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Many organisms show a reproductive pe- in the palolo worm, is believed to be ini-

riodicity correlated with environmental fac- ated by increased photoperiod ( reviewed by
tors. Photoperiodism and response to chang- Korringa, 1947).

ing temperature are the best known phe- Among the Crustacea, G. J. Stephens
nomena. Food and rainfall and, in marine (1952) showed, in Orconectes virilis. that

organisms, changes in salinity and changes increased day-length accelerated the rate of
in pressure due to spring tides, may also the normal cyclic increase and decrease in

affect time of egg-laying. ovarian size. She also demonstrated that con-

Most of the research on influence of pho- stant darkness completely interrupted cyclic

toperiodism upon reproductive cycles in in- activity, the oocytes developing to a mature

vertebrates concerns induction of diapause condition and remaining in that state. How-
in insects. This subject was reviewed by ever, Suko (1958) showed that the response
Lees (1955). Most insects may be classi- of Procambarus clarkii to darkness depends
fied as "long-day" species; that is, exposure on the state of the ovary when the animal

to long day-lengths allows uninterrupted de- is placed in the darkness. With another

velopment while short day-lengths favor crayfish, Orconectes rusticus. G. C. Stephens

diapause. However, in many insects ex- (1952) showed that light caused modifica-

tremely short day-lengths or constant dark- tions of a secondary sexual structure, the

ness may also prevent diapause. cement glands, which secrete a substance

High temperatures augment the effect of used in attaching the newly-laid eggs to the

long day-lengths in preventing diapause, pleopods. These glands were stimulated to

while low temperatures favor its onset. For develop at a more rapid rate in animals

the termination of diapause, temperature under increased photoperiods.

may be more important than day-length as The present investigation was undertaken

many insects require a period of chilling be- to define the female reproductive cycle of

fore diapause terminates (Lees, 1955). the crayfish Cambarellus sbufeldti. This

By increasing the temperature in mid- small crayfish is readily available in south-

winter Loosanoff and Davis (1952) initiat- eastern Louisiana throughout the year. It

ed a second breeding season in the oyster has been used in studies on chromatophores,
Crassostrea virginica which normally breeds retinal pigment migration, metabolism, and

only during the summer. Low temperature on the endocrine factors controlling these

stimulated breeding in B^/d««j. while spawn- functions (e.g.. Fingerman, 1957; Finger-
ing occurred both at time of maximum and ^nan and Lowe, 1957). The only studies of
of mmimum temperatures in the limpet ^^^ uf^ ^y^e of this species were the brief
Patella vulgata (Giese, 1959).

ecological surveys of Penn (1942, 1950)
Korringa (1952) showed that tempera- who reported an almost continual period of

ture is not the only factor influencing reproduction with peak activity in late win-

spawnmg. Withm the spawnmg season of
^^^^ continuing high through early summer,

the European oyster, Ostrea edulis. semi- . r i
•

i i

monthly peaks of reproductive activity are
The series of observations presented here

correlated with spring tides. In this and represents an attempt ( 1 ) to outline in de-

other animals exhibiting increased activity
tail the female reproductive cycle of this

two times each lunar cycle, the increased crayfish, and ( 2 ) to obtain information con-

water pressure of spring tides might be the cerning environmental factors that may reg-

triggering influence. Monthly spawning, as ulate the cycle.

1 Most of this paper is a portion of a dissertation submitted in partial fulfilment of

the requirements for the Ph.D. degree in zoology at Tulane University, New Orleans,

Louisiana, 1959.
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Materials and Methods
Adult specimens of Cambarellus shujeldti

are small, the female averaging only 20 mm
in length. Typically they inhabit shallow

fresh-water ponds and ditches that are ex-

posed to direct sunlight part of each day
and that contain an abundant plant growth
(Penn, 1942, 1950). The population stud-

ied occurred in a roadside ditch, in pine-

lands, near Pearl River, Louisiana. The prin-

cipal water plants present were Scirpus na-

nus and Rhyncospora spp. Other crayfishes
associated with Cambarellus were Orconec-

tes clypeatus and Procambarus blandingi
acutus.

The water level in the ditch fluctuated

from approximately 18 inches to below

ground level according to the amount of

rainfall. Very little rain fell during late au-

tumn of 1958 and the ditch was dry from

the middle of December to the third week
in January, 1959. The crayfish can survive

such droughts by burrowing. They evident-

ly do not burrow unless there is no stand-

ing water as a small December collection

was obtained from only one-half inch of

water by raking through plant growth. At
all other periods during the study the cray-
fish were active and were obtained with dip-
nets. Although a thin film of ice formed
over the water surface in February, 1958,
animals were still present in the water.

Animals were collected at least once a

month from November, 1957, through No-

vember, 1959, preserved in Bouin's fixative,

and stored in 70 percent ethyl alcohol. The

weights and measurements presented below
are those obtained from preserved crayfish.
The animals were blotted and weighed to

the nearest milligram. Cephalothorax length,
from tip of rostrum to posterior margin of

carapace, was measured to the nearest 0.5

mm with the aid of dividers and a stereo-

scopic microscope.

The degree of cement gland development
and the presence or absence of a plug in the

oviducts were noted. In C. shujeldti the ce-

ment glands underlie the anterior portions
of the second through sixth abdominal seg-
ments at the junction of the sterna and

pleura and the mid-ventral line along the

strong transverse bar present in each ster-

num. The glands extend into the protopo-
dite and endopodite of eacli pleopod and

into both the exopodite and endopodite of

the uropods. The degree of cement gland

development was determined according to

the stages of G. C. Stephens { 1952) : stage
1. Numerous tiny, milky-white translucent,

circular or subcircular spots appear in areas

of future gland development; stage 2. The
white areas enlarge and subcircular trans-

parent areas appear within them; stage 3-

The glands appear as translucent white lo-

bate clusters surrounding the original white

areas in an irregular manner; stage 4. The

glands become opaque, milky-white and so

filled with secretion that their lobate char-

acter is difficult to distinguish.

In Cambarellus the mid-ventral glands
mature slowly and may still be in stage 2 or

3 when the lateral glands are in the fully

developed stage 4. Therefore, the states of

the two sets of glands were recorded sep-

arately. A stage listed as 4.0, 2.0 would in-

dicate that the lateral glands were at stage

4, the mid-ventral only at stage 2.

After the specimens had been examined

grossly their ovaries were removed. The

ovary is Y-shaped with two anterior and

one posterior lobes located immediately ven-

tral to the heart; the anterior lobes curve

dorsally around its anterior end. The ovi-

ducts originate from the ventro-lateral sur-

face of the ovary where the three lobes join.

Camera lucida drawings were made of the

ovaries before removal from the animal,

with the crayfish held in a lateral and slight-

ly dorsal position.

The diameters of the largest oocytes in

each ovary were measured to the nearest

0.01 mm with an ocular micrometer and the

average diameter of the four largest was re-

corded. Each ovary was weighed to the

nearest 0.1 mg. after being touched to a

piece of filter paper and placed in a dry,

covered weighing bottle. The weight of any
moisture remaining in the weighing bottle

when the ovary was removed was subtracted

from the previously recorded weight.

Results and Discussion

"I'he Normal Yearly Reproductive Cycle
Animals were collected at least once a

month from November, 1957, through No-

vember, 1959, to determine the normal re-

productive cycle. Only animals of 8.5 mm
cephalothorax length and larger were con-

sidered because only two mature animals

smaller than this were found.
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A population of C. shufeldti has an al- cephalothorax length produces only a hazy
most continuous period of reproductive ac- pattern of growth as seen in Table 2 which

tivity. Females bearing eggs or young can summarizes the correspondence between
be collected nearly every month of the year, weight and length throughout the study.
The eggs are attached to the female's pleo- In January 1958 only one size group of

pods, where young hatch from the eggs and adult females was present. The same group
remain attached through the second instar. ( hereafter referred to as group A ) was
The total time of attachment to the pleo- present in February, showing a small incre-

pods in Cumbarellus is about three weeks. ment in weight and no increase in length.
The percentage of females bearing eggs Eighty-five percent of these animals carried

and young is shown in Figure 1. Two peaks eggs or young. The largest juveniles meas-

of reproductive activity occur, the higher in ured 7.5 mm cephalothorax length; they
late winter and a second in early summer, were not weighed.
A small rise also occurs in October. By March many group A animals had

The life cycle.
—

Approximately fifty fe- lost their young and molted, and the group
males from each of the monthly collections showed a large weight increase. A second

from January, 1958, through November, group of females (group B) had molted to

1959, were weighed and cephalothorax meas- mature size. These latter comprised 36 per-
ured. Animals carrying eggs or young were cent of the adult female population and all

weighed with brood attached. Each month were ovigerous. The largest juvenile meas-

some animals were dissected to determine ured 7.5 mm cephalothorax length,
ovarian condition. By April 1958 all remaining group B

Comparison of total body weight ( Tables animals had undergone a maturation molt

1 and 2 ) shows three distinct groups of fe- as the largest juveniles measured only 6.0

grow, become translucent white and then mm cephalothorax length. Approximately
males which appear and mature at different 50 percent of the group carried eggs or

times during the year. There is a definite young. All of group A had completed a

separation between the heaviest animals in post breeding molt. These two groups could

one group and the lightest in a second, not be separated on the basis of length as

heavier group present in the population at group A measured 9.0-10.5 mm cephalo-
the same time. Comparison of increment in thorax length and group B, 10.0-11.5 mm.

Table 1.

Body weight increment in the three groups throughout the study.

Month
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Table 2.

Monihly weights and cephalothorax lengths of a representative sample of the
adult female population.

Month
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ovaries of 8.5 mm animals reached a mature

condition. Group C could be subdivided

into two sections, the larger representing
those animals hatched at the beginning of

the winter breeding season and reproducing
in June, the smaller those hatched towards

the end of the season and reproducing in

July and August.

By August 1958 group B had disappeared
from the population. The 18 percent of

group C that carried eggs or young was

composed of smaller animals, 8.5 to 9-0

mm. There were many juveniles whose

cephalothorax length was 8.0 mm. The

larger animals had shown no increase in

weight.
In September 1958 a number of the ani-

mals molted as shown by increase in length,

but the weight of the larger animals re-

mained stationary.

By October all the animals molted and

there was a large weight increment. The

largest animals produced a second brood.

In November the larger animals of group
C were dying off without molting again.

The group made up 86 percent of the adult

females as Group A began to appear in

the adult population. The 8.5 mm animals

possessed immature ovaries. Only in July
and August were such small animals found

in a reproductive phase.
In December only a small collection could

be obtained due to drought conditions.

Group C constituted 30 percent of the adult

female population. Some Group A animals

had molted but the increment in weight
was small.

In late January, 1959, group C was com-

posed of very large, heavy animals, all of

which were ovigerous. Group A animals

molted but had not yet laid eggs.

By February the entire adult female pop-
ulation was again composed of only one

size group, group A, 63 percent of which
were carrying eggs or young.

Figure 1 and Tables 1 and 2 show the

repetition of this cycle through the rest of

1959.

Maturation of oocytes.
—In the ovaries of

immature animals the oocytes are tiny, 0.40

mm or less in diameter. They are transparent
and widely separated by interstitial material.

As the animals mature the oocytes begin to

grow, become translucent white and then

NDJFMAMJJASON
MONTH COLLECTED

Figure 1. The yearly reproductive cycle of C. shiifehlti expressed in terms of the per-

centage of females that were carrying eggs or young. Solid line, circles = Nov. 1957-

Nov. 1958; dotted line, dots = Nov. 1958 - Nov. 1959.
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opaque ivory at approximately 0.70 mm in

diameter. The oocytes later acquire a green-
ish tinge as yolk deposition increases their

size to 1.1 mm. The color of the oocytes

gradually deepens to the dark dull green-
black of mature eggs, with a diameter of 1.4

to 2.0 mm. Eggs are black immediately
after laying. The smallest eggs found at-

tached to the pleopods measured 1.45 mm.
The same sequence of oocyte development
is repeated after egg-laying occurs.

At times yolk resorption occurs and the

oocytes may become a bright chicken-yolk

yellow or even orange. Oocytes undergo-

ing resorption become coarsely granular, ir-

regular vacuoles appear within them, and

they become surrounded by a clear yellow
fluid. When resorption is occurring rapid-

ly the entire ovary may become distended

with a pale yellow fluid. As resorption pro-
ceeds the oocytes become smaller and their

outlines irregular. They eventually disinte-

J
 

J

MONTH
Fif^ure 2. Variation in mean ovarian weijjht thiouj^hout the year. Group A,

Group B stippled; Group C solid bars. When two values are griven for the same
in one month, the lesser value refers to animals carrying- eggs or young at time of

urement.

open ;

group
meas-
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grate leaving loose irregular masses of yel-

low-orange granules that gradually disap-

pear.

Ovarian cycle.
— The condition of the

ovaries reflects the presence of the three size

groups. Thus the ovarian weights of the

Tables.
Summary of monthly m,easurem.enifi on ovari-^n tveight and oocyte diameter.

Month

1-58

2 58

3-58

4 58

5-58

6-58.

7-58

8-58

9-58

10-58

11-58

12-58

1-59

2-59

3-59

4-59

5-59

6 59

7-59

8-59

9 59

10-59

11-59

Group No. used
Weigrht of Ovary (ins)

rang-e mean
Oocyte Diameter (mm)

range mean

A*
A

A-
A*

A*-
B*

A-
A*
T?

B*

A-
B

B
B*-
C.

C*

B
C-
C*

c
c*

c
c*

c
c-
A

C
A

c*
A

A*
A

A*
A-
B*

A-
B*
B-

B

B
B*-
C

B-
C
C*

C&C-
C*
B-

C
C*

c
A

14
12

13
10

12
15

14
1

13
10

1
11

10
14
7
8

4
13
10

10
9

13

11
9

14
11
13

9
10

9
12

11
10

10
12
10

8
11
10

13

12
12
4

10
12

10
5

12

12

12
9

5.5- 8.2
18.7-20.3
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three groups are plotted separately in Figure
2. However, in any one month the actual

state of the ovaries of all non-ovigerous fe-

males is rather similar regardless of group,
the heavier animals having heavier ovaries

mainly because the ovary contains a larger

number of eggs rather than eggs in a more
advanced state of maturation. Table 3 which

lists oocyte diameter and ovarian weight by

group shows this clearly (see April, Novem-
ber ) . In most cases a single description in

any one month will define ovarian condition

in all non-ovigerous or in all ovigerous ani-

mals at that time. Figures 2 and 3 illustrate

the sequence of ovarian changes.

January 1958. The ovaries of non-ovig-
erous females (Fig. 3, A) were large, the

oocytes mature. The posterior lobe of the

ovary was almost three times the length of

each anterior lobe. The anterior lobes were
rounded and thick. They curved backward

dorsally over the heart and pressed against
the carapace. The ovary extended from the

bases of the first pereiopods to the bases of

the second pleopods. The ovary of breeding
females averaged 7.2 mg and was growing
(Table 3).

February 1958. The ovaries of breeding

Fi'jure ^. Annual cycle of ovarian development, January 1958 (3A) through February
1959 (3Q, R). See text for full explanation.
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females were quite small and filled with in June when the ovary immediately began
new oocytes (Fig. 3, C). Those animals not to increase in size and weight after egg-

carrying a brood retained egg cases; young laying. The ovaries of those animals not

had recently been present. The ovaries of carrying eggs or young averaged only 6.7

this group had doubled their weight (Table mg in weight and the oocytes were not uni-

3) and retained the same general shape as form but of various sizes (Fig. 3, K). Yolk

present in January (Fig. 3, B). resorption was occurring; the ovary was re-

March 1958. Group B had appeared and ducing in size,

all were ovigerous. The animals of group September 1958. No females carried eggs
A carried young or had molted after having or young. The ovary was small, 1.1 mg,
a brood. About 5 percent of the oocytes and extended from the bases of the third

present in recently molted animals showed to the fifth pereiopods. The oocytes were

yolk resorption, accounting for the decrease round and of fairly uniform size; they were

in ovarian weight. The posterior lobe of loosely arranged and one layer thick ( Fig.

the ovary was more than twice the length 3, L), approximating the condition seen in

of each anterior lobe (Fig. 3, D). The an- immature animals.

terior lobes were elongated and narrow October 1958. Fifteen per cent of the

rather than rounded and thick as in Jan- females carried eggs or young. The ovary

uary and February. The ovary extended of these animals weighed 5 mg and was

fromj the second pereiopods just to the first growing. In those animals not carrying a

abdominal segment. brood the ovary averaged 13 mg in weight

April 1958. The animals carrying eggs and oocytes measured 1.33 mm in diameter

had small ovaries, filled with new oocytes. (Table 3). The ovary was thick and compact,
The ovaries of the rest of the population extended from the second pereiopods to the

had increased in size (Fig, 3, E) and were end of the thorax. The three lobes were

of the same shape as in March. Within an of about equal size. The anterior ones were

ovary the oocytes were not as uniform in upright with no backward curl (Fig. 3, M).
size as previously; new oocytes were form- November 1958. Group A appeared in

ing among more mature ones. the population. The oocytes in this group

May 1958. Ovarian weight and oocyte underwent a slow maturation from Novem-
diameter had increased ( Fig. 3, F ) . The ber to February when there was a sudden

posterior lobe was approximately twice the increase in ovarian weight. In all females

length of each anterior lobe. Only 5 per- present in November the posterior lobe of

cent were brooding. the ovary was almost twice the length of

June 1958. In animals carrying broods the anterior lobes; the anterior lobes were

the ovary (Fig. 3, G) was larger as con- beginning to enlarge laterally (Fig. 3, N).
trasted with comparable groups in Febru- December 1958. The ovary showed only

ary, March and April, indicating a more a slight increase in weight over November,

rapid maturation of oocytes after egg-laying. The posterior lobe had elongated to three

In both ovigerous and non-ovigerous females times the length of the anterior ones. A
the ovary was thick and compact, the pos- few young oocytes were apparent (Fig.
terior lobe only one and one-half times the 3, O).

length of each anterior lobe. January 1959. Ten percent of the females

July 1958. Many of the non-ovigerous were ovigerous. They represented the rem-

females still retained egg cases on their pie- nant of group C. The ovaries of the remain-

opods. The anterior lobes of the ovary ing 90 percent had the same general shape
were rounded and less than one-half the and extent as in December. While yolk

length of the posterior lobe (Fig. 3, I). The deposition was occurring in the younger

oocytes were larger than in June but had oocytes, resorption of yolk was beginning in

not increased in number. some of the mature ones (Fig. 3, P).

August 1958. The ovaries of brooding February 1959. In brooding females the

animals were tiny, weighing only 0.5 mg ovary was small and thin, but compactly ar-

and containing no oocytes larger than 0.42 ranged with little interstitial material (Fig.

mm (Fig. 3, J). This condition contrasts 3. Q). The largest oocytes measured 0.5

with that occurring in specimens collected mm in diameter and represented old oocytes
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from which yolk was being resorbed. Small-

er, new oocytes were being proliferated. In

those females which had not yet laid eggs
the ovaries approximated the condition

found in January 1958, but was heavier.

Yolk resorption was occurring in about 10

percent of the oocytes ( Fig. 3, R )  This re-

sorption was probably the result of forced

retention of eggs past their maturation due

to drought conditions at the end of 1958.

Cement gland development.
— Cement

gland development parallels oocyte matura-

tion. The glands are not apparent in imma-
ture individuals. As the ovary approaches

breeding condition the cement glands ap-

proach their fullest development. They de-

crease in size when egg-laying occurs and

their secretion presumably provides the

means of attaching eggs to the pleopods.
After egg-laying the glands again begin to

fill with secretion. Just as the ovary shows

regression in late summer, so too do the

cement glands, reducing to a stage of ap-

proximately 0.5, 0.0 in September from

stage 4.0, 3-5 in July (Table 4). The se-

quence tabulated for 1958 also occurred

during 1959.

The presence or absence of an externally
viewed plug in the oviducts is also recorded

in Table 4. The significance of this plug is

not known. It appears to be composed of

an amorphous or granular white secretion,

probably from the ovary itself. It is not

present in immature animals or in mature

animals in September, but is present to

some extent throughout the rest of the year,

becoming very prominent and causing the

thin exoskeleton covering the oviduct open-

ings to bulge outward prior to egg-laying.
Even when not apparent externally this

white material may be found in the upper

part of the oviduct. It appears to move
down the oviduct and before egg laying is

present only in the lower part of the duct.

The substance is particularly prominent in

the upper part of the oviduct and even in

the ovary itself, near the duct, when yolk

resorption is occurring.
Discussion.— The life span of female

C. shufeldti is no longer than one year;

that of an adult female, approximately six

months, during which time she may pro-
duce two broods. Those animals which

hatch in the late winter-early spring breed-

Table 4.

Average monthly state of cement gland develomnent (fifty specimens
were exatnined each month).

Month
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ing season (group C) may mauire and be- Water was changed weekly; the animals

come ovigerous at a small size in late June, were not fed during the course of the ex-

July and August. In 1958 group C could periment. Illumination was provided in

be subdivided into two parts: (1) those each tank by one frosted 10-watt bulb sus-

animals hatched near the beginning of the pended 20 cm above the water surface,

breeding season, and (2) those hatched Intensity of illumination at the surface of

near the end of it. Due to drought con- the water was approximately 40-45 foot-

ditions, the 1959 group C corresponded candles. Duration of light was controlled

only to (2) of the 1958 group. The larger by automatic time clocks set to provide re-

of the group C animals may have a second spectively 0, 6, 12, 18, and 24 hours of

brood in October. A very few of the illumination daily. Illumination began at

smaller group C animals may survive the 6 AM.
uary. The June young (Group A) do not Beginning July 1 and every fifteen days
winter and produce a second brood in Jan- until September 15 a random sample of

attain sufficient size to reproduce until the animals was removed from each tank and

following January and February. They re- preserved in Bouin's fixative for future ex-

produce only once. The young produced amination. As both group B and group C
in late July, August and October (group individuals were present during the early

B) reach maturity and may produce young part of the experiment, the animals were
in March and reproduce again in June. weighed and cephalothorax length measured

The peaks of reproductive activity thus to separate the groups. The ovaries were

produced are in fair agreement with those dissected out, weighed and largest oocyte

published by Penn (1950) for C. shnfeldti.
diameters measured. The results are sum-

His data included animals collected through-
marized by group in Tables 5 and 6. Stage

out the state of Louisiana. As local condi- of cement gland development is also ra-

tions vary, the expected flattening of the corded in these tables.

curve occurs; the peaks he reports are not In group B animals, darkness caused an

quite so high nor the dips so sharp. initial increase in ovarian size and this in-

This is the shortest life cycle reported for crement was maintained through August 15,

any crayfish; others studied have been those the last date on which animals of this group
of larger animals that required a longer time were present in the population. Exposure
to reach mamrity and lived longer in an to six-hour day-length also caused increase

adult condition ( Hobbs, 1942; Penn, 194^; i" ovarian size but this was followed by a

Smith, 1953). In these studies length was decrease in weight. For 12-, 18-, and 24-

the only basis for separating different age
hour day-lengths there was a decrease in

classes. In C. shnfeldti at least, length alone ovarian weight. However, with 18 and 24

is not sufficient, as two distinct age groups,
hours illumination daily this initial decrease

clearly demarcated by weight, may have was followed by a weight increase,

overlapping cephalothorax length measure- The same general sequence was shown by
ments. Thus weight and length together animals of group C (Fig. 4). At the first

must be used to define age groups accurate- sampling on July 1 these animals had just

ly in this small shortlived species. molted to a mature size and there was an

increase in ovarian size in 15 days under
Influence of Environmental Factors all lighting conditions ( Fig. 4, B, H, N, T,

Light.
—To determine the effect of day- Z). A change from the situation in group

length on the reproductive cycle, five groups B was that animals receiving a 12 -hour

of crayfish were maintained under different photoperiod showed as great an increase as

photoperiods from June 10 through Sep- caused by complete darkness. By August 1

tember 15, 1958. The animals were col- the ovarian weight of the animals in dark-

lected on June 1, 4, 6, and 9, and not sep- ness was stabilized, while that of those

arated as to collection date. Males and fe- under six-hour illumination showed an addi-

males were present in each group. The tional increase, and the other groups a de-

crayfish were contained in covered rectangu- crease. By the middle of August the ani-

lar stainless steel tanks, 49 x 37 cm, kept mals receiving 18 to 24 hours of light daily
side by side in an air-conditioned laboratory. (Fig. 4, V, BB) showed an increase in
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Figure 4. Changes in ovarian condition of group C crayfish in response to different

photoperiods. hours illumination, A-F; 6 hours, G-L; 12 hours, M-R; 18 hours, S-X;
24 hours, Y-DD.

ovarian weight while the others exhibited a least rapid in those under continual illumi-

decrease. In both September samples groups nation.

under all illuminations showed a decrease The cement glands generally followed the

in ovarian weight, the most rapid decrease pattern shown by the ovaries ( Tables 5 and

occurring in animals in darkness and the 6). However, the correlation was not per-

Table 5.

Changes in ovarian condition due to different photopei-iods :

group B animals.

Day-
Length
(Hrs.)
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Table 6.

Changes in ovarian condition due to different photoperiods :

group C animals.

Day-
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Table 7.

Average ovarian weights of immature animals exposed to 0, 12, and 18 hours
light daily from June 10 to September 15, 1958.

Date
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Table 9.

Changes in ovarian condition due to different temperatures: placed at
constant teTnperature November 5, 1958.

Date
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I M M r t-

Figure 5. Sequence of changes in ovarian development under various temperatures.
TQ, A-D; 17°C, E-H; 30°C, I-L.

The low temperature was raised to 8.75 ±
1.25 °C to lower the mortality that oc-

curred at 6.5°. The high temperature was

28.75 ± 0.25 °C rather than 30 ± 0.5 "C.

Only group A animals that were ovigerous
at the start of the experiment were used.

To minimize the possibility of the animals

at higher temperatures resorbing the ovary
as a food source because of their higher
metabolic rate, strands of Elodea were placed
in the tanks and some canned cat food added

every other day.
Even with what was assumed to be an

abundant food supply, the experimental re-

sults (Table 10 j were essentially similar to

those previously reported; a slowing of de-

velopment at low temperatures and a sud-

den increase followed by resorption at high

temperatures. However, the lag in ovarian

development at low temperature increased

with time rather than decreased. Also, the

regression at a higher temperature proceeded

at a slower rate and interstitial material did

not replace the oocytes to as great an extent.

In the winter experiment cement gland

development closely paralleled ovarian de-

velopment, increasing or decreasing with

ovarian development (Table 9). In the

spring, however, cold temperature did not

inhibit gland development; the glands of

animals exposed to temperatures of 9°C
were as fully developed as those of animals

at 17°C (Table 10). The glands of animals

at 29 "^C remained almost stationary at stage

3.0, 0.0.

Temperature affected the development of

attached eggs and developing young. All

animals carried eggs in which little devel-

opment was apparent at the start of the

1959 experiment. At 29 C only two ani-

mals carried young at the time of the first

sampling (18 days after the experiments be-

gan). The rest exhibited only empty egg
cases because the young had already left the
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Table 10.

Changes in orarian condition due to different temperatures : placed at

constant teynperature February 28, 1959.
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light, and rainfall influence the reproductive

cycle of CavihareUus sbi/feldti. The peaks
of reproductive activity occur ( 1 ) in the

coldest portion of the year, slightly after

the shortest day-length, and ( 2 ) at the be-

ginning of the hottest season which is also

the time of longest day-length. Figure 6

shows the variation in mean monthly tem-

perature throughout the year in the vicin-

ity of the collection site. As the U. S.

Weather Bureau does not maintain a tem-

perature station at Pearl River, the temper-
atures recorded are from Slidell, Louisiana,

eight miles southwest of the collection area.

Figure 7 gives the variation in day-length

throughout the year at New Orleans, Louisi-

ana, 26 miles southwest of the collection

site and at sea level rather than 29 feet

elevation. The times during which 60 per-
cent or more of the adult female popula-
tion carried eggs or young are indicated by
the horizontal bars on the figures.

The decreasing temperatures and shorten-

ing day-lengths of late fall and early winter

stimulate proliferation of new oocytes and

inhibit ovarian maturation. Short days tend

to stabilize the oocytes as they develop
rather than allow the quicker cycling of

yolk deposition and resorption induced by

long photoperiods. Gradually the inhibi-

tion induced by cold weather and short day

length is lost, the ovaries mature and egg

laying occurs.

As temperature is rapidly increasing to-

ward the summer plateau, the young of the

year grow and mature quickly. The ovaries

of adult animals develop rapidly and there

is a sharp peak of reproductive activity in

June. Long day-lengths accelerate the cyclic

activity of the ovary.

While the ovary in June and July grows
very quickly after expelling eggs, contin-

ued high temperature induces yolk resorp-
tion and the ovaries regress until Septem-
ber, when they approximate the condition

seen in immature animals. Day-length has

been increasing from March through June
and smaller animals are finally stimulated

to mature and lay eggs in July and August
before their ovaries also regress. The strong
inherent tendency for the late summer de-

cline is shown by the series of experiments
with day-length.. The ovary regressed un-

der all illuminations in September. That

this may be associated with a general meta-

bolic factor is shown by the fact that ani-

mals collected from the field in August and

September exhibited less in body weight in-

crease than in any other months during the

year.

As cooler weather and shorter photope-
riods set in, the ovaries begin to grow again,
new oocytes are proliferated and a few ani-

mals are able to lay eggs before colder

weather slows maturation of oocytes. The

June young do not reach maturity before

cold weather begins and are not able to re-

produce until the following year.

DJFMAMJJASO NDJFMAMJJASON
^^ MONTH ^^

Figure 7. Annual variation in photoperiod at New Orleans, La., expressed as month-
ly mean number of hours from sunrise to sunset. The solid bars at the base of the figure
indicate the period during which 60 percent or more of the females were brooding. The
vertical line through each bar indicates the peak reproductive period.
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Rainfall can influence the reproductive

cycle to the extent that animals may be

forced to burrow if rainfall is scanty. This

occurred in December 1958 -
January, 1959.

The forced burrowing of the crayfish placed
them in complete darkness and may give an

extra spurt to ovarian development. The
combination of cold and darkness, plus
forced retention of the oocytes may account

for the large size reached by the ovaries

before the animals laid eggs in 1959.

Temperature has another effect on the

reproductive cycle. Reproductive activity

throughout the year was determined by the

percentage of females carrying eggs or

young. The time required for the eggs to

hatch and for the young to leave the pleo-

pods is inversely related to temperature.
Mean monthly temperatures may vary from

year to year and were lower during the 1958
winter breeding season than in 1959 so

that, in effect, the period of peak reproduc-
tive activity was extended in 1958.

Lack of rainfall augmented the tempera-
ture effect in 1958-1959 by forcing the

animals to burrow and thus delayed their

breeding season. By the time standing wa-
ter was again present, temperatures were
warmer and the time required for the young
to develop shorter; thus shortening further

the span of the reproductive peak in 1959.

The data presented here agree with that

of G. J. Stephens (1952) and Suko (1958).

Stephen's experiments revealed that dark-

ness stimulated maturation of oocytes and

may inhibit cyclic activity, while increased

light accelerated the cycle. Suko reported
that oocytes of Procamharus clarkti kept in

darkness for two to three months after ovi-

position displayed no histological change in

spite of the elongation of their ovaries ( in-

dicating oocyte proliferation without ma-
turation ) . Ovaries of animals kept further

over this period developed earlier than those

of controls. Animals kept in darkness im-

mediately before breeding and egg-laying
showed degenerative changes in the ovary.
C shufeldti in the present experiments

also showed varied response to lack of light

depending on the time of year.

Further experiments on the effects of

light are needed. Also in the present ex-

periments, there was little difference be-

tween ovaries of animals exposed to 18 or

24 hours of light. The greatest day-length

in New Orleans is 14 hours. How much
the photoperiod can be reduced before dis-

tinct differences appear would be interest-

ing to determine.

Summary
1. The reproductive cycle of the female

dwarf crayfish, Cambarellus shufeldti. is de-

fined. While females carrying eggs on their

pleopods can be found almost any time

throughout the year, there are two peaks of

reproductive activity, the largest in late

winter-early spring, the other in June.
2. Three distinct groups of adult females

appear in the population during the year.
Individual crayfish probably live no longer
than a year and no longer than six months
as adults. During this time an animal may
reproduce twice.

3. Increase of photoperiod induces a

more rapid cycling of the maturation and

resorption of oocytes. Decrease of day-

length tends to stabilize the ovary in a

mature condition at one time of year, while

at another time tends to allow increased

proliferation of oocytes without maturation.

4. Lowered temperature tends to slow

maturation of oocytes while elevated tem-

peratures cause a quick maturation followed

by disintegration of the ovary.
5. C. shufeldti appears to have an in-

herent rhythm of reproductive activity, as

shown by varied response to experimental

lighting and temperature conditions at dif-

ferent times during the year.
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Abstract

The reproductive cycle of the female

crayfish Cautbarellus shufeldti was de-

fined. Field collections were made at

least once a month from November
1957 through November 1959. While
females carrying eggs on their pleo-

pods could be found almost any time

throughout the year, there were two

peaks of reproductive activity, the

largest in late winter-early spring, the
second in June-July. These periods oc-

curred shortly after the coldest por-
tion of the year and shortest day-
length and at the beginning of the hot-

test portion which is also the time of

longest day-length.

Three distinct groups of adult fe-

males appeared in the population dur-

ing the year as determined by total

body weight and cephalothorax length.
Individual crayfish probably lived no

longer than a year and no longer than
six months as adults. During this time
an animal could reproduce twice.

Under incz'eased photoperiod a more
rapid cycling of maturation and re-

sorption of oocytes occurred. Decreased

day-length tended to stabilize the ovary
in a mature condition or to allow in-

creased proliferation of oocytes with-
out maturation, depending on time of

year.

Lowered temperature tended to slow
maturation of oocytes while at elevat-

ed temperatures there was quick matu-
ration followed by disintegration of
the ovary.




