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INTRODUCTION 

Of the s:ix genera of crayfishes which occur in North America, detailed 

life history studies of only four members of three of them have been made. 

Although crayf'ishes of the genus Cambarus are relatively wide spread, only 

fragmentary data relative to their life histories are available. 

The present study of Cambarus longulus longulus Girard, has been under

taken in order to determ� to what extent the life history of this member 

of the genus Cambarus is similar to those of the members of other genera of 

the Subfamily Cambarinae. The need for such a study was realized at an 

earlier time by Dr, Horton H. Hobbs, Jr. of the tlniversity of Virginia. 

1'.'hen he discovered on a collecting trip in 1946 that g. l:· longulus could 

be obtained in large numbers from SWift Run, which is near the University 

of Virginia, he immediately contemplated doing a life history study but 

was unable to  do so until 1950. In April 1950 he began a series of 

bimonthly collections which lasted until September 1951 at which time the 

project was interrupted. No further work was dore until September 1956 

when the present investigator resumed the study. Collections \'iere made 

from the same stream from September 1956 until July 2, 1957. Data from 

the collections by the author and those recorded by Dr. Hobbs have been 

combined in the analysis of the life history of this crayfish. 

<,ummarv 2f. Previous � 

The life histories of three species of the genus 0rconectes have been 

studied in detail: 2· propinquus propinquus (Cirard) by creaser (1933a) 

in Michigan, by van neventer (1937) and by Bovbjerg (1952) in Illinois; 
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.Q• immunis (Hagen) by Tack (1941) in New York; and Q• clypeatus (Hay) by 

Smith ( 1953) in Louisiana. The life history of Procambarus clarkii 

(Girard) has been studied by Penn ( 1943) in Louisiana. 

For !• clarkii in Louisiana, Penn found that in the majority of the 

population mating oc curs during July, August, September, and October, and 

that eggs are laid in August, September, and October. The eggs hatch from 

late August through November, and during the period from early May to late 

July of the following year, the young males of this group reach sexual 

maturity, molting to form I. This group of males, after apa1flling. migrate 

!:.!! � from the swamps and marshes and die either as prey or from 11old 

age •11 Thus the majority of the males have a life span of only one year. 

Those males which do not reach sexual maturity at the end of' one year over

winter a second time and live for two years spawning, hoviever, only once. 

The females follow the sama pattern as the males; they hatch in the 

fall and becon:e sexually mature in the following yoar from early May to 

late July. Several females join in the 11death-migration" vii th the males 

at the end of the first spawning season, but a number of them over-winter. 

Those that survive the winter undergo a spring molt v,hich seeras to 

reinvigorate them, and they spawn a second tine. 

Van Deventer found Q• g. propin,,uus copulating or in copulatory 

attitu:ies in September, October, November, and March. Van Deventer and 

Bovbjerg noted that laying occurs from early April to early May with young 

appearing as 11free swimmers" from the last of )lay to tlx:i first of June. 

This group of juveniles becones sexually mature in August and September 

after which mating occurs . The males remain in the first form throughout 

the winter; then from April to May these form I males molt to form II, 
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and shortly thereafter, molt again to form I, After this second adult 

molt all these males die. The life span is thus only 12 to 14 months. A 

few of the males which did not reach sexual maturity the f:irst fall after 

hatching, do not do so until the second fall when they breed, over-\vinter a 

second time, undergo two successive molts in the spring, and die at an age 

of two years • 

The juvenile females become sexually ll'.ature in August and September 

at the same time as the males . They par ticipate in the fall breeding 

season and lay their eggs from April to V�y. Soon after the young becoioo 

independent, approximately June, those females molt and die at an age of 

about lit months. If the animals did not reach sexual maturity by the 

first fall after hatching, they do not produce a brood until their second 

spring after which they molt and then die as two year olds. ,\ fe._,, of 

these feraales live for a third year, but it is not certain that more than 

a single brood is produced by any one individual. 

For juvenile and mature crayfish of both sexes no growth occurs from 

October until April. Then growth is resumed with th� im:naturo yearling 

rroup (those failing to reach sexual maturity by their first fall) molt

ing twice concurrently with the adult mles from April to June, �nd two 

subsequent molts probably occur during tm sunrner. At the seconc. spring 

molt t.he :l.mneture yearlings attain sexual matvrity. 

T�ck found th:::t Q· innr.unis mate from t'� mir-ldle of June to the middle 

of October with oviposi tion occuring from late October to early llovember. 

These eggs are retained by the females over ttinter and hatch about the 

middle of May. Growth for the males occurs until the first of September. 
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It then ceases until April at which time they molt, and at the next molt 

in July they attain the first form 'When they enter their first breeding 

season. Following the breeding season tre majority of these males die, but 

a few live through the winter and in April molt to the second form. It 

is not lmown whether arry of these males live to breed for a second time. 

The females hatch along with the males in mid-J�y and gr<1V1 until 

September. In April grcmth resumes with the immature female molt. These 

animals become sexually mture in the late sU111100r or fall and participate 

in the breeding season. Their young beconB independent in 11.ay and by late 

May the former molt then die at an age of approximtely two years. A few 

females live for three years producing young a second t ime. 

In her study of Q• clypeatus, Smith showed that females lay their 

eggs from September through December. The young hatch and appear in the 

population from October through January. In the follov..i..ng September most 

of these juveniles reach sexual maturity and participate in the September

December spawning. The majority of the males die after the first mating 

season at an age of one year, and most of the females die after their 

spring molt at one and a half years of age. A few males and females 

live to be about two years old, but none spawn more than once. 

Except for the contributions of Bovbjerg (1952), only scattered notes 

on the life histories of the genus Cambarus are available. Bovbjerg gives 

a brief outline of the life history of Cambarus fodiens, but does not 

present an y details. His main contribution is the correlation of th· 

burrowing habit o f  c. fodiens with the Tlinter freeze and the summer drying 
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of the pond under study. He also noted that ovigerous females and some 

young appear in March, and that there is a high adult mortality through

out the spring. 

� Study !!2

The life history of f. ,! . longulus was studied from September 1956 

through July 1957 from collections by the author. Much data was furnished 

for 1950-51, and for scattered months of 1946, 1947, and 1949 by Dr. 

Horton H. Hobbs, Jr. All collections were made from a stream in Greene 

county, Virginia, located near o. s. High.,,ay 33 about six miles ,.,est of 

Stanardsville, Virginia. The stream, a tributary of the James River, 

originates in the Blue Ridge Mountains near Swift Run Gap and is known as 

Swift Run. It averages about five feet across varying from approximately 

three to ten feet The average depth is about a foot with pools up to 

three feet deep, and shallow areas only a few inches. The bottom of the 

stream is sandy with some silt and littered wi�h rocks of various sizes. 

The rocks form riffle areas which alternate with quiet pools. The usual 

flow of the stream is about 1.5 ft,/sec. 

�Jong parts of the shore there are dense growths of � rugosa 

and��- Other plants found are Liriodendron tulipifera, Robinia 

pseudoacacia, Platanus occidentalis, � virginiana, Juglans nigra, 

and Acer �- Along much of the stream the shores have been cleared 

for pasturage, and cattle are permitted free access to the water at all 

times. In most of the area from which collections y;ere made very little 

shade is afforded by the 3hore vegetation, and there is little vegetation 

hanging into the waters. 
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Methods £! Study 

Collections were made periodically with an eighth inch mesh minnow 

seine, a dip net, and a square-foot bottom sampler. For most of the year 

the seine was found adequate for a uniform sampling of all groups in the 

population, but during the months when smaller animals were present, the 

dip net and square-foot bottom sampler were used in addition to the seine 

in order to sample more adequately. 

All collections were taken to the l.�boratory and the following data 

,rere recorded for each individual; weight, lengths of cephalothorax, 

areola, and chela, and length and Y1idth of the palm of the chela. In 

addition, ovar.ian studies were made of a representative portion of the 

females. Other data such as recent molts and the presence of cement 

glands were noted. After all data had been recorded, the remaining animals 

were returned to the stream except for the lest collectioP� (J�, 1957) 

which was preserved in 70% alcohol, 

The crayfish collected in November and December of 1956 were marked 

by cutting a deep 11V'' notch in the lateral ra:ims of the left uropod and 

then returned to a particular place in the stream. 'l'his was done in 

order to determioo whether or not molting occurs during the �inter oonths 

aoo to what extent the animals remain in a restricted portion of the stream. 

In order to determine if a correlation exists between the length of 

the carapace and the weight of tho animal, and between certai� other anatomi

cal features, a regression lino was �alculated for each set of characters. 

Distribution of� Subspecies 

The range of .Q_a� longulus longulus extends f'rom the southern 

headwaters of the Rappahanock River in Greene County, Virginia, southward 
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to the upper Yadkin River in North Carolina, Within these limits it lies 

bet,veen the Allegheny .Mountain s and too middle piedmont province. 

Habitat 

Cambarus ]; • longulus is found only in flowing water, and usually only 

in rather swift portions of the stream. In Swii't Run this subspecies is 

found al most entirely in the riffle areas or immediately above and below 

them in the shallO'fler swift waters under or among the rocks . Only occasion

ally are the adults f ouni in the deeper pools or the slow moving watere 

close to the shore. Although adults for the most part stay in the swifter 

viaters, the young in habit the quieter waters of the shore • 

Also occuring in Swi!t Run is Cambarus bartonii bartonii (Fabricius) 

an d Cambarus montanus acuminatus Faxon. These animals are found mainly 

along the quiet shallow shores and in the pools • 
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THE LIFE CYCIE 

� of Ovulation and Embryonic Development 

In Swift Run the females lay their eggs from l ate April to the 

middle of July. Females with eggs were found in the April 24, April 29, 

May u, May 10, and May 29 collections of 1957, and in the June 22, July 2, 

and July 19 collections of 1950. Parish (1948) found ovigerous females 

in A.pril, May, and July of 1948 in Virginia but does not specify the 

localities. Five females with eggs were observed in Maple Creek at Steele•s 

Tavern, Virginia, on March 24, 1950. This locality, however, is at a 

lower altitu:le than Swift Run. 

From the available data it is impossible to determine lli.th certainty 

the length of the egg carrying period and the length of depeooency of the 

young Considering the 1957 data alone, it was noted that the f irst females 

found with eggs was on AJril 24, and the last was on May 29. Also, in the 

May 10 collection the oricy females of mature size collected were carrying 

eggs. Then on May 29, several mture sized females not carrying eggs were 

collected all of which showed definite signs of having recently molted, 

and no cement glands were visible. Upon dissection, the ovaries were 

found to be small and contained small white eggs. From this information, 

a period of at least thirty-five to forty days would have been required 

for the eggs to have been laid and hatched, the young to have become inde

pendent, and the mothers to have molted. It may be postulated that 

allowing two weeks for the young to become independent and another for 

the mothers to molt, the period of development of the embryos would be 

approximately three weeks. 
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� 

The young hatch from April through July and according to Osborne 

(1951) newly hatched crayfish are between 2.5 and 3.2 llDll. carapace length. 

They are attached to the pleopods of the mother by the "telson thread11 

as explained for orconectes limosus ( = Cambarus affinis) by Andrews ( 1895). 

Soon after hatching they molt, arxl attain a carapace length of ).5 to 

4.2 lllI1l. and remain with the mother (OSborne, �· �.). At the second 

molt, after 11hich they become independent, their carapace length is 5,0 

to 5, 9 mm. (�. ) • These young should first appear in the population in 

May but no speciirens of this size have been observed in May or June, but 

were observed, far the first ti.lie, in the July collections and are found 

also in the August, September, OCtober, and November collections • This 

is believed to be a result of inadequate sampling rather than their absence 

from the population since newly-molted nature females are found in M3y. 

Their young, assuming that they produced a brood, obviously have become 

independent before this molt. 

The young undergo an undetermined number of molts (estimated by 

Osborne {1951) to be six to eight) and by mid-July have a carapace length 

of 10 to 15 ram. (Figures l am 3). They remain this length until Septem

ber at which time they attain a length of l3 to 17 mm. No more growth 

occurs through the winter. In late April or May -n apparent single molt 

results in a carapace length of 16 to 19 mm. In August or September an 

additional molt occurs whereupon the carapace length reaches 18 to 21 mm. 

and the animals become sexually mature, changing from the second form to 

the first form. Thus sexual maturity is reached vihen the males are 16 to 

17 months of age. Vii t b this 11maturi ty" molt, growth ceases until the 
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follovting June or early July. At this till8 the form I males molt to form 

II with a carapace length of 19 to 22 llllll. In late August or early septem

ber these second form males molt back to form I in preparation for their 

second breeding season. At this molt they attain a carapace length of 

about 22 to 25 :ram., some perhaps reaching a length up to 28 .2 llllll. which is 

the maximum length recorded for the subspecies at this locality. After 

their second breeding season most of the males die during the late spring 

or early summer of their 25th to 28th month. It is possible that som;: few 

undergo an additional early summer am late summer molt and participate 

in a third breeding season. There is, however, little evidence to support 

this possibility; on the contrary, there is good evidence that only two 

breeding seasons exist for any ooo individual as discussed under "Testicu

lar Development." 

It is believed that this group of large crayfish (25 to 28,2 mm. 

carapace length) represent that segnent of the young which were hatched 

late in the summer and hence did not attain a carapace length of l3 to 

17 mm. by September. The majority of these animals probably form the 

upper parts of the 10 to lS DmJ. group of the following July and the l3 to 

17 mm. group of September and do not reach sexual maturity at the end of 

their second fall but in the next fall at 24 to 26 months of age. These 

males would be expected to be in the upper part of the 19 to 22 mm. group 

at .that time. The spring molt would increase their length to 2:? to 25 mm.,

and at the fall molt they should b� in the 2S to 28.2 mm. group hence 

accounting for these larger specimens which occur sparingly in the popula

tion. Some of the group that hatched in the late summer probably become 

sexually mature at the end of their second fall at an age of 14 months. 
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This assumption would account for the small (16.8 to 19 mm. carapace 

length) first form males that are fo1n1d in September and May, 

It is seen that the majority of the males live for 36 to 37 months 

and probably breed twice (once during their second year and again in their 

third), and die the following siring. The larger first form males that 

appear in the population in September were probably hatched late in the 

smnmer. They reach sexual maturity at the end of their second year, breed 

then, and again at the end of their third year, and die the follo'wing 

spring at an age of three and one-half years. 

Females 

With few exceptions the life cycle of the female is similar to that 

of the male. The females, along Tlith the males, are hatched from late 

April to mid-July. In July the major group has attained a carapace length 

of 10 to 15 mm. (Figure 2), am by September this length has increased to 

12 to 16 IIUII. No growth occurs during the winter. In � the females molt, 

attaining a carapace length of 15 to 19 rmn., and in J\1l3 and August 

another molt increases the length to 18 to 22 mm., at which t ime sexual 

maturity is reached (16 to 17 months). This length is maintained through 

the winter am until after their first brood of young have becon:e indepen

dent in the spring. At the spring molt the length increases to 21 to 25 mm. 

No other molts occur during the summer or fall. The females breed again, 

produce their secom brood the following spring, and may or may not undergo 

the spring molt before the majority die at an approximate age of three 

years. The young that l'tere hatched in late SUIIIIil'r do not appear to reach 

sexual maturity until their third fall at an age of about 26 months. At 
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this time they should occur in the upper segment of the 18 to 22 mm. 

group. At this carapace length they produce their second brood and at the 

spring molt should attain a carapace leng th of 2S to 28 mm. and die by 

September. on:cy a few females with a carapace length above 26 l!Dll. have 

been found and these in June and August. This could account for the large 

size of a few females without assuming a third breeding season for some of 

them although this possibility should not be excluded. 

Of the one hundred and three crayfish which were marked and returned 

to the stream in November and December, one was recovered in January and 

seven in March, a total return of 7. 8%. None of these animals had molted 

during this period of time, and all were caught from the same area in which 

they had been released. Since, however, the returns were so small, one 

could not predict the extent to which an animal moves from one place to 

another in the stream. From this evidence of lack of molts in winter, and 

from the fact that the distribution of size groups in the population 

appear to be the same in Uarch as in the preceding October (Figures 1, 2, 

and 3), it is strongly believed that no molting for any group occurs dur

ing the winter months . 







Figure 1. The monthly size distribution of male Cambarus longulus 

longulus utilized in this study. 

Circles represent the specimens collected in 19SO. 

Triangles represent tr£ specimens collected in 1951. 

Squares represent the specimens collected in 19S6-S7. 

Solid figures represent second form males. 

Open figures represent first form �ales. 

The radii represent the length of the carapace in mm. 
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Figure 2. The monthly size distribution of female Cambarus longulus 

longulus utilized in this study. 

Circles represent the specimens collected in 1950. 

Triangles represent the specimens in 1951. 

Squares represent the specimens collected in 1956-57. 

The radii represent the length of the carapace in mm. 
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At the begin.�ing of the ovarian studies on September 15, the color 

(Ridgway, 1886) of the eggs was raw umber and they averaged 1.38 mm. in 

diair.eter. The eggs of juvenile females were all white and had an average 

diamet:er of 0.37 mm. The largest female found 'ffith egcs characteristic 

(white and averaging 0.37 m. in diar:ieter) of the juvenile fei:alos had a 

carapace length of 17.6 m,, and the smallest female found �ith eggs 

characteristic of the mature females had a carapace length of 18,2 =·

Thus 18 DIDI, carapace length is used to separate, arbitrarily, the mature 

and juvenile females. 

On September 26 the color of the ovarian eggs of too mature crayfish 

ranged from raw Ulllber to olive, and tre diaooter had increased to 1,63 m.'11, 

Eggs of the juvenile femD.les ,:ere T.ilite and averaged 0,40 llDll, in diameter. 

In the October l3 collection the color range of the eggs of the adult 

females was the same, but there was a so:newhat greater shif't toward the 

olive; the diameter had increased to 1,81 mm. The eggs of the juvenile 

females were white but had increased to o.47 un. in diameter. By December 

21 all eggs of the adult group had becom dark�r in color ranging from 

olive to black. The majority af the eggs were blac�. The diameter had 

increased to 2,36 mu. which seemed to be about the size maintained until 

the eggs are laid. For January 29, February 18, �ch l3, and N,,I'il 7, 

it can be seen from Table l that little change occurs in the diameter of 

the eggs. 
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Table 1 

Avarace Diameter of ovarian Eggs 

nate 

September 15, 1956 
Septeci:>er 26, 1956 
octol>F r 13, 1956 
Tlecember 21, 1956 
January 29, 1957 
February 113, 1957 
"u-ch 13, 1951 
April 7, 1957 
July 2, 1957 

Adult 

1.38 
1.61 
l.81
2.36
2.30
2.42
2,29 

2.30 
0.69 

Jwenile 

0.37 
o.40
'J,47

0,45 

In the collections of Uay 10, �ay 29, and June 7, all non-ovigerous 

femles of' a mature size had very small ovaries containiug cnly small 

white eggs vary similar to those of juvenile females. on Ju4' 2, 1957, 

tile eggs averaged 0.69 l:l'll, .in diameter and were cream color to t;aples 

yellow in color. One female llith a carapace length of 24.2 mm. obviously 

had not molted, but had small gastroliths (evidence of an approachi� 

ecdysis). No cer.ient glands v;ere present, no egg membranes were attached 

to th� pleopods, and the ovary contained eggs of a gallstone yellow that 

were only 0.85 i:o. in diu.eter. This suggests an abortive attempt on the 

part of an aging fer.we to produce an additionlll clutch of eggs, p;1rticu

larly in view of the fact that there was no evider.ce of resorption of the 

developing eggs. V1hatever the explanation, too usual p)vsiological activi

ties associated Tlith the reproductive cycle were ut of phase. 

In the July collection it was noted that the ovaries of females with 

a carapace length of 18 am:. or greater contained eggs that T1ere distinctly 

larger than those of the fe.:iales ,nth a carapace length less than 17 mm. 

Hence deutoplasmic deposition in the oocytes of the juvenile females which 

will molt to maturity in the fall, as well as those females that have already 





-15-

produced one brood, seems to begin in June or July. 
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NUMB n OF OVARIAN EGGS 

'"'here is considerable variation in the nll!IIOOr of egfs found in the 

ovaries of different specimens, but the scatter diagram represented in 

Figure 4 indicates t!iat a relationship exists betr.een the size cf the 

female and the nu ber of eggs produced. The scallest number of ovarian 

eggs was 30 f'ro:u a fair.ale u:asuring 13.2 lll!il. carapece length, and the 

largest number was l29 from a female with a carapace length of 26 .5 mm. 

Egg counts fro.u only four ovigerous females are available, �nd f'rom 

thane limited data there appears to be a marked reduction in the number 

of eggs affu:ed to the pleopods froa the nUlilber observed in the ovaries 

of females of comparable sizes i:rior to ovulation Forty-five is the 

largest number of eggs found attached to the pleopods and this on a female 

the carapace length of -which us 20.5 mm. This number agrees vory well 

with the ovarian complement, but in the other three cases tho m.ll"..ber in 

each clutch was a.bout half that of tr.e ovc:.rian number in ::pecir.iens of 

simil;r sizes. The factor, or factors, respo�ible fer this observed 

reduction in number is r:ot kno-r.n. 'Jpon exarni:;a tion of tho ovaries of 

females that had ovulatgd recently, howevsr, no iooication of �et�ntion of 

eggs was evident. Penn reported that four .fe'llales of g. clarkii that

ovulated in captivity failed to extrude all the ovarian eggs, and �mith 

noted that large eggs �3re foun� in sol!J3 fe!!l!llee of Q· clypeatu.s after the 

main laying season �ae over. She concluded t.,at these eg&s �ere resorbed. 

The only irxlication of resorption of eggs inf· .!:· lonrulus was in the 

fall, several months Wi?r to the period of ovul,tion. 







Figure 4. A scatter diagram indic3ting the numbers of ovarian egge in 

sexual� mature females of different sizes. 
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TESTICUIAR DEVEU>PMEf�T• 

In males with a carapace length between 11.4 and 15.4 mm., the 

testis is not separated into distinct lobes but is heart-shaped (Figure 5). 

As the animal increases in size, with a carapace length up to 19.2 mm., 

the testis be cones distinctly trilobed as seen in Figure 6, and opaque 

spots are present at the junction of the three lobes • These spots are 

concentraticns of acini in which spermatids or spermatozoa are present; 

no sperm, however, are present in the vasa deferentia. After the sperma

tozoa are transferred to the vasa deferentia, in preparation for the first 

breeding season, that portion of each lobe of the testis which produced 

them degenerates to form a slender stalk as seen in Figure 7 (Word, 1954). 

With the apiroach of the second breeding season the stalk is lengthened by 

additional degeneration. Therefore, within limits, the length of the stalk 

may be indicative of the number of times sperm have been produced and hence

of th!l number of  breeding seasons. 

In Figure 7 the stalks are seen to be about half as long as those in 

Figure 8 and the testis from which the latter figure was drawn must have 

produced spermatozoa a second time. Since no testis has been found with 

stalks three timee the length of those in Figure 7, it is believed that 

sperm are produced no more than twice and thus no individual has more than 

two breeding seasons. 







Figures $-8. outli.r.e drawings of the testes of crayfish ,nth carapace 

lengths of 13.4 mm., 19.2 mm., 20.2 "lm., 28.l mm., 

respectively. 



FIGURE 5 

FIGURE 6 

FIGURE 7 

IMM 

FIGURE a 
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COPIJI.ATION 

Van Deventer (1937) found .Q• E• propinquus copulating or in copula

tory attitudes in September, October, �ovember, and !.larch. Tack (1941) 

found that .Q• irmnunif> copulate from mid-June to mid-October, and Penn 

(1943) noted that for E· clarkii mating occurs most frequently in July, 

August, September, and October, but ". • , may occur whenever mture males 

(form I) and females corm together in shallow warm water. 11 £· l:• longulus 

has not been found copulating in nature but observations of copulation in 

the hboratory have been made in March and April. ( Parish 1948, and Hobbs, 

personal communication) . 

Parish (1948) gives the following description of copulation in this 

subspecies. "The male had moved forward over the supine female and held 

her first two pairs of pereipods firmly with his large chelae. The 

female appeared completely passive showing no signs of life and having the 

abdoiren tightly bent so that her telson approached the LJst thoracic somite. 

On the other hand the abdomen of tl:e 111Blf'J curved forward enclosing that of 

the female posteriorly. Throughout the process of copulation the male's 

excitement was manifested by the ?.ater currents around the cephalic portion 

of his body as a result of rapid movel!lents of the ma.xillipeds. Immedi

ately following tho abrupt termination of the process in which the male 

suddenly l!IOved backl'lard releasing tho female , , •" 
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BURRO�ING HABIT AND SEX RATIO 

U th the on.set of cold weather, usually in October in this locality, 

.£• 1· longulus burron for tho winter, during which time onzy a very few 

specinens can be obtained. Attempts were made to open the burrows, but 

due to the extre!ll:l rocky condition of the stream, these resulted 1n 

failure. In view of the fact that during the several years that £ . .!• 

longulus has been observed at relatively regular intervals at Swift Run, 

and that no one has observed them in copulation , except in the laboratory, 

it 1s suggested that this is accomplished during the period (October to 

rtarch) when the animals are in their burrows. Among other species of cray

fishes, Hobbs (personal communication) has observed that frequently a 

male and a feL,ale occupy the same burrow. That £. 1: · loflilulus may also 

over-winter in pairs seems possible in view of the fact that copulation 

in their native habitats has never been observed. 

It may be inferred from Table 2 that more individuals are present in 

the 1tfree 11 population from April through July than during the winter 

months. Also it may be seen that a higher percentage of males than females 

occurs in the water during this period. The females almost certainly stay 

in the burrows fron the time of ovulation until after they have molted. 

Evidence to sup}J(>rt this contention is found in the sex ratios for April, 

May, am July. A predominance of males is found in May with the numbers 

tapering for April, June, and July as seen in Table 2. It will be noted 

that during the middle of ''ay toore is an overwhelming ratio of males to 

females, 380 males to 100 females; a ratio of 555 males to 100 females 

using sexually mature animals only. 
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Further evidence to support the belief that females remain in their 

burrows until after the young have been liberated is that of the 2055 

females which have been collected in Swift Run, on� 26 were carrying 

eggs am 7 were carrying young, and these wore found with considerable 

difficulty. In too April 24, M:3y 4, and May 10 collections of 1957 the 

only mature females collected were carrying eggs, and in the l!ay 29 collec

tion of the same year, the mature females not carrying eggs showed definite 

signs of recent molts. Al.Bo in the June 7 collection all females of mture 

siZe had molted. It is of interest to note that in the J� 2, 1957, 

collection there were a few adult females which had not yet molted although 

none were found with eggs or young. Those females which had not molted 

had small to mdium sized gastroliths in tbs stomachs indicating a molt 

in the near future. It is probable that this group of females had 

ovulated later than the majority of animals and their young had recently 

become imependent. 

The overall sex ratio based on 4525 specimens is 120 rw.les to 100 

females, and using mature animals tho sex ratio is 109 males to 100 females. 

Excluding the months of V.ay, June, and July, when the females are obviously 

in their bwrOlfs, the sex ratio is 99 males to 100 females. This ratio 

seems more accurate. 





Ta':l!: 2 

Analysis of S'l'lift Run Population of 
Cambarus longulus longulus with Sex Ratios 

� . . 
� I am m 

<O <O HO.. a°' � 11),-i CO .-i (I) H,-i .-i C/) Q) Q) 
.-i ,!l H 

r-1� r-1 � Cl) It 
�� 

r-1 Cl) r-1 0 
m.-i � 0 ,� �� ,� ':j Date Q) Q) Q) ,t:J 0 Q) 

� Q) �� 0 ,l'I' 0 COI=. IX) "-'< e-, r,.. - er: e-,_ e-, i:i:: 

1/29/57 0 7 7 1 8 9 l.28

2/14/51 0 24 24 5 8 l3 0.54 
2/18/57 0 9 9 1 4 5 0.55 
2/27/51 0 8 8 l 6 7 0.87 

Feb. Totals 0 41 41 1 18 25 0.61 

3/4/50 20 91 ill 34 47 81 0.73 
3/l3/57 5 12 17 5 16 21 l.23
3/17/51 4 27 31 6 10 16 0.51 
3/31/51 4 9 l3 4 10 14 1.08 

Mar. Totals 33 139 172 49 83 l32 0.11 

4/7/57 6 4 10 2 2 4 o.4o
4/11/51 4 3 7 
4/24/57 17 0 17 14 5 19 l.12
4/29/51 - 6 5 11 
4/29/50 50 19 69 57 4h 101 1.48 
4/30/50 7 0 7 10 10 1.43 

Apr. Totals 80 23 103 93 59 152 1.48 

5/4/51 5 l 6 4 3 7 l.16
5/1/50 26 10 36 34 31 71 l,97
5/10/51 4 2 6 5 19 24 4.00
5/21/50 9 ll 20 15 61 76 J.80
5/27/51 40 8 48 34 24 58 1.21 
5/29/57 14 18 32 30 20 50 l.56

Uay Totals 98 50 148 122 164 286 1.93 

0 ,!l 
0 

Q) +> c.. 

cd f' tl:: 0) 
� +> � 
��I 

l,14 

0.33 
0.4h 
0.75 

0.4h 

0.52 
1..33 
0,37 
l.ll

0.60 

0,50 

2.31 

2.57 

3.00 
3,10 
9,50 
5♦55 
3,00 
1.11 

3.28 

J. 

i � 
:z:i 
.-i.,; 
.s (J 
oli e-, Cl) 

16 

37 
14 
15 

66 

192 
38 
47 
27 

304 

14 
1 

36 

170 
17 

255 

13 
107 
30 
96 

lo6 
82 

434 





Table 2 - Continued 

6/7/57 10 16 26 19 11 30 1.15 0.69 56 
6/11/51 24 33 57 57 21 78 1.37 o.64 135
6/22/50 12 hl 53 37 32 69 1,30 0,78 122 

6/23/51 31 23 54 23 27 50 0,93 1.17 104 

Jun. Totals 77 113 190 136 91 227 0.93 0.81 417 

7/2/50 8 23 31 16 30 46 1.48 1.30 77 
7/2/57 29 53 82 37 187 224 2.62 3 .55 301 
7/19/50 51 82 133 112 65 177 1.33 0.79 310 
7/19/51 24 26 50 10 38 48 0.96 1.46 98 
7/29/51 3 16 19 10 l2 22 1.16 0.75 4l 

7/30/49 5 16 21 5 13 18 o.86 0.81 39 

Jul. Totals 120 216 336 190 345 535 l.59 1.60 872 

8/5/50 43 52 95 27 14 4l o.43 0.27 136 
8/9/51 l2 47 59 15 4l 56 0.95 o.87 ll5 
8/19/50 39 62 101 80 44 124 1.23 0.71 225 

Aug. Totals 94 161 255 122 99 221 0.87 0.61 476 

9/3/51 47 40 87 52 36 88 1.01 0,90 175 
9/6/50 65 69 134 80 54 134 1.00 0.78 268 
9/8/46 2 l2 14 5 10 15 1.07 o.83 29 
9/12/56 13 20 33 l2 36 48 1.45 1.80 81 
9/16/51 3 13 16 6 8 14 o.88 0.62 30 
9/18/56 32 39 71 36 58 94 1,32 1.49 165 
9/20/50 24 87 111 42 117 159 l.43 1.34 270 
9/26/56 1 37 38 10 24 34 0,90 o.65 72 

Sep. Totals 187 317 504 243 343 586 1.16 1.08 1090 

l0/11/50 20 50 70 35 56 91 1,30 1.12 161 

10/13/56 11 19 30 12 23 35 1.17 1.21 65 

10/l4/h9 8 48 56 17 34 Sl 0.91 0.7l 107 

10/29/50 20 33 53 26 29 55 1.04 o.88 108

Oct. Totals 59 150 209 90 142 232 1.11 0,95 4.41 

11/8/49 l 6 7 6 6 o.86 1.00 13 

11/12/56 15 32 h7 11 24 35 0,74 0.75 82 





Table 2 - rontinued 

11/21/50 .3 8 ll 6 4 10 0.91 0.50 21 

Nov. Totals 19 46 65 17 .34 51 0,78 0.74 116 

12/21/56 25 25 12 12 o.48 o.48 .37 

GRAND TOTAIS 767 1288 2055 1070 1.398 2468 1.20 l.09 4524 

* In this table masuremnts in mrn. = length of carapace.
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GRO'f:TH COHRiLATION 

The regression lines in Figures 9 through 18 were obtained by Least 

Squares in order to determine if a relationship exists between the length 

of the carapace and the following: the length of the areola, the length 

of the chela, the length of the inner palm of too chela, the width of the 

chela at the palm, and the weight. 

Figures 9 through 13 are regression lines based upon females and 

Figures 14 through 18 upon males Females do not exhtbi t dit'lOrphism and 

hence no dietinction was made bet�een juveniles and adults in the construc

tion of these graphs. The males, hOll'ever, do show dimorphism and they 

were separated into second form mles,which included both juveniles and 

adults, and first fora males. 

Since no first farm males found in Swift Run ha� a c;irapace length 

less than 16 .8 =•, broken lines are utilized for foM I males belov, this 

length. These broken lines lTould be the hypotoot1.cal growth correlations 

if such first form males existed. A solid line is used above 16.8 lll!II. 

csrap,1ce length. In July and August, form I males molt to second form and 

are in these two !'lOnthe as large as first form males. Thus a solid line 

is utilized throughout to represent second form males. The differences in 

the slopes of the regression lines for the first form and the oecond form 

rales is indicative of allometric growth as the animal£ reach sexual 

maturity. 

For each graph, the regreesion line was constructed from the ordinate 

intercept (j) and the slope (x) which are given below. In addition, the 

correlation coefficient (r) it also riven for each. The data for first 
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and second farm males were combined and values were calculated. Graphs 

were not constructed for the combined data for all males J however, the 

data are presented here in the text, because they indicate that even 

though allometric growth bagins as the animals approach sexual maturity, 

there is still a high degree of correlation for all characterist�cs when 

the data for both forms are combined. 

� 2• Correlation be�en the length of the carapace and the 

lenp:th of the areola for the females. 

NW!i:>er of specimem - 329 
Y = -.4578 f .J823x 
r = .9953 

� lQ. Correlation between the length of the carapace and the 

width of the chela measured at the palm. 

tJumber of specimens - 329 
y = -1,7175 / .J8?Lx 
r = .62LO 

1\'hen a scatter diagram is "lade, the line in Figure 10, instead of 

being straight, curves upward at approximately a carapace lengt,h of 18 mm. 

Since this is about the size of the females when sexual maturity .Ls reached, 

this graph seems to indicate a difference in growth rates, at least in the 

width of the chela, for immature and mature females. This, however, is the 

only graph that so obviously iooicates the grollth differential. Also this 

is the only graph in which the correlation coefficient :ls relatively low. 

Figure 11. The regression line in this figure indicates the r.orrela

tlon b�ween the length of the carapace and the lenBth of the palm, 

n:easured al?.ng the inner m,:.rgln, for the females. 
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Number o� speci111t,ns - 329 
y :: -. 1160 I .290Jx 
r = ,96';7 

� B. The correlation bebeen the length of too carapace and 

the lengtt, of the chela of the femaleo . 

Number of spec!lllPns - 329 
y = -1.6651 / • 7750x. 
r = ,9814 

Fif:'l)re ]3. The correlation betl'l'Con the length of the carapace and 

the ,:-eight of the females. 

Number of specimens - 181 
y: -4.nn I ,3343x 
r = .9525 

Figure 11.,. The correlation between the length of the carapace and 

the weight for the first form am seccn::l form males. Data for the total 

males are also given. 

Hale I: 
.�umber of specimens - 123 
y = -8.0132 / ,5412x
r = .9659

Male II: 
Number of specirnen.s - 93 
y = -2 .9135 /. .2581.x 
r = ,9328 

Total malc-s: 
t'umber of sp;,ci�tms - 216 
y = -5.9701 I .lml9x 
r = .9552 

Figure lS. The correlation betv.een the length of the carapace and 

the length of the areola for first form am secorxi form mles. The data 

for the total males are also given. 
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!lalo t: 
Number of specimens - 202
Y = -1,0592 i ,4126x
r = ,9778 

Uale It: 
Numb r of specinens - 159
y = -,27q9 � ,3705x 
r ; ,9917 

Total males: 
Numb r o_ specii.18DS - 361 
y = -,Mlu I. ,38lb: 
r = ,9941 

� 16. '!'he cor:.·el::?tion bet'lleen tre longth of the ca:apace and 

tr.e width of tl-.e chels fer firs� ar.J ::-co�d form cules . The data for the, 

total males r.re also given. 

•�e I:
,lumber of specimns - 202
7 = -4 .h8L3 � .6017x
r = ,9112

!:ale II: 
lu:JOOr ;;,f s;,eci..ims - 159 

y = -1.6556 I ,3993x 
r = ,97;6 

Tota.1. males: 
lU11:b<Jr of spec' &311.s - J61 
9' = -3 .4;i2 I .5404x
r = ,9655 

� 17. The correl.at ... on b.itween the length of the carapace and the 

length of too palm, measured along thd im1er margin, for the f lrst form 

and second form males. Data 1or the total males are also given. 

'.J.le i: 
Number of spocilll8ns - 202
'y = -J.S3o6 I .4?6JA 
r = .�018 





-26-

"ale Ir: 
'l\..:.':lber of specimens - 159 
y = -,6255 f ,2920X 
r = ,9755 

"'otal males :
Number of specimens - 361 
y = -2.oL62 f .4o53x 
r = ,9585 

� 18. The correlation between the length of the carapace and

the length of the chela for first foTl:I and second forra males. Data for 

the total nales are al!lo given, 

l�le I:

l'u."llhE'r o-r sped rneru: - 2'12 
y = -9,6479 f l.317bx 
r = .9599

"�le IT: 
l unber of spec' ,ns - 159
y = -1.5333 � ,7944.� 
r = ,9839 

Total males: 

r,U..'llb •r of specirens - 361 
y = -5,J"lQ f l.0916x 
r = .?70J 







Figures 9-18. Regression linef; sho11ing cor::-elat::.ons betl-ieen the data 

::.ndicated. See pp. 22-26 for explanations . 
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SUJOO.RY 

Cambarus longulus longulus is  found only in flowi11f1 water and 

usually in the swifter reaches of a stream. 

The females lay their eggs from late April to mid-July. The eggs 

hatch in ap:i;roximately three weeks with the young appearing from ••ay through 

July. t;e11ly hatched crayfish are between 2 .5 and 3 . 2 m. carapace length. 

They are attached to the pleopods of the mother by the ntelson thread". 

At their first molt they remain with the mother, but become iooepeooent 

after the second molt. 

By September the majority of the young males attain a carapace length 

of 13 to 17 lil.'!l. Growth then ceases until April or 11a,y when a carapace 

length of 16 to 19 mm. is reached by an apparent single molt. In August 

or September an additional molt occurs at which time a carapace length of 

18 ton tun. is attained, and the animals become sexually mature at .in age 

of 16 to 17 months • They then enter their first breeding season. In the 

folloning June or early July the form I malee molt to form II with a 

carapace length of 19 to 22 mm. These form II males molt back to the 

first form in August or early September in preparation for their second 

breeding season. At this molt they attain a carapace length of 22 to 25 

mm., with some presumably reuchine the maxi1mm length of 28.2 mm. After 

thsir secooo breeding season, the 111&jority of the males die during the 

late spring or early swmner at an age of 25 to 28 months rt is possible 

that a few males r.iay participate in a third breeding season. 

The females, v.hich hatch from late April to mid-July, attain sexual 

maturity in September of the following year at an age of 16 to 17 months; 
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the carapace length is approximately 18 to 22 mm. This length is min

tainod until their first brood of young have becoue independent in the 

spring• At tho spring molt the carapace length increases to 21 to 25 mm. 

At this length they produce their second brood in the following spring, 

and may or may not undergo the spring molt before too majority die at an 

approXimate age of three years. A few females may live to produce a third 

brood. 

Development of the ovarian eggs of females which have produced one 

brood, and of those females which will become sexually mature at the late 

August or early September molt, begins in June or July. In July the 

diameter of the eggs of these two groups averages 0.69 mm. and their color 

is cream color to Naples yellow. By necember most of the eggs have become 

black and the diameter averages 2.36 mm. Both this color and diameter of 

the eggs seem to be maintaired until they are laid. 

Copulation �robably occurs in March and April. 

About Qctober in this locality all of the crayfish burrow for the 

winter. 

The sex ratio based on 4525 specimens is 120 males to 100 females. 

Hor.ever, excluding the months of l!ay, June, and July when the femal•s are 

obviounly in their burrows, the sex ratio is 99 males to 100 females. 

The correlctions between the length of the carapace and the length and 

width of the chela, the length of the inner palm of the chela, and the 

weight of the animal are found to be high. 
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