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LIFE HISTORIES

Orconectes propinquus propinquus

This species has been carefully studied under field conditions at
Urbana, 1L by Vane Deventer (1937). The following outline of its
life evele in Hiinois, taken from Van Deventer’s work. is presented
here as a summary of a life history which. at Teast in its major events,
is typical of New York members of the genus except for O. fmmunis.

Briefly, the life of individuals of O. p. propinguus at Urbana, I1L
consists of the following events:

The voung are hatched in Mav or June and remain attached
to th(* mother f()l one or two weeks.

. Following the second moult they become free swimming and
measure about 3 mm., , carapace lomrt}

3. They undergo a total of 6 to 10 moults between the time of
hatching and the end of the first growing season in late September
or early October. and attain a carapace length of 12-27 mm.

4. Sexual maturity in both sexes is attained coincident with a
carapace length of about 20 mm. and the majority of the season’s
voung become sexually mature by their first fall after hatching.

5. During the winter no growth takes place.

( Copulation occurs in Ilf(‘ tall and early spring.

The egas are laid in late March or (nul April and are carried
f(n a p(’nod ()f four to six weeks, depending on temperature. As they
arc laid, the eggs are fertilized by sperm which has been held in the
seminal receptacle.

8. The adult males moult twice during the spring or early sum-
mer, changing to form 1L with the first adult moult. and rev (*rtmg to
form 1 with the second adult moult.

The yearling individuals of both sexes which did not become
sexually mature at the end of their first summer of life apparently
moult four times during their second vear. They attain sexual ma-
turity with the second v carlm(f moult.

10. The adult females 1111(191U0 a single moult immediately follow-
ing the shedding of the voung in spring.

Apparently no growth takes place in connection with the first
vearling moult. among either mature males or immature individuals;
but marked growth occurs in connection with the second yearling
moult in both groups.

12, A similar growth takes place as a result of the single moult
among the adult \(nuhn" females.

13. The poltl(m of ihc voung of the previous vear which reached
sexual maturity by the end of thml first growing season produce a
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brood of young the following spring, attain a maximumn size of 35-40
mim. carapace length as a result of the second adult moult of the
males and the single adult moult of the females, and die as yearlings.

14. The individuals which failed to attain maturity by the end of
their first growing scason live over a second year, attain maximum
size during their second summer, produce a brood of young in the
following spring, and for the most part die as two-year-olds.

15. A very few individuals, among which females predominate,
survive over a third year, and produce a brood of young in their
third spring.

16. With the possible exception of thesc last few, the individuals of
this specics apparently produce only a single brood of young during
their lives,

TABLE 3

Seasonal data for Orconectes p. propinquus in New York

a. Tabulated from all specimens in D. W. Crocker collections 1-158 and in
NYSM 6977-7022 (collected in August 1952)

APRIL MAY JUNE JULY AUG. SEPT. OCT.
male T 49 107 2 83 203 73 63
male 11 — 29 27 8 33 1 8
male imm, 1 27 - 69 53 18 25
female 11 18 51 100 156 68 57
female
(with eggs) 6 23 - - _ — -
female
(with young) ~ - 9 — — — -
female imm. 7 33 1 83 64 17 16
male (II?) 4 7 1 — 14 - —
female (imm, ?) — 10 4 — 12 —- -

b. Adult males in NYSM 6976 (stream survey collections)

JUNE JuLY AUG. SEPT.
male I 5 22 35 3
male IT 44 30 4 —

Adult males. The proportions of form I and form II males occur-
ring through the seasons in New York (table 3) indicate the same
life cycle which occurs in Illinois. In October, the last month of the
year for which I have records, 87 percent of the males are form I;
in fact, owing undoubtedly in part to chance in collecting, 98 percent
of males are form I in September. Some of the individuals called
form II, may really be large immatures, members of the group which
reaches sexual maturity in its second summer. The condition in April
is similar, the spring moult not having yet taken place. During May
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and July, numbers of males are moulting; in May trom form I to form
1, and in July from form Tt back to form I again. My earliest record
for a soft (freshly moulted) male ©is June 21, 1951 (DWC 148). The
other male I, recorded in _]uno on the chart of seasonal data, was
taken June 21, 1950 (DWC 36) and was very clean and apparently
rather freshly moulted. The numbers of immature males decrease
throngh the summer as these. hecoming mature. are classed
males [

Copulation. Dates on which I have observed copulation in New
York are:

July 13,1951 — 5 pairs
Aug. 251950 — 3 pairs
Aug. 28, 1950 — 1 pair
Oct. 19, 1950 — 1 pair

In addition, T have two carly records for the capture of females
with sperm plugs, July 18, 1949 (DWC 3) and July 28. 1950 (DWC

47).C ()pn]dtl(m must begin sometime in ]111\ in New York, possibly as
soon as the males begin their return to form L The frequency of find-
ing sperm plags in females inereases until the late fall, when an adult
female is only rarely found without one.

Unlike Van Deventer (p. 33) I have no observations of copulation
in the spring, although I have watched for it in late March and in
April, May and June. Van Deventer (p. 33) in summarizing the lit-
erature notes that the duration of the mating season varics widely
in different localities. He states, “In more northern latitudes, such as
Michigan and Wisconsin, it probably begins in July and August, and
lasts until Noveraber, but does not occur again in the spring.” Data
on hand show this also to be true for New York State.

Egg laying. I have seen egg-laying in O. p. propinguus once.
On April 23, 1950, in Fall Creek, Ithaca, N. Y., a female was noted
lying on her back. The abdomen was flexed and the members of
the tail fan extended. The chamber so formed was filled with a grey-
ish mucous-like substance. Four eggs were contained in the mass.

Females with eggs. Females with eggs in my personal collec-
tion were taken in New York on the following dates:

April 13,1951 — 1 specimen (DWC 73a)
April 23, 1950 — 5 specimens (DWC 21)
May 3, 1950 — 3 specimens ( DWC 23)
May 6, 1951 — 3 specimens (DWC 83)
May 13, 1951 — 3 specimens { DWC 102)
May 19, 1951 — 5 specimens (DWC 109)
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May 20, 1950 - 1 specimen (IDWCE 27)
May 20, 1931 — J specimens (DWC 133)
May 21, 1930 -- 3 specimens (DWC31)
May 25, 1951 — 1 specimen (IDVC129)
Collection NYSM 1939: 94 contains a temale with eggs taken June 2.

The spawning season is apparently about :omonth later in New
York State than it is in Hlinois,

Hatching and early m()ul!s. Atemale with eggs was taken from
Cascadilla Creek, Ithaca, N. Y., on May 25, 1951 and kept in a
dish. Two days later the {fo of the eges hatched, but most of the
young died. 1 observed one fivst stage individual moundting to second
stage at 5:30 pan. on May 30, three days atter the fivst eggs hatehed.
None of the young reached stage three before dying. The first
and second stage llldl\ iduals corre ,1)011(1 closely in manner of attach-
ment to the egg membranes and to the plcopods of the female, with
the description of Andrews (1907) for O. limosus.

Females with young. T have but one date: June 21, 1950, when
eight females with voung were taken in one locality and one in
another (DWC 33 and 36).

Size at sexual maturity. Although I have not measured all of
my 414 males I, I have measured most of those appearing to be
under 20 mm. carapace length, 1 believe that the size below which
form I males could be cousldu( d exceedingly rare is about the same
as the figure of 18 nun. given by Van Deveuter {p. 31). The great
majority of my males T are over 20 mm., and Van Deventer (p. 30)
has reported similarlv. My simallest male [is 16.2 mm. Van Deventer
(p-3L) found one miade 1of onlv 12,6 mun. carapace length,

Minimal size is apparently the same for mature h muales. T have
only eight specimens collected in Tate fall which are nnder 20 mnm,
The smallest female with eges is 191 mm. (DWC 135); smallest
temale with young 16.5 mm. (DWC 36); siallest females with
sperm plug, two specimens 164 mm. in carapace length (DWC 7
and 18).

Maximum size. Mule I, 35.0 mm. carapace length (DWC 330).

Female, 35.9 mm. carapace fength (DWC 10

There is an interesting p]u‘nnnu‘m:n associated with maximun size
which is best docimented Tor, and perhaps oceurs only in, males.
Van Deventer (1937: 45-46) reasoning from measurements of O, p.
propinguus, and Ortmanm (1906: 47 N 2) reasoning from ficld ob-
servations of O. obscurus, both 101)()1't an apparent dying-off ot old
males in the spring. Penn (1943 ) ieports the swoue phensmenon o
the southern Procammbarus clarki. 1. also, have some evidence that
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this occurs. Both on April 23 and April 25, 1850, while chuerving
O. p. propinquus activitics in Fall Creck. lthaca, N. Y., tumbers of
dead individuals were noticed lying on the strcam bottom. Although
some were disintegrating, others appcawd to bave died recently,
None of these latter appeared to be mutilated. The proportions of
the two sexes were not recorded. One male I, 253 mm. carapace
length, was lying on its back still slightly active. Although it showed
fairly vigorous activity when placed in a collecting bottle, it died
four hours later. Superficially, at least, it appears ];ui

(DWC 64),

Habitat. O. p. propinquus has ccological requirements similar
to those of C. robusius for, as indicated in tables 4 and 13, each is
the most common crayfish associate of the other, Like C. robustus
it is rarc in mountain stream habitats and in still water with a mud
or silt bottom, but otherwise it is widespread in distribution iu those
stream systems which it occupies.

Crayfish associates are listed in table 4.

cot lv normal

/s

TABLE 4

Frequency of occurrence of Orconectes p. prepinquus with other crayfish
species in collections made in New York. Tabulated from D. W, Crocker
collections 1-158, NYSM 6976 (stream survey collections ) and NYSM 6977-
7022 (collected in August 1952)

e 3 } .
DDRAINAGE = &S S g 5
< N S S b
< < < - < <
Genesce Ro. oo oo oo o 1 3 1
Oswego Rooooooooooooooooo 5 28 4 9
L. Lrie-Niagara R....... ... ... 2 2 1
T Champlain.. ... .. ... . ... 1
Grass, St. Regls & Salmon R.. . 3
Oswegatchic & Black Ro..0 o000 1 P
Mohawk-Hudson R.. . ... ... ... 2 4 i
Susquehanna R, (Last). .......... 1 1 -
Chemung R....... ... ... ...... 2 4 !
Mise. T.. Ontario tibs.. .. ....... 12 ] 13 i
\
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Oreconectes obscurus

Ortmann ( 1906: 470-176) has made the most detailed life history
observations on O. obscurus. Althaugh his data are not as quantita-
tive as are those of Van Deventer (1937) for O. p. propinguus, @ con
parison shows that the life liistories of these two species differ only
in details. The discussion here will be limited to i presentation of
data for New York State, with the addition of data from Ortmann
where mine are insutlicient, or where his data differ,

TABLE 5

Seasonal data for Orcenectes obscurus in New York

a. Tabulated from all specimens in D W, (mr ]\u mlhr{mns 1 1)6 um’ i
NYSAM 6977-7022 (collccted in August 1952)

MAY JUNE JULY AUG.
male I 16 1 02
male 11 2 24 a1l 7
male imm. 23 9 G 66
female 3 19 17 56
female (with eggs) 7 ..
female imm, 29 5 6 33
male (I1?) 4 7 8
female (innn. ?) 3 5 12
h. Adult mahs in \ Y *\[ G970 {stream suvey u»//((lmns)
JUNE JULA .. -
male 1 1 18 7

male 1T 11 5 .

Adult males. The apparent sharp drop in males T and incerease
in males IT which appears in table 3¢ in une is duc to a limited
range of collecting dates. The latest day of collecting in May is
May 21, and the two June collections were made June 15. The four
June form I males reported in table 50 were taken on the first three
days of the month. Ortmanu fouad that the first spring moult in
the majority of individuals occurred in Pennsvlvania in the first half
of May. It apparentlyv ocenvs later in New York State.

Copulation. The carliost date recorded by Ortmann for an ob-
servation of copulation is September 5. e records other dates for
September, October and November.

Females with eggs. The following are myv dates of capture of
temales with eggs.
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May 6, 1951 — 1 specimen (DWC 87)
May 13, 1951 — 4 specimens (DWC 991
May 19, 1951 — 1 specimen (DA 117
May 21, 1951 — 1 specimen (DWC 128)

Collection NYSM 1934: 588 contains a female with cggs taken
June 20, from the Erie Barge Canal opposite the entrance of Nine-
mile Creek, Mohawk drainage, Oneida County, N. Y.

Ortmann states that he found females with cous very reaularly
from the beginning of April to the end of May, His extreme dates
arc April 6 and May 25.

Females with young. Ortmann gives three dates: Mav 30, June 5
and Junc 6.

Size at sexual maturity. My smallest male T measures 19.9 mm.
carapace length (NYSM 7015). The smallest female with eggs
measures 23.1 mm. carapace length (NYSM 1934: 588). Ortmann’s
smallest male I is 38§ mm. total length and his smaliest fenale with
eggs measures 40 min. total length.

Maximum size.

MaleI —44.0 mm. carapace length (NYSM 1937: 4808 )
Male II — 37.3 mm. carapace length (NYSM 1934: 289)
Female — 47.8 mm. carapace length (NYSM 7022
Ortmann records the maximum size as over 70 mm. total length.

TABLE 0
Frequency of occurrence of Orconectes obscurus with other crayfish species
in collections made in New York. Tabulated from D. W. Crocler colleciions
1-158, NYSM 0976 (stream survey collections) and NYSM 6977-7022
(collected in August 1952)

|
“ E
[IRAINAGE = B
= ~
< S <
S ] < ~
Genesce R oo 1 4 1
Oswego Roooo oo 2 2
L. Erie-Niagara R.... ..o 0 oo oo o ... I 1
Oswegatchic & Black Ro.... ... oo o oo L. 1
Mohawk-Hudson R0 . o o 0 o oL 1 4 2 1
Allegheny Roooooo oo oo 7 17
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Habitat. No differences between the habitat preferences of this
specics and O. p. propinguus have been noted.
Crayfish associates. Scc table 6.

Orconectes limmosus

The best, although a very incomplete, account of the life history
of this species is given by Ortmann (1906). The remainder of the
litevature consists Turgely of brief mention of habitats. The excep-
tions :ire: Andrews” studies of copulation (1895), egg-laying (1906a)
and development of the voung (1907). These Tast are all laboratory
stndies, bt Ortimann (1906) compares his field information with
Androws” and finds few points of difference.

Ortmann coneludes from his data that the life histories of O.
lintosus and O. obscurus, for which he has better data, agree in
every particular, and that there are thus the following general events
through the seasons:

1. Mating occurs in the fall.

2. Spawning lakes place in the spring.

3. Males of the first form are rare in June and part of July in
conscquence of a spring moult to form 1L

4. First form males appear in numbers in the last half of July and
are ready to take part in the fall mating scason.

TABLE 7

Seazonal data for Orconectes limosus in New York

a. Tabulated frmn“all specimens in D, W, Crocker collections 1-158 and in
NYSM 6977-7022 (collected in August 1952)

FLD. APRIL  MAY  JUNE  JULY  AUG.  SEPT.  OCT.
male 1 4 .. 5 1 . 25 1 37
male {1 .. . . 2 .. 4 .. ..
male imm. . . 1 .. .. 31 4 18
female 4 1 3 1 1 24 1 35
female imm. . . . . . 23 4 4
male (II?) . . . 1 . 1
fomale (inun. ?) . . 3 .. . 2

b. Adult meles in NYSM 6976 (stream survey collections)

JUNE juLy AUGUST
male 1 7 12 9
male IT 9 20 5

Adult males. I have too few specimens taken in the critical
months of May, June and July (table 7) to determine whether or
not the: season of moult is the same in Pennsylvania and New York,
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Dati on hand indicate the seme situation as obtaing for O. p.
propinguus. Ortmann records two males T with quite fresh shells
taken on July 10, 1905,

Copulation. Ortmann gives the dates of field observations of
copulation as September 4 and 10,

Females with eges, Ortmann has one record, May 9.

Females with young. A single record from Ortmann, May 30.

Size at sexual maturity. My smallest male Tis 23.5 mm. carapace
Jerngth (NYSM 7000). This same collection has a 22.5 mm. female
with sperm plug. Ortmanu’s minimal sizes for males I are 37 mm.
{New Jersey) and 40 mm. (Pennsylvania) total Jength. Ortmann
reports secing copulation take place i specimens less than 45 mm.
total Tength, and cag-bearing femades as small as 40 mm. The data
areinsvilicient bui suggest that sexual maturity is attained in O.
limosus at a slightly Targer size than in O. p. propinquus.

Maximum size. My largest specimen is a female from Esopus
Creek near Kingston, Hudson River drainage (DWC 20), which is
54 mnn in carapuee fenoth, Hagen (18700 61) records a body length
of L7 inches in very old specimens. Faxon (1914 372, footnote)
reports that the Targest specimen of this species in MCZ is 124 mm.
total length (MCZ 180).

Habitat. O. limosus has been usually deseribed as a river cray-
fish, preferring slow water and a silt bottom. My personal collec-
tions are from oniv two localities in New York: Catatonk Creek
at Condor and Catatonk Creek one mile cast of Spencer, both in
Tioga County. O, limosits appears to be restricted te the wider,

TABLE 8

Irequeney of occuvrence of Orconectes limosus with other erayfish species
in collections made in New York. Tabulated from D. W. Crocker collections
L1533, NYsM 6976 (sircam survey ecollections), and NYSM 6977-7022

(collected in Avgust 1932)

i S
| . =
DIRATSAGY 1 = 3

i 3 < =
L £ =
[ S Lo
Pl S

Susquehanna R (Faer s, [ 3 l 3

Lower TTadson B0 000 3

Chenae, R . e e ‘ 3
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deeper segments of this strcam where, consequently, the current
is slower and the bottom composed largely of soft silt. The habitats
of the 10 localities where this species was taken in August 1952
(table 17) are all characterized, at least in part, by silt.

Crayfish associates are given in table 8.

Orconectes immunis

Forney (1956) discusses raising this species for use as bait, but
the only paper published on the life history of this species is the
detailed study by Tack (1941). In Ithaca, N. Y., he found the follow-
ing life history:

1. The eggs hatch about May 15.

2. The young reach 13-29 mm. carapace length by September and
may become sexually mature at this time, but most are not sexually
mature until late in their second summer.

3. From mid-November until late March or April no moulting
occurs.

4. Copulation occurs from mid-July to early October, mostly
among yearling individuals,

5. The cggs are laid during late October or early November and
arc held on the pleopods through the winter.

6. The normal life span of O. immunis in the Ithaca region is
two years.

TABLE 9

Secasonal data for Orconectes immunis in New York

NYSM 6977-7022 (collected in August 1952)

APRIL MAY JUNE JULY AUG.
male [ 61 3 2 5 9
male 11 .. 9 3 1 3
male inumn. 118 1 2 12 2
female 5 6 4 7 7
female (with eggs) 78 1
female (with young) . 1 . .. .
female imra, 142 .. 3 17 1
male (11?) . 3 .. 2 1
female (imm. ?) . 3 . 3

h. Adult males in NYSM 6976 (streamn survey collections)

JUNE JuLy AUG. SEPT,
male | 5 2/ 3 7

male 11 10 9 2 1
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Adult males. The large numbers of immatures appearing in
Spril (table 9) make it plain that the majority of voung hatched the
previous summer have wintered over as immatures, The criterion
used in the present study for separating adalts from finmature in-
dividuals is 23 min. carapace length,

Tack Tound the first spring moult of adult males to oceur about
the middle of April. The second he reports as less pronounced, but
it hegins in about the Tust week of Tune,

Females with eggs. Dates of collection are April 13, 1951
CIOWCE 7O ,\p]'ii 28, 1950 {DWO 39): May 20, 150 (DW(C 27).
Tacks earliest fall dates are Gotober 180 19357, October 23, 1935
and October 210 1936,

Females with yvoung. The record in tuble 9 is for May 20, 1950
CDWO 2T Tack gives nid-Mayv as the time of hatching,

Size at sexual maturity. My smallest male Lis 23.2 mm, carapace
length (DWC 390), The smallest female with eggs is 23.0 mm.
(DWC 398). Tack reports but one smaller female with eggs than
this: 22 . e gives no minimal size for mature males.

Tasrr 10

Freguencs of occurrence of OQreonectes immunis with other erayfish species
in collections made in New York. Tabulated from 3, W, Crocker collections

1580 NYSM 6970 (siveam sorvey eollections) and NYSM 6977-7022

(eollecied in August 1952)
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Maximum size. The largest spccimen on record or seen by me
is in NYSM 1939: 1650. Tt is a female with a carapace length of
48.8 mm., from Glenwood Lake, Ontario County, N. Y,

Food. Analysis of stomach contents, direct observation and pref-
erences shown in feeding tests show (from Tack) that O. immunis
is largely a vegetarian. Tack does not separate his data for size
classes of cravfish.

Crayfish associates are listed in table 10.

Orconectes virilis

No account of the life history of O. virilis has been published and
what little is known is widely scattered in the literature as brief
notes, most of which relate to habitat. Stecle (1902) gives some
information on the life history in Missouri of a species which she
considers to be O. virilis, but Creaser (1933b: 3) says that O. virilis
does not occur in Missouri and that she must have had O. nais.

Seasonal data. The meager data available for New York are
summarized in table 11.

TABLE 11
Seasonal data for Orconectes virilis in New York. Tabulated from all
specimens in D. W. Crocker collections 1-158, in NYSM 6976 (stream
survey collections), and in NYSM 6977-7022 (collected in August 1952)

MAY JUNE JuLY AUG.
male I 1 . ) 7
male II . 8 2 4
male imm. . 23
female 2 7
female imm. 1 24
male (1I?) 9
female (imm. ?) 3

Copulation. Fasten (1914: 603, table 1) reports two periods of
copulation in Wisconsin: April-May and September-October, His
data are derived from the cvtology of the testis and condition of vasa
deferentia.

Egg laying. Creaser (1931: 263) reports that in Michigan the
eggs are laid before the last of April. Pearse (1910: 18) gives a
record of a female with eggs on April 14 in the same State.

Maximum size. The largest male 1 seen by Pearse (1910: 17)
measured 55 mm. carapace length. Creaser (1932: 326) speaking
of O. virilis in Wisconsin says, “This species is the largest in the
State and frequently attains a size of over cight inches.”
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Habhitat. Pearsc (1910: 18) says that this species is found in the
lakes and larger streams in Michigan. Creaser (1931: 263) for the
same State says it prefers streams with a bottom of stones and is
found “. .. in even the coldest streams where the fish fauna is limited
to Cottus, the miller’s thumb, and Salvelinus, the brook trout.”

My own two collections of O. wirilis (DWC 119 and 121) are
from the Little Chazy River, near its mouth, Clinton County, and
from the Salmon River at Fort Covington, Franklin County. Both
habitats are in slow-moving turbid water where the bottom is mud
and silt with numerous patches of aquatic plants.

The stream survey collections, of which there arce five of this
species, carry no habitat data, but I was able to take O. virilis in
three localities during the August 1932 collecting. These are as
follows:

1. NYSM 6978, s'troam (probably Kavaderosseras Creek) at
bridge on rt. U, S. 9, 2.3 miles south of city limits of Saratoga
Springs. Scattered bou]ders dense silt, slow current and sllghtly
dark water. Abont 50 feet wide and up 1o 3 feet deep.

2. NYSM 6983, T.ake George outlet in town of Ticonderoga. Bot-
tom of silt, seattered boulders and considerable rubbish,
NYSM 7017, cast shore and at park at south end of Grand
Island, Niagara River. Beecause of misidentification of these
(all immature) specimens in the field, T have no specific
habitat data for them; the Grand Island material from several
habitats was Jumped together as one collection.

s

Crayfish associates. Three collections contain O. wvirilis with
another species: with O. immunis in the Niagara and Salmon Rivers
and with O. p. propinguus in the Niagara River and Lake George
outlet.

Cambarus robustus

Discussion. The literature contains practically no information
regarding the life history of C. robustus. This fact was recognized
carly in the present study and because C. robustus is common in the
Ithaca region, the attempt was made to study its life history, par-
ticularly by marking methods.

In an intensive study of O. p. propinguus in Illinois, Van Deventer
(1937) collected and measured in the field large numbers of speci-
mens and then returned them to the stream. He was able to accumu-
late data which shoswed the growth rate of this species ut all stages
of its lite. Tle could also dvlmmmc length of life, age at sexual
maturity and other pertinent facts,
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However, in C. robustus there is apparently no restricted, at least
no single period, during which the eggs are laid and hatched as
there is in O. p. propinquus. 1t follows therefore, that, unlike
O. p. propinquus, graphic plots of frequency distribution of size of
C. robustus, measured at regular intervals of time, will not show a
given vear-class as distinct from the remainder of the population.
Because of this, C. robustus is particularly well suited as a subject
of growth study by marking individuals so that they may be sub-
sequently recognized when collected from their natural habitat.

Here, one is led to ask: How can an animal which moults be
marked so as to still be recoguizable as a marked animal atter
moulting? I have tried three methods, all apparently unsuccesstul.
These have been reported upon elsewhere (Crocker 1952), but
briefly they are the following: (1) Punching holes in various of the
five members of the tail fan, a method used on lobsters with success
by Wilder (1948); (2) inscertion of bits of metal (tantalum wire,
silver sheet, silver wire) into the huemocoele, to be recognized sub-
sequently by means of Xeray; (3) a method used successfully on spiny
lobsters by Creaser and Travers (1950), which involves inserting
barbed plastic tabs between terga into the abdominal musculature.

TARBLE 12

Seasonal data for Cambarus robustus in New York

a. Tabulated from all specimens in . W. Crocker collections 1-138 and in
NYSAL 6977-7022 (collected in Angust 1952)

Numbers in parentheses refer to additional adult males, recorded in the field
as to form and liberated as marked animals.

APRIL  MAY  JUNE  JULY AUG, SEPT, OCT. NOV.
male 1 18 71 8 6 6(10) 9(13) 24(20) ..
male 11 8 36 13 11 14(21) 14(3) 24(13) 2
male imm. 8 59 13 8 11 3 12 ..
female 42 148 10 12 17 14 63 2
female

(with eggs) . . . 2
female
{with young) 4 . . . 1
female imm. 18 77 11 8 15 2 7 1
male (TI?) 16 1 .. 1 1 9
female (imm. ?) . 15 5 . 4

b. Adult males in NYSM 6976 (stream survey collections)

JuNE JuLY AUQUST
male 1 25 8 3

male 11 12 12 5
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Methods onc and threc failed apparently because of the small size
of crayfishes as compared with lobsters and spiny lobsters. Method
two may still give results with the use of metal pellets, instead of
wire and sheet. These latter cither punctured vital organs or worked
to the surface much as does a splinter in a finger.

Marking methods attempted for this species having failed up to
the present to produce results, life history information must he
summarized from field and laboratory observations and data from
collections.

Adult males, It is apparent from table 12 that the restriction of
form 1T males to the summmer is not the case for C. robusius as it is
for O. p. propinguus. This fact has heen pointed out previously by
Ortmann (1906: 488). In Pennsylvania. Ortmann lound rales Tn the
months of May. July, August, September, October and November,
and males IT in the months of May through October. T have a field
record for a mule moulting from form I to form 1I on September 21,
1950, and records of numerous soft mates of both forms in September.

Thus, apparently at all times of the year there are males capable
of copulation. Months unsampled are December through March.
The data show relatively fewer males T in June, July and August
and relatively fewer males IT in April, but it is not certain how true
a picture this may be.

Copulation. I have but two dates of copulation for this species.
occurring under completely natural conditions in the field: October
8, 1949 and October 19, 1950. Two additional dates are May 23 and
May 30, 1951, but these specimens were crowded in with @ pumber
of others of the same species in a lamprey trap.

Onc of the pairs from the lamprey trap was placed in hoiling water
and fixed in position. The positions of male and femalc correspond
to the descriptions of Andrews (1895) for O. limosus. The right fifth
perciopod wis used by the male to depress his stvlets. Particularly
well shown by this pair is the function of the hooks on the ischia
of the male’s third perciopods. These, one on cach side. were hooked
over a prominent projection on the coxac of the female’s fourth
pereiopods to such an estent that the soft membranes dorsad of the
projections were deeply impressed.

Althongh sperm plags are common in the fall in o1l the New York
State species of Orconectes (except O. wvirilis for which data are
lacking), T have vet to find a sperm plug in C. robustus or in C. b.
bartoni. All of the adult female C. robustus in my personal collection
(295 specimens) have been examined for it,
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Egg laying. | have seen two females of this species lay eggs, hoth
in captivity, The dates are Julv 219500 and April 701951 The process
is as reported by Andrews (1906a) for O liviosus. The Temale lies
on her back and secrctes o mass of mucons-like material into the
chamber formed by the flexed abdomen and extended members of
the tail fan. It is into this mass that the nearly black eggs are laid.
The mucous disappears in about a duv and a hall, Each ot these
fermales had 3040 eggs. Carapace lengths were 38.4 and 35.0 mm.

The dutes for capture of fonales with cggs in the field are July 13
(DWC 154) and July 23 (DWC 1538). 1951; carapace lengths 35.0
and 31.2 mm. Ortmann (1906: 488} took a female with eggs in
Crawford County, Pennsylvania on Julv 11, 1903; total Tength 84 mu.;
number of eggs 228.

Hatching and early moults. The dates for capture of females
with young in the field are April 28 and August 13, 1930, and April 13,
1951. 1 have a measurement only for the August specimen — 39.2 mm.
(DWC 72, specimen 23).

The eggs laid by the female in captivity on April 7, 1951, were
first noticed to be hatching on May 24 an interval ol over six weeks.
The water temperature in the large aquarivm in which the animal
was kept varied not over two degrees above or below 60 degrees
Fahrenheit. On May 25, 13 voung were counted and, because they
were crawling rather actively over the pleopods of the female. vet
were without the five distinet members of the tail fan, they were
probably stage two of Andrews (1907: 50). On Mav 29, only two
young remained, the rest were not in evidence, dead or alive, and
it is supposed that the mothier ate them. Of the two remaining, one
was third stage and was preserved. In a slightly shoomken condition
it measures 4.7 mm. carapace length, The other, a stage two indi-
vidual, was kept alive and sometimes between T pan. on May 29
and 10 a.m. on May 30, moulted into third stage. Caretul wateh was
kept on this single individual to detect another moult. Active feeding
was first noticed on June 4, when the intestine became visible us a
dark line due to its contained food material. The only food availuble
was a rich coating of protozoa-laden algae in the bottom of the dish.
On June 28 the animal measured 5.4 mm. carapace length. No cast
exoskeleton was found and the animal died on August 4, 1951, It
measures 5.6 mn, carapuce length.

Immatures under 20 mm. carapace length in my collections or in
NYSM collections were taken in Mayv through October.

Moulting. The increment of growth of individuals living under
natural conditions has been ascertained in two cases. On September
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21, 1950, a wale moulting from form 1 to form H was captured
(DWC 65). Its change in carapace length was from 34.5 to 39.3 mm.,
an increment of 4.5 mm. A female, taken on May 5, 1951, and kept in
an aquarium, moulted on May 24, only 19 days later; change in
carapace length from 35.1 to 37.6 mm., an increment of 2.5 mm,

A moult by the majority of the adult population in September is
indicated by field observation. On September 18, 1930, in Fall Creek
at Forest Home, Ithaca, Tompkins County, N. Y., about half of many
adult C. robustus were soft, yet in this same area on September 30,
only one soft animal was scen. Similarly, in Taughannock Creck at
Perry City, boundary of Tompkins and Schuyler Counties, N.Y,,
about 20 C. robustus were scen on Scptember 21, 1950. Only two
hard individuals were present out of 10-15 large specimens. Both
males and females were scen soft, also both males T and males I1.
Two females were seen half moulted. Yet on October 7, not one soft
animal could be found.

TABLE 13

Frequency of occurrence of Cambarus robustus with other erayfish species
in collections made in New York. Tabualated from D. W. Crocker collections
1-158, NYSM 6976 (stream survey collections), and NYSM 6977-7022
(collected in August 1952)
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Genesee R.... .. . o il 3 4 3
Oswego R, ... oo oo i 10 2 2 28
L. Erie-Niagara R.. . ..... ... .......... 1 1 2
Oswegatchie & Black R........ . ... ... 4 1 2
Upper Hudson R... ... . .. ... ... 1
Raquette R., ... ... .. ... 9
Mohawk-Hudson R, ... . ... ........ .. 1 2 4 2
Lower Hudson R, ... ... ... ...... 1
Allegheny R 0 .. . . .. ... g 17
Misc, L. Ontavio wibs................... P 1 12
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Size al sexual mdarity. O the form Doades which Flave seen.

the smalical measures 317 e carapaee lengtl, '"lxia spreinien is
from Ilerkimer County, N Y. at ihe ontied (»] 1.itt \Inn o Laoke
(DWC 143}, Because of the Trge number of m;lh-’-; 2151 which

have come under my chscrvation: and hecanse the so 11 est in all
collections Tve heen measured, this vadoe of mitnimad sive is be-
lieved to be close to the actual it A form 1 omade in NYSM 7021
is so mch smaller than this (266 v ) that T eonsider it abnormal.
The smallest female with cogs (DWCIB8) measires 31.2 mum,
carapace length and is the smallest normal sevnally mature specimen
of this species which I have scen or which has been reported.
Faxintum size. Male L3260 mm. carapacee length (NYSM 1929:
1152).
Male 1L 318 mm. carapuce fength (1DWC 135).
Female, 554 mm. carapace length (DWC 32).
Food. Notes on the food of this species are given by Creaser
(1934: 160) who found that in 11 specimens ranging from 42 to
76 mm. total length, the smaller ted largely on insect larvae or
naiads, the lurger on aquutic- plants. The largest three stomachs
contained only aq\mtl( p ant remains.

Habitat. 'lhc ceological reqguirenients tor this species are not
as restricted as are those of C. 0. Dartoni. 1t is rarely tonnd in cold
mountain streawns, the preterred home of €0 b bartond, and it is
cqually rare in standing water where the bottom s of mud and
silt. ()th(l\\l\(‘ it hs been taken from both ponds and streams
of extensive variety. Burrowing habits have not been observed in
New York State except for a rather casual digging out of shelters
under boulders in streams.

Crayfish associates are listed in table

Cambaras b, bartoni

Other than Williamson's note (1899: 47) ol finding a female
with voung, Ortmann (1906: 486-488). \\‘()1’king in Pcuus’yl\luniu,
has contributed the only intormation on the life history of this sub-
species, ()\nmf to its ulmulv infr equent occurrence near Ithaca,
N. Y, I can onl) present some information which tends to confirm
the findings of Ortmann.

Adult males. Ortinann (J966: 457) reports first form males in
the months of March through December, e did no collecting in
January and February, He gives no quantitative data on the relative
frequency of males I and males 11 My own data (table 14) show
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TanLr 14

Seasonal data for Cambarus b. bartoni in New York

a. Tabulated from all specimens in . W. Crocker collections 1-158 and in
NYSM 6977-7022 (collected in August 1952)

APHIL MAY JUNE JULY AUG. SEPT. OCT.
male 1 3 10 1 3 18 4
male II 4 11 9 3 13 4
male imm. 7 2 13 QG . .
female 9 35 11 3 23 1 1
female (with young) 2 . 1
female imm. . 11 2 8 18 .
male (1IP) . 6 1 . 16 1
female (imm.?) 2 .. .. .. i3 1

b. Adult males in NYSM 6976 (stream surcey collections)

JUNE JULY AUG,
male I 4 2 7
male TI 25 8 6

that, as in C. robustus, there are apparently fewer males I in June
and July, but there are fewer specimens of C. b. bartuni on which
an opinion can be based.

With these small numbers also, a relative infrequency of males
II is not apparent. Ortmann (1906: 487) found males II in all
months except January and February, in which months he did no
collecting.

Males of this subspecies, capable of copulation, are present during
at least 10 months of the year.

Copulation. I have not observed copulation in this subspecies.
Ortmann (1906: 486) gives only two dates: May 27, 1904, and
October 6, 1905.

Females with eggs. Ortmann (1906: 486) found females with
eggs in July and August. The number of eggs was between 7 and 133,
the smallest number on the smallest individual.

Females with young. My three records are April 1940 (DWC
74), April 22, 1951 (DWC 77) and August 29, 1952 (NYSM 7014).
Ortmann (1906: 486-487) reports females with young taken in the
months of February, March, August, September and November. The
February record is for New Jersey. I have taken immature specimens
under 15 mm. carapace length in May, June, July and August.

Size at sexual maturity. The smallest male I which I have seen
is 18.5 mm. carapace length (NYSM 6989). The next smallest is
21.4 mm. (DWC 120) and I have a few others close to this. The
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smallest male T of C. D. Dartoni reported by Ortmann (1906: 487)
is 49 mm., total length.

The on]v female \\Jth young for which 1 have a measurement
is 28.8 mm. carapace length (DWC 74). Ortmann’s smallest female
with cither eggs or voung is 48 mm., total length, which is approxi-

ld

mately 7 mm. smaller than my smallest €, mbus{m (a female).
Maximum size. Male I, 36.7 mm, carapace length (DWC 118).
Male 11, 36.3 mm., carapace length (DWC 108).
Female, 38.8 mm., carapace length (DWC 108).
Size comparison of C. b. bartoni and C. robustus. The above data
indicate that C. D. bartoni is a distinctly smaller species; from 7 to
I3 non, smaller in minimal size at sexual maturity and appl()\lmatdy
16 mm. smaller in maximum size,

TAaBLE 15
Frequeney of oceurrence of Cambarus b, bartoni with other crayfish species
in collections made in New York. Tabulated from D. W. Crocker collections
1-158, NYSM 6976 (stream survey collections) and NYSM 6977-7022
(colleeted in August 1952)
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Smaller size at sexual maturity may be duc cither to reaching
such maturity at an earlier age in C. b. bartoni or to reaching ma-
turity at the same age, but at a smaller size due to a slower growth
rate. Both factors mav, of course, be in operation. Smaller maximum
size may be produced by a slower growth rate, a shorter life, or both.

Habitat. C. b. barfoni is typically a mountain strecam form, oc-
curring most commonly in cool, fast flowing, well-oxygenated water
where there is a bottom of boulders and rubble. If it is found in
larger streams, then it is almost invariably at the point of entrance
of cold spring water. Burrowing has not been observed in New York
State.

Crayfish associates of this species are listed in table 15.

Procambarus b. blandingi

There are six members of the Blandingi subgroup; namely, three
subspecies of P. blandingi and in addition P. hayi, P. lecontei and
P. bivittatus (Hobbs 1942b: 94). Practically nothing is known about
the life histories of any of these. Hobbs (1942b: 93) reports 37
males I of P. b. acutus taken in Florida in May. In the same publi-
cation (p. 98) he also states that of 133 specimens cf P. bivittatus
taken in Florida in the months of April, May and October, first form
males were taken in May. Penn (1943) has worked out the life
history of a member of the same genus, P. clarki, but this species
is in a different subgroup of the genus and the locality of study is
Louisiana. His data may or may not apply to the present species.
Penn (1943: 14) places sexual maturity of both males and females
of P. clarki at 31-32 mm. carapace length.

Seasonal data. The three stream survey collections containing
P. b. blandingi were all taken in July (NYSM 1936: 2960, 3576 and
3616). They contain two males T, one male IT (soft), and two females
(one soft). Collection USNM 74747, taken in August from the Bronx
River, New York City, contains a male I and a fenmlc of P. b. blan-
dmgz. The female has a sperm plug. Collecting in the Bronx River
on August 25, 1952 produced one male I, two males 11, six females
and onc female immature (NYSM 6999).

Habitat. Of its preferred habitats, only slightlv more is known.
Abbott (1873: 80) describes it as a plant-loving species in New
Jersey, trequenting clear running streams where it is to be found
resting on aquatic plants, usndlv near the water surface. Later
(Abbolt 1886: 167), he decides that this species is not so restricted
in habitat. P. R. Ubler, according to Faxon (1885b: 23), reports
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> Do Dlandingi from salt marshes covered twice dailv by the tides
in company with Cambarus uhle ri, and characterizes this species as
belonging to the lowlands at the mouth of sluggish rivers or near the
ocean in muddy and grassy ditches and drains. Uhler also found it
in a ditch near ()(can (lt\ Worcester County, Md. in holes six to
nine inches deep. and at (;()]dsb()mu(rh N. C. in drains and branches
running through cotton ficlds.

The only New York State locality for this species, Bronx River,
has been studied by F. R Nevin (1937: 228-230) with reference to
the quantitics of food organisms of fish. He reports that in the
vicinity of White Plains, craylish (unidentified) and mollusks oceur
in greatest quantity (weight per square foot) and that it is also here
that sewage pollution is greatest. He also states that, except for the
northern part, the stream has few stony arcas and that when stones
are present they are set in sand. Finallv, he mentions that pollution
other than sewage is prevalent within the limits of New York City
and that the stream margins here are mud. mingled with a mass of
dc(:aying vegetation.

My August 1952 collection from Bronx River at White Plains
North Station (NYSM 6999) was made in knee-deep muck.

Crayfish associates. Thrce NYSM collections from the lower
Hudson River contain O. {imosus in addition to P. D. Dlandingi.
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Figure 2, following, should provide a ready reference to the names

of the drainage systems in New York State and to the years during
which stream surveys were made,
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Procambarus b, blandingi
(LFioune 3)

Procambarus blandingi consists of three subspecies: . b, Dlandingi
(Harlan), P. b. acutus (Girard) and P. b. cucvachicac (Hobbs).
P. b. blandingi is restricted, in so far as is known, to the Atlantic
coastal plain from the Bronx River, New York to at least as far south
as South Carolina. P. b, acutus is distributed in the Mississippi River
svstew. P b cuecachicae is deseribed from La Cueva Chica, a lime-
stone cave in the State of San Luids Potosi, NMexico.

The questionable statas of the smembers of the blandingt complex
has already been mentioned and it is inadvisable to attempt dis-
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tributional theavizing until Livger sevics hecome available and are
studied.

The pattern of distribution in a very general sense has been inves-
tigated by Ortmann (1905a: 103-106). He places the origin of what
is now the genus Procambarus in Mexico, and of the Blandingi sec-
tion in the southern States, chiefly Alubama and Ceorgia. Ortmann
(p. 105) states of the Blandingi group that it 7. invaded (C. fallax)
northern Florida aud spread out northeastwardly along the Atlantie
coastul plain (C. blandingi-typicus), and also it migrated westward
and northward, up the Mississippi Valley (C. hayi and blandingi
(1(;ulus) 7

>, b. blandingi has reached New York by following the retreating
ice 11<)rt]m ard d]()HU’ the coustal plain, but has not ]oft its lowland
habitat.

The only acceptable published report of this subspecies in New
York (Faxon I1885h: 19) gives no specifie locality.

Mayer (1911: 88) says, “In the neighborhood of New York we
find three common species.” He lists P b, blandingi as one of these,
but no specific localities are given, and the dvscnptlon of habits
appears to have been taken from Abbott (1873: 80),
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Orconectes virilis

(Ficune 3)

Orconectes virilis xanges through a number of states in streams
tributary to the Mississippi River. Northward it extends into Sas-
katchewan and Ontario. In Ontario, TTintsinan (1915: 161) reports
it as *...quite abundant in Georgian Bay but not [as abundant]
in Lake Ontario.” It is pointed out under the discussion of distribu-
tion of C. robustus that its limits in Canada are unknown. O. virilis is
absent from Pennsylvania (Ortmann 1906). Turner (1926: 176-178,
map 1 on p. 171) gives records for southwestern Ohio, but Rhoades
(1944a: 96) has not been able to substantiate these records in the
field. He states that O, virilis will undoubtedly be found in the ex-
treme northeastern counties of the State, which Turner also sug-
gested. Pearse (1910: 18) describes it as the most abundant species
in the northern part of Michigan.

In New York, its distribution as now known suggests two entrances
from the west, for there are no known populations on the coastal
plain of Lake Ontario between the five northeastern localities and
the Lake Eric-Niagara River records. The separating area has been
well sampled (see figures 4, 5 and 6) and the habitat is relatively
uniform and apparently not unlike that in the localities where
O. virilis has been taken in New York.

The Lake Erie-Niagara River localitics may represent an entrance
as early as the time of Lake Maumee. The northeastern records are
accounted for by an entrance from the west into what are now
western St. Lawrence waters, through the Kirkfield or Ottawa out-
lets (Leverett and Taylor 1915: 410 and plate 21). These outlets
existed in Lake Algonquin time before the invasion of the Champlain
Sea. Furthermore, during this time the Hudson and Champlain
waters were united and the localities in the Hudson River drainage
in Saratoga Springs and in Westchester County muy perhaps be
explained as relict populations. However, one cannot ignore Faxon’s
(1885b: 98) report that O. virilis and O. immunis are two of the
western species of crayfish most esteemed as food and that they
are sometimes sent to the New York market from Milwaukee and
other western cities.

Hagen (1870: 65) gives the oldest record for this species in
New York. Faxon (1883b: 98) has cast doubt on Hagen’s record,
a dry specimen from Lake George, pointing out that the labels of
dry specimens are easily transferred. However, I have substantiated
Hagen’s record by taking O. virilis at Ticonderoga on August 20,
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1952 (NYSM G985). The onlv other provions New York record s
for the Raquette River watershed (Creaser 10534,

Orconectes immunis
(Ficune 1)

The distribution of O. immunis is generally widespread and like
that of its close relative O. eirilis. That the two close forms can occupy
such a similar territory is probably due to their differeat habitat
requirements. In the west at least, O. cirilis appears to be typically a
stream form and O. inonunis an inhabitant of ponds and ditches.

The literature contains nine New York locality records for this
species:

Faxon (1898: 634). MCZ 4330; Small stream tributary to Ouneida

Luke.
Ortnann (1906: 467 ). Rensselaer Luke, Rensselacr County.,
Fason (1914: 378-379). USNM 22.417; pond near mouth of Cat-
taraugus Creck, Chantauqua County.
USNM 22.408; Silver Creek, Chautauqua
County.
USNM 22.418; Fish Creck, Buffalo, Erie
County
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UISNAT 2240 Stom Istand at the castern
end ot Lake Ontario, Jefferson County.

Creaser (1934). Raquette River

Nevin and Townes (1935). f\lohawk-lludson drainage.

Tack (1941). Ithaca, Tompkins County.,

Thus three records are known (USNA 220 417, 22.408; 22,418)
in the Erie-Niagara drainage in addition to the two shown in figure 4.
Its upparcnt scarcity in this drainage may be due to poor coverage,

The distribution of O. immunis in New York can be accounted for
by an entrance from the west in Lake Lundy time or perhaps not
until Lake Iroquois (Fairchild 1912: plate 17).

In view of the absence of O. immunis from the Allegheny River,
I attribute the single locality shown in figure 4 in the upper Genesce
River above the falls at Portageville, to introduction by man.

An isolated locality for this species in the eastern Susquehanna
{Oakes Creek, NYSM 1935: 702) shown in figure 4, might be
accounted for by a comnection between glacial Lake IIer]\nnel in
the Mohawk V alley and the Susquchanna tluouﬁh the Otsego Valley
(Fairchild 1912: 39, plate 1). If onc assumes that O. immunis reached
the isolated locality through this Lake Herkimer outlet, then one
is still faced with a problem: Why did it not achieve wider dis-
tribution? Perhaps competition with the already established O.
limosus prevented the spread of O. immunis, but there is no infor-
mation bearing on this from other areas because the two species
do not normally come in contact. In fact, present knowledge of the
distributions of these two species indicates that only in New York
and the northern New England States (from which latter there is
almost no mformation) could one expect to find them together.
Collecting in the eastern Susquchanna has not been intensive, but
coverage is fair (figures 5 and 7) and I do not think the apparent
general absence of this species from the region can be attribated to
poor sampling,

Ortmann  (1906: 466-467) was unable to find O, immunis in
Pennsylvania, and it is my opinion that the Susquehanna River drain-
age records in New York near the confluence of the Chemung and
Susquechanna proper are also best explained by recent entry. Dr.
Robert Ross, now of Virginia Polytechnic Institute, has told me that
in the Cayuta Luke arca in times of {lood, one can stand on the
Susquehanna-Oswego River divide knee deep in water. This offers
a satisfactory explanation for the entrance hoth of O. immunis and
O. p. propinquus (figure 5) into the Susquehanna River system.
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O. p. propingsius and G0 obsearas
e S
two species and a third form. O. p. sanborni, in detail. The distribu-
tions of O. p. propinguus and O. obscurus in New York present no
contradictions.

Ortmann places the origin of these three crayfishes, each in one
ot three tributarics of the preglacial Old rvigan River which ran
in a northeasterly direction. With the advance of the ice, three
populations of the original stock were isolated and underwent dif-
ferentiation — O. p. propinguus, most westerly m the Old Miami or
Cincinnati River; O. p. sanborni in the center in the Old Kanawha:
O. obscurus in the cast in the Old Monongahela. The ice, melting
and receding, formed lakes of the castern and central arcas which
eventually drained southwest and united all three locaditivs. The
western area became the lower Ohio River, the central bhecame
the middle Ohio and the castern becane the upper Ohio, swhich
also united with the Allegheny River,

However, the western region opened up first and O. p. propinguus
was enabled to make its wayv to Lake NMaumee, thus accounting
for the distribution in Indiana, Hlinois, Towa and Wisconsin, Data
now made available for New York indicate that O. p. propinquus
tollowed castward the shores of Lake Maumee and its subsequent
stages, Lake Landy and Lake Iroguois, and was also able to enter
the St. Lawrence when it was Tormed.

One is tempted to account for the presence of O. obscurus in the
Genesee River by entry through the Olean outlet, a connection
between the Genesee and Allegheny (stage 2 of Fairchild 1912:
plate 10). However, it is a question whether or not O. obscurus
entered the Susquehanna River system during a later connection
between it and the Genesce (FFaivchild, 1912: plate 1T). It is pos-
sible, of course, that O. obscurus entered the Genesee hefore the
Genesee-Susquehanna conmection appeared and that it did not atifize

Ortmann (1906: 434-1447) has discussed the distribution of these

this subscquent connection,

My two records of O. obscurus in the Susquehanna system are
from isolated ponds (NYSM 1937: 2049 and 4517). The coverage
of the arca is poor and turther collecting is needed before it can
be said whether they more probubly represent natural populations
or introductions by man.

However, should the Susquehania secords be best explained as
introductions by man, there is another mcans by which O, obscurus
may have made the passuge across the Alleghenyv-Genesee divide
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after the closure of the Genesce-Susquehianna connection, This would
thercfore make it unnecessary to assume that, although the connce-
tion was available to O. obscurus, it was not utilized, Ortmann (1906:
443), unable to find O. obscurus in the Susquchanna drainage in
Pennsylvania, accounts for its presence in the Genesee by known
instances of the capture of morainic lakes, originally draining into
the Allegheny system, by Genesee River tributaries (Fairchild, 1896:
447). These captures may have occurred after the closure of the
Genesee-Susquehanna connection.

The populations of O. obscurus which occur in a restricted area
of the Lake Erie drainage in Ohio and Pennsylvania arc accounted
for by cases of stream capture which are known in this area or by
migration through canals (Ortmann, 1906; 441-442). This species
has apparently been restricted from migration down the Ohio River
by the presence there of its close rclative O. p. sanborni.

O. obscurus may have moved eastward as carly as Lake Whittlesey
time, utilizing lakes at the edge of the ice, and may have entered
the Mohawk River drainage as late as very early Lake Iroquois time,
when a connection at what is now Rome would have permitted this
(Fairchild, 1912: plate 16). Collection USNM 74,708 is an addi-
tional record for this specics in the Mohawk River. At this same
time there was also a union of the Mohawk and Black River drain-
ages which would account for the records of O. obscurus in the Black
River, ITowever, its present distribution in the Mohawk and Black
Rivers may also be accounted for by a following of the Erie barge
canal eastward and an entrance into the Black River through the
Trenton feeder. A single specimen is the basis for the record of
O. obscurus at Long Lake in the town of Long Lake in the head-
waters of the Raquette River drainage. Verbal testimony from bait
dealers in this area indicates that large numbers of crayfishes are
brought into the Adirondacks from numerous regions, particularly
from the barge canal in the vicinity of Utica,

The species-locality of an old (1893 ) collection of O. obscurus in
the United States National Museum (USNM 44751), labeled as
coming from Cattaraugus Creck in the Lake Erie drainage of
New York (reported by Faxon, 1914: 374), has been substantiated
by my collecting in 1952 (NYSM 7015). A connection betwcen the
Allegheny River and a glacial luke in the Cattaraugus Valley (Fair-
child, 1912: plate 11) could account for the entrance of O. obscurus
into this area.

Collection USNM 74,712 consists of five male O, obscurus, collected
by H. K. Townes, August 31, 1934, in Kinderhook Creek at Kinder-
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hook (Columbia Connty i Fam nmable to wecount for this wpecies-
locality. 1t is 100 iniles frons the wpper Mohawh whoere the minin
body of the ITudson drainage members of this species is located.
Subsequent collecting in the Kinderhook-Valatie arca (DWC 132)
has produced only O. limosus.

O. p. propinquus must not have entered the northern drainages
of New York State before Lake Hall time, for previous to this time
there were connections between the Genesce and Susquehanna and
also direct drainages through what are now the Finger 1akes. 1 can
not believe that the records for O. p. propinquus in the Susquehanna
at the present time are due to an carly entrance. In this system there
are now, at least, no cravfishes which in present times are competitors
with O. p. propinquus. O. limosus and C. b. bartoni have distinctly
different habitat preferences. One wonders why it should not have
achieved wider distribution had it entered early. It seems preferable
to account for the localities near the conflnence of the Chemung and
Susquelmmm proper by an entrance at (,111 uta Lake. dlammﬂ into
Cayuta Creck (also known as Sh(\ph;n'd’s Creck). Under (). im-
munis it is pointed out that stream capture is taking place in the
Cayuta Lake arca at the present time, Figure 5 seems to indicate
that in the restricted region involved, O. p. propinquus, the invader,
is replacing O. limosus h()m the Tatter’s home territory,

Three isolated localities for this species in the castern Susquehanna
(Unadilla River; NYSA 7006, 7609, 7011) s‘hu\m in figire 5, might
be accounted for by a southern outlt of chcial Take ][UII\IH]LI
(in the Mohawk Valley) pussing tnlo the Susquehanra through the
Unadilla Valley (b(mdnld 1912: 30, phites 1 and 13). Hoewever. if
this species is gaining territory in competition with O, limosus slightly
turther west, then one would expect it to have gained far greater
territory here in the castern Susquehanna it it arrived here at a
much earlier time. I consider the three records to be a resalt of
recent introductions.

The distributions of O. p. propinguus and O. immunis are similar,
not only in the Susquchanna River svstem in New York. but through-
out the State.

Five previously recorded New York localities are available for
O. obscurus: Genesce River at Rochester (Fagen 1870: 70); Alle-
gheny River drainage at Salamanca (Ortmann 19035¢: -02-40)
Cattaraugus Creck, Lake Erie drainage ( Faxon 1914 3740 Mohawk-
Hudson draimage (Nevin and Tovwnes 193500 ke Chaut, RUTTSIIES
Allegheny drainage (Townes TY38),
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New York localities for O. p. propinquus we given by Girard
(1852: 88), Hagen (1870: 6S8-69), I'axon (1883:: 360; 1 1583 91,
1914: 373-374), Ortmann (1906: 363), Goodnight (1940a: 171;
1940b: 34), Creaser (1934) and Nevin and Townes (1935).
Creaser discusses distribution in the Raquette River system and
Nevin and Townes do the same for the Mohawk-TTudson. The other
references cited list a total of 41 localities, Noune of these forms
an exception to the distributional pattern in New York as deterimined
in the present study.

CANADA

NEW YORK DISTRIBUTION MAP
| FIGURE 5
@® Crzongctes prop nguus proginguus {Girard)
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Orconectes limosus
(Fiauer 5)

Outside of New York, the only locdlity records for this species
which, up to the present time, have not been doubted by any students
of crayfishes, lie in the States of Pennsylvania, Virginia, District of
Columbia, Marvland and New Jersey.

Four locality records lie in drainage systems entirzly outside the
major distributional arca of this specics at a distance from the arca
of at least 130 miles. These records are: Niagara (Hagen 1870: 62),
Lake Erie (Hagen 1870: 61), Lake Superior (Faxon 1885D: 87),
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and Ontario (Huntsman 1915 160). Faxon (1885D: 87) retains the
localitios Lake Evie and Niagara, but (1890: 629) drops the Lake
Eric record becaunse the specimens “, .. are too small to determine
with cortainty,” Ortmann (1905¢: 131-2) doubts the three older
records and a vear Iater (1906: 430) says, "No positive record from
New York State is at hand (sce DeKay, 1844, p. 23, and Paulmier,
1905, p. 1177

I have seen the Ningara spechuens (MCZ Crust, 179). As siall
as thev are {the hmz stcarapace length is 17.0 mm.) they are defi-
nitelv O, lunusum Ortmann (1905a: 132) explains this record by
suggesting that these specimens were put by mistake into a hottle
containing Q. p. propinguus. Hagen (1870: 62, 69) does give the
same locality and coliector (L. Agassiz) for these two species.

The Lake Superior specimens are apparently lost. Faxon (1883Dh:
87) Jcpm'ts them as being in the eollections of the Boston Society
of Natural History, In the summer of 1955, [ was not able to locate
them at the Boston Maseum of Science or at MCZ

The Lake Frie specimens were reported by Faxon (1885D: 87) as
being in the collections of the Peabody Academy of Science. T am
m{(nmod through conversation and mnos])ondonc(‘ with Dorothy E
Snyder of the Peabor Iv Muscum (Salem, Mass.) that this u)ll(‘ch(m
is not now of the musenm. Some materials were moved from the
Peabody Muscum to the MCZ in 1942, but this collection apparently
was not oue of them, However there is w specimen at MCZ ( Crust.
306; new catalog 3800) which the Crustacen catalog reports as
being received from the Peabody Academy of Science in November,
1885. The eld label in the jar veads, “Cambarus affinis?, Lake Erie,
AV, Putnarn.”™ It may be that this is one of the Peabody Academy
specimens in question. It is a female, carapace length 17.2 2 mm. ,and
is not (,m,zbarzh affinis (- O. limosus ). Tt is most like O. p. sanborni,
for it has a seminal receptacle like O. p. propinguus, yet it lacks a
rostral cnvina, Fhiv sabspecies occurs in the Take Erie watersheds
ol Ohio and Pennodvania (Ortmamn 1906: 139 wod - plate 42
ficare 31

The Ontario «'p(mim/‘nk; were taken at Iroqur)i" a town on the
St. Lawrence Biver abouvt five miles west of Waddington. N. Y. The
collector of these specimens, Dr. AL R. Cooper, wrote me on July 19,
1933, that he counld not now remember the circnmstances of collect-
ing, in partionko whether ar not the cravlishes were local. On the
Daie of Hontsroends figaves (10150 figures Sec e, 10¢ and 12 which
are m“;m‘-:.n.m,,l.!y O, lincosns, the SPeCinens wers (m'rccll_\' iden-
tilied. but Thotsman did not specifically state from which specimens
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the figures were drawn. In August 1952, I collected at Iroquois and
also dircetly across the river, but obtained only O. p. propinquus and
C. b. bartoni (NYSM 6987, 6989).

In summary, the present statns of these four records is: (1) the
Niagara specimens are accurately identified, but a mixup of speci-
mens might have occurred; (2) the Lake Superior specimens are
apparently lost; (3) the Lake Erie specimens have been either lost,
or, if a specimen now at MCZ is one of them, it is not, and probably
therefore the rest were not, O. limosus; (4) there is no reason to
doubt the Ontario record except because of the isolated locality.
None of these records has been substantiated in the last 50 years
of collecting on the U. S, boarders of Lake Superior (Wisconsin:
Graenischer 1913, Creaser 1932; Michigan: Pearse 1910, Creaser
1931) and Lake Erie (Ohio: Turner 1926, Rhoades 1943 and 1944b;
Pennsvivania: Ortmann 1906) or in the St. Lawrence River drain-
ages in New York (present study),

An old record for New York without specific locality, given by
Hagen (1870: 62) is omitted by Faxon (1885h: 87). No reason is
civen for the omission. but it is presumably because of the lack of
spectlic localitv data. 1 have examined the collection (MCZ Crustacea
catdog 270). a single female, and T consider it definitely to be
O. limosus.

Maver (1911) savs, "I the neighborhood of New York we find
three common species.” However, no specific localities are given.
Farthermore, of the three species, the locality for the figured speci-
men of Cambarus hartend is given as Orange \Iounmms N. J. The
discussion of Cambariis ])/(m(/szl appeuars to be tuken from Abbott
(1873: 80), and Cambarus (1[]1)‘1.\ is mentioned in connection with its
being oL commonly sold in the New York markets.” I would hesi-
tate 1o assign any one of these three species to the State on the
basis of these statements,

Two specific Tocalitics for Orconcetes limosus in New York are
given by Osborne (1912: 924): Centrad Park Lake, New York City,
and Pmslxd Park Lake, Brooklyn. Iis description and photograph
of this species (Oshorne 1912: 925) leave no doubt as to its identity.
Townes (1937 226) reperts O. limosus at Coxsackie, Greene County,
Hudson River drainage. Until the present study, these have been the
only unquestioned specific New York localities.

Numan agencies may have hzd something to de with the dis-
persal of O limosig, Favon (18850: 89) says, “C. affinis is the com-
mon erayfish exposed to sale in thc rarkets of New York and other
astern cities,”
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The entrance of O, limosus into New York State has probably been
cffected by separate entrances in the Delaware, Hudson and Sus-
quehanna svatems, perhaps following elosely the recession of the ice.

Until the validity of novthern records is ascertained it s hardly
possibio to discuss Turther the routes of dispersal of this species.

The nearest relatives of O limosus are tound in Kentucky, Southern
fndizi and Missouri, and, as Ortmann points ont (190&(!. 114),
this geographical isolation of O. limosus accompanied by mor-
phological isolation indicates the antiquity of the Limosus section.

Cambarus robustus
(Fricurt 6)

Ortmann {1906: 419) was unable to find C. robustus in the Sus-
quehanna or Delaware drainages in Pennsvlvania and it is apparently
restricted in that State to the watcrsheds of the Alleghenv River
and Lake Bie, The one exeeption is Ortmann’s record from Chartiers
Creek, Allegheny County, and this stream enters the Ohio River
opposite the entrance of the Allegheny.

In Ohio, which has been extens ,1»('7\' stirveved for eraviishes, Turner
(1926: 185, and map 5. p. 184) gives nine localities for C. mbuslus
in the northeastern portion of tll(t State in Luke Eric drainages.
In addition he gives nine other Jocalitics in the Ohio River drainage.
Seven are in the Scioto River system and have been referred by
Rhoades (194402 96) to his C. D. sciofensis. Of the remaining two
10(,ahtns one is Big Jelloway Creck, given by Turner (p. 183) as
Knox County. bat thv record on his map 5 is in Licking County.
The drainage here is apparently the Muskingum River. The other
record s the OQhio 1{1\(,1, Lawrence County, at the southern tip of
the State. These last two localities may also be C. b. sciotensis.

Creaser (1931: 267-269, map 6) has plotted the range of this

species in Micliigan, [ is apparently absent from Wisconsin (Creaser

1032 336, table 1 1}. The materials on which the records for this
speeies at the pcriphcr\’ of its range arc based should be reexamined
wherever possible, This is pdltlculall} true to the south where there
are records for the State of West Virginia (IFaxon 1914: 388 and
Newcombe 1929: 285 ). Records for Virginia, Maryland and linois,
given by IMaxon (16651): 61 and 1890: 622) arc subsequently dropped
by him (LMuwon I9EL: 388).

Ortmann (1806: 392-3, 450) points out that the records he gives
for C. robustus in Maryland, Virginia and Kentucky may be a dif-
ferent form,

Fowler (1912) does not report €. robustus trom New Jersey, but
he gives no specific account of how extensive his collecting was.
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Fowler's description of C. b, bartoni seems to exclnde C. robustus
except possibly for the stalement concerning the areolas ... with
about three to five rows of punctures irregularly.” His figures (plates
100. 101 are distinetly C. b, Dartoni in shape of hand and rostrum.

Tn addition to the tvpe Jocality, the other reports of C. robustus in
Canada are mostly from near Toronto, Province of Ontario (Faxon
18850: 61). However. Huntsman (1915) reports it from western
Ontario also. Information from hoth Ontario and Quebec is much
needed inorder to define the Timits of this species as well as of
G D bartoni and O, virilis in Canadar,

Thus there s left, of yecords from the Kterature which have not
Been donbted and including the New York distribution here pre-
sented . the tollowing pictire of the distribulion of this species.
Corobwstus. s Enown at the present time, inhabits an area extending
castward to the Tadson River deainage svstem, and in the west to
Michigam, To the notth it is reported from Canada and to the
south its boundarices are poorly defined. probably ot entering the
Ohio River drainage in the State of Olio, and restricted to the
Mlegheny River and Fake Erie drainages in Pennsylvania, It is
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absent from the Susquehamna and Delaware drainages in New
York State.

A total of 15 specific locality records for C. robustus in New York
is given by Hagen (1870: 80), Faxon (1885¢: 358; 1885h: 61 1898:
649; 1914: plate 3) and Ellis (1920: 230). Creaser (1934) reports
the distribution of this species in the Raquette River system. None
of these records is in disagreement with the general pattern of dis-
tribution in New York as established by the present study.

C. robustus has apparently originated from a present member of,
or a stock ancestral to, C. montanus, and its region of origin appears
to be southeastern Ohio or western West Virginia. Irom here it has
migrated to the north and then to the east and west,

One might casily postulate that C. robustus and O. obscurus origi-
nated together in the same area, of course from different stocks.
If, in the distributional summary based on Ortmann, which I have
given under the distribution of O. obscurus and O. p. propinquus,
the naume C. robustus be substituted for O. obscurus, there is no
apparent contradiction to the line of rcasoning.

It is here suggested then that C. robustus differentiated in one
of the tributaries (the Old Monongahela) of the preglacial Frigan
River along with O. obscurus. Its dispersal, subsequent to the re-
cession of the ice, has been basically the same as for O. obscurus,
but with the difference that it has extended itself further to the
north, west and cast. This has been possible because, on reaching
the Great Lakes drainages, O. obscurus found a close relative, O. p.
propinquus, already ocenpving these areas. C. robustus, on the other
hand, although having habitat preferences similar to those of O. p.
propinquus, is much more distantly related to it and has a dis-
tinctly different life historv. It is apparently much less in compe-
tition with O. p. propinquus than is O. obscurus. To the north and
wast, C. robustus occupies nearly the same range as O. p. propinquus,
but has not extended as far west, and this is explained by O. p.
propinguus hu\'ing a more direct and carlier start in that direction.
C. robustus arriving later, at a time when the glacial lakes were
smaller, would have access to fewer stream systems,

Although C. robustus has progressed further to the north, east
and west than has O. obscurus, it does not appurently extend as
far south in the Allegheny River svstem. Ortmana (1906: 449) admits,
however. that it may be in Forest. Venango and Armstrong Counties.

It should be noted further that the relationship hetween the
present distributions of C.robustus and €. b, sciotensis is similar 1o
the relationship between the present distributions of O. obscurus
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and O. p. sanborni (see Ortmann 1906: pl. 42, fig. 3). The line of
reasoning applied by Ortmann (1906: 434-438) to the origins of
O. obscurus and O. p. sanborni may equally well be applied to
C. robustus and C. b. sciotensis. C. robustus is analogous to O. ob-
scurus and C. b. sciotensis is analogous to O. p. sanborni. Here is
evidence, in addition to morphological similarities, of the close rela-
tionship between C. robustus and C. b. sciotensis.

Ortmann (1905a: 121) places the origin of what is now the genus
Cambarus at the southern extremity of the Appalachian system of
mountains.

Cambarus bartoni bartoni
(F1GURE T)

Records of C. b. bartoni in New York are given by Rafinesque
(1817: 42, as Astacus pusillus and A. ciliaris), DeKay (1843: 22-23),
Hagen (1870: 79), Smith, S. 1. (1874: 639), Faxon (1883Dh: 60;
1885¢: 358; 1914: 383-4), Ortmann (1905a: 134; 1906: 384), Paulmicr
(1906: 134), Creascr (1934), Nevin and Townes (1935) and Good-
night (1940b: 34, 38). Creaser and Nevin and Townes discuss
distributions in the Raquette and Mohawk-Hudson Rivers respec-
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Cambaecus daden! baetont (Fodricius)
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tively. DeKay’s report gives no specific localities, but is interesting
because of its age. The remaining authors give a total of 38 specific,
at least somewhat restricted, localities. None of these is in dis-
agreement with the general pattern of distribution in New York as
established by the present study.

C. b. bartoni probably occurs throughout New York. The regions
in which it is absent on the distribution map are the Erie-Niagara
drainages and the miscellancous tributaries along the southern shore
of Lake Ontario.

Tables 16. 17 and 18 show that material is poor for the FErie-
Niagara system and furthermore, Faxon (1885b: 60) gives Niagara
(Niagara Co.) and Forestville (Chautanqua Co.) as localitics for
this species. More collecting here will undoubtedly turn up at Jeast
a few more records.

There are no records in the literature for the occurrence of this
species in the miscellancous Lake Ontario tributaries where figure 7
shows it to be apparently lacking. The New York State Museum
cravfish collection is particularly rich for this region, yet not one
specimen of the pr csent species has been collected. I thml\ the reason
for its absence here is the lack of suitable habitats, This is a lowland
area with numerous slow, meandering streams, entirely different
from habitat preferences of C. b. bartoni clsewhere. There is a
record (Faxon 1885b: 60) for C. b. barfoni at Rochester in the
Genesece River which is in the east-west center of the area in ques-
tion. Certainly there are no physical barriers to its dispersal along
the shore of Lake Ontario east and west from Rochester. One can
most reasonably conclude that it is absent because there are very few
suitable places for it to live.

The entrance of C. b. bartoni into New York was probably made
at several points. It may have entered the Hudson directly, or
through the Susquehanna into the Mohawk-ITudson by way of the
Unadilla outlet (Fairchild 1912, plate 5). Its entrance into the
Genesce could have been accomplished through a connection which
persisted through stages three and four of Fairchild (1912, plates 11
and 12), or later (stage five) by way of what are now the Finger
Lakes. The entrance of C. b. bartoni into the Allegheny River drain-
age probably took place outside of New York. From the Allegheny
it may also have entered the Genesee through the Olean outlet,

Any consideration of dispersal of this species must take into
account its habitat. As a mountain stream forny it is particularly
susceptible to dispersal by stream capture and its dispersal along
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TIIE CRAYFISHES OF NEW YORK STATE 89

the Appalachian system, independent of drainages, is evidence that
this has actually occurred.

Of the general distribution of C. b. bartoni, Ortmann (1905a:
122) states, “This species has followed, in its dispersal, chiefly in
the direction of the strike of this mountain chain [Appalachian] and
reaches now from Tennessee to Maine and New Brunswick [it is also
in Ontario (Huntsman 1915)]. Eastward it hardly descends to the
Atlantic plain, at any rate it does not spread over it, and westward
it goes as far as Indiana, always preferring smaller streams in moun-
tainous or hilly regions.”

The origin of the genus Cambarus, as already noted under C.
robustus, has been placed by Ortmann at the southern extremity
of the Appalachian system of mountains.
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OTHER NEW YORK SPECIES

Three crayfish species. Cambarus fodiens (Cottle), C. d. diogenes
Girard and C. whleri Faxon, mayv occur in New York in addition to
the eight forms already discussed. All three are members of the
Diogenes section of the genus and are burrowing species.

C. fodiens (- C.argillicola Taxon) is known from Ontario through
Ohio, Michigun, Indiana, and Hlinois (Tfobbs, 1948: 229). It should
be searched for in western and northern New York ia marshes and
temporary ponds.

C. vhleri is known from Maryland where it inhabits salt marshes
and brackish or fresh-water ditches. Similar habitats in New York
may possibly support populations of this specics.

C. d. diogenes has been reported 75 miles from the New York
border in Ohio (Turner, 1926: 187, map 6), 60 miles from the
New York border in Pennsylvania (Ortmann, 1906: 403) and 30
miles from the New York border in New Jersey (Fowler, 1912: 352).

Synonymies for these three species and descriptions and figures of
C. fodiens (as C. argillicola) and C. whleri arc given in Faxon
(18850 ). Ortmann (1906) describes C. d. diogenes in Pennsylvania.
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