joiirn. Bo.st. Soc. Nat.

Hist.-,VI. 492, April, 1857.

Astacus nigrescens, Hagex, 111. Cat. Mus. Comp. ZdoI., No. HI. p. 92, PI. III. fig. 1G8, 1870.

Astacus nigrescens, Huxley, The Crayfish, p. 2i4, (iij;. 61, C, F, I, fig. 02, C, F, 1880.

Astacus nigrescens, Faxon, Proc. Amer. Acad. Arts and Sci., XX. 152, 188-1.

Known Localities.— California: San Francisco. Washington Territory : Fort

Steilacoom (Coll. U. S. Nat. Mus.). Alaska Territory: Oonalaska (Coll. U. S.

Nat. Mus.).

In most specimens the post-orbital ridges are reduced to an anterior and

posterior spine, but in some there is a third spine between these two. The

ridge that represents the annulus ventralis of the female Cambarus is broadlj'

notched in the middle.

A female specimen in the U. S. National Museum, from Fort Steilacoom,

Washington Territory (No. 2526), differs as follows from the typical form:

the sides of the rostrum are less inflated and more convergent, the acumen

shorter; the margin of the telson has only one spine on each side; the hand

is shorter, smoother, more coarsely punctate, the spines of the meros less

developed ; the branchial regions of the carapace and the abdominal pleura

are more coarsely punctate.

A male specimen in the same Museum is labelled "Oonalaska, W. H.

Dall." The rostrum of this specimen (No. 8954) is aborted and deformed,

the chela longer than usual. The locality, if correct, is an interesting one.
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Another large male specimen, five inches long, in the U. S. National

Museum, from T. G. Scupham, California (No. 2267), is labelled "Astacus

Orryonciim Nutt.," and by this name it is recorded by W. H. Dall in his

" Cataloo-ue of Illustrations of the Economical Invertebrates of the Ameri-

can Coasts," Bull. U. S. Nat. Mus , No. 14, p. 2G0, 1879. Randall's A. Ore-

ganus was collected by Nuttall in the Columbia, but was certai]ily not

A. vigrcscem. (See p. 133.)

Types of A. nigrescens were sent to Dr. Ilagen by Stimpson. These were

probably afterwards destroyed in the great fire at Chicago.

It is said by Stimpson to be common in the vicinity of San Francisco, and

to be sold in the market of that city.

" Color, blackish." Stimpson.

The first abdominal appendages of the male A. nigrescens are incorrectly

figured by Huxley in " The Crayfish," p. 245, fig. 62, C, and by Brocchi in

Ann. Sci. Nat., G'' Ser., Zool. et Paleont., Tom. IL, PI. XIII. figs. 10, 11.

5. Astacus Gambelii.

Camharus Gambelii, GiEAED, Proc. Acad. Nat. Sci. Pliila., VI. 90, 18.52, 380, 1853.

Astacus Gambelii, Agas.sjz, Proc. Acad. Nat. Sci. Pliila., VI. 375, 1853.

Astacus Gambelii, Stimpsox, Joum. Post. Soc. Nat. Hist., VI. 492,1857. ''^-^J^ '—-^

Astacus Gambelii, Hagen, 111. Cat. Mus. Comp. Zool., No. III. p. 90, PI. I. figs. 97, 98, PI. III. fig. IvO,

PI. XL 1870.

Astacus Gambelii, P.ixoN, Proc. Aiiicr. Acad. Arts and Sci., XX. 152, 1884.

Known Localities.— Utah: Ogden River, Ogden. Idaho: Fort Hall (Coll.

U. S. Nat. Mus.) ; west side of Teton Basin (Coll. U. S. Nat. Mus.). Montana

:

mouth of Yellowstone Rivei". Wyoming: Willow Creek (?). California: Santa

Barbara (?).

Girard's types are in the Museum of the Academy of Natural Sciences

of Philadelphia. One of them has been figured by Hagen.

The female, as well as the male, has the peculiar beard on the chela.

The lower side of the peduncles of the antennae is also barbate in both sexes.

In some specimens the telsou is notched in the middle of the hind border,

in other specimens it is entire.

Two dozen fine specimens of this species were collected by Mr. J. A.

Allen at Ogden, Utah, in September. 1871. The largest of these measure

95 mm. in length. Ogden City is on Ogden River, which flows into Gi-eat

Salt Lake. In the U. S. National Museum are specimens from a warm spring

at Fort Hall, and from the west side of Teton Basin. Both of these locali-
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ties are in Idalio, in the upper part of the area drained by the Lewis Fork

of the Columbia River. There are also four small specimens collected by

the Hayden Survey at the mouth of the Yellowstone River, which joins the

Missouri River at the western boundary of Dakota. Besides these there

are two young specimens in the same collection, labelled " Willow Creek,

Oct. 9, 1872, Dr. Curtis." An added ticket reads "Wyoming Terr.?" Wil-

low Creek in Wyoming Territory flows into the South Fork of the Platte

River, another affluent of the Missouri. The correctness of the tickets accom-

panying the Yellowstone River specimens is at any rate unquestioned, and

it thus appears that this species has encroached upon the territory of Cani-

barus in the area drained by tributaries of the Missouri River. The Teton

Basin specimens, it will be observed, come from a locality not far from the

water-shed dividing the waters which flow into the Pacific Ocean from those

which find their outlet in the Gulf of Mexico.*

Girard's types, collected by Dr. Garabel, are said to have come from Cali-

fornia ; but whether they were taken within the present limits of that State

I do not know. The only other specimens of A. Gamhelii seen by me which

could possibly have come from California are a few in the U. S. National

Museum (No. 4855), labelled, ''Found in bottle containing specimens from

Santa Barbara, Dr. Webb." I doubt whether these were collected at Santa

Barbara. I have seen no authentic specimens from California.

THE EUROPEAN ASTACI.

In addition to the long and well known Astacus fluviatilis Auct., several

Eui'opean forms have been described and named as distinct species from

time to time, so that there now stand on record eleven nominal species from

within the limits of Europe, viz. : Asiaciis fluviatilis Rondelet (1555), Can-

cer torrentium Schrank (1803), A. leptodactylus Eschscholtz (1823), A. saxatilis

Koch (1835 ?), A. irisiis Koch (1835), A. an^ulosus Rathke (1836), A. pachypus

Rathke (183G), A. Caspim Eichwald (1838), A. hngicornis LerebouUet (1858),

A. pallipcs LerebouUet (1858), and A.foniinalis Carbonnier (1869). To these

was added a twelfth closely allied species, A. ColcMcus Kessler (187G), from

the Rion River, south of Mount Caucasus.

In 1846 all the Astacidaj described down to that date underwent a re-

* See page 130.

18
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vision by Erichson.* Of the described European species, A. auf/iilosiis Ratlike,

A. jMckyptts Eathke, and A. Caspins Eichwald, were known to Erichson only

through the previous descriptions. He suggests that A. Caspius may prove

to be the same as A. pachi/pus, a surmise that was afterwards shown by Gerst-

feldt to be just. Erichson had the opportunity to examine Koch's types

of A. iorrenfiiun, saxatiUs, and tristis, and notes their clear specific separation

from A. flmiaiilis, and their close affinity with each other. He shows that

the dark color of A. tristis is due to a coating of adhesive mould, and dis-

misses the question of the specific value of the differences with the remark

that the distinctions may have been more evident in living specimens.

In 1859 the European Astaci were subjected to a second revision at tlio

hands of Gerstfeldt.f Tlie material at Gerstfeldt's command was rich in speci-

mens from Russia, but poor in examples from Central and Western Europe.

Gerstfeldt reaches the conclusion, that all the described European species of

Astacus may be reduced to two \''alid species, A. ^/Inviati/is and A. iorrciiiitun

(Steinkx^ebs). He justly points out the identity of A. pac/i//piis Rathke and

A. Caspius Eichwald, and further claims that A. lepfodacf^lus Eschscholtz,

A. angidosHS Rathke, and A. pachj/pvs Rathke, are but varieties of A. fluvia-

tills, resulting from conditions of climate and of the water inhabited by

the several forms. Of the so-called Steinkrebse of the central and western

parts of Europe, Gerstfeldt appears to have had but five specimens, all from

the Rhone. These he re<;;ards the same with Cancer torrcutiiim Schrank,

A. saxatilis Koch, A. hisfis Koch, and A. loiigiconils Lereboullet. In reality

Gerstfeldt's Steinkrebse belonged to the species described and figiued the

previous year (in a memoir unknown to Gerstfeldt) by Lereboullet,t under

the name A. pallipes (Dohlenkrebs), a distinct form from Cancer torrenfium

Schrank (= A. saxatilis, tristis, and torrentium of Koch, A. loncjicornis of Lere-

boullet).

In 1869 Heller § described five species from Southern Europe; viz. A.flu-

vialilis Rondelct, A. leptodact>/lus Eschscholtz, A. angidosus Rathke, A. pach//pus

Rathke, and "A. saxatilis Koch." As synonymes of A. saxatilis, Heller in-

cludes A. saxatilis Koch, A. tristis Koch, A. torrenlinm Schrank et Koch, and

A. fluviatilis Bell. Heller's A. saxatilis is the species described by Lereboullet

* Uebersioht der Arten der Guttuiig Astacus. Arcli. Nafurgcsoli., XII. Jahrg., pp. 80-103, 1846.

t Ucbor die Fliisskvebse Enropa's. Mem. Acad. Iinper. Soi. St. Petersbourg, IX. 549-589, 1859.

X Description de deux uouvelles Espcoes d'licvevisses de nos Riviei-es. Mem. Soc. Sci. Nat. Stras-

bourg, Tom. v., 1S5S, 11 pp. 3 pi.

§ Die Crustaceeu des siidlicken Europa. Crustacea Podoplitbalmia, pp. 212-318, Taf. VII. Dgs. 3-6,

1803.
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as A. pullijjcs [=^ A. JiUi'iaiUls Bell), and not A. saxatilis Koch (^ A. iorrcnilum

Schrank).

A careful treatise by Kessler* on the Astaci found within the territory

of the Russian Empire appeared in 1874. With regard to the European

forms, Kessler, in opposition to Gerstfeldt, decides that A. fiuviaiilk Auct.,

A. pachijims Rathke (== A. Cmpias Eicliwald), and A. kptoducii/lus Eschscholtz,

are good species, while he considers A. augulosus to be a local variety of

A. leptodadjjlus which has arisen in the stony mountain streams of the Crimea

and Caucasus. Kessler lias had unrivalled facilities for forming a correct

judgment concerning the specific value of the different forms of Russian

crayfishes, hundreds of specimens of both sexes and of different stages of

development having passed through his hand.s. His direct testimony as to

the absence of intermediate forms between the three species indicated above

appears to me conclusive, and a careful study of all the material accessible

leads me to coincide entirely with his views.

The Astaci of Middle and Southern Europe were revised in 1882 by

Klunzinger.f who confirms Lereboullet in his conclusion that there are two

species besides A.fiuvudilis in that part of Europe which lies to the west of

Russia. To Lereboullet's A. lomjkornis he restores the older name of Schrank,

A. torrcnthun [= A. saxalilk, trisiis, and torrentium of Koch). The distinctions

between this species and A. pulUpcs, or the Dohlenkrebs of Lereboullet, are

given in detail, and the identity of the latter with A. saxutilk of Heller, the

Steinkrebs from the Rhone of Gerstfeldt, and probably with A.fonliituUs of

Carbonnier, is pointed out.

The twelve nominal species enumerated above are thus reduced to six

:

A. fluviatiUs Rond., A.torrentium (Schrank), A. leptodadylm Eschsch. (with var.

anffidosus), A. pachi/pus Rathke, A. palllpes Lereb., and A. Gokhicus Kessl.

In Asiacus fluviatiUs there are three rudimentary pleurobranchiaj on each

side of the body, upon the tenth, eleventh, and twelfth bodj'-segments.l

while in A. pallipcs there are but two, the anterior one being aborted. § In

tlie place of the anterior one a small papilla can be discerned, evidently the

last vestige of the lost branchia. I have further examined the branchioB of

* Die Russischeu Flusskrebse. Vorliiufige Mittlieiluiig. Bull. Soc. Iiiiiier. Nat. Moscou, XLVIII.

313-372, isri.

t Uebci- die Astacus-Avtcu in Mittel- uiul Siiileiiropa unci clou LerebouUct'schcu Doblcnkvebs insbe-

sondere. Jabresliefte d. Vcrcius f. vaterlaudiscbe Naturkuudc in \\urttcmbeig, XXXVIII. Jahrg., pp. 326-

342, 18S2.

X Countius* the auteunulary somite as tlie first.

§ The diiTereuce iu the number of nulinieutary pleurobranchise in A.JIuviaHlis and A.pallipea was first

noticed by Huxley, The Crayfish, p. 295, 1880.
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A. torrenfimn, A. Iqitodadylus, and A. Colchkm. The first of these possesses

two rudimentary pleurobranchiix? on each side of the body, lil^e A. pallijjes

;

of the anterior pleurobranchia I find not the slightest trace. In A. Icptodac-

tijlus and A. Colchiciis three are present, although in the former the second

and third are very short.

In so far as the reduction of the branchiae can be taken as a clew to the

affinities of the various species of European Astaci, A. palUpes and A. iorren-

tiicm are the furthest removed from the primitive form. This accords with

Huxley's suggestion, that the Ponto-Caspian species are the modern repre-

sentatives of the original Eastern stock, while the " Stone Crayfishes "
*

represent an ancient offshoot, or western wave of migration, which was

followed by an invasion oi A.fluviatilis., just as at the present day, according

to Kessler, the latter species is in its turn succumbing to A. leptodacti/Ius in

the Baltic area.t Following up this line of thought, we must conclude that,

of the two species A. toircufiiim and A. palUpes, the former represents the

older offshoot from the original stock, an offshoot which has retreated before

the invading^. palUpcs to the mountain regions of Central Europe. For not

only in the condition of its branchia?, but also in its general form, A. palUpes

stands between A. torreniiiim and A. fludutiUs. t

In the European Astaci the first abdominal segment of the female carries

a pair of small, simple appendages. They are smaller than in the genus

Cambarus, but not aborted, § as in the American Astaci, in Cambaroides, and

in the Parastacina3 of the Southern hemisphere.

In A. torreiitium and A. palllpKS the first abdominal appendages of the

male are divided into two lobes at the tip by a shallow cleft, the inner and

the outer parts being of about equal length. In the other species the outer

part is truncate, while the inner part projects beyond it. In .4. pachjpus and

A. Golchicus the projecting tip of the inner part is longer than in A. fliiviatilis

and A. IcptodacUjluH.

The European Astaci, including A. Colchicus from the Kion Eiver, Trans-

caucasia, may be distinguished by the following table :
—

* I. e. A palUpes and A. torrenUum, which Huxley confounds together as one species.

f Vide Huxley, op. cit., p. 321.

X Klunzinger {pp. cit., p. 331) goes so far as to assert tliat A. palUpes is more closely related to A.Jlii-

viatilis than to A. torrentium, but it does not seem so to me. A.Jlumatilis, A. leptodacfijlus (including the

form A. aiigidosiis), A. pachypiis, and A. Colchicus form a natural group of closely related species opposed

to the group containing the two Western species, A. palUpes and A. torreiitium.

§ Huxley affiruis, however, that these appendages are sometimes wantiug in English crayfishes {A. pal-

Upes). The Crayfish, p. 146.
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A. Oue tubercle ou each side of the base of rostrum.

a. Tip of rostrum not exccediug the distal eud of the penultimate segment of auteuuule.

Rostrum not cariuate at the tip. No spines on the sides of the carapace behind the

cervical groove ,/. tarrcniiim.

b. Tip of rostrum almost attainiug tlic distal end of the terminal segment of the anteunule.

A keel or median crest near the tip of the rostrum. One or more spines on the

sides of the carapace behind the cervical groove A. pallipes.

B. Two tul)ercles, one behind the other, ou each side of tlie base of the rostrum.

a. Margin of rostrum not denticulate.

a. Margin of rostrum granulated, not continued back of the anterior post-orbital

tuljcrcle. Posterim- post-orliital tubercle slightly developed A.Jluriutilii.

p. Margin of rostrum smootli, continued back on the carapace as a distinct ridge as

far as tlie postericjr post-orljital tubeiele. Posterior post-orbital tiil)ercle well

developed, provided witii a s|iiue .-/. Colchicus.

b. Margin of rostrum denticulate.

a. Chela flat. Rostrum longer thau peduncle of antemiide. Basal angle of external

border of antenual scale spinous A. Irptoilactj/liis.

0. Chela thick. Rostrum equal in length to peduncle of anteunule. Basal angle

of external border of antenual scale not spinous A. paehi/pna.

6. Astactis torrentium.

Cancer ton-eiiUnm (Steinkrebs), Schrank, Pauna Boira, III. 217, 1S03.

Astaciis torrentium (Steinkrebs), Wolf, Mag. neuesten Zustand Naturkunde, herausgegeb. v. Johann Heiu-

rich Voigt, XI. 42-45, Taf. I. figs. 1, 2, 1SU(5.

Astacus saxatilis, Koch, Deutschlands Crustaceeu, Myriapoden uud Arachniden, Heft 7, No. 1, with fig.

(Panzer and Herrich-Sehaffer's Deutscljlauds Insecten, Heft 140, No. 1), 1835 ?

Axtiicus tristis, Korn, op. cif.. Heft 7 (140), No. 2, with fig., 1835 ?

Astacm torrentium, Koch, op. cif., Heft 3(3 (186), No. 24, with fig., 1841.

Astacus torrentium, Erichson, Arch. Naturgesch., XII. Jahrg., I. 1)2, 1846.

Astacus saxtitilis, Erichson, op. cit., p. 92, 1S4G.

Astacus tristis, Ericuson, op. cit., p. 93, 1846.

Steinkrebs, LEREBOnLLET, Comptes Rendus Acad. Sci. Paris, XXXIII. 379, 1851.

Astacus lonr/ieornis, Lereboullet, Mem. Soc. Sci. Nat. Strasbourg, V. 2 (separate pagination), PI. I. figs.

2-2", 1S5S.

Astacus torrentium (Steinkrebs) (in part), Gerstfeldt, Mem. Acad. Impcr. Sci. St. Pclersbourg, IX. 574,

579, 581, 5S4, 1859. (.Vfter Koch, Eriehsou, and LerelwuUet.)

Astacus torrentium (Steinkrebs), Klunzinger, Jahresh. Vereins vaterlandl. Naturkunde Wiirttembcrg,

XXXVIII. Jahrg., p. 340, 1882.

Astacus torrentium, rAXON, Proc. Amer. Acad. Arts and Sei., XX. 153, 1SS4.

Koch's A. saxatilis, A. tristis, and A. torrentium are without doubt one and

the same species, equivalent to A. torrentium (Schraniv) Wolf. According to

Koch, A. saxatilis is distinguished by a slightly carinated rostrum, whereas

ui A. tristis and A. torrentium the rostrum is not carinated ; but Erichson, who

examined Koch's types, tells us that there is an indication of a median ro.s-

tral carina in A. tristis and A. torrentium also. The carina is certainly shown

in an exao-o-erated form in all of Koch's figures. The dark color of A. tristis

came from a coating of mould, according to Erichson, and the broad abdo-

men is simply a sexual character.
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The best illustrations of this species are LerebouUet's (under the name

Astaciis longicanm).

Klunzinger's memoir clearly brings out the specific characters of this

species and A.palKjws.

Althousrh a faint median rostral carina may exist in ^1. forrentiiuu, it never

rises into a prominent sharp crest near the tip, as in A. palUjjcs. Commonly

there is no spine on the lower side of the first antennulary segment, but in a

specimen in the Museum of Comparative Zoology, without locality, I find it

quite well developed, as it always is in A. jxil/ijies.

1 have examined the gills of this species in a specimen from Bohemia in

the U. S. National Museum, and find them to agree in number and disposi-

tion with those of A. jHilUpcs. See page 140.

Distribidion. — Adams torrenfium is found in the central part of Europe,

especially in Germany; but as it has been confounded generally by authors

with A. [iKU/jtcs and A. Jlii/'ia/ilis, the data are insufficient to determine the

limits of its distribution. It is not found to the eastward withui the territory'

of Russia (Kessler). I have seen a specimen (in U. S. National Museum)

from Bohemia. It is widely spread through Bavaria and Wiirtemberg in the

mountain lakes, and in the brooks and i-ivers of the Danube and Neckar

river systems. Particular localities recorded in Bavaria are Wurm-See

(Schrank, op. ciL, p. 247 ; Wolf, oj). cit., p. 42 ; A. flnviaUUs also inhabits the

same lake) ; mountainous parts of Obei'pfalz; near Bodenstein; also in the

Danube (Koch) and Kochel-See (Klunzinger). In Wiirtemberg it has been

found in the Neckar, the Nagold, and various small streams of the Neckar

and Danube basins (Klunzinger). It is also found in Alsace in tlie rivers 111

and Bruche, near Strasburg (Lereboullet). How far to the northward it ex-

tends in Germany, and whether it passes to the west into Fi-ance, I cannot

determine. All the French specimens which I have seen are A. palUpes and

A. flitt'ialilis. On the whole, it would seem that A. torrcniium is a form chiefly

found in the mountainous and upland regions of Central Europe.

7. Astacus pallipes.

? AstMus astacm. Pennant, Bntisli Zoulogy, IV. IS, PI. XV. fi;:;. 27, 1777.

? AstacusJluviatUis, Leach, Traus. Linn. Soc. Loudon, Vol. XL Pt. II. p. 844, 1S15. (No description.)

Astacusjlimufdis (in part), Milke Edwards, Hist. Nat. Crust., II. 330, 1837. (First "variety " uotcd on

p. 331.) — Cuvier's Ivi'gue Aninuil, Disciples' cd., Crustaces, PI. XLIX. fig. 2.

Buhlenkreljs, Lkreboullet, Comptes Reudus Acad. Sci. Paris, XXXllI. 370, 1851. (Treated as a variety

of A.JIiiviiutUis.)

Astacusfuviatills. Bell, Hist. Biitisli Stalk-eyed Crustacea, p. 237, with cut, 1853.
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Astacus palUpes, Lereboullet, Mem. Soo. Sci. Nat. Strasbourg, V. 7 (separate pagination), PI. II., III.

tigs. 3-3 d 1S5S.

Astacus p/illipcs, VM. JIuviis, Lerebovllet, Mcin. Soc. Sci. Nat. Strasbourg, V. 9, 1S5S.

Astacus torreiitium (Steiukrebs) (iu part), Gerstfeldt, Mt-iii. Acad. Iiiiper. Sci. St. Petersbourg, IX. 577,

1859.

Astacus saxatilis, Grube, Eiii Austluguacii Tricst und dcm Quarucro, p. 73, ISCl.

Astacus saxatilis. Heller, Die Crustaceeu des siidlicliea Europa, p. 217, Taf. VII. figs. 3, 5, 18C3.

Astacus foiitiiialis (I'ecrevisse a pieds Wanes), C.vrboxnier, L'Lcrcvissc, p. 8, 1809.

Potamoiius astacus, G. B. Soweeby', Coutiiuiatiou of Leacli's Malaoostraca Podoplitliabna Britauuia;, Nos.

XA' III., XIX., Tab. XXXIV. iig. 1, 1875.

Astacus JIuvialitis, Huxley,* The Crayfisli, passim, and p. 230 in particular, Frontispiece and figs. 1-GO,

1880.

Astacus torrentium, Huxley,* op. cit., p. 296, fig. 01, a, d, a, fig. 02, a, d, 1880.

Astacus pallipes (der Dolilenlvrebs), Klunzinger, Jabresh. Vereins vaterliiud. Naturlmnde Wiirttcmbcrg,

XXXVIII. Jalirg., p. 3il, 18S2.

Astacus pallipes, Faxox, Proc. Amcr. Acad. Arts and Sci., XX. 154, I88i.

Under the name " Steinkrebs " the older authors appear to have con-

founded A. torrentium and A. jmlUpes. They were first separated as distinct

species in 1858 by Lereboullet wii.h the names A. lonfficoniis and A. ])atli/)cs.

Gerstfeldt (1859) seems to have had very little material from without the

bounds of the Kus.sian Empire. Of the "Steinkrebs" he had seen only five

ill-preserved dried examples from the Rhone, which, as appears from his

description of them (p. 577), belong to A. pallipes. He considers them to ))e

the same species as that described by Schrank and Koch, i. e. A. torrentium.

Compared with A. torrentium, A. jmllipes has a narrower rostrum with a

longer and narrower acumen ; the median keel is more evident, especially

near the tip of the rostrum ; the antennte are shorter, and the peduncle of

the antennae overreaches the tip of the rostrum by only a small fraction

of the length of the terminal segment, while in A. torrentium it surpasses the

rostrum by the whole length of the terminal segment ; the longitudinal ridge

on the lower fiice of the antennal scale is not toothed, as in A. torreniium

;

behind the cervical suture are several lateral spines ; the chela) are more

coarsely and sparsely tuberculate. For a detailed comparison of these two

species, see Klunzinger, op. cit.

A. pallipes and A. torrentium have a rudimentary pleui'obranchia on each

side of the penultimate and antepenultimate somites. In all the other

species of Astacus which I have examined there is a third pair on the preced-

ing somite. The first abdominal appendages of the male A. pallipes are

figured by Brocchi, Ann. Sci. Nat., 6" Ser., Zool. et Paleontol., Tom. II.. PI.

XIII. figs. 12, 1.3 {''Astacus fluviatilis" from Vaucluse). They agree in form

* Huxley leaves the question of tlie specific or the varietal value of the forms A. noiilis and J torren-

tium (= A. fluvialHis and A. pallipes) undecided.
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with those of A. tormttiuni, and diifer from those of the other European

species, as pointed out on page 140.

DistribHihu. — Asiacns palUpes appears to be found chiefly in Southern

and Western Europe. According to Kessler, it is not found in Russia. Grube

collected it in Lake Vrana in the island of Cherso. Heller records it fi'om

Greece, Dalmatia, the island of Veglia, Trieste, Lake Garda, and Genoa. In

France it is apparently common in the valley of the Rhone (I have seen

specimens from Fontaine de Vaucluse and from L3''ons),* and has perhaps

passed from tliis valley into that of the Rhine, where it is known fiom Lake

Neufchatel (at Montagny and Neufchatel), and from the neighborhood of

Strasburg. In the last-named region A. torrcnUmn and A. flxiviatiUs are also

found (Lereljoullet). Tlie passage of the southern A. palRpcs into Alsace

would be facilitated by the Rhine and Rhone Canal, as Klunzinger has

remarked. t According to the older authors, crayfishes are not found in

Spain, but it is certain that at the present day the market of Madrid is sup-

plied with a species of crayfish from the neighborhood of that city. " The

crayfish appeai-s to be unknown in the rivers Douro and Tagus on the west-

ern side of the Peninsula, and in the Ebro on the eastern ; but it is found

abundantly in the Talegones and Escalote, rivulets forming part of the

sources of the Douro, in the Henares, one of the sources of the Tagus, and in

the upper part of the Jalon, an important tributary of the Ebro. Widely

separated, however, as these three rivers become in their courses to the

sea, both east and west, the rivulets I have mentioned as forming their prin-

cipal sources all take their rise within an area probably not more than

twenty miles square, situated nearly in the centre of Spain, and about

forty or fifty miles northeast of Madrid. It is from these small streams

that the Madrid market is supplied, .... and these streams are the only

ones well within the borders of the Peninsula in which, so far as I can dis-

cover, the crayfish is to be found The peculiar localization of these

crustaceans in the centre of Spain suggests the idea of their having been

specially introduced, but experiments in acclimatization are, I believe,

unknown in the Peninsula." J

Huxley tells us {i}p. cit., p. 298) that the crayfishes from the neighborhood

* Gerstfeldt's "Steinkrebs " from tLe Rhone {op. cit., p. 577) is A. palUpes.

t In the collection of the Academy of Kiitural Sciences of Philadelphia are specimens from the Rhine
(Dr. Hallowell) and from Paris (Guerin Coll., No. 2S1).

X Note on the Distribution of the Crayfish (Astacus) iu Spain. By E. W. H. Holdsworth, P. L. S.,

P. Z, S.. ete. Proc. Zoolog. Soc. London, 1880, pp. 421, 432.
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of Madrid are " altogether similar to tliose of Britain [^4. iiaUipoi], except

that the subrostral spine is less developed."

Crayfishes are also said to be found in the neighborhood of Barcelona,

on the eastern coast of Spain (Gerstfeldt, op. cit., p. 587). I cannot find any

mention of them in Portugal.

Astucus palKpes also inhabits England and Ireland, in which it is probably

the sole species. All the English and Irish specimens seen by Iluxley

belong to this species (Huxley, op. cit., pp. 288, 298).* Bell's figure is cer-

tainly the same, and probably Pennant's as well, although concerning the

latter there may be some doubt. According to Huxley, " They are abun-

dant in some of our [English] rivers, such as the Isis and other affluents of

the Thames ; and they have been observed in those of Devon ; t but they

appear to be absent from many others. I cannot hear of any, for example,

in the Cam or the Ouse, on the east, or in the rivers of Lancashire % and

Cheshire, on the w-est. It is still more remarkable, that, according to the

best information I can obtain, they are absent in the Severn, though they

are plentiful in the Thames and Severn Canal. Dr. M'Intosh, who has paid

particular attention to the fauna of Scotland, assures me that craj^fish are

unknown north of the Tweed." §

Crayfishes are found in many localities in Ireland, where they would

seem to have been distributed to a greater or less extent by artificial means.||

Perhaps they are not indigenous in any part of the island. Some remarks of

Wm. Thompson ^ point to the existence of two species in Ireland {A. fluviaiilis

and A. palUpes ?).

A. pullipes is a burrowing species, being found in the winter, according to

Huxley, in holes in the banks of streams. The burrows may be more than

a yard deep.** In tlie neighborhood of Strasburg it is found in holes in the

canals (LerebouUet).

* A. torrentium of Huxley is A. pallipes Lcreb.

t Moore, Mag. Nat. Hist., New Series, III. 2S9, 1839.

X Tlierc are specimeus in the Museum of Comparative Zoology, from William Stimpson, said to have

come from the neiglibovhood of Liverpool.

§ Huxley, op. cit., p. 288.

II
Wm. Thompson, " The Crustacea of Ireland," Ann. Mag. Nat. Hist., XI. lOG, 1843.

^ Op. cit., p. 107, foot-note.

** Huxley, op. cit., p. 8.

19
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8. Astacus fluviatilis.

? Cammams, Belon, De Aquatilibus, p. 353, fig. on p. 355, 1553.

Astacus Jlimiatilis, Uondelet, Uuiversa Aquatilium Historia, Pars 11. p. 210, with cut, 1555.

Jstacus fluviatilis, Gesner, Historia Amiiialiuiii, Lib. IV. p. 120, with cut, 1558. (In part. Edeliirebs, p. 122.)

Cammarus, Mattioli, Comnientarii in Sex Libros Dioscoridis de Mediea Materia, Lib. IL p. 309, with fig., 15(J5.

Cammarus, seu Astacus fluviatilis, Aldrovandi, De Reiiq. Animal. Exaug. : Moll. Crust. Testae, et Zooplivl.,

Cap. VL p. 127, with outs, 1606. (lu part. Krebs, Edcllcrebs, p. 129.)

Astacus fluoiutilis (in pari), Schonevelde, Iciithyologia, p. 24, 1624.

Gammarus seu Astacus fluviatilis. Worm, Museum Worniianuni, p. 248, 1655.

Cauimarus seu Astacus fluviatilis, Jonston, Hist. Nat. de Exang. Aqiiat
, p. IS, Tab. 11. fig. 4, Tab. III.

figs. 2, 3, 4, Tab. IV. fig. 1 (fig. 2 after Aldrovandi), 1650. Also in Rnyseli, Tiicatrum Univ. Animal.,

Pars IV. p. 15, Tab. II. fig. 4, Tab. III. figs. 2, 3, 4, Tab. IV. figs. ], 2,"l71S.

Gammarus seu Cancer fluviatilis, Sachs a Lowenueimb, Ta/i/iapoXoyia, p. 204, Tab. VIII. (after Joustoii),

1665.

Cancer macrourus ; rostro supra serrato, basi utrimjue dente simplici, Linne, Pauua Siiecioa, p. 358, 1746.

J)er Flusskrebs, Eosel, Iiisekteu-Belustigung, Tli. III. p. 305, Tab. LIV.-LXI., 1755. (Figs, copied in Eucycl.

Meth., Vol. CXOL, PL 286, 288, 289, 290, 1830.)

Cancer astacus, Linn'E, Sjst. Nat., 10th ed., I. 631, 1758 ; 12th ed., 1. 1051, 1767.

Astacus fluviatilis, Fabrioius, Syst. Eutomol., p. 413, 1775.— Species Inseetoniin, I. 509, 1781 .
— Mantissa

lusectorum, I. 331, 1737- — Eutomol. Syst. emend, et aucta, II. 478, 1793. — Suppl. Eutomol. Syst.,

p. 406, 1798.

Astacus fluviatilis, De Geer, Mcin. pour scrv. a I'Hist. des lusectes, Tom. VII., PI. XX. — XXII., 1778.

Cancer astacus. Bock, Versuch eiiier wirthschaftlicheu Naturgesch. vou dem Konigreicli Ost- uiid West-

preussen, V. 278, 1785.

Cancer astacus, Herbst, Vei-such ciner Naturgeschiclite dcr Krabbcu und Krebse, II. 38, Tab. XXIII. fig. 9,

1796. (lu part. Edle Krebse, p. 41.)

Astacus fluviatilis, Latreille, Hist. Nat. gen. et partic. des Crustnees et des Insectes, I. 367, PI. III., ISOl
;

III. 33, 1801 ; V. 235, 1802. — Gen. Crust, ct Insect., I. 51, 1806.

Astacns fluviatilis, Bosc, Hist. Nat. Crust., II. 62, PI. XI. fig. 2, 1802.

Cancer nobilis (Edellcrebs), Scurask, Fauna Boica, III. 246, 1803.

Edelkrebs, Wolf, Mag. neuest. Zustand Naturkunde, Bd. XL, Taf I. fig. 3, 1806.

Astacus fluviatilis, Lamarck, Hist. Nat. Anim. sans Vertebras, V. 216, 1818.

Astacus fluviatilis, Desmarest, Consid. Gen. sur la Classc des Crustaces, p. 211, 1825.

Astacus fluviatilis, Branut and Ratzeburg, Medizinische Zoologie, II. 58, Tab. X., XL, 1833.

Astacus fluviatilis (in part), Milne Edwards, Hist. Nat. Crust., II. 330, 1837. (Second "variety" noted

on p. 331.)

Astacus fluviatilis, Koch, Deutsehlands Crustaceen, Myriapoden und Arachnideu, Heft 36, No. 23, with fig.

(Panzer and Herrich-SohaU'er's Deutsehlands Insecten, Heft 186, No. 23), 1841.

Astacus fluviatilis, Erichson, Arch. Naturgesch., XII. Jahrg., I. 90, 1846.

Astacus flufiatitis, Lereboullet, Mem. Soc. Soi. Nat. Strasbourg, Tom. V., PI III. figs, l-l* 1858.

Astacus fluviatilis communis, Gerstfeldt, Mem. Acad. Imper. Sci. St. Petersbourg, IX. 554, 584, 1859.

Astacus fluviatilis. Heller, Die Crustaceen des sudliehen Europa, p. 214, Taf Vll. fig. 4, 1863.

Astacus fluciatilis (I'ecrevisse a pieds rouges), Carbonnier, L'Ecrevisse, p. 8, 1869.

Astacus fluviatilis, Kessler, Bull. Soc. Imper. Nat. Moscou, XLVIII. 257 [357], 1874.

Astacus nobilis,* Huxley, The Crayfish, pp. 295, 296, fig. 61, b, e, h, fig. 62, b, e, 1880.

Astacus fluviatilis (Edelkrebs), Klunzinger, Jahreshefte des Vereins fiir vaterlandische Naturkunde in

Wiirttemberg, XXXVIII. Jahrg., p. 342, 1882.

Astacus fluviatilis, Faxon, Proc. Amer. Acad. Arts and Soi., XX. 155, 1884.

RemayJis on the Sijwmijmu.—The above list comprises only the more impor-

tant systematic works relating to Astacus fluviatilis. Works devoted exclusively

to its anatomy, development, and physiology have been purposely omitted.

* See foot-uote on page 143.
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Under the name of Astacus flnriatilis, Cammarus, or Gammants, the older

authors inckided not only the " Edelkrebs," or the species to which the

name A. JiuviatiUs is now restricted, but also the " Steinkrebs," or "Thul-

krebs," a smaller form now known as A. torrenimm. Indeed, it is probable that

these authors confounded A. iorrcntium and A. palUpes under the one name

"Steinkrebs."* As early as 1558 Gesner wrote :
" Abundant Astaci fluvia-

tiles ^in Helveticis et alpinis regionibus, in rivis, fluviis, torrentibus, lacubus.

Sunt autem duorum generum : alii nobiles cognominantur (Edelkrebs), ma-

jores nigrioresque : alii Steinkrebs (id est saxatiles) et Thulkrebs (nescio

unde dicuntur) reperiuntur in rivis saxosis, minores, parte supina albiores,

prona nigriores ; elixi non undiquaque rubescunt, sed partim albicant."t

Herbst (1796), in his account of Cancer adacits, not only discriminates

between the Edelkrebs and the Steinkrebs, but mentions the large crayfish

from the Volga and the Jaik, afterwards described as a distinct species by

Eschscholtz under the name of A. Icptodaciijlus.X

In 1802 Schrank first separated the Steinkrebs and Edelkrebs as two

distinct species, Cancer torrentivm and C nobilis (Fauna Boica, p. 246). The

Russian A. Icptodadi/lus was first named and described as a distinct species in

1823, by Eschscholtz (Mem. Soc. Imper. Nat. Moscou, Tom. V. p. 109, Tab.

XVIII.). Fourteen years later, Milne Edwards, in the second volume of his

classical " Histoire Naturelle des Crustaces," describes but one species of

European Astacus {A. fluviatilis). He says, however: "II existe deux vari-

etes de cette ecrevisse : dans I'une, le rostre se retrecit graduellement des sa

base, et ses dents laterales sont situees pres de son extremite ; dans I'autre,

les bords lateraux du rostre sont paralleles dans leur moitie posterieure, et

les dents laterales sont plus fortes et plus eloignees de son extremite."

The second so-called "variety" ifi A. fluviatilis. The first might be either

A. torrentium or A. palUpes, for anything in the description, but the figure

given by him in the Disciples' edition of Cuvier's Regne Animal is A. pal-

Upes, which seems to be commoner in France than A. torrentium.

* The figures of the European crayfish in the older writers down to Pennant, as far as they can be

determined, seem to represent A. flmiatilis seiisit stricliori. Pennant's " Crawfish " is apparently A. pal-

Upes. Of the figures published in the sixteenth and seventeenth centuries, those of Gesner and Mattioli,

and Jonstou's Tab. III. figs. 2, 3, 4, are tolerably good representations of the species.

f Op. supra cif., p. 122. Cf. .\klrovandi, Schonevelde, Rosol, II. c, etc.

% So also Bose, op cif., p. 8S (2d cd.) :
" Dans les grands flcuvcs de la Russie asiatiquc, tels que le

Don, le Volga, etc., il y a des eerevisses d'uno ))rodigicusc grandeur, qu'on ne peche que pour avoir leurs

pierres " ; and on p. 40, under Astacus fluviatilis, " Se trouve dans les riviferes en Europe et en Asie." So

also Desmarest, op. cit., p. 211, 1825.



148 A EEVISION OF THE ASTACID^.

In 1858 Lereboullet clearly pointed out the differences between the

three species of Astacus inhabiting Western and Central Europe, viz. A.flu-

viatilis, A. palUpes (Dohlenkrebs), and A. longicornis (Steinkrebs). LerebouUet's

A. loncjicornis is the species pi^eviously described by Schrank as Cancer tor-

reniium.

In 1859 there was published a revision of the European Astaci by Gerst-

feldt,* based chiefly upon the material in the Museum of the Imperial Acad-

emy of Sciences of St. Petersburg, and in the collection of the University of

Dorpat. Gerstfeldt concludes that there are only two species of Astacus in

Europe: A. flitviatiUs (including four varieties, A.fluviatilis communis, A. Icpto-

ducfi/lus Eschscholtz, A. angulosus Rathke, and A. puchypns Rathke) and A. tor-

reniiuni, the "Steinkrebs." No one will deny thut A. flit viutiUs, Icptodactijlus,

and 2'x'chi/ims are closely related to each other, but, judging from the mate-

rial which I have examined, they constitute three species. It is true that

some specimens of A. fluvialilis vary slightly in the direction of A. leptodac-

ti/lus,'\ and vice versa, but not to such a degree as to bridge over the chasm

between the two forms, or to puzzle even an mitrained eye in separating

them. I agree with Kessler in considering A. fliiviuiilis, lepiiodacti/lus, and

pacht/pus to be distinct species.$ A. aiigulosns, on the other hand, appears

to pass by transitional forms into A. leptodacti/Ius, and may be considered a

local variety of the latter. Gerstfeldt's knowledge of the "Steinkrebs" was

limited to five poorly preserved specimens from the Rhone River, which

his description on page 577 shows to have been A. paUipes Lereb. He con-

founds this form with another species, the Cancer torrentiiim of Schrank.

Distrihdion.— Owing to the lack of discrimination on the part of most

authors between the three species A. fluviatilis, paUipes, and iorrcntium, it is

impossible accurately to determine the geographical range of these common

European crayfishes, and the problem is farther complicated by the artificial

introduction of these animals as a food sup^ily into many rivers to which

they are not indigenous.- A. fluviatilis alone among them is found within the

limits of the Rus.sian Empire. "Here it inhabits especially the Baltic water-

shed, where it reaches the northern as well as the eastern limit of its dis-

* Ueber die Flusskrebse Europa's. Vou G. Gerstfeldt. Mem. Acad. Iraper. Sci, St. retersbourg,

Tom. IX.

f For example, in some specimens of A. fliiKint'dls tbe margins of the rostrum are slightly dentienlate,

and the fingers are longer t.liau in the ordinary specimens.

X Kessler (pp. cit., p. 368) points out the fact, that in the Baltic area, where A. Icptodacfi/bis lias invaded

the domain of A. fluviatilis, no intei'crossiug of the two forms has taken place, but the former is driving out

the latter.
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tribution. Its extension in Finland, accoixling to Nylander,* is bounded by

a line passing from Cliristinestad, on the Gulf of Bothnia, southeasterly to

Serdobol, at the northern end of Lake Ladoga. Eastward from Lake Ladoga

it is found in the Uslanka, a tributary of the Sveer. It seems to be the sole

occupant of the waters which flow from the south into the Gulf of Finland

and the Baltic Sea, excepting the streams and lakes that arc connected by

means of canals with the basin of the Volga. In these it is partially re-

placed by A. lej)todac////u.s. It still holds its own in Lakes Beresai and Bologoe,

and in the small tributaries of the Msta and the Volkhov. Finally, it is

found in some of the small streams of the upper part of the basin of the

Dnieper as far as Moheelev."t According to Gerstfeldt {oj). ri/., p. 558),

A. fuviatilis sometimes passes out from the mouths of rivers into the sea,

having been captured with marine fishes at a considerable distance from the

shore on the coast of Livonia.

To the westward, A. fluviatilis extends into Austria, Germany, and France,

dividing the field with A. torrentiinn and A. pallipes. It is difficult to deter-

mine its southern limits from the litei'ature, on account of the uncertainty

of the identification. If Scopoli's Cancer astacust be this form, it is plentiful

in Lake Kirknitz in Carniola. Belon {op. cif., p. 353) speaks of crayfishes

in the Po, and Olivi (Zoologia Adriatica, p. 48, 1792) gives '^Cancer adacus"

as one of the animals found in the neighborhood of Venice. Risso (Hist.

Nat. Eur. Merid., Tom. V. p. 55, 1826) records A. fuviutilis from the river

Taggia, province of Porto Maurizio, and Costa includes it in his catalogue

of the Crustacea of the kingdom of Naples (Fauna del Piegno di Napoli,

1840). Heller, who distinguishes between A. fluviatilis and A. pallipes, gives

as localities for the former, Nice, the Po, and Naples. Perhaps these locali-

ties are simply given on the authority of the older authors just enumerated;

in which case, I suspect that the Italian crayfishes may turn out to be the

* Notzer ur Sallskap. pro F;iuiia et Flora rennica. Forhaiicll. Ny Ser., Ilcft I. p. 24S, 1859.

t Kesslor, op. cil., pp. 259, 2fiO [359, 360]. Gerstfeldt (oji. cif., p. 5SS) reports J. fuviatilis from

Moscow, but perhaps it was brought there artificially for food, as it is more liiglily esteemed in this regard

thau its relative, J. lepfocladi/lies. According to the same authority, there are two specimens of A.fuvialilis

in the collectiou of Dorpat University, labelled A. pachijpus, from Nicolaiev in Southern Russia (Boug River).

It was formerly found in the Government of Koorsk (native or introduced ?). See Ktippen, Beitr. Keimtn.

Russ. Reiehes, 2t« Folge, Bd. VI. pp. 297, 298. It was introduced into Southern Finland in the time of

John III. of Sweden (1568-92). Middendorff, Sibirische Reise, Bd. IV. Th. 2, pj). SS5, 886
;
Koppeu,

op. cil., p. 297.

+ Entomologia Carnioliea, 1763. Cf. Gerstfeldt, op. cif., p. 585, who thinks that the large specimens

recorded from the river Kcrka at Gnrk may be A. leptodactjilus. Heller, op. cit., p. 215, also gives these

Caruioliau localities for A. fluviatilis, but whether from his own knowledge or on the authority of the older

authors I cannot say.
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commoner Southern species A. palUpcs, which has been very generally con-

founded with A. flmnut'dm.

The Astaci from the Spanish peninsula are probably A. palUpes, as well

as those of England and Ireland.*

A. fluviatilis is also found in Denmark (Huxley, op. cit., p. 299) and in

the Scandinavian peninsula. It appears to have been introduced artificially

into the latter, having been scarcely known in Sweden before the time

of John III. (1568-92).! From Sweden it has spread into Southeastern

Norway.t

9. Astacus leptodactylus.

Asfacus lepfo(hctj/l.its, Eschscholtz, Mem. Soc. Imper. Nat. Moscoii, VI. 109, T:ib. XVIII., 1S23.

Astacus leptodactt/las, Rathke, Mem. Acad. Imper. des Sci. St. Petersbourg, III. 339, Tab. IV. figs. 1, 2,

1837. (Separate, 1S3(5.)

Astacus kptodactj/lus, var. Caspia, Eichwald, Bull. Soc. Imper. Nat. Moscou, 1838, p. 148. — Fauna Caspio-

Caucasia, p. 179, Tab. XXXVI. fig. 1, 1841.

Astacus leptoducti/ltis, var. soliiiiis, Nordmann, Observations sur la Faune Politique, iu Demidoff's Voyage

dans la Russie Merid. et la Crimee, Atlas, Crustacea, Tab. I. (No date.§)

Astacus leptodactylus, Ebichson, Arcli. Naturgescli., XL Jahrg., I. 90, 1846.

Astacusflumatilis, var. leptodactijlus, Gerstpeldt, Mem. Acad. Imper. des Sci. St. Petersbourg, IX. 558,

584, 1859.

Astacus Icptodacti/lus, Hkller, Die Crustacean des siidlicben Europa, ]). 215, Taf. VII. fig. 6, 1803.

Astacus Icptodacti/lus, Kesslek, Bull. Soc. Imper. Nat. Moscou, XLVIII. 249 [349], 1874.

Astacus leptodacti/las, Hu.xley, The Crayfish, p. 303, fig. 75 (after Ratlike), 1880.

Astacus leptodacti/lus, Faxon, Proc. Amer. Acad. Arts and Sci., XX. 157, 1884.

Var. angulosa.

Astacus angulosus, Rathke, Mem. Acad. Imper. des Sci. St. Petersbourg, III. 364, Tab. IV. fig. 3, 1837.

(Separate, 1836.)

Astacus angulosus, Erichson, Arch. Naturgescli., XI. Jahrg., I. 91, 1840. (After Rathke.)

Astacus Jtuviatilis , var. angulosus, Gerstfeldt, Mem. Acad. Imper. des Sci. St. Petersbourg, IX. 563, 584,

1859.

Astacus angulosus, Heller, Die Crustaceen des sudlicheu Europa, p. 216, 1803.

Astacus leptoductglus, var. angulosus, Kessler, Bull. Soc. Imper. Nat. Moscou, XLVIII. 251 [351], 1874.

Astacus k'ptodacti/lus, var. angulosa, Faxox, Proc. Amer. Acad. Arts aud Sci., XX. 157, 1884.

Distribution.— Astacus leptodactylus has the widest distribution of any of

the European species of Astacus. It is found in all the rivers that flow into

the Black Sea and the Sea of Azov on the north from the Danube to Mount

Caucasus, and in those that empty into the Caspian Sea as far east as the

Ural Mountains and the Muchojar Hills in Western Siberia. It descends into

the brackish waters of the estuaries of the rivers that empty into the Black

* See pp. 144, 145. f Linne, Fauna Suecica, p. .358, 1746.

% G. O. Sars, Hist. Nat. des Crustaces d'Eau douce de Norvege, p. 11, 1867.

§ The text is dated 1840.
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Sea and the Sea of Azov, and it is widely distributed in the Caspian Sea,

having been reported from the following points therein : Peninsula of Man-

ghishlak, Island of Cheleken, Krasnovodsk, Astrabad, Sara Island, Lenko-

ran, and Bakoo (Kessler, Eichwald). It has been taken with the dredge

from a depth of six to nineteen fathoms in the Caspian Sea (Kessler, p. 372).

I have seen specimens from the basin of the Danube as fiir up as Balaton

Lake * in Hungary (Coll. Peabody Mus. Yale Coll.), and Heller reports it

from the Theiss River and Mohacs. MiddendorfF states that it ascends the

Volga system to the sixtieth parallel, in the neighborhood of Tcherdy.t

It is also found to tlie northward in the rivers and lakes which drain into

the Baltic and White Seas, Erichson reporting it from Courland,t Kessler

from many of the lakes and rivers that connect with the Gulf of Finland
;

viz. Lakes Ilmen and Valdai, and the rivers Vodla, Vytegra, Sveer, Volkhov,

and Msta.§ Here it has invaded the domain of A. fluviatilk, and according

to Kessler is supplanting that less fertile species.|| In the Northern Dwina

A. IcpiodadnluH alone is found, descending to Archangel.**

The Ponto-Casjjian basin is undoubtedly the original home of ^4. leptoduc-

iijlus. Thence its migration into the northern rivers was made easy by the

canals connecting the Volga and Dnieper with the rivers of the Baltic and

White Seas.

A. lepiodactijliis was introduced by man in 1822 into the River Isset, a

tributary of the Tobol, in Western Siberia, and is now common in many of

the streams of the Obi River basin, e. g. the Toora, Niza, Irtish, Tara, Om,

and also in the upper part of the Obi. Its distribution over such a Avide area

of the Obi basin is due partly to spontaneous spreading, partly to artificial

transference from one stream to another. It is probable that crayfishes did

not exist in the waters east of the Ural Mountains until they were trans-

ported thither by man, although Pallas tt speaks of their presence in the

upper course of the Ui, an aflluent of the Tobol, as early as 1770. As the

* The water of Balaton Lake is said to be sli£;litly salt.

t Sibirisciie Rcise, Bd. IV. Tli. 2, p. 882, 1867.

'

X Kessler {op. cit. ]). 253 [3)3]) doubts whether A. kplodac.li/lus be found in Courlaiid, as Erichson

announced ; but as the Southern Dwina is connected by means of canals with both Lake Ilmen and the Berc-

sina River (an afBuent of the Dnieper), immigration of this species into Coiidand would be facilitated.

§ The M.sta, which flows into Lake Ilmen, and thence through Lake Ladoga into the Gulf of Finland, is

comiecled by a canal with the Tvertsa, a tributary of the Volga. The Vytegra also communicates with the

basin of the Volga through the Murinskoi Canal.

II
According to Kessler A. leptodadijlas lays from 500 to 600 eggs, A.fltmatilh rarely more than 250.

** A. leptodactfflus is also found in Lapland, according to Gerstfeldt, op. cil., p. 589.

ft Reise durch verscliiedeue Provinzcu des Russischeu Reichcs, Th. 11. p. 381.
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sources of the Ural River are not remote from those of the Ui, it is possible

that a .spontaneous migration from the former into the latter has taken place.*

Eichwald describes and figures A. leptodaQiylus, var. Citspia, from the Cas-

pian Sea near Lenkoran, as smaller than tlie normal form, the carajsace

smoother, and the margins of the rostrum nearly smooth. It is probably

an immature stage of J. leptodactijlus.

In Astacm «Hy?/fo5K5- Rathke, from the Crimea and adjacent region, the fin-

gers of the male are not elongated, as in Aslacus leptodactijlus Eschscholtz, so

that the hand has much the same form as in the female of the latter species.

The rostrum, moreover, is broader, with its margins more nearly parallel

from the base to the lateral spines, and with its median carina prominent

and toothed toward the apex ; the abdominal pleura are shorter and broader

than in A. leptodadylus. The flattening of the sides of the carapace, by

Avhich an angle is formed by the dorsal and lateral faces, is not characteristic

of this form, although it suggested the name to Rathke. The same condi-

tion is sometimes found in specimens that in all other respects agree with

the form leptodacii/liis, while in some examples of A. angulosus the branchial

regions are as convex as in A. lejdodactt/lus. In the shape of the rostrum and

abdominal pleural., angidosiis approaches A.flnviafiUs, but it cannot be con-

fused with that species, on account of the shape of the chela, the double pair

of post-orbital spines, etc. Forms intermediate between A. angidosus and

A. leptodactijlus, having the rostrum of the latter combined with characters

belonging to the former, are met with in the Sulak River, which flows into

the Caspian south of the Terek on the northern side of Mount Caucasus

(Gerstfeldt). It seems natural, therefore, to consider A. cmgulosus a variety

of A. leptodactijlus.

Since this account of the European Astaci was written, Wladiuiir Schimkewitschf

has published an insufficient preliminary notice of an Astacus from the neighborhood of

the town of Turkestan in tlie valley of the Jaxartes. It is closely related to A. flui-iatilis

and A. kptodadiilm, perhaps not specifically distinct from one of these. It seems to be

subject to considerable variation in the form of the rostrum and telson. According to

Schimkewitsch it differs from all the allied species in the great development of spiny

tubercles on the sides of the carapace (there being four on the hind border of the cervical

* With reference to the presence of A. leptodactijlus in Western Siberia, see Kessler, op. cif., p. 371,

Middendorff, op. cit., p. SS5, and especially Koppen, " Notiz iiber die lliick-n-anderung der Dretssena poly-

morphii Pall. Nebst eiiiem Anliange : TJeber kiiustliche Verpflanzuug der Flusskrebse in Russland." Beitr.

zur Kenutniss des Riissisclien lleiches, 3te Folge, Bd. VI., 1883.

f Der turkestanisclie Flusskrebs. (VorUluQge Mittheiluug.) Von Wladimir Schimkewitsch. Zoolo-

gischer Anzeiger, VII. 339-341, 23 Juui, 1884.
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groove on each side of the body) and in the shape of the anterior process of tlie epistoma,

which is triauguLar with convex sides. It would seem to approacli A. aiiffulosus in the

spiny character of the carapace. Schimkewitsch affirms that intermediate forms connect

A. jmchi/pus with A. Iqitodadi/lus (Government of Eiazan), and A. Icptodadiilus with

A. flnviatilis (Clovernments of Toola and Moscow). He evidently inclines, with Gerst-

feldt, to the opinion that all tlie Eurasiatic Astaci, excepting those of the Amoor basin

and Japan, form but two distinct species, viz. A. nobilis (including the varieties A. flu-

viatilis, kptudadylus, angulosus, pachijpus, Colchicus, etc.) and A. torrentiiim (including

A. pallipes) of Western Europe. In the material that has fallen into my hands I

have not seen indications of the intermediate form.s, and I have been led to consider all

the forms just named to be valid species, with the exception of ^. angulosus. K&ssler,

who had unrivalled opportunities for forming a just opinion on this point, came to the

same conclusion. After all, to any one who believes that all these forms are descended

from a common ancestor, the question whether they constitute two sj5ecies with marked

varieties, or whether they rather form two groups of closely allied species, is merely a

question of terms.

10. Astacus pachypus.

Astacus pachypus, Rathke, Mem. Acad. Imper. Sci. St. Petersbourg, III. 365, 1837. (Separate, 1836.)

Astacus Caspius, Eichw.vld, Bull. Soc. Iniper. Nat. Moscou, 1838, p. 149. — Fauna Caspio-Caucasia, p. 181,

Tab. XXXVI. fig. 2, 1841.

Astacus pachypus, Ericeson, Arab. Naturgescli., XII. Jalirg., I. 91, 1846. (After Rathke.)

Astacus Caspius, Ericu.son, op. cit., p. 92, 1846. (After Eiohwald.)

Astacus flmiatUis, var. pachjpus el Caspius, Gerstfeldt, Mem. Acad. Iraper. Sci. St. Petersbourg, IX. 566,

584, 1859.

Astacus pachypus. Heller, Die Crustaceeu des siidlicben Europa, p. 217, 1863.

Astacus pachypus, Kesslek, Bull. Soc. Iraper. Nat. Moscou, XLVIII. 254 [354], 1874.

Astacus pachypus, Faxon, Proc. Amer. Acad. Arts and Sci., XX. 158, 1SS4.

Distribution.— Brackish waters of the Caspian Sea and estuaries of rivers

flowing into the Caspian and Black Seas. Estuary of the Dniester at Kolo-

glea (Kessler); of the Boug at Nicolaiev (Rathke, Kessler); mouths of the

Volga, Astrakhan (Kessler) ; Lesser Oozen Eiver ; Caspian Sea at Manghish-

lak (Kessler), Krasnovodsk (Kessler), and Bakoo.

11. Astacus Colchicus.

Astacus Colchicus, Kessler, Bull. Soc. Iinpcr. Nat. Moscou, L. 2, 1876.

Astacus Colchicus, Faxon, Proc. Amer. Acad. Arts and Sci., XX. 158, 1884.

Distribution. — Upper part of Rion River and tributaries, Transcaucasia.

Accordina: to Kessler, Astaci are found in Lake Palaiostom, south of the

mouth of the Rion ; but whether they be ^1. Colchicus or not is unknown.

A. Colchicus is brought to the market of Tiflis from the upper Rion. It has

20
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been artificially introduced, according to Dr. Radde, into some of the tribu-

taries of the upper Koor (the Cyrus of the ancients), which flows eastward

into the Caspian Sea (Kessler).

NOTE ON THE FOSSIL ASTACID^.

AbunJaut fossil remains of Crustacea nearly allied to the recent Homaridse and Asta-

cidse are found in the Jurassic from the Middle Lias to the lithographic slates of Bavaria

ami Wiirtemberg. These ancient Decapods, belonging to the genera Eryma and Pseudas-

tacus,* agreed with the lobsters and crayfishes of the present day in having the three

anterior pairs of legs terminated by pincer-like claws (the first pair large and powerful),

tlie abdominal pleura drawn out into prominent lateral plates, and the outer branch of

the enlarged posterior pair of appendages or swinimerets divided by a transverse suture.

The carapace was produced into a prominent rostrum, commonly denticulate on the

margin ; the telson showed no trace of a division into two pieces by a transverse suture

(iigreeing in this regard with the telson of the modern Homaridte and Parastacinse), and

was more triangular in outline than in the living forms ; the large chehe were nearly sym-

metrical on the two sides of the body, and the shell granulated or tuberculated, as in

the Astacidai. If we unite the Homaridie and the Astacidte in cue tribe, the Astacoidea,

there can be no reasonable doubt that the Jurassic genera Eryma and Pseudastacus would

be included properly in this tribe. To them we turn in seeking the progenitors of the

llomaridai and Astacidaj of our seas and rivers. Unfortunately, these fossils have im-

parted as yet no information concerning certain important structural features which must

be known before we can determine whether the Astacine type was thus early differen-

tiated from the Homarine. I refer to the number, structure, and arrangement of the

gills ; the condition of the last thoracic somite, whether free or fixed ; and the structure of

the anterior abdonnnal appendages. In our ignorance of these structural characters in

these marine Jurassic fossils I cannot see the slightest ground for Huxley's conclusion,

that in the genus Pseudastacus we already see a differentiation of the Astacine from the

Homarine type represented by Eryma.f Pseudastacus differs from Eryma in having a

longer rostrum, longer and thicker antennal peduncle and scale, and in the lack of movable

spines on the penultimate segment of the fourth pair of legs. In P. pustulvsus (Miinst.)

the inner as well as tlie outer branch of the swinimerets seems to have been divided by a

transverse suture. Now, in none of these particulars does Pseudastacus, as distinguished

from Eryma, approach the Astacidio of the present time. Boas^ has called attention to

tlie fact that the transverse part of the " cervical " groove of Pseudastacus is the same as

tlie anterior and more deeply impressed groove (marked <;' in Boas's figures) on the cara-

jmce of Eryma, and that it is not homologous with the cervical groove of Honiarus and

Astacus (c of Boas's figures), but rather with the anterior slightly impressed groove seen

on the carapace of Nephrops.

* For au account of these animals, tlie reader is referred to the beautifully illustrated work of Oppel,

Palaeoutologische Miltheilungen, Stuttgart, 1862. Tlie AsUicii.i Kiiorrii of Milue Edwards (Hist. Nat. Crust.,

II. 333), figured by Kuorr and by Desmarest, is probably an Eryma.

t Huxley, The Crayfish, p. 343.

X Studier over Decapodernes Slagtskabsforhold. Vidensk. Selsk. Skr., 6te Rsekke, Naturvid. og Math.

Afd,, Bd. I. pp. 74, 176, foot-note 2, 1880.
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No remains of Crustacea near the Astacicke have been found iu the Weaklen, which

is of fresh-water origin, while tiie Cretaceous has yiekled the genera Hoploparia and

Enoploclytia, which closely resemble the recent Homaridse. Hoploparia is found also in

the London Clay (Eocene).

Schliiter* has described, under the name Astacus politus, a Decapod from the Lower

Chalk of Westphalia, in which the telson is divided by a transverse suture, as in the

majority of the Potamobiinos ; but the single specimen obtained is too imperfect to admit

of being definitely placed, the fore part of the carapace, including the rostrum, as well as

the terminal portion of all the legs, being lost.f

It is only in the fresh-water Tertiary deposits of the Western United States that fossils

have been discovered which can be referred reasonably to the family AstacidiB. Packard;]:

has described and figured by the name of Cainharus primcevus two specimens from the

Lower Tertiary beds (Eocene ?) of the Bear Eiver Valley in Western Wyoming. Judging

from Packard's figures, I should think that tliese specimens belonged to Astacus rather

than to Cambarus. The shape of the antennal scale and the chelae indicate this. I fail

to see the close resemblance pointed out by Packard between these specimens and Cam-

barus affinis. The rostrum, as shown in the ligures, resembles that of A. Dauricus as

nearly as any living form. With reference to the conditions under which these crayfishes

lived. Dr. Packard says :
" The soft, fine, fissile, clayey shales of the Bear Eiver Tertiaries

contain not only a good many herring-like fish, but also genuine skates. The presence

of land plants mingled with marine animals shows that the waters were fresh, but com-

municated with the sea ; the conditions were apparently those of a deep estuary, into

which fresh-water streams ran, and in these rivers lived the crayfish. The deposits were

probably Eocene, if these divisions are to be retained for tlie Tertiary deposits of the

West, and may have been laid down nearer the ocean than those of Green Eiver."

In 1870 Cope§ described three extinct species of Astacus from fresh-water Tertiary

deposits in the Territory of Idaho. The specimens were obtained by Clarence King, on

the expedition sent out for the geological exploration of the fortieth parallel west of the

Mississippi Eiver. I have not been able to find the specimens in the Smithsonian Insti-

tution, where they belong.

The first species described by Cope is named Astacus suhgrundialis. In tliis form

the rostrum is narrow, concave above, acute, with five spinous jKiints on each side and

a terminal recurved spinelet ; two post-orbital tubercles on each side, the anterior pair

spiniform ; surface of the carapace smooth or obsoletely wrinkled ; abdominal pleura promi-

nent and acuminate, those of the second segment four times as wide as the others ; chelEe

nearly smooth, not granulate, the superior edge spiuiferous ; the longitudinal groove of the

carpus is well marked, and this segment is not spiuiferous ; the antennal scales are large,

and extend nearly to the tip of the rostrum ; areola of moderate width. Length to cervical

* Neue Fische iind Krebsc aus dcr Kreidc von Wcstphalcn. Vou Dr. W. vou der Murck uud Dr. CI.

Schluter. Palaeoiitograpliica, XV. 303, Taf. XLIV. fi-s. 4, .5, lSf>8.

f So also with the genus Astacodcs founded by Bell (iMou. Foss. Malaeostr. Crust. Great Britain, Pt.

II. Crust, of the Gault and Greensand, p. 30, PL IX. figs. 1-6, 1862) for the recejjtiou of Meyeria fakifer

Phillips from the Speeton Clay.

+ " Fossil Crawfish from the Tertiaries of Wyoming," Araer. Nat., XIV. 222, 223, Jlarch, 1880. " On

a Crayfish from the Lower Tertiary Beds of Western Wyoming," Bull. U. S. Geolog. and Geograph. Surv.

Terr.,' VI. 391-397, with two cuts, September, ISSl.

§ "On Three Extinct Astaci from the Fresh-water Tertiary of Idaho," Proc. Amer. Philosoph. Soc,

XL 605-607, 1870.
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groove, .0415 in. ; of rostrum, .0182 ru.; of abdomen, .072 m. From near Hot Spring

Mountain.

The second species is named Astacus clienoderma. " Tliis species is represented by

the cheles of opposite sides of one individual, with which I associate with great proba-

bility one from the right side of a second. Part of a cephalothorax of a third is asso-

ciated, but without conclusive evidence of identity, chiefly because of a near resemblance

in the sculpture." The chel;ie are long and slender, without .spinous armature, but cov-

ered with thickly set granular tubercles. In the second sp(5cinien part of the carpus is

preserved; its lower margin is unarmed, while the outer face presents a series of short,

distantly placed spines. The surface of the carapace, as seen in tlie third specimen, is

delicately wrinkled by the confluent bases of fine pointed granules, which are directed for-

ward ; these become more scattered on the sides. As in A. subgrundialis, tliere are two

pairs of post-orbital spines. The areola is of moderate width. Length from rostrum to

cervical groove, .0235 m. Width of areola .25 inch from front, .007 m. Length of chela,

.045 m. Width of base of chela, .0173 m. From Catharine's Creek.

The third species, Astacus breviforceps, is " established primarily on three cheles or

last segments of the fore limbs ; with tiiese 1 have associated a cephalothorax of one,

and abdominal and postabdominal regions of three individuals. The only reason for such

reference of the latter is their superficial texture, in which tliey resemble the cheles, and

differ from the corresponding parts in the two otlier species." The chelffi are short, thick,

the lower edge thin, the index rather short and conical ; the surface of the chelfe is

granular tuberculate, except on the convex faces, where it is finely vermiculate rugose.

" The cephalothorax associated is quite similar to that of A. subgrundiaHs, and may pos-

sibly belong to it. It however differs in the finely vermiculate rugose character of its

surface. The rugae are generall}'' transverse on the back and sides." The upper surface

of the abbominal segments is marked with a delicate vermiculate rugosity, like that of

the cephalothorax. In A. subgrundialis it is marked with impressed dots. The pleura

of the second abdominal somite are less than twice the width of the succeeding ones,

instead of being four times as wide, as in A. suhgrundialis. The succeeding pleura are

long, pointed, and slightly curved forward. " Some of the specimens indicate individuals

larger than those referred to A. suhgrniidiaMs." From Catharine's Creek.

According to Professor Cope, the beds in wliicli these fossils were found are of fresh-

water lacustrine origin, as determined by the fishes and mollusks found therein. As to

their age, there is " great probability of their being later than the Miocene, and nothing

to conflict with their determination as of Pliocene age." *

Althougli nothing is known concerning the gills, or the presence or absence of hooks

on the legs, I am disposed to regard the fragments described by Cope as remains of true

Astaci, on account of certain superficial characters, such as the denticulate rostrum, the

post-orbital tubercles, the prominent acuminate abdominal pleura, etc. The only Astacus

known to inhabit the Territory of Idaho at the present day is A. Gambelii. Cope himself

has pointed out the resemblance of the rostrum of A. subgrundialis to that of A. Gam-

belii, and I have already shown (p. 131) that in the structure of the gills the last-name<l

species approaches tlie primitive type more nearly than any other living Astacus. In the

elongated, acuminate abdominal pleura, and in the two pairs of post-orbital tubercles, the

fossil species more nearly resemble C. nigrescens.

* Cope, ibid; p. 347.
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Table showing the Geographical Distribution of every Species of Cam-
barus and Astacus as far as yet ascertained.

Genus CAMBARUS.

Group I.

1. C. Blandingii.

New York.

New Jersey : Essex Co. ; Delaware Eiver and tributaries near Trenton, Mercer Co.

Maryland : Baltimore Co. ; Caroline Co. ; Dorchester Co. ; St. Mary's Co. ; Somerset

Co. ; Wicomico Co. ; Worcester Co.

Virginia: James River; LunenhurLj.

Nortli Carolina : Tarboro ; tributaries of Neuse River, Goldsboro ; Kiuston ; Beau-

fort ; Salmon Creek ; Wilmington.

South Carolina : Camden; Saluda River; Columbia.

Georgia : Richmond Co.

VaR. acuta.

South Carolina: Charleston; Beaufort.

Alabama: Mobile; Blount Spring, Blount Co.; Cullman, Cullman Co.; Decatur,

Morgan Co. ; overflow of Tennessee River, near Bridgeport, Jackson Co.

Mississippi : tributary of Tombigbee River, Kemper Co. ; near Vicksburg.

Louisiana: Tickfaw ; Amite City; New Orleans.

Tennessee : Memphis.

Missouri : St. Louis.

Illinois : Athens ; Decatur ; Pekin ; Normal ; Oquawka ; Peoria ; Lawn Ridge
;

Evanston.

Indiana: Wheatland, Knox Co.

Iowa : West Liberty ; Dubuque.

Wisconsin : Racine ; Sauk City.

2. C. faUax.

Florida: St. Jolin's River at Jacksonv-ille, Orange Bluff, Hawkinsville, Horse Land-

ing, Blue Spring, and Lake Jessup ; Magnolia ; Indian Eiver ; TitusviUe, Bre-

vard Co.

'.'. C. Hayi.

Mississippi : Macon ; Artesia.

4. C. Clarkii.

Te.Kas : between San Antonio and El Paso del Norte ; San Antonio : Waller Co.

Louisiana : New Orleans ; Tangipahoa River.

Mississippi : Ocean Springs, Jackson Co.

Alabama : Mobile.

Florida : Pensacola; three miles below Horse Landing, St. John's River.

5. C. troglodytes.

Georgia : Richmond Co.

South Carolina : Charleston ; Oakley ; Columbia.
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6. C. maniculatus.

Georgia : in ditches iu tlie lower part of the State. (Le Conte.)

7. C. Lecontei.

Alabama: Mobile.

Georgia : Alliens.

8. C. angustatus.

Georgia : lower part of the State. (Le Conte.)

9. C. pubescens.

Georgia : Eichmoud Co.

10. C. spiculifer. •

Georgia: Athens; Milledgeville ; Atlanta; Eoswell, Cobb Co.; Chattahoochee

Eiver, Gainesville; Etowah River.

11. C. versutus.

Alabama : neighborhood of Mobile.

Florida: Cape Barrancas. (See page 34.)

12. C. Alleui.

Florida : St. John's Eiver, Hawkinsville ; Hernando Co. (See page 36.)

13. C. penicillatus.

Georgia.

? Mississi[)pi. (See page 37^)

? South Carolina : Charleston. (See page 37.)

14. C. Wiegmanui.

Mexico.

15. C. pellucidus.

Kentucky : ]\Ianimoth Cave and other caves in Edmonson Co.

Indiana : Wyandotte Cave ; cave in Bradford, Harrison Co.

Group II.

16. C. simulans.

Texas : Dallas ; east of Canadian Eiver.

Kansas : Fort Hays.

17. C. advena.

Georgia.

18. C. Caroliuus.

South Carolina : Charleston ; Greenville ? (See page 56.)

19. C, gracilis.

Illinois : Normal ; Lawn Eidge ; Athens.

Wisconsin : Eacine.

Iowa : Davenport.

20. C. Mexicanus.

Mexico.

21. C. Cubeusis.

Cuba : near Havana.

Group III.

22. C. Bartonii.

Dominion of Canada : St. John, New Brunswick ; Montreal ?

Maine : Houlton and Maysville, Aroostook Co. ; Madison, Somerset Co. (See p. 62.)
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Vermout : Burlington, Colcliesier, and Shelburne, Chittenden Co.

Massachusetts : GraCton, Worcester Co. ; Williamstown, Berl^siure Co.

New York : Lake Champlain ; Ellenburg, Clinton Co. ; Westport and Elizabeth-

town, Esse.x Co.; Fulton Lakes, Hamilton and Herkimer Cos.; C mton, St.

Lawrence Co. ; Port Jervis and Newburg, Orange Co. ; Fish kill, Duchess
Co. ; Fallsburg, Sullivan Co. ; Sherburne, Chenango Co. ; Cazenovia, Madison
Co. ; Ithaca, Tompkins Co. ; Berkshire, Tioga Co. ; Genesee River, Rochester,

Monroe Co. ; Niagara, Niagara Co. ; Forestville, Ciiautauqua Co.

New Jersey : Schooley's Mountain ;
( )range ; Trenton.

Pennsylvania : Bedford and Pattonville, Bedford Co. ; Windham, Bradford Co.

;

Hummelstown, Dauphin Co. ; Carlisle, Cumberland Co. ; Berwick, Columbia

Co. ; Bainbridge, Lancaster Co. ; Schuylkill Elver, near Philadelphia ; Chester

Co. ; McKean Co. ; Foxburg, Clarion Co.

Maryland : Harford Co. ; Howard Co. ; Montgomery Co. ; Frederick Co. ; Wash-
ington Co. ; Garrett Co. ; Alleghany Co.

District of Columbia : Rock Creek, Georgetown.

Virginia : Clarke Co. ; Alexandria Co. ; Franklin, Southampton Co. ; tributaries

of Rappaliannock River, Stafford Co. ; James River ; tributaries of James

River, Rockbridge Co. ; Lunenburg, Lunenburg Co. ; Bath Co. ; Reed Creek,

west of Wytheville, Wythe Co. ; Holston River, Smyth Co.

West Virginia : Williamsport, Grant Co.; South Branch of Potomac River ; Pat-

terson's Creek; Petroleum, Ritchie Co.; near White Sulphur Springs, Green-

brier Co. ; branch of Clinch River, northern base of Clinch Mouutain.s.

North Carolina : Kinston ; Newman's Fork, Blue Ridge, McDowell Co.

Ohio : Marietta ; Cincinnati ; Yellow Springs ; Scioto River, Columbus.

Indiana : New Albany ; Fall Creek, Indianapolis.

Lake Superior.

Kentucky : Cumberland Gap, Josh Bell Co. ; Smoky Creek, Carter Co. ; Kentucky

River, Little Hickman, Jessamine Co. ; Bear Creek, Grayson's Springs, Gray-

son Co. ; Mammoth Cave, Edmonson Co.

Tennessee : Doe River, Carter Co. ; Lineville Cave, near Blouutsville, Sullivan Co.

;

Knoxville.

For doubtful localities for C. Bartonii, see page 63.

VaR. robusta.

Dominion of Canada : Humber River and Don River, Toronto ; Indian Creek,

Weston, Province of Ontario.

New York : Forestville, Chautauqua Co. ; Genesee River, Rochester, Monroe Co.

;

Sodus, Wayne Co. ; tributary of Racket River, near Tupper's Lake, St. Law-

rence Co. ; Canton, St. Lawrence Co. ; Fulton Lakes, Hamilton and Herkimer

Cos. ; Natural Bridge, Jefferson Co.

Maryland : Montgomery Co.

Virginia : Fredericksburg.

Illinois : Decatur.

23. C. acuminatus.

South Carolina : Saluda River.

24. C. latimanus.

South Carolina : Columbia ; Greenville.

Georgia : Athens ; Milledgeville ; RoswelL



160 A EEVISION OF THE ASTACID.E.

Alabama : Blount Spring and Cullman, Sand Mountain ; Bridgeport. (See page 69.)

Mississippi : Ocean City.

Tennessee : Ashland City, Clieatham Co. (See page 69.)

25. C. Diogenes.

New Jersey : Hamilton Township, Mercer Co.

Pennsylvania : Derry Station, Westmoreland Co.

Maryland : Baltimoi'e Co. ; St. Mary's Co. ; Caroline Co. ; Dorchester Co. ; Worces-

ter Co. ; Garrett Co.

District of Columbia : near Washington.

Virginia : Alexandria Co. ; Accomack Co. ; Northampton Co. ; Fredericksburg,

Spottsylvania Co. ; Petersburg, Dinwiddle Co.

North Cai'oliiia : Wilmington ; Kiuston.

Ohio : Kelley's Island, Lake Erie.

Indiana : Long Lake, Kendallville, Noble Co. ; Mechanicsburg, Henry Co. ; Knox
Co.

Illinois : Lawn Eidge ; Evanston ; Belleville ; Decatur ; Chicago ; Abingdon.

Michigan : Detroit.

Wisconsin : tributary of Pecatonica Kiver, Green Co. ; Appleton ; Eacine.

Iowa: Davenport.

Missouri : Carroll Co. ; St. Louis.

Kansas : Leavenworth.

Colorado : Clear Lake.

Wyoming : Cheyenne.

Arkansas.

? Kentucky.

? Tennessee.

Mississippi : Monticello, Lawrence Co.

Louisiana : New Orleans.

26. C. argillicola.

Dominion of Canada : Toronto, Province of Ontario.

Michigan : Detroit ; East Saginaw.

Indiana : New Albany.

27. C. dubius.

Virginia : Pennington's Gap, Lee Co.

West Virginia : Cranberry Summit, Preston Co.

Tennessee : Cumberland Gap.

28. C. Nebrascensis.

Dakota : Fort Pierre. (Girard.)

29. C. Uhleri.

Mai-yland : Caroline Co. ; Dorchester Co. ; Talbot Co. ; St. Mary's Co. ; Wicomico
Co. ; Somerset Co. ; Worcester Co.

30. C. estraneus.

Georgia : Etowah Eiver, Eome.

Tennessee : Tennessee Eiver, near border of Georgia.

31. C. Girardianus.

Alabama : Cypress Creek, Lauderdale Co.

32. C Jordani.

Georgia : Etowah Eiver, Eome.
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33. C. cornutus.

Kentucky : Green Eiver, uear Mammoth Cave.

34. C. hamulatus.

Tennessee : Nickajack Cave.

Group IV.

35. C. medius.

Missouri : Iroudale, Wasliingtou Co.

36. C. immunis.

New York.

Indiana: White Eiver; Fall Creek, Indianapolis ; Long Lake, Kendallville.

Illinois : Aux Plains ; Belleville ; Lawn Pddge ; Normal ; Oquawka.

Michigan : Detroit Eiver, Detroit.

Wisconsin : JMilwaukee.

Minnesota : Eichfield, Hennepin Co.

Iowa : West Liberty.

Missouri : St. Louis.

Kansas : Leavenworth ; Ellis.

Wyoming : near Laramie.

Alabama : Huntsville.

Mexico : Orizaba.

VaK. spinirostris.

Tennessee : Obion Co.

37. C. Mississippiensis.

Mississippi : Macon.

38. C. Palmeri.

Tennessee : Obion Co.

39. C. Alabamensis.

Alabama: Waterloo, Lauderdale Co.

40. C. compressus.

Alabama : Lauderdale Co.

41. C. lancifer.

jMississijipi : Eoot Pond.

42. C. affinis.

New York : Niagara.

New Jersey : Scliooley's ^Mountain and Dover, Morris Co. ; Eed Bank, jNIonmouth

Co. ; Trenton, Mercer Co. ; Camden Co.

Pennsylvania : Brandywine Creek ; Schuylkill ; Eeading ; Philadelphia ; Bristol

;

Susquehanna Eiver ; Bainbridge ; Carlisle.

Maryland : Cecil Co. ; Harford Co. ; Havre de Grace ; Baltimore Co. ; Anne Arun-

del Co. ; Montgomery Co. ; Potomac Eiver, Charles Co. ; Williamsport, Wash-

ington Co. ; Cumberland, Alleghany Co.

District of Columbia : Potomac River, Washington.

Virginia : Potomac Eiver, Gunston, Fairfax Co.

? Lake Erie.

? Lake Superior.

21
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43. C. Sloauii.

Indiana : New Albany.

Kentucky. (Bundy.)

44. C. propinquus.

Dominion of Canada : Montreal ; Toronto.

New York : Grass River, Black Lake, and Canton, St. Lawrence Co. ; Ogdensburg

;

Lake Ontario; Garrison Creek, Sackett's Harbor; Four-Mile Creek, Oswego;

Oneida Lake; Cayuga Lake ; Eochester; Niagara; Forestville, Chautauqua Co.

All of these localities are iu the St. Lawrence Eiver system.

Indiana : Elkhart River, Rome City, Noble Co. ; Delphi ; Indianapolis ; Michigan

City ; Turniau Creek, Sullivan Co. ; Clear Creek, Bloomington ; White River

;

Switz City.

Illinois : Freeport, Stephenson Co. ; Ogle Co. ; Geneva, Kane Co. ; Pekin, Tazewell

Co.; Normal, McLean Co.; Decatur, MacoTi Co.; Aux Plains River.

Micliigan : St. Clair River; Detroit River; North ville; Huron River, Ann Arbor

;

Ecorse; Kalamazoo River, Otsego.

Lake Superior.

Wisconsin : tributaries of Pecatonica River, Green Co. ; Madison.

Iowa : Davenport ; Des Moines River, Ottumwa.

VaR. Sanbornii.

Kentucky : Smoky Creek, Carter Co.

Ohio : Oberlin.

V.\R. obscura.

New York : Genesee River, Rochester.

45. C. Harrisonii.

Missouri : Irondale, Washington Co.

46. C, virilis.

Dominion of Canada: Lake Winnipeg; Saskatchewan River; Red River of the

North ; Toronto ; Montreal ?

Dakota : Red River of tlie North, near Pembina ; Souris or Mouse River.

Minnesota : Lake Superior ; Mississippi River ; Lake Minnetonka, Minnehaha

Creek, Cedar Lake, Bassett's Creek, and Lake Independence, Hennepin Co.

Wisconsin: Appleton ; Baraboo River, Ironton ; Sauk City; Wisconsin River;

Sugar River ; Rock River; Jefferson; Milwaukee.

Iowa : Davenport ; BiirUngton ; Fort Dodge ; Spring Vale ; Des Moines River

;

Bedford.

Nebraska : Omaha.

Wyoming : near Laramie City.

Kansas: Leavenworth; Manhattan; Republican River, N. W. of Fort Riley ; Ellis.

Missouri : St. Louis ; Osage River ; Irondale.

Illinois: Quincy; Lawn Ridge; Decatur; Normal; Pekin; Cairo; Geneva;

Stillman's Creek, Marion.

Indiana : Michigan City ; Long Lake, Kendallville ; Elkhart River, Rome City.

? Tennessee : near Lebanon.

Arkansas : White River, Eureka Springs.

? Alabama : near Bridgeport, Jackson Co. (See page 97.)

Texas.

? New York : Lake Georije.
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47. C. rusticua.

Pennsylvania : Pittsburg ; Philadelphia Co. ?

Ohio : Kelley's Island, Lake Erie ; Miami Eiver, Dayton ; Yellow Springs ; Ohio

Eiver, Cincinnati.

Indiana : Ohio Eiver, Madison ; White Eiver ; Indianapolis.

Illinois: Quincy; Normal.

Kentucivy : Kentucky Eiver, Little Hickman ; Penyville, Uoyle Co. ; Salt Eiver.

Tennessee : Cumberland Gap ; Lebanon.

Lake Superior.

Wisconsin: Eacine; Beloit ; Iron ton ; Fox Eiver.

Iowa : Lizard Creek, Fort Dodge.

Missouri : Osage Eiver.

Arkansas : White Eiver, Eureka Springs.

Texas.

48. C. spinosus.

South Carolina : Saluda Eiver.

Georgia : Etowah, Oostenaula, and Coosa Elvers, in the neighborhood of Eome.

Tennessee : Tennessee Eiver, near border of Georgia.

Alabama: Cypress Creek, Lauderdale Co. (See page 117.)

49. C. Putnami.

Kentucky : Grayson Springs, Grayson Co. ; Green Eiver, near Mammoth Cave.

Tennessee : Cumberland Gap ; Knoxville ?

? Indiana : Bradford.

50. C. forceps.

Alabama : Cypress Creek, Lauderdale Co.

? Tennessee : Knoxville.

Group V.

51. C. Montezumae.

Mexico : neighborhood of City of Mexico ; Lake Tezcoco ; Puebla ; Lake San

Eoque; Trapuato; Parras, Cohahuila (see page 123); Mazatlan (Pacific Coast).

52. C. Shufeldtii.

Louisiana : near New Orleans.

Genus ASTACUS.

1. A. (Cambaroides) Japouicus.

Japan : Hakodadi, Yesso.

2. A. (Cambaroides) Dauricus.

Siberia : upper portion of the basin of the Amoor Eiver, as far down as Albasin,

including the rivers Ingoda, Argoon, Ouou, Shilka, and Nercha.

3. A. (Cambaroides) Schrenckii.

Siberia : lower portion of the basin of the Amoor Eiver.

4. A. Klamatheusis.

Dominion of Canada : streams east of the Cascade Mountains, Province of British

Columbia.
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Wasliington Territory : upper part of Columbia Eiver and its tributaries at Fort

Walla Walla, Weuas Valley, and Spokane Falls.

Oregon : Klamath Lake ; Sikan Creek ; Des Chutes Eiver.

5. A. leuiusculus.

Oregon : lower part of the Columbia River.

Washington Territory : lower part of the Columbia River ; Puget Sound.

6. A. Tro^wbridgii.

Oregon : Columbia River, near Astoria.

Washington Territory : lower part of the Columbia Eiver ; streams running into

Shoalwater Bay.

7. A. nlgrescens.

California : San Francisco.

Washington Territory : Fort Steilacoom. (See page 135.)

Alaska Territory: Oonalaska.

8. A. Gambelii.

Utah : Ogden River, Ogden.

Idaho : Fort Hall ; west side of Teton Basin.

Montana : mouth of Yellowstone Eiver.

? Wyoming : Willow Creek. (See page 137.)

? California : Santa Barbara. (See page 137.)

9. A. torrentium.

Bohemia, Bavaria, Wiirtemberg, Alsace.

10. A. pallipes.

Greece, Austria, Italy, France, Switzerland, Alsace, Spain, England, Ireland. (See

page 144.)

11. A. fluviatilis.

Eussia (Baltic water-shed and small streams of the upper part of the basin of the

Dniejaer), Austria, Germany, France, Italy ? Denmark (Huxley). Artificially

introduced into Sweden, whence it has spread into Southeastern Norway. (See

])age 148.)

12. A. leptodactylus.

Russia (in rivers of the Ponto-Caspian basin, and in rivers and lakes emptying

into the Baltic and White Seas), Caspian Sea, Hungary (Danube River basin).

Artificially introduced into affluents of Tobol River, Siberia, whence it has

spread into the Irtish and Obi.*

VaR. angulosa.

Crimea and adjacent region, Eussia.

13. A. pachypus.

Eussia: estuaries of rivers flowing into the Black and Caspian Seas; Malaya

Oozen Eiver ; Caspian Sea.

14. A. Colchicus.

Eussia : upper portion of Eion Eiver and tributaries, Transcaucasia. Artificially

introduced into some of the tributaries of the upper Koor (ancient Cyrus).

* For the Astacus found iu Turkestan, see p. 152.
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Table showing our present Knowledge of the Distribution of the North
American Species of Oambarus and Astacus, arranged according to

States and Territories.

1. Maine.— Oue species : 0. Bartonii, in the St. John, Penobscot, and Kennebec Eiver

systems. For detailed localities, see p. G2.

2. New Hamp.shire.— None.

3. Vermont.— One species : C. Bartonii, in affluents of Lake Chaniplain, at Burlington,

Colchester, and Shelburne, Cliitteuden Co.

4. Massachusetts.— One species : C. Bartonii, at "Williamstown, Berkshire Co., and
Grafton, Worcester Co.

5. Ehode Island.— None. According to Prof E. P. Larkin, Cambari (C. Bartonii ?)

were common forty years ago at Westerly, in the southwestern part of the

State, near the Connecticut line.

6. Connecticut.— None. Prof S. I. Smith tells me that thirty or forty specimens of

C. Bartonii were introduced into a brook in New Haven in 1880, but none

have been seen tliere since.

7. New Yokk.— Five species: C.Blandingii, Bartonii {inelnding \ar.robusta),iin inunis,

affi,nis, and -propinqnus (including var. obscura). Perhaps also C. virilis.

C. Blandingii probably comes from the southeastern part of the State.

C. Bartonii is distributed over the whole of the State.

C. Bartonii, var. rohusta, is found in the St. Lawrence lliver basin in Chautauqua,

Monroe, Wayne, St. Lawrence, Hamilton, Herkimer, and Jetterson Counties.

The particular locaUty for C immunis is unknown.

C. ttffinis comes from Niagara, in the western part of the State, and probably lives

also in the southeastern part.

C. propinquus lives in the waters of the St. Lawrence basin, specimens having

been received from Grass Eiver, Black Lake, and Canton, in St. Lawrence

Co. ; Lake Ontario ; Garrison Creek, Sackett's Harbor ; Oswego ; Oneida Lake

;

Cayuga Lake, Eochester ; Niagara ; and Forestville, Chautauqua Co.

C. propinquus, var. obscura, is found in Genesee Eiver, at Eochester.

C virilis. Lake George ? (See page 98.)

8. New Jersey.— Four species : C. Blawlingii, Bartonii, Diogenes, and affinis.

C. Blandingii is recorded from Essex Co. and from the Delaware Eiver and tribu-

taries in Mercer Co.

C. Bartonii, from Esse.x, Morris, and Mercer Counties.

C Diogenes, from the Delaware meadows near Trenton, Mercer Co.

C. affinis, from jMoi'ris, Monmouth, IMercer, and Camden Counties.

9. Pennsylvania.— Four species : C. Bartonii, Diogenes, affinis, and riisticns. C. Blan-

dingii, found on the New Jei'sey side of the Delaware Eiver, doubtless inhabits

the eastern part of the State.

C. Bartonii is found in Bedford, Bradford, Daupliin, Cumberland, Columbia, Lan-

caster, Philadelphia, Chester, McKean, and Clarion Counties (Delaware, Sus-

quehanna, and Ohio Eiver systems).

C. Diogenes, at Derry Station, Westmoreland Co. (Ohio Eiver system).
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G. affinis, at Bristol, Philadelpliia, Brantlywiiie Creek, Eeading, Scliuylkill, Bain-

bridge, aud Carlisle (Delaware and Susquelmnna Eiver systems).

C. rustims has been found at I'ittsburg, in tlie western part of the State (Ohio

Eiver).

10. Delaware.— None. An exploration of this State will probably discover C. Blan-

dingii, Bartonii, Diogenes, Uhleri, and ajfinis within its limits.

11. Maryland.— Five species: G. Blcmdingii, Bavioyiii {\nc[\\dmg\a,x.rohusta), Diogenes,

Uhleri, and affinis.

Through the investigations of Mr. P. E. Uhler, of Baltimore, tlie distribution of

Cambari in Maryland is well ascertained.

G. Blandingii is found in the counties on Chesapeake Bay and to the eastward,

viz. Baltimore, Caroliue, Dorchester, St. Mary's, Somerset, Wicomico, and Wor-

cester.

G. Bartonii inhabits the higher regions in the following counties : Harford, How-
ard, Montgomery, Frederick, Washington, Garrett, and Alleghany.

G. Bartonii, var. rohusta, has been collected in Montgomei^y Co.

G. Diogenes inhabits Baltimore, St. Mary's, Caroline, Dorchester, Worcester, and

Garrett Counties.

C. Uhleri has been found in Caroline, Dorchester, Talbot, St. Mary's, Somerset,

Wicomico, and Worcester Counties.

C. affinis, Cecil, Harford, Baltimore, Anne Arundel, Montgomery, Cliarles, Wash-

ington, and Alleghany Counties.

12. District of Columbia.— Three species: G. Bartonii, Diogenes, dMd, affinis.

13. Virginia.— Seven species: C. Blandingii, Bartonii {mciuAmg \ax. rohusta), Diogenes,

dubiiis, affinis, rusticus, and Putnami. G. Uhleri will probably be fouud in

Accomack Co.

G. Blandingii has been collected, in James Eiver and at Lunenburg.

C. Bartonii appears to be widely distributed in Virginia ; the known localities

ai-e Clarke Co. ; Alexandria Co. ; tributaries of Eappahannock Eiver, Staf-

ford Co. ; tributaries of James Eiver, Eockbridge Co. ; Lunenburg ; Frank-

lin, Southampton Co. ; Bath Co. ; Eeed Creek, Wythe Co. ; and Holston Eiver,

Smyth Co.

G. Bartonii, var. rohusta, in stony streams running into the Eappahannock and in

springs at Fredericksburg, Spottsylvauia Co. According to Mr. Uliler, G. Bar-

tonii, var. rohusta, is not found in the tributaries of the Eapjjahannock in Staf-

ford Co., whence comes the typical G. Bartonii.

G. Diogenes, Accomack Co. ; Northampton Co. ; Fredericksburg, Spottsylvauia Co.

;

Petersburg, Dinwiddle Co. ; Alexandria Co.

C dtibius, at one locality, Pennington's Gap, Lee Co., in the southwestern corner

of the State.

G. affinis is found in the Potomac .Eiver, Fairfax Co.

C. rusticus and G. Putnami are found at Cumberland Gap, at the southwestern

extremity of the State.

14. West Virginia. — Two species : G. Bartonii and G. duhius. The former is found

in affluents of the Potomac, Grant Co. ; Petroleum, Eitchie Co. ; White Sulphur

Springs, Greenbrier Co. ; and in brauch of flinch Eiver, in tlie southwestern

part of the State. The latter (C. diibius) comes from Cranberry Summit, Pres-

ton Co., in the northern part of the State.
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15. North Carolina.— Three species: C. Blandinc/ii, Bartonii, and Diogenes.

C. Blandinf/ii, from Tarboro ; tributaries of Neuse River, at Goldsboro ; Kinston

;

Beaufort ; Salmon Creek ; and Wilmington. All of these localities are in the

eastern part of the State.

C. Bartonii has been found at Kinston, in the eastern part of the State, and in

Newman's Fork, in the Blue Hiilge Mountains, McDowell Co., in the western

part.

C. Diogenes is recorded from Wilmington and Kinston.

16. South Carolina.— Six species : C. Blandingii (including var. acuta), troglodytes,

Caroliiiits, aciiminatus, latimanus, aud spiiwsus. Perhaps also C. jKnicillatus

and Bartonii. (See pages 37, 61.)

C. Blandingii comes from Camden, the Saluda River, and Columbia, in the middle

region of the State. C. Blandingii, var. acuta, from Charleston and Beaufort

on tlie sea-coast.

C. troglodytes has been received from Charleston, Oakley, and Columbia.

C. Carolinus, hab. Charleston ; Greenville ? (See page 56.)

C. acuminatics, hab. Saluda River.

C. latimanus, hab. Columbia and Greenville.

C. sjnnosus, hab. Saluda River.

17. Georgia. — Thirteen species : C Blandingii, troglodytes, manicidatus, Lccontei, angus-

tatus, pubesccTis, spiculifer, penicillatus, advena, latimanus, extraneus, Jordani,

and spinosus. Perlia2:>s also C. Bartonii. (See page 61.)

C Blandingii and C. puhesccns come from Richmond Co.

C. troglodytes also comes from Richmond Co. It differs from the typical form of

this species. (See page 28.)

C. maniculatus is assigned by Le Coute to the lower part of the State, in ditches.

C. Lecontei has been found at Athens, in the northern part of the State.

C. angustatus comes from the lower regions of the State.

C. spiculifer inhabits the upper part of the State, at Athens ; Milledgeville ; Atlanta

;

Roswell, Cobb Co. ; Chattahoochee River, Gainesville ; Etowah River.

E.xact localities for C penicillatus are wanting.

C. advena inhabits Lower Georgia.

C. latimanus is reported from Athens, Milledgeville, and Roswell.

C extraneus, Jordani, and spinosus come from the neighborhood of Rome, in tlie

northwestern part of the State (Etowah, Oostenaula, and Coosa Rivers).

18. Florid.^.— Four species: C. fallax, Clarkii, versutiis, aud Aljeni. A species belong-

ing to the C Bartonii group also inhabits Florida.

C. fallax has been collected at the following places : St. John's River at Jackson-

ville, Orange Bluff. Hawkinsville, Horse Landing, Blue Spring, and Lake Jes-

sup ; Magnolia ; Indian River ; and Titusville, Brevard Co.

C. Clarlcii, at Pensacola ; and below Horse Landing, on the St. John's River.

C. vcrsutus, at Cape Barrancas (near Pensacola ?).

C. Alleni 'WHS discovered at Hawkinsville, on the St. John's River.

19. Alabama.— Eleven species: C. Blandingii, \a.r. acida, C. Clarlcii, Lccontei, vcrsutus,

latimanus, Girardicunts, immunis, Alabaniensis, coniprcssus, spinosus, and forceps.

0. extranexcs and C. Jordani will probably be discovered in the northeastern

part of the State, when tiiat territory shall be explored. C. virilis is credited

to this State with some doubt. (See page 97.)
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C. Blamlingii, var. acuta, at Mobile, in the soutli, and at Blount Spring, Cullman,

Decatur, and Bridgeport, in the north. Decatur and Bridgeport are on the

Tennessee Eiver.

C. Clarkii, Lccontci, and i-crsutus live in the neighborhood of ilobile.

C. latimamis comes from the northern part of the State, from Blount Spring, Cidl-

man, and Bridgeport.

C. Girardianus, Alabamoisis, com2:iressus, S2nnosus, and forccjjs are found in Lau-

derdale Co., near the Tennessee Eiver, in the northwestern corner of the

State.

C. immunis lias been collected at Huntsville, Madison Co., in the nortliern portion

of the State.

The larger part of Alabama remains still unexplored.

20. Mississippi. — Seven species : C. Blaiulingii, var. acuta, C. Hayi, Clarhii, latimanus,

Diogenes, Mississippien.sis, and lancifer. Perhaps C. penieillatns (see page 37).

All the species mentioned above as inhabiting Lauderdale Co., Ala., may be

looked for in the northeastern part of Mississijipi.

C Blamlingii, var. acuta, has been found in a tributary of the Tombigbee Eiver,

in Kemper Co., on the eastern border of the State, and near Vicksburg, on the

Mississippi Eiver, on the western border.

C. Hayi, from Macon and Artesia, in tlie western portion of the State.

C. Clarkii and C. latimanns, from Ocean Springs, Jackson Co.

C. Diogenes, from Monticello, Lawrence Co.

C. Mississippicnsis. Macon.

C. lancifer. The only specimen known up to the present time came from Eoot

Pond, Miss., an unknown locality.

21. Louisiana. — Four species : C. Blandingii, var. acuta, C. Clarhii, Diogenes, and Shu-

feldtii.

C. Blandingii, var. acuta, has been detected in the neighborhood of New Orleans,

Tickfaw, and Amite City.

C Clarkii, around New Orleans and in the Tangipahoa Eiver.

C. Diogenes and V. Shufeldtii come from the neighborhood of New Orleans.

Only a small tract in the southeastern part of this State has been explored.

22. Texas. — Four species : C. Clarhii, siimdans, virilis, and rusticus.

C. Clarhii. Waller Co. ; San Antonio ; between San Antonio and El Paso del

Norte.

C. simulans. Dallas ;
" pools east of Canadian Eiver."

•= The localities of the Texan specimens of C. virilis and C. rusticus are unknown.

23. Ohio.— Four species : C. Bartonii, C. Diogenes, C. propinquus, var. Sanhornii, and

C. rusticus.

C. Bartonii at Marietta, Cincinnati, Yellow Springs, and Columbus (all in the

Ohio Eiver basin).

C. Diogenes. Kelley's Island, Lake Erie.

C. piropiiuiuus, var. Sanhornii, at Oberlin, in the northern part of the State.

C. rusticus. Kelley's Island, Lake Erie; Miami Eiver, Dayton ; Yellow Springs;

Ohio Eiver, Cincinnati.

24. Indiana. — Ten species : C. Blandingii, var. acxita, C. pellucidus, Bartonii, Diogenes,

argillieola, immunis, Sloanii, propinquus, virilis, and rusticus. Perhaps also

C. Putnami in the southern part of the State.
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C. Blandlngii, var. acuta, has been received from Wluiatlaiid, Knox Co., hi the

southeastern part of the State.

C. pellucidus inhabits Wyandotte Cave, Crawford Co., and caves in Harrison Co.

Both of these counties are on the southern border of the State.

C. Bartonii has been collected at New Albany, on the Oliio River, and at Indian-

apolis.

C. Diogenes is recorded from Long Lake, Kendallville, Noble Co. ; Mechanicsburg,

Henry Co. ; and Kuo.\ Co.

C argillicola is found at New Albany.

C. immunii comes from White River ; Fall Creek, Indianapolis ; and Long Lake,

Kendallville.

C. Sloanii. New Albany.

C. irropinquus seems to be a common and widely distributed species. Known
localities: Elkhart River, Rome City, Noble Co.; Delphi; Indianapolis; White

River; Switz City; Michigan City; Turman Creek, Sullivan Co.; Clear Creek,

Bloomingtou.

C. virilis. Michigan City ; Long Lake, Kendallville ; Elkliart River, Rome City.

All of these places are in the northern part of the State.

C. rusticus. Ohio River, Madison ; White River ; Indianapolis.

25. Illixois.— Eight species : C. Blandingii, var. amta, C. gracilis, C. Bartonii, var. rdbusta,

C. Diogenes, C. immunis, C. ^wopinquus, C. virilis, atid C. rusticus.

C. Blandingii, var. acuta. This is a very common species in Illinois. It is

recorded from Athens, Decatur, Pekin, Normal, Oquawka, I'eoria, Lawn Ridge,

and Evauston.

C. gracilis. Normal, Lawn Ridge, Athens. " Very common along watercourses in

early spring." Forbes.

C. Bartonii, var. rohusta. One locality in the State, viz. Decatur.

C. Diogenes. Lawn Ridge, Evauston, Belleville, Decatur, Chicago, and Abingdon.

Very common.

C. immunis. Aux Plains [?], Belleville, Lawn Ridge, Normal, and Oqiiawka.

" Tiie commonest species of Central Illinois. It is especially frequent in the

muddy ponds of the prairies." Forbes.

C. propinquus. Freeport ; Ogle Co. ; Geneva ; Pekin ; Normal ; Decatur ; Aux
Plains River.

C. virilis. Quincy; Lawn Ridge; Decatur; Normal; Pekin; Cairo; Geneva;

Stillman's Creek, Marion.

C. rusticus. Quincy (C. ^j/rtcifZiis Hagen); Normal.

0. troglodytes has been cited by Hagen as an Illinois species on the authority of a

single sjiecimeu in the Museum of Comparative Zoology (No. 197) marked
" Lawn Ridge, III, 0. Ordway." I am inclined to think the laljcl erroneous.

2G. Kentucky.— Nine species: C. pellucidus, C. Bartonii, C. Diogenesi C. duhins, C. cor-

nutiis, C. Sloanii, C. propinquus, var. Sanhornii, C. rustieus, and C. Putnami.

C. pellucidus. Mammoth Cave and other caves in Edmonson Co.

C. Bartonii. Cumberland Gap, Josh I'.ell Co.; Smoky Creek, Carter Co.; Ken-

tucky River, Little ITicknian, Jessamine Co. ; Bear Creek, Grayson's Springs,

Grayson Co. ; Mammutli Cave, Edmonson Co.

C. duhius. Cumberland Gap.

C. cornutus. Greeji River near Mammoth Cave.

22
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C. Sloanii. Neigliborliood of Louisville ?

C. i^ropinquiis, var. Sanbornii. Sinoky Creek, Carter Co.

C. ruaticus. Kentucky Kiver, Little Hickman ; Perryville, Boyle Co. ; Salt Eiver

;

Cumberland Gap.

C. Piiinami. Grayson Springs
; Green River, near Mammoth Cave ; Cumberland

Gap.

27. Tennessee.— Twelve species : C. Blandingii, ^•ar. acuta, C. Bartonii, C. latimanus,

C. dubius, C extraneus, C. hamulatus, C. immunis, var. spinirostris, C. Palmeri,

C. riistiois, C. spinosus, C. Futnami, and C. forceps ? Probably also C. tirilis

and C. Diogenes. (See pages 72, 98.)

C. Blandingii, var. acuta. Memphis.

C. Bartonii. Cumberland Gap ; Doe River, Carter Co. ; Lineville Cave, near

Blountsville, Sullivan Co. ; Kuoxville.

C. latimanus. Asliland City, Cheatham Co. (Cumberland River). (See page G9.)

C. dubius. Cumberland (iap.

C. extraneus. Tennessee River, near the border of Georgia.

C. hamulatus. Niekajack Cave, in the southern part of the State.

C. immmiis, var. sptinirostris. Obion Co., in the northwestern corner of the State.

C. Palmeri. Obion Co.

C. rusticus. Cumberland Gap ; Lebanon.

C. spinosus. Tennessee River, near the border of Georgia.

C. Putnami. Cumberland Gap ; Knoxville ?

C. forceps 1 Knoxville. (See page 119.)

28. MlCHiG.\N.— Four species : C. Diogenes, argiUicola, immunis, and 'propinqiius. Also

C. Bartonii and C rusticus in Lake Superior.

C. Diogenes and C. immunis have been found at Detroit.

C argiUicola, at Detroit and East Saginaw.

C. propinquus, in St. Clair River and Detroit Eiver ; at Northville ; Ann Arbor

;

Ecorse ; and Otsego (Kalamazoo River).

29. Wisconsin. — Seven species : C. Blandingii, var. acuta, C. gracilis, Diogenes, immunis,

propinquus, virilis, and rusticus.

C. Blandingii, var. acuta,-\s recorded from Racine, on Lake Michigan, and from

Sauk City, on the Wisconsin River.

C. gracilis. Racine.

C. Diogenes. Tributaries of Pecatonica River, Green Co. ; Appleton ; Racine.

C. immunis. Milwaukee.

C. propinquus. Tributaries of Pecatonica River, Green Co. ; Madison.

0. 'viriii-'-. This appears to be common. It has been received from Appleton

;

Baraboo River, fronton; Sauk City; Wisconsin River; Sugar River; Rock

River; Jefferson; and Milwaukee.

C. rusticus. Racine ; Beloit ; Ironton ; Fox River.

30. Minnesota.— Two species : C. immunis and G. virilis, the former from Richfield,

Hennepin Co., tlie latter from Lake Superior, Mississippi River, and lakes and

streams in Hennepin Co.

31. Iowa.. — Seven species: C. Blandingii, var. acuta, C. gracilis, Diogenes, immunis, pi'o-

jiinquus, virilis, and rusticus.

C. Blandingii, var. acuta. West Liberty, Dubuque.

C. gracilis and C. Diogenes. Davenport.



.. GEOGRAPHICAL DISTRIBUTION. 171

C. proinnquus. Davenport; Ottumwa.

C. immunis. West Liberty.

C. virilis. Davenport ; Burlington ; Fort Dodge ; Spring Vale ; Des Moines River

;

Bedford.

C rusticus. Lizard Creek, Fort Dodge.

The State has been little explored. All of the above-named localities are on the

eastern border of the State, except Fort Dodge and Spring Vale, which are in

the central part.

32. Missouui.— Seven species : C. Blandingii, var. acuta, C. Diogenes, medius, immunis,

Harrisonii, virilis, and rusticus. Possibly C. Bartonii in the Osage Eiver.

(See page Gl.)

C. Blandingii, var. acuta, occurs at St. Louis.

C. Diogenes. Carroll Co. and St. Louis.

C. medius. Iroudale, Washington Co.

C. immunis. St. Louis.

C. Harrisonii. Irondale, W^ashington Co.

C. virilis. St. Louis ; Osage Eiver ; Irondale.

C. rusticus. Osage Eiver.

33. Arkansas.— Four species : C. Diogenes, virilis, rusticus, and one undetermined spe-

cies belonging to the C. Blandingii group.

C. Diogenes. Locality unknown.

C virilis. White Eiver, Eureka Springs.

C. rusticus. White Eiver, Eureka Springs.

Sp. indet. Salina Eiver, Arkadelphia.

34. Indian Terkitoiiy.— None.

35. Kansas. — Four species : C. siimdaiis, Diogenes, immunis, and virilis.

C. simulans. Fort Hays.

C. Diogenes. Leavenworth.

C. immunis. Leavenworth ; Ellis.

C. virilis. Leavenworth ; Jlanhattan ; Eepublican Eiver northwest of Fort Eiley

;

Ellis.

36. Nebraska.— One species, C. virilis, from Omaha, on the eastern border of the

State.

37. Dakota Territory.— Three species : Cambarus Nebrascensis, C. virilis, and Astacus

Garnbclii.

C. Ncbrascensis from Fort Pierre, at the confluence of the Bad and ^Missouri Eivers

(Girard).

C. virilis from the Red River of the North, near Pembina, and from the Souris or

Mouse Eiver.

A. Gambelii from the mouth of the Yellowstone Eiver, on the boundary between

the Territories of Dakota and Montana (the easternmost locality for the genus

Astacu-s).

38. Montana Territory. — One species, Astacus Gambelii, from the mouth of the

Yellowstone Eiver.

39. Wyoming TERRiTimv.— Three species : C. Diogenes, immunis, and virilis. I'erhaps

also Astacus Gambelii. (See page 137.)

C Diogenes has beeu found at Cheyenne.

C. immunis and C. virilis at Laramie City.
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40. Colorado.— One species, C. Diogenes, from Clear Lake. I do not know in what part

of the State this is.

41. New Mexico Tekeitoky. — None.

42. Arizona Territory.— None.

43. Utah Territory. — One species, Astacus Gainhdii, from Ogden IJiver, Ogden.

44. Nevada.— None.

45. Idaho Territory. — One species, A. Gambclii, from Foit Hall on the Snake Eiver,

and from the west side of Teton Basin.

4G. Washington Territory.— Four species: A. Klanutthcnsis, A. leniusculus, A. Trow-

hridfiii, and A. niffrescens.

A. Klaincdlumsis from the section east of the Cascade Range, at Fort Walla Walla,

Wenas Valley, and Spokane Falls (upper part of the Columbia Paver and

tributaries).

A. leniusculus from the lower part of the Columbia Eiver and Puget Sound.

A Trovjhridgii. Lower part of Columbia lliver, near Astoria ; streams running

into Shoalwater Bay.

A. nigrcsccns. Fort Steilacoom on Puget Sound. (See page 135.)

47. Oregon.— Three species : A. Klamathcnsis, A. leniusculus, and A. Troivbrulgii..

A. Klamathcnsis. Klamath Lake ; Sikan Creek ; and Des Chutes River.

A. leniusculus. Lower part of the Columbia River.

A. Troicbriclgii. Columbia River near Astoria.

48. California.* — Two species : A. Klamathcnsis and A. nigrescens. Perhaps also

A. Gambclii. (See page 137.)

A. Klamathcnsis in Klamath Lake on the northern border of the State.

A. nigrcsccns from the neighborhood of San Francisco.

49. Alaska Teruitoky.— (_)ne species, A. nigrcsccns, from Oonalaska Island.

50. Dominion of Canada.— Four species : Cambarus Bartonii (including var. robusta), C.

argillicola, C. propinquus, and Astacus Klam-athensis. C. Diogenes, which occurs

at Detroit, Mich., will doubtless be found on the Canadian side of the river.

C. Bartonii. St. John, Prov. New Brunswick ; Montreal, Prov. Quebec ?

C. Bartonii, var. robusta. Toronto and Weston, Prov. Ontario.

C. argillicola. Toronto, Prov. Ontario.

C. propinquus. Montreal, Prov. Quebec; Toronto, Prov. Ontario.

A. Klamathcnsis. Streams east of Cascade Mountains, Prov. British Columbia.

5L Mexico. — Four f species : G. Wicgmanni,Mcxicanus,immunis,a,u^Montczumw. But

little is known concerning the distribution of these species in Mexico. The

only specimen of G. Mexicanus which I have seen came from Mirador. The

locality given by Saussure for G. Aztecus (= 0. Mexicanus ?) is " Tomatlan,

dans les Terres-Chaudes.'" Von Martens records the same species from Puebla.

G. immunis has been found at Orizaba, G. Montezuma' in the neigliborhood of

the city of Mexico, at Puebla, Parras in the State of Cohahuila, and at Mazat-

lan on the Pacific coast. A mutilated specimen, probably G. Wiegmanni, in

the U. S. National Museum, comes from the Isthmus of Tehuantepec.

* In the U. S. National Museum there is a small specimen of Cambarus obscurus labelled " California"

(No. 253]). The locality is probably erroneous.

t Five species, if C. Aztecus Saussure be distinct from C. Mexicanus Erichson. (See page 51.) An nn-

described species belonging to the Parastacinse was collected by John Xantus at Colinia, on the west coast.

This is the only Parastacine yet discovered north of the equator.
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52. Guatemala. — A species of Carabarus was obtained by Mr. Salvin near Coban, iu the

Province of Alta Vera Paz, at an elevation of about 4,300 feet above the sea.

(See Huxley, Proc. Zoolog. Soc. London, 1878, p. 763 ; The Crayfish, p. 312,

lig. 78 ; also page 7 of this work.) This is the most .southern locality from

which the genus Canibarus has been obtained.

53. Cuba. — One species, C. Cubensis. The e.x;amples in the IMuseum of Comparative

Zoology were obtained near Havana. According to Von Martens there are

iudicatious of a second species of Cambarus native to Cuba. (See page o'o.)

Distribution of the North American Species of Cambarus and Astacus
according to the River Systems.

Viewing the distribution of the various species according to the river sj'stems, it ap-

pears tliat the St. John, Penobscot, and Kennebec Rivers are inhabited by only a single

species, C. Barfonii. In the remaining large rivers of New England, the Androscoggin,

the Saco, the Merrimac, and the Connecticut, crayfishes are unknown. C. Bartonii has

been found in springs at Grafton, Mass., in the Blackstone River basin.

In the Hudson River basin C. Bartonii is widely distributed. Near the mouth of

this river, in Esse.x Co., New Jersey, C. Blandingii occurs. This is probably its northern

limit in the east.

From the Delaware and its tributaries come C. Blandingii, Bartonii, Diogenes, and

affinis.

In the area drained by the rivers that empty into Chesapeake Bay, the chief of v^hich

are the Susquehanna, Potomac, Rappahannock, and James, are found C. Blanclingii,

C. Bartonii, C. Bartonii, var. robusta, G. Diogeiies, TJhleri, and affttiis. C. Uhlcri is known
only iu the low region on the Chesapeake and Atlantic coasts of ]\Iaryland, often in

brackish and salt water.

The rivers of North Carolina (Roanoke, Tar, Neuse, Cape Fear, and tributary streams)

are inhabited by C. Blandingii, Bartonii, and Diogenes.

TJie Santee River and the minor streams of South Carolina yield C Blandingii,

C. Blandingii, var. acuta, C. troglodytes, Carolinus, acumiiiatus, latiinanus, spinosus, and

Bartonii, the last species in the head-waters of the Santee among the mountains of

Western North Carolina.

The rivers which ilow into the Atlantic Ocean in the State of Georgia (Savannah,

Altamaha, etc.) furnish C. Blandingii, puhesccns, troglodytes, Leeontei, spiculifer, penicillatus,

and latimanns. In the lower part of the State are also found C. advena, angustatus, and

maniculatus.

In the St. John's River, Florida, have been found C. fallax, ClarMi, and Alleni.

C.fallax and C. Alleni have not been found outside of the State of Florida.

In the upper portion of the Chattahoochee River live C. spiculifer and C. latinianus.

In the upper part of the course of the Alabama River (Etowah, Oostenaula, and Coosa

Rivers), C. ey:traneus, Jordani, and sjnnosus have been secured ; in the upper part of the

Tombigbee, C. Blandingii, var. acuta, 0. latimanus, Hayi, and Mississippiends. At
Mobile, where the Alabama and Tombigbee, after uniting, empty into Mobile Bay,

C. Blandingii, var. acuta, C. Clarl-ii, Leeontei, and rersutus occur.

Mississippi River System. — From the portion of the Mississippi Valley south of the
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Ohio aucl its affluents are recorded C. Blandingii, var. acuta, C. Clarkii (near the mouth

of the river, at New Orleans, etc.),. C. Diogenes, C. immunis, var. sjnnirostris, and C. Palmeri

(Ol)ion Co., Tennessee), C. virilis and C. rusticus (from White Eiver, Ai'kausas), and

C. Shufcldtii (New Orleans).

In the region drained by the Tennessee Eiver are found, («.) in tlie upper part of its

course, C. Bartonii, dubms (Cumberland Gap), rusticus (Cumberland Gap), Putnami, extra-

neus, hamidatus, and spinosus (the last three from near the border of the State of Georgia).

(&.) In the southern bend of the river, within the State of Alabama, C. Blandingii, var.

acuta (Bridgeport and Decatur), C. latimanus (Bridgeport), immunis (Huntsville), Girar-

dianus, Alabamensis,com23ressus,spinos2is,audforcc2JS (the last five species from Lauderdale

Co. in the northwestern corner of Alabama).

In the Ohio River and its tributaries (excepting the Tennessee) are found C Blan-

dingii, var. acuta, C. pcllucidus, Bartonii, Diogenes, argillicola, dubitis (Preston Co., W. Ya.,

Cumberland Gap, Ky.), cornutus, immunis, virilis (Cairo, 111.), rusticus, Putnami, Sloanii,

propinqiius, and C. propinquus, var. Sanhoniii.

In the Mississippi Valley to the north of tiie Ohio are found C Blandingii, var. acuta,

C. gracilis, C. Diogenes, C. Bartonii, var. rubusta (Decatur, 111.), C. medius (Irondale, Mo.),

C. Harrisonii (Irondale, Mo.), C. immunis, virilis, rusticus, and in'oinnqu^is.

From the Missouri and its affluents come C. simulans (Fort Hays, Kan.), C. Nebrascen-

sis (Fort Pierre, Dakota), C. Diogenes (Colorado, Wyoming, Kansas), C. immunis (Laramie

City, Wyo., Leavenworth, Kan.), C virilis (Laramie City, AVyo., Nebraska, Iowa, Kansas),

SiXiAAstacus Gambclii (at the confluence of the Yellowstone and the Missouri, and perhaps

also in the Platte Eiver drainage in Wyoming).

But little is known concerning the distribution of crayfishes in tlie rivers that flow

into the Gulf of Mexico west of the Mississippi. C. Clarkii, simulans, virilis, and rusticus

have been collected in Texas ; C. Wiegmanni, Mexicanus, Aztecus (:=: C. Mexicanus ?),

immunis, and Montezumce, in Mexico.

Tiie island of Cuba affords a peculiar species, C. Cubensis.

In the great basin of tiie St. Lawrence Eiver are found C. Blandingii, var, acuta,

G. Bartonii, C. Bartonii, var. robusta, G. Diogenes, G. argillicola, G. gracilis, G. immunis,

G. virilis, G. rusticus, G. projnnqious, G. propinquus, var. Sanbornii, C. propinquus, var. ob-

scura, and G. affinis. Of these, C. virilis, rusticus, propinquus, and Bartonii are found in

Lake Superior; G. Blandingii, v&r. acuta, G. gracilis, Diogenes, im.munis, virilis, rusticus,

and propinriuus, in Lake Michigan and its affluents ; G. argillicola and G. j)i'opinquus, in

the Lake Huron drainage ; G. Bartonii, G. Bartonii, var. robusta, G. Diogenes, G. argillicola,

G. immunis, G. propinquus, G. propinquus, var. Sanbornii, and G. rusticus, in Lake Erie

and tributary streams ; in Lake Ontario and its affluents, G. Bartonii, G. Bartonii, var.

robusta, G. argillicola, G. propinquus, G. pyropinquus, var. obscura (Rochester, N. Y.), and

C. affinis (Niagara). In the St. Lawrence and its affluents from the lower end of Lake

Ontario down to Montreal are found C. Bartonii and G. 2}i'opinquus ; in Lake Champlaiu

and tributary streams, G. Bartonii.

In the Hudson's Bay water-shed, G. virilis occurs in Lake Winnipeg, Saskatchewan

River, and the Red River of the North.

The basin of the Great Salt Lake; is inhabited by Astacus Gambclii.

The upper waters of the Columbia River furnisli Astacus Gambclii (head of Snake

Eiver, Idaho) and A. Kla,mathcnsis. These are replaced by A. leniuscvlus and A. Trow-

hridgii in the lower part of the Columbia. A. Klamathensis is also found in the upper

part of the rivers of British Columbia, and as far south as Klamath Lake on the north-
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ern bounds of California. From the neighborhood of San Francisco, California, comes

A. nigrcsccns, a species which apparently extends far north along the coast, as there are

specimens in the U. S. National Museum said to have been taken at Fort Steilacoom,

Washington Territory, and Oonalaska Island, Alaska Territory (lat. 53° 52' K).

On the west coast of Mexico, at Mazatlan, a Cambarus occurs, C. Mantezuntm ; also a

Parastacine at Colima.

General Conclusions derived from the Facts known concerning the Geo-

graphical Distribution of Crayfishes.

I. The crayfishes of the Southern hemisphere (Australia, Tasmania, New Zealand,

Feejee Islands, Madagascar, and South America) possess certain characters in common
(given on page 2) wliich separate thein as a subfamily, Parastacinse, from the crayfishes

of the Northern hemisphere (Europe, Asia, and North America), which form a second sub-

family, Potamobiinse (page 2). This was first pointed out by Huxley,* who suggests, in

explanation of this fact in the distribution of the crayfishes, that their marine ancestors

were already differentiated into a Parastacine type in the Southern hemisphere and a

Potamobiine type in the Northern hemisphere, when they took possession of the fresli

waters. The distribution of tlie different genera of Parastacinie in the Southern hemi-

sphere will be considered in the second part of this memoir.

II. The crayfishes belonging to the subfamily Potamobiinje occupy four geographical

areas, viz. :
—

(1.) The eastern and central part of the North American continent. This area em-

braces that portion of North America which lies east of the Eocky Mountains, drained

by the rivers that flow into the Atlantic Ocean, Hud.sou's Bay, and the Gulf of JMexico,

from Lake Winnipeg on the north to Guatemala on the south. It includes the island

of Cuba.

(2.) The western slope of the North American continent, or the area drained by the

rivers that flow into the Pacific Ocean. In this area is included the basin of the Great

Salt Lake, which probably drained into the Pacific at a former period.

(3.) A tract on the eastern side of Asia, including the Amoor Eiver basin and Japan.

(4.) An area including the greater part of Europe, and extending into Western Asia

so as to embrace the Aralo-Caspian basin.

Thus we have an eastern North American and a western North American area, an

eastern Eurasiatic f and a western Eurasiatio area. The two areas in North America are

in close juxtaposition at the Eocky Mountain divide, whereas the eastern and western

Eurasiatic crayfishes are sundered by a broad tract in Central Asia whose waters are

wholly destitute of these animals, as far as known.

III. (1.) The western Eurasiatic and the western North American crayfishes belong

to the genus Astacus (page 125). They are closely related, the European species differing

from the western North American species barely more tlian the latter do from each otlier.

(2.) The eastern North American crayfishes (Cambarus, page 3) are generically distinct

from the western North American and European species. (3.) The eastern Eurasiatic

crayfishes form a natural group (Cambaroides, page 126), in which tlie characters of

Astacus and Cambarus are combined.

* Proc, Zoolog. Soc. London, 1878.

f Eunisia is the siuicle contiuent artifirially divided into Europe and Asia.
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In other words, the Astaci of Western North America find their closest kin, not in

their next neighbors, the crayfishes on the eastern side of the Eocky Mountains, nor in

those of Eastern Asia, but in the Astaci of Europe; tlie Cambari of Eastern North

America are most nearly related, not to the crayfishes on the other side of the Eocky

Mountains, nor to those on the opposite shore of the Atlantic, but to those of the remotest

district. Eastern Asia. The two areas inhabited by Astacoid fornrs alternate with two

areas of Cambaroid forms.

" If the facts had been the other way," says Huxley,* " and the West American and

Amoor-Japanese crayfish had changed places, the case would have been intelligible enough.

The primitive Potamobine stock might then have been supposed to have differentiated

itself into a western Astacoid and an eastern Cambaroid form ; the latter would have

ascended the American, and the former the Asiatic rivers. As the matter stands, I do

not see that any plausible explanation can be offered without recourse to suppositions

respecting a former more direct communication between the mouth of the Araoor and that

of the North American rivers, in favor of which no definite evidence can be offered at

present."

In order to exi:)lain this singular mode of distribution of the Potamobiinse, let it be

supposed that the marine progenitors of the existing crayfishes were differentiated, not

only into a northern type with tlie Potamobiine characters and a southern type with the

Parastacine characters, but that the Potamobiine type was alieady differentiated iuto an

Astacoid form and a Cambaroid form (with some of the essential characters of the modern

Cambarus), both of which became widely distributed around the globe in the ocean which

lay to the north of the ancient continents. After their adaptation to life in fresh water,

both forms would be driven southward by the climatic changes whicli have occurred

within comparatively recent geological periods, into all parts of each continent.! The

same causes, whether similar climatic conditions or other, which have operated in the

preservation of so many allied forms of plants and animals on the corresponding sides

of the Eastern and Western continents, would promote tlie survival of the descendants of

the one type of crayfisli in Eastern North America and Eastern Asia, of the other in West-

ern North America and Europe. Unfortunately, we liave no paheontological evidence

touching the former distribution of Astacus and Cambarus, the few fossils known being

too imperfect for the purpose; but the assumption of the former coexistence of Astacus

and Cambarus in tlie same area of distribution receives positive support from the fact that a

blind Cambarus still survives in the subterranean seclusion of the caves of Carniola. (See

page 42.) It will, moreover, be borne in mind, that in other cases of animals and plants

that exemplify the same peculiarities of distribution witli the crayfishes, direct paheon-

tological evidence is not wanting to prove the former general distribution of forms now

restricted to widely separated localities. To instance a remarkable case among the marine

Crustacea, the peculiar genus Limulus is represented on the eastern coast of Nortii

America Ijy L. Polyphemus. No Liniuli exist on the Pacific shores of America nor on the

coasts of Europe, but closely related species inhabit the eastern side of Asia (Japan, Cochin

China, the Moluccas, etc.). Now, in the lithographic slates of Solenhofen abundant fossil

Limuli clearly testify to their former existence in the seas of Europe.

Tlic reader will observe that iu this suggestion of a possible explanation of the pecu-

liar relations existing lietween the crayfishes of Western North America and of Europe on

* The Crayfisli, p. 334.

t Tliat the crayfishes had become frcsli-'srater animals in Tertiary times is shown by the fossils of Idalio

and Wyoming.
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the one baud, and between those of Eastern North America and of Eastern Asia on the otlier,

I have simply made a new application of the theories advanced by Huxley* to explain

the differences between the crayfishes on the two sides of the equator, and by Asa Gray f
to account for phenomena in the distribution of plants similar to those presented by the

crayfishes of tlie Northern hemisphere.

The absence of Astacidae over a large part of Asia is well known. None are found in

the great rivers that flow into the Arctic Ocean, nor in those of the central and soutliern

portions of the continent. In connection with the absence of crayfishes from the rivers

of Southern Asia, Milne Edwards | has suggestively observed that these waters are popu-

lous with fluviatile crabs of the fiimily Telphusidte. Indeed, as a general rule, crayfishes

are unknown in regions where fluviatile crabs abound, having succumbed, perhaps, to their

more highly organized rivals. Huxley remarks, moreover, that if the western Eurasiatic

crayfishes are derived from a primitive Aralo-Caspian stock, as seems probable, the great

Asiatic highlands would form an obstacle to their southward extension into India, while

the severity of the Siberian winter and the recent submergence of the land beneath the

ocean are invoked to account for the absence of these animals from the great Asiatic rivers

that empty into the Arctic Ocean.

IV. The only islands in the Northern hemisphere known to be inhabited by crayfishes

lie near the mainland, and the crayfishes contained therein are either the same species as

those of the adjacent part of the continent, or closely related species. Thus, the species

found in England and Ireland and in the islands of Clierso and Veglia are the same as

those of the western and southern parts of Continental Europe, viz. Asfacus pallipcs. The

Japanese crayfishes {Camharoidcs JajJonicus) are nearly related to those of tlie Amoor
Iliver (Camharoides Dauricus and C. Sclircnckii), the Ciilian species (Canibarus Cubcnsis)

to those of Mexico (C. Mexicanus). The chances in favor of accidental transportation of

animals having the habits of crayfishes across bodies of salt water such as separate the

islands in question from tlie continents are so small, that it seems more probable that

their distribution was effected through migrations at a former period, when the present

insulated areas were continuous with the neighboring continents. The connection of the

British Isles with the continent of Europe in post-glacial times is admitted by geologi.sts.

Evidence pointing to the former connection of the islands of the West Indian archipelago

with each other and with the mainland has been obtained already from the land fauna

and flora of these islands.§

V. Blind crayfishes have been found in the caves of Carniola and the United States.

The Carniola blind crayfish is not merely specifically, but even generically, distinct from

the otlier species of Europe, and belongs to the same genus as the crayfishes of the Atlantic

slope of North America (Canibarus). As the genus Canibarus in North America was not

developed under the influences affecting cavern life, it would seem that the generic iden-

tity of the Carniola cave species witli the North American forms cannot be due to simi-

larity of surroundings, but rather to genetic connection. In other words, it is probable

* Op. clt.

•j-Mem. Amer. Acad. Arts and Sci., New Series, VI. 377-452, 1857-— Proc. Aiiier. Assoc. Adv. Sci.,

21st Meeting, pp. 1-31, 1873.

% Histoire Naturelle des Crustaces, III. 584, 1840.

§ Cf. Bland, Pioc. Amer. Pliilosopli. Soc, XII. 5fi, 1871 ; Ann. Lye. Nat. Hist. N. Y., X. 311, 1871

:

Ann. N. Y. Acad. Sci., 11. 117, 1880. Eggcrs, Bull. U. S. Nat. Mus., No. 13, 1879. The extinct fauna of

Cuba includes a giant sloth, Megalonyx (Leidy, Proc. Acad. Nat. Sci. Phila., ISGS, p. 178) ; and in the little

island of Anguilla, which is only tiiirty-five square miles in area, arc found tlic fossil remains of several species

of gigantic rodents and a deer (Cope, Proc. Amer. I'hilosoph. Soc, XL 183, 1SG9 ; Ibid., XI. 608, 1870).

23
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that the genus Cambarus once flourished in the rivers of Europe. (See pages 42, 176.)

The cave species of the United States belong to the same genus as tliose inhabiting the

outside waters, but are uot closely related to any of them. Tliey may be considered as

derived from an ancient outside fauna of that region. (See page 42.)

VI. The genus Cambarus ranges from Lake "Winnipeg to Cuba and Guatemala,

from New Brunswick to Wyoming Territory (in Mexico to the Pacific Ocean). Like tlie

Unionidee of the same waters, the Cambari are wonderfully rich in species, the evolution

of specific forms having gone on much more rapidly here than in the regions inhabited by

tlieir relatives, the Astaci. Williin the limits of the United States west of the Kocky

Mountains, and in Mexico and Cuba, fifty-two species of Cambarus are known, while the

described Astaci (including the subgenus Cambaroides) of Europe, Asia, and the Western

United States number but fourteen species, the chances of discovery of new species through

further exploration being greatly in favor of the genus Cauibarus.

With regard to the distribution of the species of Cambaru,s, the whole territory occupied

by them seems to fall into two provinces ;
— a southern province, embracing the Atlantic

States south of North Carolina, the C4ulf States, Mexico, and Cuba ; and a northern prov-

ince, which includes the Atlantic States north of South Carolina, the States of the Missis-

sippi Valley (in sensu cxtenso) north of the G ulf States, and Canada. The southern province

is characterized by tlie prevalence of species belonging to Groups I. and II. (C. Blandingii

and C. advena groups). All of the fifteen species of Group I., excepting C. i^dlucidus, are

found within the limits of this province as defined above. C. 2xllucidus comes from the

caves of Kentucky and Southern Indiana. Five of the six species belonging to Group II.

are found in the southern province ; the fifth, C. gracilis, is a northern species (Wisconsin,

Iowa, Illinois). Csimu/ans has been found in Texas and to the northward in Kansas.

The only two sjiecies belonging to Group V. (C. Montezuma', and C. ShufekUii) are confined

to the soutliern province, in Me.xico and Louisiana. One species belonging to Group I.,

C. Blandingii, extends northward l)eyond the limits of the southern province as far as

New York along the Atlantic coast, and up to Wisconsin in the Mississippi Valley. In

both the East and the West, the northern form distinctly differs from the southern. (See

page 22.)

Besides the species of Cambari belonging to Groups I., II., and III., there are found

within the limits of the southern province six species* belonging to Group III. (C. Bar-

tonii groujD), and nine species | of Group IV. (C. affinis group). Only eight of them, how-

ever, are restricted to the soutliern province ; and of these eight, three {C. Girardiamis,

Alahainensis, and convprcsstis) are known only from tlie extreme northwestern corner of

Alabama, in the Tennessee Eiver basin, while three (C acuminatus, latimanus, and Jor-

dani) chiefly inhabit the upper portions of the river-courses in the mountainous regions

of the province. C. cxtrancm and C. spinosus are border species with resjiect to the two

provinces, being found in the streams on each side of the Alleghany divide, in South

Carolina, Georgia, and Tennessee. C. Diogenes, immunis, virilis, and rusticus have their

populous centres of distribution in the north, altliough they have extended far southward

on certain lines.

In the northern province the species of the third and fourth groups (allies of C Bar-

tonii and C. ajfiiiis) are the dominant forms, wellnigh to the exclusion of those belong-

ing to the first and second groups. Nine species belonging to Group III. and eleven to

* C. acuminaliis, C. latimmuf, C. Diogenes, O. extnniens, C. Girardianus, and C. Jordani.

t C. immumn, C. Ml.ssi.isij)pii')isis, C. Aluhumensis, C. compressus, C. luncifer, C. virilis, C. rusticus, C. spi-

nosus, and C. forceps.
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Group IV. are found here, while Groups I. and II. are represented by only two species

each, C. i)/ffn(Zi;i(/ij and ^?f//itfiMi?(«, and C. simulaus a,\\(\ gmcilia. The southern province

contains thirty-six species, twenty-eight of which are not found beyond its limits. From

the northern province twenty-four species are known, si.xteen of tliem peculiar to it.

YII. In the territory occupied by the genus Cambarus the waters of the South and

West are richer in species than the waters of the Northeast. This will appear evident

on inspection of the table of distribution accordiug to States, on page 165, or according

to river systems, on page 173. The well-explored New England States afford but one

species; Pennsylvania, four or five;— while the less narrowly searched States to the

south and west yield much larger numbers; as Alabama, eleven ; Geoigia, thirteen ; Ten-

nessee, twelve ; Indiana, ten.

VIII. The crayfishes of the upper part of a river basin are often different from those

found in the lower part of its course,* even when the river does not traverse a great dis-

tance in latitude. The distinction between the species of the upper waters and those

of the lower waters is most marked in rivers that have a heavy fall from tlieir source to

their moutli. In the upper waters of the Santee basin, for instance, C. Bartonii, lati-

vianus, acmninatus, and spinosus are found ; in the lower portion of the same basin live

C. Blandingii, var. acuta, and C. troglodytes. So with Astacus: the lower part of the

Columbia Eiver, near its mouth, is frequented by A. leniusculus and A. Troxvbridgii

;

while above the Cascades A. Klamathcnds is found, and yet higher, in the head-Waters

of the Snake River in Idaho, A. Gamhelii.

IX. Distribution is often controlled by the character of the stream (temperature,

rapidity, purity, etc.) rather than by contiiuiity of water communication. Thus, a species

of restricted range may be found in the upper waters of streams that rise in the same

mountain range, but flow in opposite directions and discharge at points far distant, and yet

be unknown in the lower portions of the same streams. For example, C. cxtrancus and

C. spinosus are found in the upper waters of the Santee, Alabama, and Tennessee Eiver

systems. This fact is more easily explained in the case of crayfishes, many of which pos-

sess a singular faculty for living a long time away from the water, than in the case of

fresh-water fishes, where tlie same phenomenon of distribution has been pointed out by

Cope and by Jordan.f

* This was observed by Agassiz in the case of fishes and mollusks. See his " Lake Superior," p. 247,

Boston, 1850.

t See Cope, Journ. Acad. Nat. Sci. Phila., New Series, VI. 207 ct seqq., and Jordan, Bull. U. S. Nat.

Mus., No. 12.
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PLATE V.

Fig. 1. Cambarus cornutus Fax. Male, form I. Green River, Ky x 1

" 2. The same. Side view of liead.

" 3. Cambarus propiuquus, var. Sanbornii Fas. Male, form I. Carter Co., Ky. . . . X 2

" 4. Cambarus forceps Fax. Male, form I. Lauderdale Co., Ala. . . . . . x 3

" 5. Cambarus Putuami Fax. Male, form I. Grayson Springs, Ky x 2

" 6. Cambarus compressus Fax. Male, form I. Lauderdale Co., Ala. . . . . x i

PLATE VI.

Fig. 1. Astaous Klamathensis Stimps. Male. Fort Walla Walla, Washiugton Territory. . X 1

" 2. Tile same. Male. Sikan Creek, Oregon X 1

" 3. Astaeus (Cambaroides) Solireuckii Fax. Female. X 3

" 4. Astaeus leniuscidus Dana. Male X 1

PLATE VIL

Fig. 1. Cambarus Shufeldtii Fax. Female. New Orleaus, La x 4

Figs. 2-3'''. Fini abdominal appendages of male.

" 2. Cambarus Blaudiugii Erichs. Trenton, N. J. Form I., outer side. . . . . X 6

" 2'. The same. Form I., inner side. . X 6

" 2". The same. Form I., frout X 6

" 2«. The same. Form II., front X 6

" 2"'. The same. Form II., inner side X 6

" 3. Cambarus Hayi Fax. Form I., outer side X 6

" 3'. The same. Form I., inner side X 6

" 3». The same. Form II., outer side. X 6

" 3"'. The same. Form II., inner side X 6

PLATE VIIL

First ahdominal appendages of male.

Cambarus pubescens Fax. Form II X 8

Tlie same. Form II. . / j ' X 8

Cambarus AUeni Fax. Form I X 6

The same. Form I. . x? r • • • ' X 6

Cambarus simulaus Fax. Form I X 6

The same. Form I X 6

The same. Form II X 8

The same. Form II. X 8

Cambarus gracilis Bundy. Type. Form I. X 6

The same. Form I X 6

Tlie same. Form I X 6

Cambarus Cubensis Erichs. Form I X 12

5'. The same. Form I X 13

5». The same. Form II X 12
5"'. The same. Form II X 12

G". Cambarus acuminatus Fax. Form II X 12
6»'. The same. Form II X 12

7. Cambarus dubius Fax. Form I X 6

7'. The same. Form I X 6

8. Cambarus Uhleri Fax. Form I X S

8'. The same. Form I X 8

8^ The same. Form II X 12

S»'. The same. Form II X 12

^ig-
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PLATE IX.

First abdominal appciiiliii/es uf mule.

Fig. I*. Cambarus haiimlatus Fax. Form II . . . X 12
" 1'^. The same. Form II X 13
" 2". Cambarus Girardiamis Fax. Form II X 10
" 2"'. The same. Form II X 10
" 3. Cambarus coruiitus F.A.X. Form I X '5

" 3'. The same. Form I X
" 4. Cambarus medius F.iX.* Form I X 6
" 4'. The same. Form I X 6
" 5. Cambarus forceps Fax. Form I. X 8

" 5'. The same. Form I. . . X 8

" 5". The same. Form II. ......... . . . . X 8
" 5"'. Tlie same. Form II X 8

" 6. Cambarus Putuami Fax. Forui I X 4}
" C. The same. Form I X 4i
" G». Tlic same. Form II X 8

" 6"'. The same. Form II. . . X 8

" 7. Cambarus spiuosus Bundy ? Lauderdale Co., Ala. Form I X fi

" 7'. The same. Form I X 6

" 7". Cambarus spiuosus Bundy. Etowah River, Ga. Fonii II X 4
" 7*'. Tlie same. Form II X 4
" 8. Cambarus rusticus Gir. Yellow Springs, Ohio. Form I X 6

" 8'. Tlie same. Form I X 6

" 8". The same. Form II X 6

" 8"'. The same. Form II . X 6

" 9. Cambarus Harrisonii Fax. Form I. X 6

" 9'. The same. Form I X 6

" 10. Cambanis propinquus, var. Sauboniii Fax. Form I. . . . . . . X 5

" 10'. The same. Form I X 5

" 10". Tlie same. Form II X 6

" 10"'. The same. Form II. . X 6

PLATE X.

First abdominal appendages of male.

Fig 1. Cambarus Sloaiiii Busdy. Form I. X 6

" 1'. The same. Form I X 6

" 1°. The same. Form II X 8

" 1"'. The same. Form 11 X 8

" 2. Cambarus compressus Fax. Form I. . . . . . . . . . . X 8

" 2'. The same. Form I X 8

" 2". The same. Form II X 12
" 2"'. The same. Form II X 12

" 3. Cambarus Alabameusis Fax. Form I . . . X <>

" 3'. The same. Form I X
" 3". The same. Form II. .

' X
" 3"'. The same. Form II X
" 4. Cambarus Mississippieiisis Fax. Form I X C)

" 4'. The same. Form I X
" 4". The same. Form II X 6

" 4"'. The same. Form II X 6

* The outer ramus was warped by diyiug when tlie speeimeii was in the artist's hands.

24
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Fig. 5". Cambarus Palraeri Fax. Form II X 6

5"'. The same. Form II X 6

f)^ Canibai-us immuuis Hag. Form II X 6

G"'. The same. Form II X
7. Cambarus Moutezumse Saus. Form I X 20

7'. The same. Form I X 20

7\ The same. Form II X 16

7"'. The same. Form II. X 16

8. Cambarus Shufeldtii Fax. Form I X 25

8'. The same. Form I X 25

8'. The same. Form II.* X 30

S"'. The same. Form II X 30

9. Astacus (Cambaroides) Dauricus Fax X 6

9'. The same. X 6

10. Astacus (Cambaroides) Japouicus Fax X 8

10'. The same X 8

* The distinction between form I. and form II. is not well shown in these figures. Compare the description

on page 124.
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