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I. IN'lRODUOTICl4 

A quantitative study of th, production of a macroscopic 

benthic invertebrate that serves as a 1111jor food item tar 

game am/or predaceous fishes contributes to the knowledge 

necessal"y for answering basic qusstions on fish production 

and yield to fisharmen. The present study is also 1.Jllpartant 

1n ad~ new intar• tion on food.chain ralationshipe in 

•rl lakes. The invertebrate studled is one of the common 

crayfishes ot Michigan, Orconectee Yirilis (Hagen). 

Th1B report deals with the mortality, seasonal production, 

and rate of population turnover of this species. 

Heretofore scne st11d:l.es ot crayfish lite bistOl'y and 

utiJEtes of standing crops have been made 1n aballow ponds, 

often artifioial.ly enriched by Mn (e.g., Tack, 1941, Ooellner, 

194.l). Hovever, few published data ... a-nUable on the 

quantitatiff asi-ot. of crayfish i:roductivity and resilience 

to predation in natural lentic emiroi'Dn9nts. Thia study aim.a 

at presenting an accurate description of the varioua character

istics or a crayfish population in a natural lake in northern 

Michigan and prey-predator relationahipe between crayfish and 

the brook trout, SalTelinus tontinalia. 

II. SUMMARY or THE LIFE HISTORY OF o. vi.rills -
Orcomctes virilis was placed in the genus Faxonius by 

Creaser (1933) and eQ"lier by any others in the genus 

CamlMlrus. It is an abundant species in the streams and lakes 

of Michigan and is often found in association vith .Q• p;ropinquua. 

Tbsse tvo species are lll0St populous in well-oxygenated, 

l 
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clear, cool water stream.a with rocky substrates but may alsa, 

be quite abundant in clean lakes and ponds. Two other cray

fishes encountered in lakes in Michi gan are O. irru-nunis ., in

habiting stqgnent ponds with a~ft mud bottoms, qnd Cambarus 

diogenee, dwelling . 1n lakes durin~ the breeding seqson but 

uau.qlly occurring in burrows, sometimes at a considerable 

distqnce from the open water. 

Only O. propinguus and o. virilis, are important faunal 

components of the great m9jority of fish producing habitats 

since they do not burrow or leave the open water. The life 

histories of these two species have many similar features 

(Table 1 ) . 

Despite the several casual references in the literature, 

no detailed account of the life history of O. virilis has 

been published. The account by Steele (1902) is said to be 

that of o. naie and not O. virilis (Creaser 1933). The life 

cycle of O. virilis in northern Mi chi gan may be summarized 

qe follows: 

Breeding takes place from July to October but the fer

tilized eggs are not laid until the next spring from lqte 

~pril to early May. Eggs are carried b y the female on her 

pleopods for six to ei ~ht weeks before hatchin g . The youn g 

hatch in June and have a carapace length of from ~-5 to 5 .1 

mm. The y leave the pleopods of the female after Bbout a 
·- - - - :.. -2 : 

week at a length of approximat e ly6 mm. They undergo severBl 

molts during the s umm~r ~nd by the end of October the y 9.re 

mostly between 15 and 20 mm. in carapgce leng th. Sexual 

maturity is Attained in the month of Jul y of the sec o nd grow-



TABLE 1 

Comparative summGry of selected features of the life history of two 

species of crayfish of the genus Orconectes (= Faxonius) 

FeiJture 

1. Eges laid 

2. Number of young 
per female 

J. Hatching date 

4. Broods per lifetime 
per female 

5. Life sp.~n 

6. Growth rate per ye~r 
in mm. (carapace 
leneth) 

7. Size st maturity 

3. l\c ti ve period 

S . Adult molts 

10. M~ting period 

11. ~rincipal food 

·est 

propinq uus 

October to November 

5 to 250 

April to M.'1J 

Usually one, certain indi
viduals may heve two 

M8ximum is two ye~rs, two 
seasons of growth for m~turity 

0 
9-2~ 

17 mm. 

D.9yt ime 

1 
20-30 

Max. (Mich.) 
35 

Two for mAlos, one for females 

July to October 

~quatic vegetation 

Femal0s 

vir:tlis 

April to l'-'fay 

1 to 220, aver~ging 83 at 
sge 2, 107 st 8ge 3 

June 

Usually one, about 15 per 
cent of these survive to pro
duce a second brood 

Maximum is thre~ years, two 
seasons of growth are needed 
for 1113. t ur it y. 

0 
<i115-20 
~ 15-19 

25 mm. 

1 
2/J 
26 

Nighttime 

2 
35 
32 

.., 
:> 
J,9 
35 

Max. 
L1.5 
38 

Two for males, one for females 

July to October 

Aquatic ve getation, 8lg90, 
marl (value as food uncertnin) 
J',fales 

y Cr-easi:?r, , 2, _,) 

Creaser 1c".ll 7, 8, q' . , -; .:.,, - 1 . ' 
' 0' 11, 12 

Mornot - 2, 3, 4., 5, 6, 7, 
8, 9, 10, 11, 12 

w 
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ing seaaon, at which time females are about 26 mm. and males 

about 29 mm. Adult m~lee molt twice in their second growing 

season, once in early June and once again a month later in 

July when the males I c opuVitory appenda ges , 'ac 91:.ire reproduc

tive form. Breeding follows this molt which coinc ides with 

the molt to sexual maturity of yearlings. Adult females as 

either two or three-year-olds undergo a single molt about 

two weeks after the young are shed, sometime in early July. 

Most two-year-old females produce a single brood of young . 

After this event about 85 per cent die; the survivors pro

duce a second brood the next spring when the y are three 

years old. Mortqlity ie greater in two-year-ol d adult fe

males than in males of the s~me qge and maturity so thgt the 

mAjority of the three-year-olds are males. There is a d if

ference in growth rate between the sexes; males reach a maxi

mum size of 45 mm. and females 38 mm. The life span is 

about three years. 

III. ARBA OF STUDY 

The field work was conducted durin~ the summers of 1962 

and 1963 qt West Lost Lake, Otse go County, M1chi gan. This 

lake 5s pRrt of an experimental area desi gnated as the Pi geon 

River Trout Research Area which is under the administration 

of the Institute for Fisheries Research of the Michigan De

partment of Conservation. 

West Lost Lake has a surfa c e area of 3.7 9cres, a maxi

mum depth of~~ ft., and An avera ge depth of 28 ft. The 

water is hard, its prevalent methvl orqn~e alk~linit v is 118 
1,. ..._, V -



\ 

p.p.m. Aqugtic ve getation is scgrce. The bottom soil is 

~morphous marl and sand in the shoql end sub-littorql regions 

with pulpy peat in the depths. Encrustation mArl is present 

on All of the numerous logs and on the stems and petioles 

of the sparse plqnts of the yellow w~ter lily (Nuphar). 

The shogl are8 (water leas thgn ~ ft. deep at the drop-off) 

is only 11 per cent of the total bottom qrea. The lRke is 

symmetrical in outline with steep slopes. The lake basin 

is thought to have originated as a limestone sink. This 

1-'ke was chosen for study because it is small in are1:1, lacks 

both inlet and outlet, is entirely State property, 8nd has 

9 substantial crayfish population consisting of only one 

species, Orconectes virilis. A detailed description of its 

limnological characteristics cen be found in Tanner (1952) 

from which most of the foregoing descriptive data were s e 

:Sc ted. 

The only fis~ species present in West Lost I~ke is the 

brook trout, stocked gnnually at q length of 5 inc~es and g 

rate of 100 per acre of surfqce water; it ~~s no nqtural re

production in the lake. An intensive creel census of all 

fishermen on the lake by Institute staff members has pro

vided data on the harvest of the fish in the lake. Reliable 

estimates of the trout population are made annually in the 

fall and the age and growth of the trout are also known. 

IV. METHODS 

In assessing population size, individual growth, mor

tality, reproduction, gnd age composition of the crayfish, 
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it was necessary to adapt old techniques and to develop 

certain new ones. 

A. Fopulation And age estimates 

Fopulation estimates of the crayfish were made in the 

summer of 1962 and the spring and summer of 1q63. Because 

of the small narrow shoal areq, steep slopes and the many 

logs scattered about the shoal individuals were sampled with 

rec b3ngul13r wire mesh tr8pS b13ited with fish remains. The traps 

sampled All age groups of crqyfish for study except the 

young which were tqken instead with a small minnow seine of 

1 inch X 6 ft. X u ft. mesh i:ilong the shore after d8rk. 4 

A collection of young-of-the-year consisted of hauls 

made once around the circumference of the lake. The traps 

were made of¼ inch galv8nized mesh screen st8pled on to a 

welded iron rod frAme 24 inch x 12 inch x 12 inch with a 

funnel of the same size mesh at each end. The funnel at one 

end was hinged along one edge so that all the captured 

animals could be removed. Also used were round wire "minnow" 

traps such as can be purchased in many hardwqre or sporting 

goods stores. Both round and rectangular traps proved 

equ,glly effective in sampling crayfish larger than 2u. mm. in 

cephalothorax length. Such traps were fished for 24-hour 

periods, lifted .qnd rebaited. 411 trapped crayfish were 

released in the center of the la ke after processin g . 

Estimates of population numbers were made using the 

Schumacher (1943) mark and recapture method. It wgs chosen 

over the Schnabel (1938) method because it does not require 

iterative procedures for estimation, it reduces errors due to 
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lack of random SAmpling by weighting each SAmple by sample 

size rather than by proportion marked (DeLury 1958, Ricker 

19588). The formula used for c8lcul9tion is: 

E = Lt 
where E. = J./N; N = estimate of population size, 

xt = number of anim,qls in the a .ample, 

Xt = total number of animals previously marked, 

nt = number of marked animals in the sample, and 

t = time interval 

To establish the validity of my actual techniques ex

periments were conducted which compared the ScJ-iumacher gncl 

the Schnabel methods of estimation and appraised the d if

ferences between the two types of gear used in SAmpling a 

given population. These experiments were carried out in 

ponds of the U.S. Fish And Wildlife Service, at Northville, 

Michigan, and in ponds at Hastings Fisheries Research 

Station of the Institute for Fisheries Research at Hastings, 

Michigan. Results of the tests (Table 2) indic9te that 

estimates obtained with a 50 ft. bag seine did not differ 

substantially from those obtained with b,qited wire traps. 

Schumacher type estimates were slightly hi gher than Schnabel 

estimates but g~ve much narrower confidence intervals. 

There was no siGnificant difference in the me~n size of crgy

fieh S.!:lmpled by either type of ge$3.r (t=l.3 95 , oc=.01, n=5JO). 

A 0.25 rec~pt ure r~te proved sufficient to give consistent 

estimates of popul~tion size. 

A mark:i. ng technique for c. rRyfisl-i developed i:ind described 
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TABLE! 2 ;, 

Summary of experiments to validate methods for estimating 

population size in crayfishes 

A.. Comparison of estimates of a known population of 
284 crayfish in a pond by t he Sc humacher and 
Schnabel methods 

Collec- Pen:;e nt- 95~ oc'.% / _,, 
tion Date Age Schun1:1ch er conficence furnabel confidence 

number 1962 recaptures estimqte limits estimAte limits 

1 7/1 0 

2 7/11 .18 185 167 

3 7 /12 .25 293 274 

4 7/13 .33 330 300 

5 7 /14 .59 221 203-2~ 0 201 158 -736 

B. Comparison of estimates of a popul:;ition of unknown 
siz e using 2 collection tec hniques at Northville, 
ponds 

Confidence Percentage Confidence P~entgg e 
limits of limits of 

Seine 99% Recafture Trap 99% Recapture 

Schnabel 860 667-1210 .637 721 631-1683 . 667 method 

&humAcher 881 851-913 .637 842 751- 958 . 667 method 

Number of trials = 20 tot .g l marked = 586 
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by Goellner (1943),which involves clipping pleur8 with a 
\ 

fine-pointed scissors, proved to be an effective Although 

V:ibor:tous field method for mArking large numbers of cray

fish. Injection of ink beneath the abdomen with ,q hypodermic 

syringe W88 also successful, but it w,9s d ifficult to use in 

the field. Crayfish kept in my l9boratory .qquariq qnd 

m,-=irked by clipping ret.qined the scBr of a clipped pleuron . 

for three molts following the excision. In th 0 field, 9dults 

marked by such a clip were recoBniz.qble for the duration of 

the study (l½ yet:irs). Immature animals thus m,grked in 

September of 1962 could still be identified in May of 1963 . 

Pleural c lipping did not di~turb the ecdysis and apparently 

had little effect upon general health of the crayfish even 

though regeneration of the excision produces a deformed 

pleuron. 

The technique of pleural clipping seemed to met m~ny 

assumptions of the mark and recapture method of numerical 

population estimations. 

1) Marked cr,-=iyfish are eqsily rec og nized on recapture. 

2) Marks ,gre not lost. 

3) Marked And unmarked animals are equally susceptible 
to c ."3pture. 

4) Recruitment, by growth of the next younger age group 
into tre a ge group being estimated, or of the mem
bers of the age group being estimated, could distort 
estimates of the rate of rec9pture; this is eliminated 
by markjn g only during the intermolt period when no 
growth occurs. 

5) Ma rked and unmarked individu~ls ~ave the same rate 
of mortality. 

6) Marked animals disperse themselves randoml y in the 
sampling area. 



10 

If the s,gmple of any one age group WAS too small to give 

reliable estimates of the population size for that age group, 

then samples of adjacent age groups were combined. Estimates 

of the numbers of individuals in the component age groups 

in such e combined sample were obtained by dividing the esti

mate for the combined sample by the percentages of the com

ponent gge groups represented in the cumulative c atch durin g 

the sampling period. 

Estj_mates of age composition were m,qde by gnalysis of 

size-frequency graphs utilizing probability paper and by 

following the size r,gnges of groups of known age :J.ndividuals 

that had been marked previously (1962) and recaptured in 

1963. Because of molting, 9:'rowth ir: cray:t'ish is st ➔pwise. 

Thus a size-frequency polygo n using t~e length of the ceph

alothorax plotted in millimeter intervals as the absciSS8 

and numbers of individuals as the ordinate breaks up the 

popul-=ition sample into natural size groups with distinct 

easily followed mod es ( VBn Deventer 1937). Young-of-the

year and yearlings form the most distinct group, the size

frequency graph becomes polymodal for older age groups but 

the number of molts per season Bre reduced and the shift in 

mode of any age group after a molt can be easily followe d 

throughout the growing season. Thus 8 series of size

frequency graphs at various times during the growing season 

permits a reasonable estimate of the rate of growth. 

Crayfish belonging to q cert!:llri age group can be iden

tified bJ marking them within the estimated size range for 

that age group. This size ran~e is establis~ed from the 
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size-frequency gr8ph. Although the flanks of two adjacent 

size groupe overlap, the percentage of the populqtion of 

one 8re group inc luded in t~e size range of the next qdjAcent 

one is about tne S8me for the tw0 overlappi~g gr oups. ~bout 

8r per cent of the population of two And three-year-old 

crayfish fall wit'1in the modal rgnge thgt excludes the com

ponents of overlapping flanks (Fi g . 1). 

B. Gro1rJth 

Because flexibility of the abdomen makes total length 

difficult to measure, all of t~e lengths used in this study 

are of the carapace from the tip of ·che ros tru_rn to its 

posterior extremity at the abdomen. All measurements were 

made with vernier calipers to the nearest 0.1 mm. 

Each of the serial populqtion snmples yielded plots of 

length frequenc y using one-millimeter groupings as the 

ordinate, these plots are the basis for analysis of seasonal 

growth (Fi g . 2). Fractional measurements qre reduced to 

one-millimeter size classes, e.g., those from 18.6 through 

but not beyond 19.5 are counted as 1q.n mm. The total catch 

in e8ch interval of time was charted separately for growth 

analysis. In each of the periodic samples, recaptures (pre

viously marked specimens) were excluded. Estimates of 

growth rate were calculated from length measurements of un

marked individuals encountered during the population esti

mates. A test of propriety showed that I could have used 

the d8ta for mqrlced individuqls as well; large sample sizes 

would have obliterated the effects of repeated recapture on 

growth. 
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Figure 1 

Size frequency of the male adult 

popalat1on or Orconectes virilis in West lost 
L~ke ~fter the spring molt, June 1-30 
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Figure 2 

Actual ?verage 8nd projected growth of 

o. virilis in 1-Jest Lost Lake 
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Growth of yearlings and yowig-of-the-)'IIU' vaa •s1 to 

follow since there •• no overlap with other age groups• As 

seen in Figure l, age groopa two and three have overlapping 

size ranges. The point of di Yision tar assessing ages to unknown 

age groups was determimd from t,he shape of the size frequency 

carve. Thus in Figure 1, 37 JR• is selected as the point of 

division between the size ranges of recently molted three-year

old and two-year-old males collected between June 1 and June JO. 

No overlap was assumed between t,he two- a%kl tbree-,ear-olds. 

Examina t.ion of kn01J11-age aterial discloaed that -~he size 

range of an age group detend..md in the far egoing •nner inc1w:lea 

80 par cent of the population aldng up this age group. Tbe other 

20 per cant, overlapi with the adjacent age group. This percentage 

ot overlap from each population was the same far both age-two and 

age•tbree groups. It vas obtaimd by dividing the number of 

known age animals occurring within the size range determined from 1 

the size frequency graph ot unknown age groups divided by the 

total numbel' of lmown age animals. 

Growth in lcgth was converted to weight uni ts by use of a 

length-weight relationship computed fr<n empirical data (Fig. J). 

No statistical di.t' terence 1n weight bet-ween males and females was 

found tar the siie ranges exanrl.ned (t • .$S8, o< • .0$, n • 106). 

Crayfish used to compute this curve md complete sets of appendages 

and had been •asored to the nem-est :dll.imater interval to.1 mm. 

am were weighed to the nearest 0.1 gram. 

Instantaneous growth rates were calcuhted by converting 

to the natural logarithm the rate of growth using the 

average weidit of & crayfish of a given length at successive 
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Figure 3 

Length-weight rel~tionship for Adult Orconectes 

virilis in ;1est Lost LRke 
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Ages, and using the formula of Ricker (195Be): 

g=log2_ ( wi/Wo); 

where 

g=instantRneous growth rate, 

e=base of ngtural lo;arithm, 

Wt=weight at the end of time t, and 

W0 =initial weight 

C. Reproduction 

Reproductive potential is customarily measured by eg g 

counts. In crayfish, production of fertilizec eg~s may be 

estimated by counts of e~gs carried on the pleopods of 

females. Direct ovarian egg counts were m0de of mature fe

males collected in August. Counts of eggs ~tta ~hed to the 

pleopods of the females were made on series of live animals 

captured durin~ marking experiments and on q 98mple of 

females collected by seining at ni ~ht in May. Eg~s were 

removed from live animals only w~en necessary to fgcilitate 

counting. The females were then marked before being re

turned to the lake so as not to be used for egg counts more 

than once. Females collected by seining 1..Jere preserved in 

alcohol and the eggs subsequently enumerated. 

D. Predation 

Stomachs 8f the brook trout were studied in order to 

determine the extent to whj_ch cr .ayfish are utilj zed 99 a 

food by the trout. Stomachs ~ere saved from all trout 

caught by anglers from '.vest Lost 11::ike during August qnd 

September of 1962 and from ~pril t o September 1963. These 
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samples were augmented by others of 9.t lel:lst 15 fish., each 

~ollected at intervals of about two months during t~e spr i ng, 

~nd winte r 
-

periods that were closed to angling. Tre 
I 

identity, weight in grams, volume in cub ic centimeters by 

displacement of weter and frequen c y of occurrence of the 

items found in the trout stomqchs were determined. The 

effect of trout predation on the 0rayfish population invol

ved calculations made from empirical observgtions of the 

rate of consumption of e rayfish. This w.gs then related to 

the size of the stock, and the numbers and sizes of the 

predators. The equilibrium yield for a given rate of pre

dation was calculated for the population by a method develop

ed by Ricker (1958a) substituting th eoretical rates of pre

detion for fishin g mortality. This allows us to theorize 

about the effect of virtual d ifferenc es in predation rates 

on yield of crayfish. 

V. CHARACTB:RISTICS OF THB CR4.YFISH POFULATIOJ\, 

A. Size 

Variqtion from yeqr to yeqr in the size of the p opu

lation is governed by two factors: (1) the amount of recruit

ment to the population in t~e spring and (2) differential 

mortAlity of c omponent 9. ge groups of both sexes. Tre b est 

estimate of the 1 962 summer populgti0n ie l.~ times greater 

than thgt for t~e summer of 1963 (Table 31. The diff erence 

is due c hi efl y to il consid erqble dec re .ise in the number of 

young-of-the-ye9r crayfish r9ther trgn ch :=rnges in the pop

ulation of older crgyfish. The population of the young-of-
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TABLEi 3 1: J , . 
......- -·· ·-

Seasonal change in the population of two sexes of the 

crayfish of West Lost Lake 

Age group Summer 1962 
i:ind sex 

Spring 1963 Summer 1963 

0 Males 11,808 94,765 5,772 
Fem13les 13,163 94,765 7,128 

1 Males 4,073 8, 87 (),:- 5,933 
Females 3,753 9' 051-:~ 4,940 

2 Males 3,321 2,804 2,678 
Females Qc'J V.,J 2,121 1,073 

3 Males 458 1,726 362 
Females 248 132 124 

Tota.le: 
Males 19, 66 O 108,165 14,745 
Females 18,017 105,839 13,267 

Grand Total 37,677 211.i., 004 28,010 

~ Derived as the average of 1962 ~ge O ~nd 1963 age 1 
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the-year for the spring of 1963 W89 estimated by multiplying 

the avera~e pleopod egg count per Adult female by the number 

of mature females in the populqtion durins the spqwning 

se~son. All other estimates Ar➔ from the mark and recapture 

procedure described previously. When mArlc ,gnd recA.pture 

data for Age groups were combined (due to li:ick or smallness 

of e.-:imples), the resulting estimate was hir~l-:er than for 

separate age groups (as demonstri=ited for compgrable treAt-

ment of fish by size F.roups in Cooper and Vigler 1956) ( Table 4) 

Thus, for age O crqyfish in 1962, the combined estimate for 

the two sexes was 25,233, whereas for males alone it wes 

11,808, and for femalee 13,163 for 9 total of only 24,971. 

The mRrkin~ period for eome estimates in 1962 W8S 

longer than in 1963, R fact reflected in the hi~h recapture 

rates recorded :or 1962. In general, the marking was pro

longed in 1962 until a recapture rate of At le~st 25 p e r 

cent was achieved for a period of a few daye. These rates 

were lower than 25 per cent in 6 of 15 estim8tes, especially 

for the young-of-the-year of the large 1°62 ye8r c lass. 

In the spring, marking terminqted when the 8ge group 

being estimated beggr, its molt. Recently molted crayfish 

did no~ enter tr8ps with the snme efficiency 8S individuals 

in the intermolt stqge; RS q re~ult, population estim8tes 

with long intervals during which m8rkin~ wqs cgrried out 

would be biased. Becquse yearlings ~ad to b~ 25 mm. long 

before t'1ey could b'-' S8mpled effectival:r, they hqd a rather 

long markin~ perio~ in the epring estim8te for 1G6J. This 

intensive S8mpling provided qt leaet one trap for every 
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.040 
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.325 

.17e, 
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0.185 qcre! of surfqce Areq, collectin~ q total of 21,535 

in 1963, as compared to l~,83g individu~ls in 1962; in these 

figures recqptures of mArked individuqle are counted A eecond 

tirr:e. 

Considerable seq~ongl vqriqtion occurred in gge compos

ition and hAth~~etric distribution of the popul8tion compli

c8tes c8lcul8tions of population size. Extrinsic f1ctors 

such as molting , we8ther conditions, qnd quality of bgit 

~~ded to the problem of estimation. Hence the population 

obviously cannot be charncteriz~d accurqtely by ta ~ing g 

few samples gt one period of time. 

B. Mortality 

The population estimates provided d8t~ for the eeti

mntes of mort1lity or of its reciproc~ l, survivgl, For 

comparison, recqpture d i~t-:i on previousl y mqrl:-:ed ,qnim'31S Here 

'llso usec'l to give mortglity gnqlysis by .qnother method .qs 

follows (Ricker, 19581): 

where 

= e-it -

Nt = the m:rnber of 9nim.--=ils survivin s to time t, 

N0 = the number of qnimqls present qt the beginning of 
the time intervAl, 

t = the length of the ~ime intervgl, 

i - ~ha instantRneous rate of mortqlity for the time 
period and gge group in question, .qnd 

e = base of nBtural lo~Rrithms. 

Bgs~d on recaptures in one year of 8nimals m8rked in 

the previous yeer, which gives .q Peterson-type popul9tion 
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estimRte (Ricker 1958,), the estim~te of survivnl of male 

2-vear-olds from t~e summer of 1962 to the summer of 1963 •.• 

was .38. {The survivel ~stimAte bAsed on Schumqcher popu

lation size dqtB WRS . 65.) For three-year-ol ds the rec9pture 

data gave a survival estimate of 0 . 2J, wheregs the Sc~urngcher 

population estimates gqvc q surviv al rAte of .JO. T~e lower 

survivlll rat e for the r".3c~pture d!Jtg is due in pgrt to sgmpl

ing errors which ar~ lnr~er in feterson populAtion es ti mRtes 

than 5n those usinq t~e Scburnacher method ,(~ vgri ation in 

susceptibilit y to :r':lc"lpture of t~e p1• ,3viousl y mci1·~~-3 ,J {iri 

1962) .!Jnim8ls Rfter Jt1l y JC'). Tl;is w~s perh.qps du~ to loss 

of identification 8fter so long A period since mgr king, 

and/or to c~~nses in be~~vior due to onset of the mating 

segson. 

The b8Sic stntistics derived from t~e d~t~ fo r popu-

lntion estimates were~'~' 9nd i, respectiv~ly, the tot8l 

~nimAls dying from all causes , the number surviving , and 

the instAntnneous r~te of mort8lity. The instBnt s neous rqte 

of mort~lity {i) is qn avera~e rate since the mortqlit¥ rate - -· ' 

is not constant over the period involvad . In f~ c t, this 

mortslity is ~ssociRted with moltin g periods in older e ge 

groups. Both rRtes of mcrtqlity And surviv8l wer~ ca lcu

l"lted for -"Ill of the nge groups 5.n tlie summer of 1062, ~n c'. 

in th~ spring l!lnd summer of 1963. These were b11sed on 

season~l point estim~tes of 9~e groups. The c alcul~tions 

represent n~turql mort~lity (predation, ph ysjolo~ic~l 1s ing , 

etc.), since there is no complicating hum~n cxpl~itgtion of 

the crayfish . Of the ager.cies of n~tural mortqlity, ~owever, 
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only pred,gt:i.on wgs S1Jbjected to spec::i'!l investi g~ti on. I 

tried to estim8te thgt proportion of t ~e tot~l n~t ur8l ma r~ 

t~lity rgte whic~ might be d ue to predgti o n b y t he brook 

trout, the princ ip~l ~qu~tic predator. The results ~re re

ported in R l~ter section. 

Over winter mortality for all a ge groups $nd both sex es 

of the cra yfish is quite severe. Ho,rnver, aft e r the first 

summer of life, the s urvival rAte of m1les is ~r eater tha n 

that of females. a stri kin~ c h.an~ e 
.. . # . ::, 

in rAte of survival is seen in two-year-old fe mal es; gfter 

carrying their first brood of young , their survival f rom the 

spring to the summer is onl y one half that of mqles of this 

8ge . For three- ye 3r-olds, tbe s srvi val from sprin~ t o s umme r 

is 8ls o less in fe males. Over winter s~rvival f ollowi ng 

age three is nerligible. A very f ew ma les, b ut no f ems l es, 

survive t~e fourt~ winter. 

Alt'1ou gh. t'1e sex ratio 8t h.gt chin g m.a y be asswned t o be 

one to one, f emales o utnumber males at the end of the first 

growing season; in subsequent seasons,however,males are 

always more abund1nt. In ad ults t he b ul k of mortBlity occurs 

in th e mi ddle of th e second year fo r females and t he mi ddle 

of the third year for mAles. This apparent c ha nge in 

survival rat e between th e sexes is first refle c t ed in the 

winter mortalit y of the yo un g-of-the-year gnd is t'1erefore 

not gssociated with the onset of m:=lturit y . (Tgble 5, Ftgure 4) 

Differential mortalit y fav orin r t~ e mq le sex is not 

reported i n o t h er spec i as of c r 11 yf i s h es • Ta c k ( 1 c;.41 ) , 

Chidester (1 912), O;'t m.gnn (1 °06 ), Van Deventer (1 937) , 
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TABLE 5 

Total rate of survival(~) and r8te of mortR11ty (~) of 

Orconectes virilis in West Lost Lake 

s 

Age group males females males fem8les 

· o spring 63 
to 

0 summer 63 • 06 08 . 0705 .9392 .9250 

0 summer 62 
to 

1 summer 63 .5016 .3791 .4984 .6269 

1 summer 62 
to . 6907 ,1557 .3093 .3G74 

2 spring 63 
to 

2 summer 63 .9512 . 9418 • 0488 .4934 

2 summer 62 
t o .5220 .612 6 .4780 .8443 

3 spring 63 
to 

3 sum.mer 63 . 6005 .5066 .3995 . 0562 
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Figure 4' 
, I 

Survivorship of th e two sexes of O. virilis 

in West Lost Lake 
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Creaser (1933), and \ndrews (1904) found mass mort .8lity 

occurr:!.ng amon g males in v.9rious species of c r Ayfish. Suc h 

e phenomenon durin ~ the molting period is wid ely reported 

among th e fore ~oing references and elsewhere in the liter-

9ture. All the authors conclude thqt this mortality is due 

to intern.ql physiological .:~ Ru.ses r ,1ther th8n t o externql 

causes such AS predati on, di seAse or starvation. VAn ~eventer 

(1?37) summarize<:! t'1e ev.tdence cited in other literatur-3 

qnd noted thgt th e occurrence of a WRVe of n~tur~l deaths 

is coincident with Bttainment of m8turity and ordinary maxi

mum size range . BecAuse no catostrophe was evident in my 

population and bec ause the mortBlity affected only certain 

year classes, V9n Deventer 1 s conclusion seems applicab le . 

£. virilis, a lthough it has q longer lif e span th sn 

O. immunis, has t he ssme general pattern of period i c mort8lity 

in certAin age groups. This pattern is refle c ted b o th in my 

d~ta on recovery of previously ma rked anim~ls gnd in periodjc 

estimates of p opulation siz3. Despite eq ual tr~pping effort, 

q very strikint dec r ea se occu~red jn the r~t e of re c apture of 

two-~nd thre e - ye~r-old m~ les in the period J une 21 t o J uly 

1 0 comp ."3re,1 to th e peri od June 1 to 20. During t re int erv .~l 

from Jul y 1 0 to 30 the rAte of rec ~pture 1~sin dropped 

severely fo r the three -year-olds but not for tw o-ye .':!r-olds. 

This is the period during which 90 per c ent of the adult 

mc!lles molted. 

Ye'3r c l ass fluctu~tion for the popul-<:1tion of 2.:_ virilis 

is c learl y indicated. In l"1est Lost L9.ke, t1-i e 1962 year class 

W8S gpproxim~t ely twice ~s large as that of 1963 . Re ~re tt 3bl y , 
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the factors Affecting the surviv~l of the young-of-the-yGar 

were not identified ; they mgy, of c ourse, be quite different 

from those ~ffecting ye0rling adults. ~lthough no spring 

estimates ~re ~V8ilAble for the fem.gle population in 1 962, 

the summer popul:3tiona of 1962 and 1963 are not very <lif-

f erent, 85 3 ~- 107 3. Assumin g th.st f em.gl e mort ~11 t y was 

not different in 1962 from 1 963 , then t~e brood stock was 

~bout the seme. Therefore eurviv~l differenc es between 

t½e two ye ~rs mey not be due to differences in stock of 

~dults but to some other f~ctor. 

Annual v~ri~tion in survivql m,,:ilrns it imp ossible to 

estimate surviv~l rAtes by using the r9tio of various ~ge 

groups composj_ng s .qmple~ t/llken in V!3rioue :v~!'.?rs. 

C. Growth 

Growth of crayfishes in lengt h i s stepwise r~ther th~n 

continuous, since it is directly related to tre number of 

molts that t~e animal underroes in a grow i ng season. Newly 

hatched young-of-the-ye.gr are about 4.5 mm. in length. In 

West Lost Lake when t hey lesve t he fem.gle in the spring they 

are 6 mm. long gnd by September males rea ch a n avsrage length 

of 15.2 mm. qnd females avera ged 14 .1 mm. By late October 

and early November, mAles are 20.8 and f ern0les 1 9 .2 mm. l ong . 

Two-year-old males reech an 9verage l engt~ of Jl.2 qnd thr ee 

yea r-olds, average J6.5 mm. in length. 4. few m8les which may 

be four-ye.qr-olds reach an aver8ge size of 40.8 mm. Two

year-old fem.qles 8re 29.5 mm. and t~ree- yenr - ol ds qra 36 ,4 

mm. in .qverap;e length. The m.i:ixirnum s:i.ze tor mgles w.qs 45 
mm., and for f'erMles, 38 mm, ( Table 6). 
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TABLE 6 

Carapace length (.mm.) ot various age groups of crayfish 

in West Loat Lake 

Data taken trom length fltequenoy analysis (see text) 

A. Males 

Year Age group Date Mean Standard Number 
y deviation 

1962 0 9/1 - 9/9 1s.2s 2.6S 44 

l 8/1 - 9/9 30.94 1.sa 1.,61&]. 

2 8/1 - 9/9 )6.78 1..61 l.,872 

3 8/1 • 9/9 40.96 1.14 S66 

1963 0 8/28 l.4.60 1.70 87 

l 6/l. - 6/14 28.69 1.as 321 

2 7/19- 8/6 )6.2.3 o.68 1,ll8 

3 7/10- 8/6 ~.80 o.ss 84 

•• Femal.ea 

1962 0 9/l - 9/9 14.17 2.10 29 

l 8/1 - 9/9 28.04 1.17 284 

2 8/l - 9/9 31.54 1.43 SSl 

3 8/l - 9/9 36.96 1.33 29 

1963 0 8/28 13.78 1.63 74 
l 6/l - 8/14 26.76 1.73 267 

2 7/2S- 8/12 31.41 1.07 289 

3 7/25- 8/12 .36.44 1.22 9 
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Great variation in the growth rate of crcyfishee appears 

in the first grOW"ing ••••• Yearling mtles collected in May 

had a size range of 16 to 25 mm., and females ranged from 14 

to 24 Jlll'll• By August lllllles varied from 24 to ).3 Jlllfte, and 

females from 20 to 30 mm. There was also an observable differ

ence between sexas in the mean length at the em of the first 

growing aeaeon. This dit ference between the sexes increased 

with time because adult females molted only once whereas tm 

males molted twice during a single growing season. 

The reproductive appendages of males have three mcrphological 

forms which are easily recognized ae follows: (l) a juvenile fora 

present before sexual matur1tyJ (2) a non-breeding adult form,. termed 

aecom form which appears first in adult males during their first 

molt of the new grad.~ season in the spring of the year J and ( 3) 

a final fOl'm characteristic of breeding adults vhiob first appears 

at sexual mturity and also appears 1n adult nales att.er the second 

molt of the growing seaeon in the eumm9r as the breeding season is 

approached. Thua in sexually nature, male adults you have t7pically 

two terms ot the reproductive appendages t the non-reproductive aecond 

font follcnd b7 the reproductive first .form. Mating follows the 

appearance of ts.rat form males. After the yearling mles become ature 
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during the second summer of life, the sequence of molts in 

males is ,'3lwa ys tre sg.me; thus they go from reprocuct ive to 

non-reproductiv e form in the spring and from non-reproduc tive 

to reproductive form in the summer. 

In 1963 the spring molt of two -year-ol d males in West 

Lost La k~ cc-curred between Jur.e 1 irn cl July 4.. However 90 

per cent of m~les ~~d molte~ within . two wee ks (i.e. by June 

14). Three-ye ar-ol d males began th e ir spring mol t a week 

later on June 8 . The process lgsted until July 1 6 , but 90 

per cent of th e individuals had moltej by July 4. T~ e 

summer molt to reproduc tive form fo r both two- a nd thr ee 

year-olds be gan on July 5t~. It last ed until ~ugust 6 for 

the three-year-olds {though 90 p or cent had moltert with in n 

period of 17 dqys) a nd until August 9 fo r t~e tw o - year - olds 

(t~ou gh 90 per cent had molted within a period of 20 days) . 

The molting period was prolonged because a few individuals 

molted ea1•lier, and others lqt e r 1 t hgn the bulk of t he popu

lat i on. 

If for convenience 1-1e ca ll the molt "complete" whe n 90 

per cent of t!-ie individuals of an ,gge group in a sa mple gra 

recently molted crayfish, we c 9n say th3t in th e sprins 

a ge -two c rayfish molt .g week before ,;i p.:e-three animals ,qr,d 

th8t the molting pePi od is twice as l ong in t~ree-year-olds. 

The summer molt comes three weeks after two-ye9r-olds com 

plete their sprin~ molt where1s in t~ree-year-olds, it f oll ow s 

almost irnmediat a1y . Thus, t h ~ ti:) ry ,ltiYJg ;0r i:i,'is ')f th 0 

three-ye~r-olds ~verl~p c8n9i der8bl y . The mol t is com-

pleted in both age groups at about th e sa me time, s o t ha t 
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. . ---.~ -- .... ~ ·-

- · 
the :reproductive! s e~rn on for bcith two- i:i nd t hree-y8 qr-ol d 

mRle qdults begins jn eqrly August. Yearlinr mqle crRyfis~ 

begin ~nd complete their molt to repro~uctive for~ from July 

8 to July 27, a perio~ of 19 dqye. However, the y undergo 

three to four molts prior to their molt to reproductive form when 

they become mature. 

There is a difference in the growth rRtes between the 

sexes of age groups within any one year, And from one year 

to the next. ~ comparison of the growth rate of both sexe s 

of the age-one year groups showed that they differed si gni

ficantly for the two years 1962 and 1963. The 1963 age - one 

year groups were smaller in meAn len €: t"1 th,gn t,,__e gge -one 

year groups for 1 9/'.;2 (for fem.gles, t=l o . 60,ac=. ()S, n=5S'l; 

for ma 1 es t =2 q • 8 6 ; ~=. 05 , --QL(' ) n-.L , O , · ■ Since t~e 1 96 2 yegr clASS 

in d ens ity c 8used t~ e d ifference in ~rowt~. 

Stunt ins :t n c rq ;.rf is h ~ .. ~s 1:- een d eec ribe c1 ( SvA'rds on, 

194 8 ). Food is 8 fRctor often su ggested as qffecting the 

growth of crayfish. Kur3tq (1 9t2) found t~at st RrvAtion 
~ --- - -

m<irkedlu:f_'ected the p.;rowt~ increments At mol ti.n :_; , 8S well 

AS the interval between molts . Poor food co ndi tions usuall y 

lengtren t11e intarmolt period qnd simple qu.gntitRtive cor

respondence is suggested b e tw ea n tbe degree of food shorte s e 

and of its lengt~enin r effe c t on t~e int ermol t intervals. 

· In West Lost La ke , gdult femA les b e3 an th e ir sol e molt 

of the year on J uly 7, 1963, Abo ut t~a SA me time thAt the 

Ad u 1 t m 9.1 es b e e: ,9 n t ,., e j r mo 1 t t o r 8 pro :1 us t iv e :r or .n • Th i s 

came two weeks After t~e youn g had h qt c~ed An d l e ft ti.,ejr 



32 

parent females. Yearling females began their molt to maturity 

o n June 17, 1963 ; it l8Sted until July 8, R period of 21 

Alon g with q lowering of water temperqt ures, growth and 

molting ceRses;low temperBture presu~gbl y reduces physiolog 

ical processes to" basic mqintenance leve l, 99 reflected by 

q rerluction 5n the movements of r: rA yfi ~h. Th i s is lndic8ted 

b y c ompqring my spring trqp r:atchee with ones m8d~ when th e 

water temperature had risen (Fi[;. 7
1
¥. f.\t 8 terr.perqture of 

55°F crayfish qre very slu~gisb and can be eqsily picked 

up with the bare hsnd. ~oltinr did not occur whila t~e lake 

was ice covered. 4bsence of molting during t~e winter was 

indicAted by the dark colorqtio~n ,qnd dryness to t~e touch of 

the exoskeleton in the eRrly sprin2 . In contrqst newly 

molted animals in the spring :~nd S 'Jrmns r are li~11ter cc,lorei:i 

Rnd slippery to the touch. 

Geo graphi cA l differences in growt~ r ~t0 and time of 

maturity have been recorded for Orconec tes proping ~us ( ~gn 

Deventer 1937), 3nd simila r vgriAtions prob8bly exJ st for O. 

virilis, althou~h t~ey hqve not been reported. 

T~o instAntq ~eous ~row th rqte (g} 1eclines with age 

thougl-i SeAsongl V9riations occur (T8bl;'l ;5:. Ir.sr,9:1t q;-::eous 
. -,.'. ·l\ 

growt~ r~te W8S d~ rived from t~e lengt~ -wei g~t relAtionship 

D. Japroductlon 

Sexual msturity is 1ttRined by b~th reale s 8n~ fem8les 

d urin g the second growing se~s o n. In ysgrling ~s les rog turi t y 

is indicat ed by a c h~nge of the copulat ory sppend a ges to re-
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Instantaneous rates of growth (g), instantaneous rates 
of mortality (i) gnd inst9ntaneous rates of increase 

in biomass (k) for various age groups of crayfish 
in West Lost Lake 

Season end 
Bge group g i k - -

:i-fal es Fem!:!lee Males Females Males 

Summer 0 4 . 7185 4.7185 2.7985 2.5881 1.9197 

Summer 1 2.20387 2.03732 0.6880 0.9754 1.5158 

Females 

2 .1304 

1. 0619 

Spring 2 0.26236 0.30748 0.3 7 39 0.4869 -0.1116 -0.1795 
, 

Summer 2 0.46373 0.19062 o. 0465 o.6836 0.4172 -J.4930 

Spring 3 o. 01980 0.29267 o.6574 1.8658 --0.6376 -0.5731 

Summer 3 0.35767 0.18232 0.5130 0.0626 -0.1554 0.1197 
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pr::>ductive form. In :,Jest Lost La ke, this occurred bet·weeD 

July 8 3nd July 27 in J963. In tbe same year the yea rlinf 

females reached the minim.urn size at maturity of 25 mm. be

tween June 17 and July 8. Adult males two-ye8r-olds and 

older must molt to reproductive form befor9 t~ey cAn mate; 

this molt occurred hetween July 5 and August 9. The mating 

season be[IBn soon trereaft er 13nd c::."a yf ish were observe-:::. copu

lating durins the rem,ginder .:,f August And in Septercbsr. In 

",,Jisc::insi.n, two ,gnnua.l periods of n~qtinr-r 1-)gve 'beer. reported, 

. t~ ~ -- , . 1 . (Th . ln~p · one in r'.e I 81.l. :3na one 111 e9r y spr~ng . reinen ':_, .•) , 

"but I did not observe ma.tinF in the '3Rrl y spring bec.q :Jse 

" the lak3 w~s ice covered until negr the end of 1pril. 

Females 1,-1:tth errn:s 1-1sre i'ii~st obsen.•ed in tn e sqmpl e I took 

on M8y 11. Cregser (1931) reported t h !'.J~ e~ES qre l9id before 

the last ot April. 

Ovarian eggs Avera~ed 161.9 per female£. virilis in 

',/est Lost Lake. Triis is '3 megsure of reproductive cPJp9. c i t y . 

The regression of the number of e~cs in the ovary 8SAinst 

length of the carapAce wqs linear (Fi~. :5). H::>wever, the 
- I . 

relationship for the nu~ber of egcs gttac~ad to the pleopods 

versus cArapace leng t~ was not linear. T~e mean number of 

egr,s per female attached to the pleopods was 94.02 in 1963. 

This is 58 per cent of t~e gveraga ov9rfqn egg cou nt qn~ is 

then the percentgge of reprod~cti ve potential utilized. T~us 

42 per c ent of t~e ovAr10n egrs qre lost, p ~rhaps be csLl se 0 f 

f~ili;re in qtt8c'1ment o.f e .C!,P'. S to pleopod s or f ·:; il' :re to 

extrude the f~ll comp lement 6 1'. ;I. 
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Figure / 5 
1 

Relationship of female length to ovgrian egg 

count of O. virilis in ~Iest Lost L?.ke 
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Figure 6 

Relati onship of female length to nunber of eggs c8rried on 

pleopofs (~ctual reprod ucti ve potentigl) 

of: o. vi r :Uis in T·JAst Lost Li3ke 
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Two-yegr-old femqles Accounted for t~e bulk (92.5 per 

cent) of the young produced in 1963. The smallest agg

bearing fem8le (24.~ mm. in car8pAce lengt~) h9d 87 e?gs on 

its pleopods; the lqrgest wrys 37.8 mm. 8nd hqj 53 eggs. The 

gregtest numbe~ of eggs (220) w1s found on g femqla 33.6 

mm. lon~. Aae-two femqles cqrried qn qvergge of 8Z~7 eggs 

and qfe-three femqles, 1 07.0. Failure of Attachment of ~11 

of the eg~s prod~ced in the ovaries is qbout the sqme for 

two- end three-year-olds, an exception being the very largest 

females. Thia may be due to physiologjcal problems ess~ci

gted with acing and/or with 3ccelerqted Activity in the 

largest females whicb may cause eggs to be jislodred from 

the pleopods. Females continue to feed when cgrrying the 

eggs; 21 out of 26 e gg -bearing females exgmined on May 2 0 , 

1963, contained materiqls Jn t~eir stomachs consistinp of 

on plgnt materiql. Crayfishes in West Lost L-9ke qre pre-

dominantly ~erbivorous, ls -is true int~ ? lit era tur e for 

most species. However, t~ey qr9 slsa known t o be scavengers 

on qnimel carcasses. This is clegrly indicated by the 

gttrRction of crRyfish to the dead fish used to b~it trRps. 

E. 4ge Composition 

T~e Aee c~mposition of the population differs from 

year to year and ch1nres SaRSOnAlly q yegr. T~e letter wgs 

shown b:17 the strikin r; shift in 8 f;e st~u c. :.ure from spring to 

summer (Tgble 8). 

In the s~rinf of 1963, y~un~-of-th0-year, comprisat 

ner:irly 90 per cent of the total nu'.'nber of indivldu1ls in the 
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SeasonAl and 8nnual V8riation in the age group composition 

expressed as percentage of the estim~ted ~tanding 

crops of the crayfish populgtion by sexes 
in West Lost Lake 

Age group Spring 1963 Sum.mer 1963 Summ.er 1962 

Males Females Males Females Males Females 

0 87.6 89.3 39.1 53.7 6 o. 0 72.6 

1 8.2 8.5 ho.2 37.6 20 . 7 20. 8 

2 2 .6 2.0 18.1 8 .1 16.8 4.7 

3 1.6 0.2 2.6 o.E: 2.5 1.9 
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population, but ~y mid summer the youn~ made up only 40 per 

cent of the male popul8tion end 50 per cent of the female 

popul8tion. By contrast, in the summer of 1962 , ~o per 

c ent of t~e crayfish were youn~-of-the-year males 9n~ 70 per 

cent of the fem.qles were young-of-the-year. Comparison of 

these for the two years, s~ows thqt the 1 9~2 year class wa s 

twi c e as large 99 that of 1963 . Consequently in t~e summer 

of 1 963 there were more yearlin~ males thqn younr-of-the

yeqr males in the population. Contrastin~l~, in 1962 , m1le 

ye8rlin~s were one-fourth as nJmerous 89 the-young-of-t~e

yeAr males. Differences qlso existed in this re gqrd for 

F. Se.gson.al B1thymetric Di~tribution 

£. virili.~change_s it'....§_depth distribut:i.o~ S e !"JSOn .ally 

with size. 

corded daily on the basis of gg e g roups, sexes, and depth of 

ct:ipture one. 1..:umul8ted every 20 d~ys. The v~st perj_oj r.8 d 

only 13 days but the dt3t3 wer·e eztrapol.gted to 2 0 d.gys. Due 

to c 8tch fluctugtions the d3t8 c oulJ not be utilized in 

obblinin c population estim8tee by ti1e DeLury method '19 out-

lined in Ricker (19588). 

The ca tch of 0. viriljs in 1,..'e st LJst L9 ke W8S depen,":ent 

upon both the size o f the popul~tion gnd the 9Mount of move

ment durinG th e trqppin~ period . The lar~est catch per unit 

of eff~rt came between July 31 gnd 4UfUSt 12, 1 963 ; the 

catch c0 nsisted )f qb o ut Bo per cant mAles, gnd wqs equglly 

divided between yearlings and gdults. The t o tql c8tch per 

2 'J -d2y per1o ~: incregs e d ste ,:i d ily fr om M8y t o \L:g ust (Fi :: . 7). 



SeRsongl varigtion of cetch per unit effort for 

crP.yfish in West Lost L8ke, 1963 
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Yeqrl1n~s of both sexes formed 8 larger proportion of t~e 

catch AS the se1son progressed. Fe~ales regched 8 pegk in 

the cAtch per ~nit of effort Rnd in percentq 3e of the total 

catch in tte period from June 11 to July 10 which followed 

hatchinIT o f t~e young . ThereP.fter the female catch d8c lined . 

Thus males were most Active in mid summer while females moved 

most in early summer . 

·Catch per unit ~f effort at Rn y depth wa s 8SSumed to 

reflect population density there. In MJ:Jy And June cr.gyfish 

were found mostly in d ept~s of less than 10 feet (Figs. 8, 

,lg .and 10). l\t th ese months both females with e~gs ,)n th ,3ir 
-~ 

pleopods and yearlin gs of both sexes were foun d lar~ely in 

the shoal zone. Older mqles occurred between 5 1nd 20 feet 

with no distinct preference. Yearljngs stqved in this - ~ -. •.,/ 

sh0llow wgter until the middle of July 1nd then ~raduall y 

moved into deap water . Migrqti ~n stRrted eqrlier f or adult 

fem.gles; by ~ugust they were concentrated qt 25 feet with 

the gdul t rr.Rles, 13t 20 feet. In comparison, by this time 

65 per cent of th e yc Arlings were gt depth s between 10 9nd 

20 feet with 35 per c ent of them below 20 feet. This com

pqred with the pres .3nce 8f 8b -:rn"': 70 per ~ent of tbe e::1du l t 

femgles at this depth . Obviousl y a major summer shift i~ 

bat~ymstric distribution occurred in August. 

There are several possible expl.gnati ons of the sumr::ier 

s~ift in oepth distribution of O~c 0nec tes virilis. This 

cr13yfish is quite sensitive to li ght; Roberts (19Gb) con -

eluded tl-1::it witl-iin normql fluct ugtions of temperqture, oxv,~en ,. ·-



Figure s1 
Seasonal shift in bathymetric distribution of crayfish 

of 211 9ges in '·7est Lost Lake, 196.3 
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Figure 9 i 

Seasonal shift in bathymetric fistribution of 

? e8.rl :. ng c:r.Ayf'ish in West 1 -:>st Lake, 1963 
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Figure 10 /, 

Seasonal shift in bathymetric distribution of 

t1-10-.s11d-three ye'3.r old crayfish in ,,;est 

Lost Lake, 1963 
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concentration, 9nd pH, light is the one environmental factor 

cap8ble of regul1ting the movement of£. virilis. In the 

summer of 1963 t~e West Lost Lake popul1tion wqs concentretect 

in the middle of the t~ermocline. ~t t~is time the t~ermo

e;ljne extended from 20 to 35 feet; 9nc tre temper .-:iture gt 

35 feet wqs 6~°F. Dur1n~ the S8~e ti~e in 1962 most cray

fish concentrqted qt the bottom of the thermocljne qt q tem

perqturG of 56.f°F. Roberts held thgt locomotor intensit y 

is independent of t~e temperqture between 32° qne 78.8°F. 

Since m1grRtion 5n West Last Lake follows the molt to mqturity 

in yearlings And adults of both sexes, it may have been 

q99ociated with the mRturation of the ~onqdJ whic~ c~uld be , _ 

related to the reduction in li ght intensity at these dept~s. 

Stephens (1952) found that length of photoperiod is involved 

in the reprod uctive c ycle of£. virilis as for many other 

animals studied in this regard. 

VI. DYN~MIC ~SPECTS OF THE POPDL4TION 

A. SeRsonql Production 

The tendency for the weiQht of a year clgss to ba di min-

in size of its ind1vidu,ql members. Thus tt;e biomASS '.)f a 

static while t11e nJmbers of its !'nembers decrease. 

The rgte of bio~nss c hRn~e is ~iven b~ the formula: 

k = P.' - i 

where 

k = the inst8ntqneous rqte of incregse in bi omass, 
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g - the instantqneous r,qte of rrowth, and 

i = t~e instqnt9neous r8te of mortality 

WRys of determini □ ? g and l hqve been discussed pre

viously. The vqlues of z end! used to c8 l culete the seas o nal 

chRnge in biomass per kilo~ram of recruits qre given in 

Tqble 6. 

Mortality WAS the most S8lient factor in determining 

trends in biomRSS for three-year-old males in t~a sprinz qn( 

for two-yeer-ole fem,qles in t~e summer while growth ~8S the 

most important 1,1hen tre gnlm,qls were youn~er thgn tl-iese 

qges. 

The two sexes rePched tbeir respective ~aximum ,qt dif

ferent times; for mRles, the mqxim□~ came in the summer of 

the third and for females, in t~e summer of t~e second grow

ing season. The difference wes a result of the gregter ~or

tglity rate for two- an~ three-year-old females as c ompared 

to males of the S8~e 13ge (Fif~.11). In ti--e spring of ttie 

third growing seqson, female mort8lity was about ten times 

gs great as thgt of males; in the fourth it W8S twice as 

gre.qt. 

~lthou gh total production, in terms of weight f or the 

sexes combined , WAS r-;reatest in ti-,e sumner of the second 

growing season, mgles re8clied thcd r maximum we5 ?;ht L1 t\.ie 

summer of their third p:rcnv5np; season. Vari.qtjonei in growtl: 

rate Rffected the gc c uracy of the c~lculqted instantaneous 

f-I'0wt'-i rAtee. Fron: a total wei~ht iit hgtchin:! of .qbo~, t 2 

kiloe;rarr.s t'1e yegr cliiss re-=iched q maxi:1J1.1~ of S5 .5 Id lo?r,qms 

by the end of the s econd summer (T~ble 9). So~e ~ecline in 
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/ 

Figure 11· 

Standing crop of crayfish in West Lost Lake 
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Theoretic8l changes in biomass for one kilogr~m of 

crayfish r~cruits at age-0 in West Lo~t 

La~e using the rates of growth and 

mortBlity fro ~ TBble 6 

Age and season M8les Females 

Spring 0 1.000 1.000 

Summer 0 6.821 8 .l~l5 

Summer 1 31.186 24.289 

Spring 2 27.936 20. 288 

Surnn1er 2 42.518 12. L~28 

Spring 3 22.419 7. 028 

Summer 3 3.535 7.824 

Total 
Kgs. 

2.000 

15.236 

55.475 

48. 224 

51.t--946 

29.447 

11.459 
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bjom8SS occurred in the spring of the eecon0 yegr due to 

mort8lity of .fe rn qles, but the r .!'.lpid growtl-i of m!lles pro.Jliced 

~ seco nd pe8k, of 55 kilo~r9ms, gbout equRl t o that of th e 

first peR k, b;v the th:\rd s um.mer. Fr::>m then O"" bi om,gss d e c lin erl 

throu gh t~e third y e gr of ljfe. Th us the biomgss i n the 

~eco nd ye qr of life wqs neqrly tl-i e s ~me as in the first but 

t~e yeqr class in the second ye~r W8 S M9i~l y made up of mA le 

crayfish, both in numbers An d we i z~t. In th e spring of 1963 

About 70 per c ent of the total wei ght of c rA yfish consist ed 

of yegrlings (Fi ? . 111) but b 7 summe r, Altbou e-: h year l inq-s were 

still the largest age group present, their margin had de

c lined to little over 50 per cent of th e total weight . Most 

of this dec line wa s due t a mortality of females. Me8nw~il e , 
·-· 

the other age groups increa s e0 in tbeir bulk ( Figure 12 ). 

Over winter in 1962-63 onl y ;vesrlings inc r es sed in totsl 

biomass in West Lost L8 ke . Two -yegr - ol ~s declined sli ghtl y 

severel v fr om t~e S7 . 7 lw.,s. estimated 
" .) -

i r. lgte .surrune r of 1 062 to h.1° kgs. i n the sprinQ'. of 1963. 

The antire stqnd in~ c rops for 1q62 end 1 °63 r esp ec tiv e] , 

were 15 0. 2 k~s. 8~d 137.A kps. e~ owj n ~ A rl e c li □ e of 12 . 6 kgs. 

And corres po nJ ing to q d r op in 7Blue fro~ 40.6 kgs. pa r 

hectA re to 37 .2 kqs. per he c tqr e . Th e qge - O yeg r gro up was 

Ab o ut on e -hqlf 98 lRr ge i n 1Sf3 gs 19~ 2 (18 .J k~ / ha . t o 

9.5 k? / hg. ) . Th e c rop of ya~rli ngs in 1963 WA S 9 . 0 kgs. 

per he c t ere greAter. This pg~tly comp ensqted f or the small er 

C l"3p of 0 . ye:ir cr.gyfish. '.vh1le t h- ,) - And three- ye,g r-ol d s 

declined , on A per hac tHre b ssis the spring cr op d i d not vary 

greatly from the summer o~e. Thus the t atq l wei ~h t went from 
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Figure ,12 
! I 

Se~sonql change in biomass of~ yegr class of 

o. virilis ir.. "!est I:-,st L~ke 
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roo-3 
~ kgs. per hectare in the 

l Ii· 5 
summer of 1962 to ~~.23 k;s. 

ci ,.a 
per hect,gre in the sprjn~ of 1963 to~ kf!S. per ~ect::1re 

in the summer of 1Q6J . ~vidently the total stAndin s crop 

remqj_ns rat'1er -: onstgnt despite ,-;l-]gnges in qge group compos

:i_ tion ( T~ble;l01
). 

The tot~l st.gnding crop re1cl-i8 c:1 .<i peg k in the spring . 

Within it, the v,qlue for t~e ys8rlin~ ~rop in the spring 

age-0 group in 1962 Rn~ the qrre-one ~roup in the summe r of 

Life-tAble d qtQ show q repro~uctive r?te per eener

,qtjon, R0= . 777 

w~s declinin~ f r om its present lev sl . However, sin2e the 

1963 yeqr class wg s onl y one -half as l8rge ss that of 1962 , 

this vglue must be qccepted with caution. The 1q63 ye.qr class 

could hgve been unus~Rll y small or thgt of 1962 unusually 

l 9 r r::e . 

Lack of suitable ~ At9 prevents t'1e est~blishment of the 

relgtionship ~etwean egc pro~uction qnd pro ~snv . In 19? 3 

the 2,253 fem8le Rd ults produced an astimAted crop ct l~ ? ,5J C 

;young. If t11e survivAl be t ween s princ r.;nd s ur::me r :Js s the 

s~me in both 1 S62 qnd 1 On ".l + her ,::, • ..., ere ~ h O ' 1 t: l~ G C ~ f' em n l :, s 
., • _,. ' ..J '.J i · ' _, 1,.,... - 1 .,.,,. _,.• . . ' _r'l ._ 

s t _ t h e t i n: e --::: f' e P:.g pr o '~ u c t i 0 n i n l C: S 2 ( T ~ r 1 e : 3 ;) . 4 t t i-i e 
' -;c-

produc ea W9S not prim8~iJy due t o ~ifferencs in the nun~ers 
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T ABLE -l o , 
' ·, ' j 

A 

Successive 0a timAtes of st a nd ing crop in kil ogr ams 

of the cr-c1 yt ish i n \!est L o:cl t Lak '3 

Age group S um.mer To t::il Sp r i ng Total Summer 
e nd sex 1962 !1.g l es & 1963 1fa les & 1963 

1'.,emal es Femalee 

0 males 8 . 66 6 .197 4 .23 

0 females 9 . 66 18 . 32 6 .197 13 .39 5 .23 

1 mal es 36 .16 62. . 53 41. 87 

1 females 24 .u6 6 o. 62 50 . 96 119 .49 27. 81 

2 ma l es 49 . 68 25 . 70 39 . 01 

? fe ma l es 8 . 04 57.72 16 . 2C 41 . '-:8 9 . 98 

mal es s.eo ~ - · r' 7 . 6S ., c:'. • JJ 

3 female s 3.1e 13 .58 1. 64 4 .19 1. 83 

150 . 2w. 
100.1, 7 

179 . 05' 
l rq .qq 

Total l!t0, 69 ~ ~- • 2 :3" 13 7 • 61 
kg ./h'3. kg . /r'l(:l. 

Tot a l 
Ma l a9 & 
Females 

9 .46 

69 . 68 

4 P. o9 ~ . / 

9 .!.J 8 

qf •83 
37.19 
kg jha . 
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T~BLE Ill i 
' : __ _ 1 

Life table for Orconectee virilis in ~Teet Loet Lake 

X 

0 1.000 .ooo o.o 

o.5 .075 .ooo o.o 

1.5 • 028 .000 o.o 

2 .0 • 017 41._35 o. 7 0295 

2.5 . 0088 0.000 o.o 

3.0 . 0014 53.5 . 071-190 

3.5 . 0013 o.o 

R =11 m =lo.77785 
0 X X 

x = time in years 

lx= number of survivore out of 1000 durin~ the interval x. 
' 

mx= number of females produced by a female during the 
interval x. -

R0 = reproductive rate per generation. 
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of the adult st0ck in t~e two yeA rs. 

noticeably warmer ~nd drier th8n 1962 . The l8 ke l9vel in 

1962 was so high that the ehoal Rrea ';J8 S 13:.;: tended by fL:>0d -

ing, ,qnd vegetRtion normally on dr:v l 9 nd 'WAS Ja1.,_11ers ed. 

It ia diffj_cult t o comp.gre published eet im.gt es of cray-

fish product i ::m Hith those fro m 1:/est L-:ist L8ke because most 

of th.em .g r-e frJm sh811::,w pond s. Orc o nectea lrr:u1rnnis, wel::. 

adapted to life in st .ggnar:t Bh8ll:::iw warmw9ter p onds , ~; ielded 

b t ) L 3/ "' ,.:i 0 L'5'::. lb · (m 1' 1c1.1) e ween 4- c b :3 nu ~.,,, 4 s. per 9cre .1. act\. )L~ • Tack ts 

highest standing crop wae ~tt ~i ned in 1 pond fertilized ~t 

two-week intervals with h8y and cott onseed me.gl gnd the 

lowest was in g pond 9ls0 fertilized st two -week intervals 

with hay, but this po nd cont,qined sn other dec~pod , the 

freshw.gter shrirr.p , P!?l!'.!ernonetes e~dl~pe~. Tfl ck quot~s 

Lyd ell (1938) a s g iving st1nding crop eatire~ tes of 639 t c 

811 lbs. per Acre for O. immunie in A 4.35-ricre pond. 

Goellner (19L3) ha d V8lues or 50 to 1200 lbs. pe~ acre for 

O. immunis in p onds. -:ickliff ( l°-4 0 ) gave estimatse of t he 

st,gnd j_ng crop of "stre13m cr.gyfi.sh" to be betv-1ean 26 . 9 i=rnd 

651. 8 lba. per ~ere. The ~pecies W8S not indi cAtee . 

,\ltho u~ h :,fest L:)st Lake is 8 coolw8ter , s snd - b:it t o rr.ed, 

marl lake ite st Anding c r op of c r ayf ish is greater thgn th8t 

in 'l"f of the ten mud bottomed, productive _p:)nds discussed 

by T~ c k ( op. c it.). 

Th e hi ghest standing crop estimqte from West L:)st L9ke 

w~s 101.7 lbs. per nc re in the spring of 1963, declining t o 

81 . G lbs. per ~ere in the summer. T~ese v~luee c8n be compared 
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to the trout harveet for 1962 which was 23.7 lbs. per acre and a 
5.75 

atandi.Dg crop fftiJllate tor bottom invertebrates in 1948 of r-6' lbs. 

per acre (Tanner, 1952). 

The food labits of the cray.tiah demonstrate its role aa a primary 

conawner in this marl lake. Contents of 31 crayfish atomechs collected 

on September 10, 1962, and of 26 taken on May 20, 1963, were composed 

oi t,he green algae trom the marl incrustatiom on rocks and other fixed 

objects 1n the water. Also foUDd was the "aufvucbs" associated with 

t.ba aarface of these incru.statians as well as reains of higher plants 

vbicn were of common occurrence. No &easonal difference in atomacb 

content& was noted. In aclditJ.on, cr.yfi.sh .ioted as scavengers on 

animal remains whm Iresent. Thus they may be classed principaJ.17 aa 

herbivcres and f'-lrtuitowuy as scavengera. 

Higher 2qu.Mtic pl.mt.s are usually scarce in marl lakes, a factor 

that probably liJJd ·(.8 the i:roduction of many bottom invertebrates other 

thin crayfish. Tte .i.bility o£ crayfish to use marl producing 81. gae 

and associat,ed "au.fwuch8" as a source of food places them in a llllique 

position 1n the trophic structure of marl lake ecosystem&. This may 

be a r~otor why annlllil crayfish ne·t. production in West Lost Lam 

IS ~-'IX 
MUJ:J oquht that of all the other b~Olll invertebrates CO&bined. 

The net .,roduction of crayfish between the SUl&rlltrs of 1962 and 1963 
'310-~ 

vaa ~ kga. This product.ion is equal to t.he total number of 

an1Nls dyi.Ig during the entire yearly life cycle multiplied by 

their weigbt,s at the time uf iilOr'Wll.ity. Net production in crayfiah 
~-33 

is ¼-26 ti.Illes the sW110tr standing crop and 1s the turnover r .. te of 

.:2-33 
biomass in the pop\ll.Qtion. This rate of turnover ia aJaeet 
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( 1 9 J 9 ) f o 2 rt 11 of t he bot tom i nv er t e b r· 8 t , s i n l.,.g k e Be 1 o i e . 

T.f ,3 also ,r.3ve turnover r1te'3 for the f 8llowin~-~ invertebr,gtcs: 

T~nypus sp .. 75, Core thrq sp. 2.5, Oligoc h~et8 1.27. For 

Tnnyt~rsue JucunJus, the report81 net pr')Juction for~ 

Sout~er~ Michi~8n lA ke is 67 lbs/gcre 0 n1 th e t ~~nover rete, 

') , ( ~ :J ,.:J cJ 1 ,,r:' L, \ _,.t, "\r.rerson gnu .. O0per, -- ,_ J. The t urr:o7er r·~te for tr.e 

tot~l bott om fq un g of one lqke hgs been giv en AS J .5 (Gerkin z , 

1962) . 

Ta k 5n g the St 8rd in g crop of bottom invert~br3t0s ot~er 

estimat e of mg~imum turnov e r rAte t ~ be J.~, th e net pro

d uction might be 10.i lbs ./gcre . If t1;:.s 5.s ~o t l-)e n0t pro 

duction of lf . .g. lbs ./8c::.·· e I c8lculi=it •3~ for ths c:r·8?fi sh popu-
1 g.q~ 

1 at ion very ne.qrl y 0q_ 'eis:iH, th8 t of 8 ll the otl-: er bottom i nver-

t ebr~t es toge t~er. 

,, n -, D · h n ·· · 2 r:'. 0 ( H 11 1 °,, ~ ) ·- , , .!'lp . J. 1., / . "I _- C'~. 

cyc le thAn Orconectes, the 1ifferenca may not be unexpacte~. 

~uite possibly if conver tad to wei g~t units t ~e diff0 ranc3 

1mong ~he f orerroin g mgy not be so gre9t. ~lso pred gtion is 

very effective on the l9ter life histor y ~t~ ~e~ of these 

A n i m-9 ls a~ c o mp "l r- e d t o i t 9 e f r e c t o n on 1 y t h 0 e 1~ r 1 v 1 j f e 
V ~ . 
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history stages in this creyfish. The rAte of remov8l by 

predation m8y help maintqin the hish turnover rates for the 

clAdocertrn ,gnd the ,qmphipod. 

B. Comp1:1rative ".:.:f fects Of Pred9tion By The BrooK Trout 

fredAtion bv the brook trou t not only 9ffects t~e dynRmi~a 

of the crsiyfish p opul8tion £Br~ but it mqy interqct with 

other fRctors thgt reg ulgte qbund gnce of the crgyfish. 

~nalysis of the seasonql f ood habits of the brook trout 

in ~est Lost Lake s~owed that only fish 6 .6 inches or longer 

were important as predators of' t'1e crayf ieh. The sn.al1.ast 

fish that had eaten A crayfish was 7.7 inches lon~ anJ only 

4 of the 29 fish th a t contqined c rq yfis~ were lesa t he n 9 .1 

inches long . Hen ce monthly pred8tion rates were det er mine d 

from stomach content analysis of trout of a me8n length of 

8.6 inches and ebove. 

Fredgtion rates were assessed 99 follows. \t monthly 

intervals the n umbers of fish gre13te r thAn a me an length of 

9.0 inc hes were estimat ed by t~e stqff of t~ e Fi geon Ri ver 

Tr out Research St~tion in the qutumns of 1962 and 196 3 qnd 

in the spring of 1963 using the Petersen m~rk and r8capt ure 

method . From these estimates the t otal instqntRne ous mor -

t13lity rate{!) was obtained for t~e perio~ Jctober 1962 t o 

Jctober 196 3 ~ y the method of Ricker (1956e) . T~e instan

taneo us fishing mortality rate {£), known from creel c ensus 

records, wqs subtrac ted fro m the totsl instant9naous ~or

tality rate (i) to aive the n~turql inst8ntaneous ~ortalitv - ,.__ ,, 

rate(~) for the brook trout population. The perc ent8 ge of 

each of the year cl8sses present in the la~e that WRS 8 . 5 
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inches in length or longer wgs determined bys grgphical 

method (Fig. 13) s iven by 4llen (195~). This method provides 

estimates of the proportion of a ye8r clgss that is leg8 l

sized for any s iven mean length en~ size limit. In Fi gure 

13, the mean lencth corresponding to thgt of the fish under 

consideration is found on the right hand vertical scale, and 

the diagonql line followed to the left of the point of inter

section with the horizontal line 8Seociated with the 9 -inch 

limit (left hend vertic~l s c ~le). From this point of inter

section, the vertic ,'Jl line is followed •downw~_rdto the perc e n

tare v.qlue of the ye .qr c lass wri c h is of n1e 2_: ?1 11 size, i.e., 

9 inc hes or lonr e~. The relative dev igtion used in cAlcu

latin~ the values in the gr.qph is C.111 8nd w~s tq ken fro m 

A brook trout popul8tion study in '·!isconsin (Ne. Fadden, 1961) 

since l8rge enough samples were no t 9v .9ilRble frorn tl-ie Tr,sst 

Lost L3ke tro ut pop ,Jl.!1tion for this purpose. The numbers of 

trout longer than, or equel to 8 .6 inches present in the l3ke 

at monthly intervals WRS then multiplied by the average 

number of cr,qyfish eAten in one d 8y by '3 9 -inch or lonser 

trout. Thie fIAVe the nun:ber of cri::iy-fish e .~ten by the pop u 

lation of 9-inch or longer trout in one day which was then 

multiplied by a correction fa c t or for the dgily rate of pas

sage of food throu f h the fish St 8mncl,. The correction f9ct or 

was constructed arbitraril y from datA given by Hes5 and Rsin-

w ,qt er ( 1 9.:? 9 ) a nil Ph :i..11 i p s et !'.! 1 • ( 196 0 ) • Th e mo rt 81 it y d u e 

to trout predRtion and the contribution of 8 yaa r cl1ss of 

(!.cayfish to the foo <3 of tl-le tro 1..1t could then be estirn..-~t ed for 

the entire y eg r (Table 12). 
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TAB LE 12 

Number of crayfish eate n mo nthly b y nine -to-twel ve 

inch tro ut in ~1est Lost L a k e, Michi gan 

Numb ere of 4ver13ge 
~:-Digest ion Number 9 to 12 Numbers Total 

Month inch trout of Rat e of Crayfish 
present Cr ayfish Factor Days consuned 

Ent en/day 

Aug . 122 4 6 . o 1 31 1,426 

Sept. 108 51. 7 1 30 1, 551 

Oct. 108 o. o ? 30 0 

No vrDec. 1,..,0 
C. / 28 , !.t 2 61 866 

J a nr-F eb. 94 81. 7 )1 c'o 1 , 20)~ -r ~• I 

}far . 86 172 . 0 4 31 1, 333 

Ap r. 61➔ 37. 1 2 JO 555 

May-J une 79 o.o ~ 30 0 c:. 

July 11 0 60 .5 1 31 1 871:. ' ' _, 

Aug . 116 20 . 9 1 31 64 ,'3 

Sept. 109 50 .1 1 30 1 , .503 

Oc t,.Nov. 1 04 o.o ·") 
L Jl 0 

*EstimAted f rom da t q by Phi ll ips, 4. H. et. a l . (1960) 
and Hess 9.~C. Rainwa t er (194S-•), 1 = 24 hrs., 2== uohrs., 
4 = 96 hr s. 



60 

Figure 13 

Relationship of mean length of a yeRr clBSS to per

centage of ~ish of leggl size under v9rious 

min :1_:imm size limits b.8sec1 on!! relative 

deviRtion of 0.111 
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The brook trout in West Lost L~ke fed exclusively on 

young-of-the-yeRr crayfish in Rll seRsone; 8t least no gd ults 

were found in the 273 stomachs . ~ exr:i nn nee. The contribution 

of R ye~r cl9SS ~s R food item for the trout can be derived 

from the estim8te of the young-of-the-yeqr crgyfish consuwed 

in q time interv.gl divided by tl:e estimated number present 

Rt the beginninf, And enrl of that interval. On this basis, 

brook trout predation ~ccounted for (.g per cent of the total 

mortality rate of youn g-of-the-yeRr crgyfish b etween July 

and October, while from October to June $6.o percent of the 

total mortRlity rate wss due to predAtion of tbe trout. The 

trout wqs therefore an effective predP.tor on c:::->ayfish be

tween one half an~ one years old. No predation occurs after 

the crayfish are one year old because they become too lar2e 

to serve as trout food. 

Durin~ the winter months s ome of the increesed predation 

on crqyfish in the second h8lf of t~eir first yegr of l ife 

i probably occurs tbec~use of the lac k of emer i,: ing insects 1,1hi c h 
1,,-- .eN-

form eo very lqrge a p8rt of the trout's diat in the e arly 

summer (Fig. lG). The trout e±fectively use cr svfish as food 

during the winter Also becquse crayfish increqse in wei s ht 

subst13nth1lly- durlng ti---e second hqlf of the fir-st growin e; 

season; the <1verl'lge wei ght ,qt h.gtchins being 0.06 grns. ~

c.73 sms. "lt the encl of summer. The utiliz.!'.ltion of ,!rqyf::..sh 

declines8bruptly in •\.f.,ril, by June it is nil, but it be ginst•::i 

rise .ggain in July. One appArent re~son for the de6lihe in 

June is tb9t most yegrlln g crq yfish are l8rger th~n 21 mm., 

which is th~ upper limit of size e~ten by the broo k trou t; 
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Figure 14 

Monthly summaries of tha stomach contents of 239 

specimens of the brook trout 5 to 14 inches 

long from West Lost Lake expressed as 

percentage of the total weight 

of the food 
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meanwhile, the youns-of-the-year have not yet hatched to 

provi~e an understory of Anim~ls of suit8ble size for c on

sumption. From July to November, e second period of intensive 

utilization occurs but it w~s not qs zra8t in terms of weight 

as thgt of the winter period. In July, an 1ver8ge of 60 

crayfish 9 dqy wer e ee:iten which 8Vergged 11 mr:i. in l3n~th 

comp~red to ~3 mm. in J1farch.; in terms :)f He i g h!:, the con-

sumption per d8y l=lmountei::i to 3 n . O ~ms • i n i";:~ r-c 'h vs • 0. Li gm • _,, - . '-

in ~pril. From October throu~~ November no cr1yfish occurred 

in the stomachs ex~n:ined, b".Jt trout •3£;r: S -ippe~r·eG. ·rhis 

intervel is the spa~nin? se~s on for tha brook trout. Since 

suit8ble sp8wnin~ grounds with flowing w~ ter 1re not avail-

.o::ible, the ag.G:S qre simply droppe:1 on the 'b ::i ttom. Se3SOD9ll~r 

these eggs may bLlffer predetion on cr~yfish young by the 

trout. 

In smnrnqry, the r:r;.qximum periods of utiliz~tion of cr .9y

fish by the broo k trout are in midwinter gnd late summer, 

and only youn g-of-the-year crayfish are ca nsumeJ. 

of little useJ;~:;
1:J~· 1.{;j_~, sprin :,; ~nd lgte f!Jll. 

I-eriods 

Jne must 

note, though, in comparine the stqndin g crop of cra:.~fish 

8V 9il1hle for food of trout thRt only the young-of-the-yeqr 

cin be usec correctly for compriris cn with other items. Thus, 

of 1 ?62 only 18.J kf!s. 1,1ere ~v8il<:ible qg tro ut food, :t or th•3 

sprinr of 1963, 13.3 k~s. out of 8 totAl o f 17 9 . 0 ~ss. ~nd 

for the st;mme r of 1963,9.~ l{f!S, 0 11t of 137J . ·r1.:e c'_ rop of 

nlmost 5c per cent fro~ t he summer of 196 2 to th Rt of 1Sf3 

is not .1bl,3. 
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Predqtion by the brook trout ~AB its most evid ~nt affect 

on t he q F! e d is t rib '-' t :i on of t h e c r ..-; yf i s h pop lJ 1 g t i o n . Th e pop u -

rather th?n by~ ch8n~e in f 3cun~ itv vqlues becq us~ gdult 
• • ' ' 

crsyfish ~re not subjec t t o inten~e pred?ticn. To ~onfirm 

th1t tre ,:,r-:1yfisri popul.stion ,,18.S l .gr g e 1.:: no u ; h to '. 7itrSt9. :.: c1 

the pred8tion to whi c h it w~s autje c ted 1nd Also tJ predi c t 

th e effects of gn inc re8S~ in pred~tion on t~~ pop~lqtion, 

pertinent exp eri me nts could not be condu::ted :!.n tlie -:: llotted 

ti~e, especiqll~ not with necessg~y r3plications. Neve~the

les~, some of th e tn eoret i c Rl effect 9 of \~ tJ r- :1 OtlS r·8.t es of 

precstion cAn b ,s ex ~m.inec. by :unnrr Ri ..:: r:er 1 s formul~ for 

e~timation of equilibrium yiel d gt differe~t ~8t s s of fish-

neither ~rowth r~te ~or mortility 8re t oo rgpid within 1ny 

pariod. Then if ~rowth rqte bAl9~c c~ de~th r ~te in su~h" 

short period one can comput e t b e net chg~se in bulk of g y e9 r 

clBSS. In order to test the resiliency of t h e era vi' is h i.)UD u-- ~ . 4 ~ 

lRtion to tro 1J. t predRtion, I h.-'<v e L:se d Ric l{er 1 s equili b rium 

yield equqtion r.inr have ~ubstituted th9 prec: ':ltion r·P.te of 

trout for tt-ie tishins mort9lity t ;" r~n (~,:hie,_, ::_s prec9tion b ;

men) to give the equilibrium yiel~ of c~8yfiah for v,ryin g 

rgteB of trout pred~tion (Table 13). Only the y iel ~ o~ yo un s 

~f-the- yen r f9m~les per unit wei ~ht of fe m9le re cruits need 

be cnlculAted since it 1lon~ J9t c rmine9 the inc reases, de

c reases, 1nd st ~bility of tho populstion. T~e ~rowth r~te 

~nd the totRl inst~nt~neous mortAlit y for the yoJn~-of-th ~-
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TABLE 13 

Equi1ibrium yield of fem~le young-of-the-year crayfil3h 

at v8rying rates of predation by brook trout 

Rate 
of Predation 

1/2 p 

p 

2p 

3P 

8.6 inches or more in length, in West 

Lost L8ke, MichigAn 

Yield in Kgs. per 
Kg. of Female 

Recruits 

GI.th 

OTJ .sf 
t0.95' 1,.,, 
,~_,, 
I#.!». 

12. .. ,& 

rt.GA 
q.t;S 
$.lie 

Density of 
Predgt or 

Pop ul~t ion 

50 

100 

200 

300 

400 

500 

6tJO 
il oo 

8 00 
IDDIJ 

pis the instantaneous rate of mortality due to the pre

da tion of brook trout; p for the Oto 0.5 age group is 0.059; 

p for the 0.5 to 1.0 age group is 0.469. 
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-..rear o-c.ive the net ch,inr.-e in bull{ for the period fo::. ... ,,rich th e:; "' ~ .- {_) 

equil~brium yields perk~. of recruits were determined. The 

, ~,..o,rng-o:f'-th0-:r1'3Br wer~ div i-:.:eC into two ,ge gr oups, th:::ise 

retes VAried co~eider8bly for these two ~ge intervgle. More 

th~n 50 per c ent of the totii mortglity rate of :oung-of-the

ye~r f~mnle cr~yfi~h we! due to pred~tion during t~e second 

per cent in t~e first h1lf. 

To d9termine the effect of predgtion, the pra~etion 

rates or multiples t11ereof ~-rnre 0 dde d to tl-ie :i~stqnt?.neous 

mortRlity rate to give the effect of the dif~erenc~ in the 

weight c h8n ge fact:J~ on yield of younr-of-the-yeqr crgyfish 

(TBble 13). On this basis the :v:.eld per kg. of :e'?-c ruits vJOulc; 

1·e '.le h its repl,9c ,3ment v ~l U,'3 qt -~ pred 1t ion r?.t e about s L<: 

times the present r8te. This points out t~ e resiliency 

of the cr8yfish popclgtion to predqtion by trout. If Ye 

assume th~t predgtion rAte is proportionAl to t~e populqtion 

density of t:::.,out lnrger th:rn o:c eq:nl to 9 inches, th e tT!3X :i

mur: dens it~• of trese trout (pred stor-s) ,,hicn t'1e crqy-f' ish 

pop 11l8tion (pi,ey) c:n1 support :is ?bot~t 6n0 fish. 

incre8Se from the prasent sv~r~~e of gbo~t lC O flsh to ]CO 
INC,~EAsCS 

fish P9etitJle8B :r-ield 9bout one third, .fro:·~ :lf. to F/,~,1. f:!,S., gncl 

when rgised to Goo :is~ yield is rJd~ c 8d to Jqi3 kgs. ~t 

Boo fish tbe crgyfish popul9tion is not "ble t o wit~stand 

preo.8tion :e nd would decline to ?.bo1.1t one F<t~tH its pr·evio '.l S 
v,~,o 
sJ;; be n e1 .. , 11 e-€ • 
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This estim~te involved severa l 9ssumptioas: (1) the 

s rowt~ of tbe crqyfish qnd thqt of tte fish not ~re not d9 -

pendent on populgtion ~ensity; (2) crgyfi sh reproduc~ion rqtes 

~re not AuLSt8ntially 1lt~red by c hang es in dens i t y ; ( 3) 

predation remsins proportionAl to densit y of predqtors; gn~ 

(4) incregse in the r8te of pr~dqtion does not nlter mortality 

cue to other c~uses, i.e., mortality due to ot~er f 9c tors 

remAins c~~St Pnt . 

E1ren thotrn;h some of t h3 :1 ssumpti ons -;re not sr.ri c tl y 

met, th e results confirm the suspicion that the crAyfish 

population could e9Sily B!ths t gnd qn inc re8Sd in th e predation 

rate by trout beyond th8t gt present becquse trout predation 

i s not the main s ource of mo~t9lity . It sppe8rB to be of 

re8l inwortance RS s ource of mortility only in the winter 

mon t'1s. 

,,!h .qt then may be tl ie otrier so u.rce s of major c;ort9l it y 

for the crqyfish populqtion ? Tro ut pred8tion does not ~ccount 

for~ lgr ~e pgrt of the losses of yoJng- of -the- year crayfish 

in the firs t fLtll 72,n· of gro~,,th. 

:fredators, e . [ ., c, rAgonfly !'lymphs, s ~.,all fro ~~s, 2q_ug::i ,:: 

s n3 ~ss, tur tl es , etc. ~hich 8re r elqt:vely h ar~less to lRr;o 

cra7f isl:, r;,qy cont1•ibute to t,._,e mort <1lj ty of the :itoun g . Few 

l .sr~e potentigl predeto r s r-ir:o found in '.Test Lost Like. 

Though g~unda nt, t~e p8inted t~rtle, Chrvsem7s pict? marvinata 

is not known to b~ qn extensive predGtor of crayfi sh (La gler, 

- ,--, 1 I. ' J. ';'i.l.Lj ) • 

me r ~A nsers, herons, et e . ) q~e not abund9nt in this ~re9 in 
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the summer, ::1nd the ice cov er prevents predgtion in ·th3 

1-Jinter by el t her 'birds or ii:.!'r,m1gls . ( e . g ., the o_tte_;1'). Tr. 0 11;:-i 

they cnn be of imp ort!1nc e in streA ms, the lw; k of gn exten8ive 

shoAl ':lre .9 elimin~tes mam .'11818 nnd bird.a ·::is imporb:rnt in .•0st 

Lost Li:ike. The f'l8tness of the 9 1.H"-'ivorship cu rve .gfter tl-)e 

first ye8r of life i~d ic8tes good survival up to th e end of 

the life SpRn when suddenly there is 9 larfe risa in morta l ity 

thgt is due ostensibly to old age. 

In gqueria, crAyfish display very aggressive behgvior 

and do mingnce by the ~qr~est ~nd strongest individugls o~sr 

the ~e8k est qnt small ast ones. This domin8nce often results, 

throu3h cannibalism, in th e survivAl of onl7 0n9 c ~~yfish of 

several originglly plRced in qn aquarium. Periods of molting 

Are especially den~erous ~nd often the newly ~olt9d individua l 

is egten by the others if some s ort 8~ shelter is not qvgil

eble to it. Newly molted ~ni m8l 8 gre cbqr9cteriz9d by 9rr9tic 

And sensitive behqvior; t~ey qre very ~ctive qnd violent 

when disturbed. Therefore one of th s c9US~l factors of 

mortqlity probqblr includes the physiolo~icql stresses of 

n'.!Olting inr:ividuals. T;,ese eor.ditions occur mucl-\ rnor•0 fre

quently in young th9n in qJults. Soft-sh9lle~ newly ~clte~ 

young inrlivi dLl 81S sre susceptibl e to predation b y trout ~nf 

to cannibalism by ot~er cr8yf ish. 

Moltin1 is A vulnerqble time for crayf ish not only be

cause for 24 to 3~ ~ours after the molt, t~e newl y molted 

crayfish !-las u .rery soft exoskeleton, but the withcir9W?.l fror1 

the old e]~os kele: ton,if mechq.njcally ir,:p .·::iir ed, results in 

decith . In nature male 1d ult crsyf5sh molt in tha sprin ~ 
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before fe~ales. Males qre th us the first to ~ave 9 h1 r den ed 

exoskeleton qnd move and feed gctivelyr n~0nwh!l~ femal e s 

0re in sec lusion till the yo un~ legve them. M9les do un~er~o 

q s0cond molt in the summe r sli ghtly qfter tt,e females b8zin 

the i r only molt of the seRson. ~nother source of incr e9 sed 

mort8lity for females is the possibility thgt their resist8nce 

may be somawh8t lowered from cgrrying the young. Oversll 

physiol ofi c9 l condition Rt the time of the molt Appgrently 

ca n be~ significant factor in determining survival. r~va il-

ability of food is not consi~ered to be a fgctor of prime 

import in their survivgl since it seems tJ--.qt herbiv:,rous 

invertebrates seldom l8d: f ,)od in ~:1 0q_u!c'tic 3m-ironment. 

In num.,1Jgry, pred :'=!tion :!. snot here consi::ered to 'be '38 

importqnt A f~ctor in limitin ~ popul~tion size 89 th~ beh ~vior 

of th e Pnim~ls, combinei with the p~ysiologic1l Rnd cec~nni 

C':ll p1"oble ~11 s sesoci9tet~. v-:j_ti, moltin,9;. In '·.'est Lost Lg ke 

prednt:on Jigs its m·=ii n imp.ge t on th e overwinter surviv ·~l o +" 

the youn~-of-the-ye~r qnd, Rlt~ou ~h it re ~uves 1bout 37 

per cant of these indiv5duR ls, mor e thgn enou~~ sre left to 

restock t~e pop ul8t 5on . 

For t}- : 0 brook trout in '.-Jeet Lost Lak e efficiency of c r:-1 7 -

fish utiliz8tion could be in~roved by st ocki nG fish gt s 

l3r~er len~th th8n the present 5 inches. Such lg~ger fisM 

1--1ould qt.;ickly rei c h efI'ective pi->edf-lto:i.~ l•=-ri g th of nin e inches 

or more. One could also introduc e ~nother spe cies of c~A Y

fish, O. propinquus. This speci e s mic,:ht be 8 more suit~ble 

:'or9ge t\--i .'3n Q. virilis b e.-:8use it 0ttAi~s 9 n,:..1ch smqll er- si ~s , 

8nd l-)gs .-=,b o 1)t the s c:ime reproductive p otenti .~l. Eo\.1ever: it 
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might be a little less resilient to predation since it has 

only one brood per generation. If the effect of heavy pre

dation on young-of-the-year of O. virilis comes while natural 

mortqlity is still in the compensatory stage, it is equivalent 

to a reduction of the spawning stock which produced the brood 

in question. Theoretically, such a reduction in spawning 

stock will at first increase net production of recruits which 

in turn produces an increased number of eggs and a large 

increase in numbers of young-of-the-year in future yel3rs. 

This would hold only if O. virilis 1s one of the species for 

which numbers of recruits begin to decrease after the stock 

reaches some large magnitude. The stock would continue to 

increase until a level is reached that produces maximum re

cruits (Ricker, 1954). For J. virilis all of this would de

pend on whether or not it has a density dependent type of 

mortality. At present there is 9 lack of data necessary to 

contrast the reproductive potential of adults with the density 

of stock that produced them. 

VII. SUMMARY 

This study of the role of a large aquatic invertebrate 

in the trophic dynamic aspect of marl lakes suggests that 

crayfisn make efficient use of the energy not available to 

most of the other aquatic invertebrates in such ecosystems. 

It also contributes much to the understanding of predator

prey relationship between fish and crayfish by me~suring 

the effect of trout predetion on the population dynamics of 

crayfish. 
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Density qnd age structure of the crayfish stock in West 

Lost Lake, Michigan as determined from systematic estimates 

ot the population size, showed thqt ye~r clgsn flu c tu8tion 

was a feqture of the age structure of the crayfish population. 

The 1963 year class was twice as large as that of 1962. A 

typical year class of the crayfish began with the production 

of some 180,000 eggs in the spring. From these ~bout 13,000 

to 25,000 young-of-the-year survived till September. By the 

next spring, overwinter mortality reduced this to 18,000 

individuals. By the end of that summer 8,000 to 11,000 year

lings were left. Overwinter mortality reduced this number to 

5,000 from which about 4,000 were left at the end of the third 

growing season. Only 500 to 700 survived the third winter. 

The maximum age is therefore gt three years. 

At the start of the first summer of growth females out

numbered males, the annual mortality rate for mqles was 0.94 

compared to 0.925 for females. After the first summer's 

growth, mqle survivorship exceeded that of females. After 

the first year, the death rate for females was highest in 

the second year, a natural annual rate of 0.49 compared to 

0.05 for males. For males, greatest death rate occurred in 

the third year of life, a rate of 0.40 compared to 0.06 for 

females. The overwinter mortality rate was severe for both 

sexes. For males, at age 0 it was o.3e, at age one it was 

O.61, at age two it was 0.15. For females it was 0.63 at 

age 0, 0.39 at age one and o.8~ 8t gge two. Mechanical and 

physiological problems associated with molting probably ac

counted for much of the severe mortality that always occurred 
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during a molting period. Survival of young-of-the-year did 

not appear to be caused by differences in numerical size of 

adult stock. Though the adult femgle stock was the same in 

both years, in 1963 the age O population estimate was 12,900 

whereas in 1962, it was 24,971. Other than predation by the 

brook trout, factors contributing to mortality in the first 

year were not identified. 

Because adult males molted twice. whereas femgles molted 

only once they were larger than females of corresponding age. 

This difference in rate of growth between sexes could be 

also detected in the 0-age group with males larger then fe

males. Maturity tor both sexee occurred in the second grow

ing season (age one), and mating took place from July until 

October. Males were larger at maturity than females, an 

average respectively of 29.4 mm. versus 26.7 mm. The age 

structure of the population V8ried considergbly throughout 

the growing season because of d j fferential eurvival of year 

claeees at different ages. In the two ye~rs under study a 

wide range of sizes was attained by the 0-gge groups which 

persisted throughout the growth histories of the two groups. 

The average carapace lengths for males in September was 15.2 

mm. at age O, 30.9 mm. for qge one, 36.8 mm. for age two, 

and 40.9 mm. for age three. For females the corresponding 

average lengths were 14.6 mm. for O, 28.o mm. for age one, 

31.5 mm. for age two, and 36.9 mm. for age three. 

Productive capacity determined from counts of attached 

eggs was 58 per cent of the potential obt~ined from counts 

of ovarian eggs. Age three females aver8ged 107 eggs per 



73 

individual; age two females, 83 per individual. Maturity 

occurred during the second growing season (gge one) but the 

eggs were laid first the next spring. The percentage of 

ovgrian eggs not found attached to the pleopods was about 

the same for all but the largest females which were more 

active than the smaller ones and less able to find places of 

refuge. The two-year-old females in the population produced 

most of the season's eggs (92.5 per cent). 

After the young-of-the-year leave the female, they re

mained along the shore at depths of less than 5 ft. The adult 

females molted shortly thereafter, and migrated to a depth 

of 25 ft. where they concentrated throughout the summer. The 

adult males also migrated but concentration in the deep water 

was less pronounced than that of the females. This female 

migration may be associated with the reproductive cycle of 

the female since the migration follows the molt which pre

cedes the breeding season. 

A year class made its greatest contribution to total 

biomass in the summer of the second growing season at age 

one. The increase in male biomass from 31 kg. to 42.5 kg., 

produced another peak in the third growing season at age two 

even though the female biomass at age two declined from 24 

kg. to 12 kg. The maximum peak of biomass of 179 kg. occurred 

in the spring. Only a slight difference in standing crop 

existed between two successive summers; in 1962, it w~s 150.2 

kgs., and in 1963, 137.6 kgs. A decline in young-of-the-year 

from 18.2 in 1962 to 9.5 in 1963 kgs., was offset by An in

crease in age one crayfish from 60.6 in 1962 to 69.7 in 1963. 



74 

The effect of year class fluctuation on age structure and 

production was evident. The low reproductive rate per gener

ation of 0.78 includes the smAll 1963 ye~r class. Compared 

to other estimates of stAnding crop for cr~yfish, 82 lbs./acre 

in the summer of 1963 was nearly the lowest among several 

previously cited, but most of the values reported were for 

shallow, warm water, fish cultural ponds. 

The total net production of crayfish in West Lost Lake 

between the summers of 1962 and 1963 was 173 kgs. with a turn

over rate of 1.3, which compares favorably with that of 

estimates for other bottom invertebrates. With 3.6 as a 

re~sonable estimate for the maximum rate of turnover of the 

other bottom fauna in West Lost Lake, annual net production 
tt, f-\Ut!H LESS THAN ,.ff£ lfk'l•f1 

is l.O . .,, lbs ./acre. This value is ne~Pl:y 4'1-le E'Mffle ~! ~1-ie l-&:-:, 

lbs./acre for the crayfish population. The ability of the 

crayfish to utilize the part of the energy in a marl lake 

ecosystem not available to most of the other bottom inverte

brates accounts for this high level of net production. 

Predation on the crayfish by the trout was almost entire

ly confined to fish greater than 9.0 inches in length. During 

the winter months it accounted for about 37 per cent of the 

natural mortality of the young-of-the-year. In contrast, 

during the summer and tall it accounted for less than 7 per 

cent of the mortality of the young-of-the-year. Crayfish 

older than one year, after they had reached a cerapBce length 

ot~-~ffe~ , were not eaten by trout. Trout predation 

on crayfish reached two se,qsonal peaks, midwinter and l,gte 

summer whereas intervening periods of reduced predation were 
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. -
in the spring and '. late felr. ; The increased predation in 

midwinter occurred perh~ps because of a lack of emerging 

insects. The weight of crayfish eaten by trout was greatest 

in winter, when young-of-the-year crayfish were individually 

at maximum weight. In comparing crayfish to other trout food 

such as insects and cladocerana, only the age-0 component of 

its standing crop can be used. Thus out of a standing crop 

of 150.2 kgs. present in the summer of 1962, only 18.3 kgs. 

(the 0-sge group) was available as food to the trout. Since 

trout predation involves the age-0 year class it does not 

affect fecundity values, but only the age distribution within 

the population. 

To test the effect of increased trout predation on cray

fish, I used Ricker's equilibrium yield equation and have 

substituted rates of trout predation for fis~ing mortality 

term. This disclosed that crayfish could evan withstand 

predation by trout at a theoretical maximum density of 600 

fish, about six times the present predator population density. 

Predation was not as likely a factor in limiting population 

size of the crayfish as the ~~F- reJ).ve behavior of the cray

fish (indicated by observations in laboratory aquaria) combined 

with the physiological and mechanical problems associated with 

molting. Thus though trout predqtion removed some l:Slper cent 

of the young-of-the-year during the winter months more than 

enough survived to reetock the population. 

Increased yield to the trout from the crayfish population 

could be improved by stocking larger fish than thoee present

ly stocked or perhaps by introducing another speciee of cray-
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fieh such ae Orconectee propinguus, which grows to a smaller 

average maximum size th.gn O. virilis yet has .gbout the same 

reproductive protential. 

The present rate of removal of young-of-the-year cray

fish by the trout is equivalent to a reduction in the spawn

ing stock which produced the brood in question. If the re

production in Q. virilis decreases after the stock reaches 

some large magnitude (i.e., density dependence) then the net 

increase in reproduction or recruits resulting from a reduction 

of adult stock by increased fish pred.gtion would increase 

the number of eggs. This would permit 13 large increase in 

young-of-the-year in future years, thus increasing the yield 

to trout. 
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