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Studies of tlie biological and environmental req uirernents of

Pacifastacus trowbridgii (Stimpson) were conducted for the purpose

of developing commercial culture methods. From preliminary

experimentation the following conclusions were made. ( 1) Sub-

yearling and yearling crayfish were able to live on different com-

mercial livestock feeds, of which rabbit pellet food was preferred.

(2) Juvenile P. trowbridgii required near- saturation concentrations

of dissolved oxygen, a finding which contrasts with the established

needs determined for other crustacea. (3) Opaque plastic shelters

were preferred by juvenile crayfish over transparent ones. (4) Juve-

nile crayfish could withstand salt water salinities up to 100%. How-

ever, crayfish mortalities during molting were substantial in salini-

ties greater than 25% sea water concentration. (5) Precocious

reproductive activities of stream-captured adults were observed

in the laboratory after water temperatures were lowered to 8 ° C,
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which was approximately 100 below that of the stream from which

they had been taken, and artificial lighting was nil. (6) The time

for egg development at 15°C was approximately 30 days less than

that observed at 80 C. (7) Intermolt juvenile crayfish readily preyed

upon freshly-molted juveniles, thus individualized crayfish compart-

ments were required in subsequent experimentation.

The design of the major experiment was developed after the

results of the aforementioned preliminary experimentation were

examined. Subyearling and yearling crayfish were simultaneously

exposed in select groupings for 45 days to combinations of: three

temperatures ( 12, 16, or 20° C), two food rations (pelleted rabbit

food or fresh-frozen euphausiids), and two water conditions (fresh

or saline: 7-8 %o). Growth rate, molting activity, and survival

were determined for each grouping.

Results of this experiment revealed subyearling crayfish grew

much faster under all conditions than did their yearling counterparts.

A direct relationship between temperature and subyearling growth

rate, molting activity, and survival was observed. However, year-

lings did not exhibit this relationship as growth rate, molting activity,

and survival were approximately the same for all temperature

regimes.

Subyearlings grew much faster and molted more often in fresh-

water, but survival was identical in both fresh and salt water.



Yearlings grew, molted, and survived at the same rate in both fresh

and salt water.

Subyearling crayfish preferred the euphausiid ration as growth

rate, molting activity, and survival were all substantially greater

than that observed for those crayfish fed the rabbit pellet food.

Yearling crayfish also grew faster and molted more often when fed

the euphausiid ration, although survival was about the same with

both rations.

Subsequent experimentation was conducted to determine if

crayfish could grow at even higher temperatures (24°C) and greater

salinity (16%o). High temperatures and salinity adversely affected

growth rates, molting activity, and survival for both subyearling

and yearling crayfish.

Brood stock maintenance, hatchery and rearing facility designs,

food considerations, harvest methods, and economic considerations

are also discussed.
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THE CULTURE OF CRAYFISH NATIVE TO OREGON

INTRODUCTiON

The overall objective of this research project has been the

investigation of environmental factors affecting the biology of the

crayfish, Pacifastacus spp. which could be controlled to enhance

growth and reproduction, thereby providing information for the

development of commercial culture methods, This research pre-

sents the potential crayfish culturist with some basic biological data

on the requirements of crayfish regarding temperature, salinity,

shelter and holding facilities, dietary preferences, and growth.

Commercial Fisher

Miller and Van Hyning (1970) examined the historical crayfish

industry of Oregon and found it originated in 1893, with a total catch

that year of 66, 288 pounds. The fishery, according to these authors,

has been subject to wide fluctuations throughout its history; the 1930

landing of 176, 000 pounds was established as the highest recorded

catch for any single year between 1893 and 1956. They attributed

periodic declines to the following possible explanations:

(1) low prices paid the fishermen, (2) inducement
of fishermen into industrial jobs by highcr wages, (3) loss
of fishermen to the armed forces during the wars, and
(4) loss of market after years of low production due to
changes in consumer food habits.
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In the latter 1960's European nations, notably the Scandinavian

countries, stimulated new interest in the Oregon crayfish industry.

This occurred because their native crayfish stocks (Astacus spp. ),

that provided the bulk of the European commercial catch, were suc-

curnbing to a highly contagious and wholly fatal epizootic disease

caused by the fungus, nces astaci. As of this writing a

treatment has yet to be discovered that can save these European

crayfish; however, research by Unestam and Weiss ( 1970) revealed

Pacifastacus leniusculus were highly resistant to the actions of the

fungus. As a consequence of this research, several nations have

begun importing large numbers of both live and processed Paci-

fastacus spp. crayfish from Oregon, Washington, and California in

order to re-establish crayfish in their inland waters and to fulfill

their large consumer demands for this highly desirable food source.

In 1969, farsighted individuals foresaw the need for a culture

method for Pacifastacus spp. after learning of the great commercial

interest being shown in this animal. The successes in culturing

other genera of crayfish elsewhere in the United States aided in

stimulating local crayfish culture research. By the end of the 1970

commercial season, it became obvious that comparatively poor

reproductive success due to several successive long harsh winters

coupled with the obvious overharvesting of certain bodies of water

had resulted in noticeably smaller commercial catches. This
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situation continued throughout the 1971 season and by September

1971 some marketing instabilities resulted in the termination of

commercial exportation. Many Oregon crayfishermen completely

stopped their operations at that time and it is questionable as to

what future developments on the natural fishery will take place dur-

ing 1972.

Historical and Current Status of Crayfish Culture Research

Crayfish culture received its initial impetus in France during

the middle of the last century. Soubeiran (as cited by Andrews,

1907) conducted some molting and growth studies at a commercial

crayfish farm in 1865 and this is, to the best of my knowledge, the

first citation in the literature concerning the successful farming of

crayfish. This impoundment culture probably involved nothing more

than the stocking and supplemental feeding of a comparatively small

number of Astacus spp. in basins now termed as farm ponds.

European culture systems were, according to Rubelius ( 1880), not

too remunerative because of the lack of proper handling techniques

which resulted in the poor survival of artificially-kept crayfish.

Apparently some crayfish culture enterprises were successful

during the latter part of the 19th and 20th century as Andrews (190b)

reported culture methods were being used in France to supplement

wild stock harvests.



In the intervening years between 1906 and the early 19501s no

references were found in the literature as to the ongoing development

of crayfish culture systems. Tsukerzis ( 196Z) reported on experi-

ments conducted in Lithuania where the eggs of Astacus astacus

were artificially incubated under laboratory conditions in standard

fish breeding equipment; the crayfish grown in these structures

would then be introduced into natural bodies of water to aid in the

re-establishment of crayfish populations in overharvested areas.

He also suggested the use of special nurseries, of which Brodskii

(1963) further expounded on the development of a multipurpose incu-

bation plant with a capacity of five million crayfish eggs. Brodskii

suggested spawning farms for the adult crayfish be developed and

nurseries for the rearing of healthier juveniles be constructed.

In the United States, crayfish culture methods were first

reported by Forney (1956). He studied the production of Orconectes

immunis immunis in impoundments experimentally fertilized with

commercial and natural fertilizers. This was accomplished in order

to increase the productivity of the ponds in terms of vegetation and

aquatic insects, the food of this crayfish. He observed marked

increases in crayfish production in those ponds receiving supple-

mental fertilization.

Much research has been done during the last few years by

LeCaze (1960) and Avault, de Ia Bretonne, and Jaspers (1970)
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concerning the commercial rearing of Procambarus spp. in flooded

agricultural lands and ponds in Louisiana, They have been very

successful in developing inexpensive yet productive methods that

maximize the usage of land not otherwise agriculturally profitable.

Unfortunately, their biological work deals with crayfish having a

very different life history and biology than that of Pacifastacus spp.

so much of their findings cannot be applied directly to the develop-

ment of a culture method dealing with crayfish native to Oregon.

Pacifastacus spp. have never been the object of any formalized

commercial culture program; however some biological research has

been conducted with this crayfish genus, Andrews (1907) was the

earliest researcher to study the biology and life history of this genus

when he was able to obtain live individuals to work with in his New

York laboratory. He contracted for the rail shipment of 64 P.

leniusculus, collected from the Willamette River. He conducted

many laboratory experiments involving extensive observations of

the larval and juvenile development. He received berried females

in this shipment and was able to study the egg hatching period, from

which he made elaborate and accurate drawings of the early life

stages and was able to formulate tne development through several

molts. And rews was also the first to culture the young P. leniuscu1i

through artificial means by removing the viable eggs from a female

and attaching them individually to pieces of cork floating in



well-aerated water, His research, however, was definitely not

production oriented and his transported specimens and their offspring

did not survive, He did, however, suggest the possibility of trans-

porting crayfish and their eggs for cultural purposes.

Bonnot (1930) described the Pacifastacus spp. of California

and gave a brief description of their life history and biology, He

further stated crayfish should be cultured if the market demand

ever exceeded natural production.

Miller (1960) did extensive collecting in the Northwest and

studied the distribution and taxonomy of the genus Pacifastacus.

His work also delved into some of the life history and biology con-

cerning Oregon crayfish.

Mason (1963) has contributed much to the knowledge concerning

the biology, life history, and production of Pacifastacus trowbridgii.

His laboratory and stream studies provided most of the basic hiolog-

ical information upon which this culture study was based. He exteri-

sively covered such subjects as growth, fecundity, sex composition,

age class composition, distribution, age to maturity, natural stream

population enumeration, and natural stream production. Mason has

recently published work on subjects more culturally oriented, such

as egg-laying ( 1970a), maternal-offspring behavior ( 1970c), and

copulatory behavior ( 1970b) of P. trowbridgii.

In the last few years, P. leniusculus has been imported by



Sweden and Finland for the replacement of dying Astacus spp. cray-

fish. Westman (1970) of the Bureau of Eisheries Investigation in

Helsinki, Finland reported the successful hatcning and rearing of this

animal. He reported experiments where crayfish were reared in

14°C water and received a fish and dry pellet diet that resulted in

excellent growth. These crayfish were able to reach harvest size

(100 mm) after only one year of rowth,

Taxonomy and Distribution

There is presently much confusion as to the correct taxonom-

ical nomenclature concerning the particular crayfish selected for the

culture experiments set forth in this paper. This animal was de-

scribed by Stimpson, as quoted by Miller (1960), as Astacus trow-

bridgii in 1857, later by Bott in 1950 as Pacifastacus trowbrig

(Stimpson), and finally by Miller in 1960 when he maintained

Pacifastacus trowbridgii and Pacifastacus klamathensis were but

subspecific variants of Pacifastacus leniusculus (Dana).

The taxonomical differences among these crayfish have not

been exhaustively studied by this author so the more commonly used

identification set forth by Bott, Pacifastacus trowbridgii (Stimpson),

will be the terminology used in this paper. Miller' s nomenclature

would have been acceptable, but for the fact that his definitive work

has not been published as of this writing. There is another closely



related species of Pacifastacus found in Oregon waters that is corn-

mercially harvested. There seems to be much less confusion among

taxonomists as to the description and nomenclature identifying this

species than to that ascribed to P. trowi4il; it will be subsequently

identified in this paper as Pacifastacus teniusculus Dana), as it was

referred to in the preceding paragraph.

Crayfish native to Oregon, with the possible exception of one

isolated genus and species, Orconectes transfg, recently discov-

ered in the Rogue River in southwestern Oregon (Fitzpatrick, 1966).

are all members of the genus Pacifastacus, According to Miller

(1960), this genus is very widely distributed in the Northwest and

its representatives can be located in most of the streams and lakes

throughout Oregon. By referring to Millers distributional maps,

one can conclude that P. trowbridgii enjoys the widest areal distri-

bution of all the members of this genus found in Oregon.

Based on numerous collection trips in western Oregon, I

could not help noticing that there seemed to be differences in habi-

tat preferences shown by the two commercially harvested species.

P. leniusculus always seemed to be found in streams that are large,

deep, slow-moving, nutrient-rich, with muddy or silty substrates.

They are also found in impoundments that could be considered rela-

tively eutrophic. P. trowbridgii always seemed to be found in

streams that are smaller, shallower, swifter, nutrient-poor, with



gravel or rubb'e substrates. The lakes or other impoundments

they were found in were clearer and oligotrophic by cornrarison.

There are areas of overlap seen in this habitat selection, notably

the Columbia, Willamette, and Luckiarnute Rivers where both spe-

cies can be located in close association in certain regions. Excep-

tions undoubtedly occur which confict niitO thLs generalization.

This rule-of-thumb was meant only to help those people making

casual collecting trips and harvests,

Life History and Bioioy

The general reproductive activities of Pacifastacus spp. have

been well described by Mason (1963), Johnson (1971), and Abrahams-

son(1971). Pacifastacus spp. are perennial fall breeders, the exact

timing of this breeding activity, however, is quite variable and dc-

pends largely on which crayfish stocks are being observed and the

location and climatic conditions associated with a particular body

of water containing the crayfishJ I observed P. trowbridgii with

complete egg development ready for extrusion by the middle of

September in most of the nearby stream populations during the last

three years.

Fecundity of P. trowbridgii was shown to be positively corre-

lated with female cephalothorax length (Mason, 1963). In this same

study the fecundity varied between 90 and 251 eggs with a mean of 94
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eggs per female. Johnson (1971) observed this species in a Washing-

ton lake and found fecundity to range from 9 to 143 eggs with a mean

of 90. eggs per female. In studies of P. leniusculus, Miller (1960)

found fecundity to average 97 eggs per female having a total length

ranging from 107 to 1 1 millimeters. Abrahamsson and Goldman

(1970) observed a fecundity averiging 110 eggs per female in P.

leniusculus of Lake Tahoe, California-Nevada.

Mason (1970b) describes and outlines the act of copulation in

detail, illustrating the various configurations assumed by pairs of

crayfish under laboratory conditions. In brood stock crayfish that

I observed, copulatory behavior occurred over roughly a three-week

period ending around October 7, 1971. By this time approximately

one-half of the female population had commenced with egg-laying;

the remainder all having long, string-like sperm packets attached

to the posterior-ventral portion of their cephalothorax. By the end

of October, virtually all of the remain ng females had extruded their

eggs. This activity is thoroughly described by Mason (1970a) in a

paper dealing with the process of egg extrusion and the subsequent

thread-like attachment of the eggs to the sternal hairs and pleopods

of the ventral abdominal region of the female.

The incubation period of Pacifastacus spp. is long when com-

pared to the other crayfish genera from southern United States,

some of which have an incubation period of 14 to fl days (LeCaze,

1960). Mason (1970c) concluded that P. trowbridgii females incubatc

their eggs over a five to seven month period. My brood stock data



11

corroborates Mason1 s conclusion in that females incubated their eggs

between five and one-half to just over six months,

Hatching is an involved process whereby the young emerge

from their eggs and are themselves attached fairly securely to the

mother by means of a telson thread extending from the inner surface

of the split egg capsule to the posterior spines of the juvenile telson

(Mason, 1970c). According to this same study, the Stage 1

juveniles normally remain attached in this manner, but this connec-

tion is not too strong and the young usually reinforce their attach-

ment to pieces of egg capsules, eggstalks, or other young crayfish

by the use of their chelipeds after a few days.

After the first molt, in approximately a weekt s time, the

young crayfish must reattach itself as the telson thread is shed with

the molted exoskeleton, In what is now called Stage , a transition

in behavior can slowly be recognized (Mason, 19 70c). The strong

clinging behavior diminishes rather rapidly allowing the crayfish to

become more aggressive and eventually completely independent after

approximately ten days following the molt from Stage I, Wherein

Stage 1 crayfish exist mainly on stored yolk material; Stage 2 cray-

fish must soon begin foraging for food in the environment as there

is little or no dependence on stored yolk. Mason ( 1970c) showed

strong evidence to support the belief that Stage 2 crayfish consume

their own exuviae and egg capsule.
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Subyearling crayfish molt very frequently. I have observed

up to four molts in a 45-day period following Stage 1. Mason (1963)

estimated crayfish in his study stream rnolted up to 12 times in their

first year of life. He also speculated this number of molts would

be reduced to six in their second year, three in their third year,

two in their fourth year, and once per year thereafter, up to eight

years of age.

Growth increment per molt was considered by early workers

to be constant from one molt to the next (Creaser, 1934; Penn, 1943).

Mason (1963) did not support this belief as his data indicated this

constancy holds true only over a limited number of consecutive molts

during a normal lifespan.

Pacifastacus spp. grow very slowly in natural Northwest waters.

Miller (1960) found adult males always attained a larger size than

did females. I believe that the female's smaller size may protect

some of them from commercial harvest even after they have reached

maturity. Attainment of maturity for Pacifastacus spp. has been

variably placed between 17 months (Miller, 1960) and four years

(Mason, 1963). Abrahamsson (1971) found that in Swedish ponds

P. leniusculus females matured in their third summer while males

matured in their second year. P. leniusculus females in Lake Tahoe.

California-Nevada were found to mature during their fourth year

while corresponding males reached maturity during their third year
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(Abrahamsson and Goldman, 1970).

Even though Pacifastacus spp. crayfish can and do reach

maturity in as little as 17 months, they may not reach commercially

harvestable length (approximately 90 mm) until their third to sixth

year of life according to the data given for P. by Mason

(1963) and Johnson (1971). Johnson concluded that female P. trow-

bridgii rarely attain an age of three years, whereas males live much

longer.

Culturally-Oriented Biology and Prelimiprimentation

Several preliminary experiments were performed in order to aid

in formulating an experimental design to test major culture variables.

Several culturally pertinent problems were studied in these experi -

ments and the conclusions reached in these and other related experi-

ments in the literature will be reviewed.

Dietary Studies

Crayfish are omnivorous animals with varying food preferences

based upon differences in species, age, food availability, and sea-

sonal cond,jtions. Under natural conditions crayfish are known to

feed upon many types of terrestrial and aquatic plant and animal

material as well as being cannibalistic (Miller, 1960; Mason, 1963).

They are not especially active predators, in the true sense of the
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word, as they have relatively slow responses which effectively

prevent their preying upon such things as swimming fish.

Pacifastacus spp. have been caught in traps using a variety

of baits. Miller (1960) concluded from his studies that freshly killed

or fresh-frozen fish provided better crayfish baits than did putrefyink'

tissue. In personal communication with Oregon crayfishermen he

learned they preferred using fresh or fresh-frozen carp, shad, or

salmon heads for bait. I conferred with a. successful local crayfisher-

man who used fresh beef or pork liver wrapped and then frozen in

medicinal gauze. The theory was that the breaking down of the tissue

would release a better scent trail for the crayfish to follow resulting

in greater catches. Sport fishermen have been known to use bacon,

nutria flesh, and assorted road-killed animals for bait; pet foods

placed in tea caddies are used by some people with success. I have

tested most of these aforementioned baits and found crayfish are

attracted strongly to most of them.

Mason (1963) analyzed the stomach contents of juvenile P.

trowbridgii and concluded that the diets of juvenile crayfish in Berry

Creek, Oregon were 65 percent animal material, most of which was

aquatic insect larvae. Contrastingly, in this same study, adult

stomach contents averaged 90 percent vegetable material, most of

which was riparian tree leaves.

Pacifastacus spp, have been successfully reared under
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laboratory conditions. Andrews ( 1907) was the first to document

the rearing of P. leniusculus in aquaria. He fed his crayfish live

earthworms, tubificids, crayfish, and frogs, Bovbjerg (1956a)

outlined a method whereby a lentic crayfish species. Orconectes sp.

could be reared for biological studies by placing the crayfish in

shallow, aerated concrete tanks. Algae production was kept at high

levels with 200-watt reflector lamps. Supplementary foods were

lettuce, guppies, mice, frogs, chicks, and mouse-food pellets.

In one continuous study, Herrick (1961) and Goodrich (1964)

raised a single crayfish in a small plastic dish and fed it dry rabbit

pellet food with some success. They observed its molting and growth

over rather long periods of time. More recent dietary research has

been done at Louisiana State University where researchers have been

experimentally feeding a single cell protein diet that allows their

crayfish to grow from one inch to eating size in one month (Avault

et al., 1970).

In preliminary work I compared the growth of P. trowbridgii

fed several different commercially available pelleted livestock and

poultry feeds. These were: Calf Manna, Rabbit pellets, Hog Grower,

Flockena, and some sugar beet pulp pellets. The results of these

experiments revealed the rabbit pellet diet was the best. Crayfish

simply refused to eat sugar beet pulp pellets. More importantly,

pelleted feeds which broke apart too soon did not allow the crayfish
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to utilize them efficiently (Hog Grower, Calf Manna). Flockena

might have been somewhat toxic chemically, but further tests would

have to be conducted to confirm this finding.

Another important discovery was made quite accidentally con-

cerning the aquaria rearing of P. trowbgi. The air pump supply-

ing aeration to the aquaria through bubblers malfunctioned and allod

the dissolved oxygen content in the tanks to drop significantly result-

ing in the death of many crayfish. From this, I concluded that

P. trowbridgii may need more oxygen than has been deemed neces-

sary for the survival of other crayfish genera; some of which can

survive dissolved oxygen deficits (LeCaze, 1960). These results

were confirmed when Moshiri etal. (1971) reported on the respira-

tory metabolism of P. leniusculus living in Lake Tahoe, California-

Nevada and concluded from his experimental results that this cray-

fish was less tolerant of dissolved oxygen deficits than are most

other crustacea.

Commercially prepared trout foods were also tried without

success. They tended to dissolve too rapidly and the crayfish were

not able to utilize them efficiently. Moreover, when they dissolved,

bacterial populations grew rampantly, clouding the water and cre-

ating a large demand on the dissolved oxygen supply thereby reducin

that available for the crayfish. From this result I concluded that

animal protein pelleted feeds could not be used under the recirculatiri
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conditions being used in the laboratory at that time. Rabbit pellets

were therefore selected as the high protein vegetable type of food

to be compared with some acceptable animal protein diet in the

major experiment.

Animal-based protein diets like the trout pellets did not lend

themselves to our proposed laboratory culture system so a search

was initiated to find a suitable live food form that would not decom-

pose so quickly. Tubifex sp. worms were considered, but some

difficulty was experienced with this diet as newly-hatched crayfish

did not seem to prefer it for long periods of time. Housefly maggots

have been used by researchers interested in an encapsulated biogenic

food source for aquatic organisms so it was tested as a crayfish

food. P. trowbridgii did eat the maggots; however, it was not

possible to maintain the logistic requirements to sustain a large

enough fly population to adequately supply our proposed needs.

The biogenic food problem was finally resolved following a

conference with Dr. John C. Mason of the Fisheries Research Station

at Nanaimo, British Colqmbia, September 17, 1971. He revealed

his success in feeding fresh-frozen marine euphausiids to his young

P. leniusculus. I was later successful in securing a supply of

euphausiids from Dr. William Pearcy of the School of Oceanography

at Oregon State University. Trial experiments with this diet con-

vinced me that here was a diet that did not break down quickly and
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was readily accepted by all juvenile crayfish. It was then concluded

that in terms of diet our proposed research would compare the

growth of crayfish fed marine euphausiids with that of crayfish

fed commercial rabbit pellets. The use of these two food types,

however, in no way suggests they are or would prove to be ideal

for commercial culture endeavors.

Habitat Preference Studies

Mason ( 1970c) conducted experiments with newly-hatched

juvenile P. leniusculus and their preferences in terms of overhead

shelter, substrate, and lighting. He concluded these crayfish pre-

ferred close overhead shelter to open water, dark-colored substrates

to light-colored ones, especially under intense lighting conditions.

He found he could reduce this preference for dark substrates if

small round pebbles were regularly spaced on the light-colored

substrate.

I conducted somewhat similar experiments and found young

crayfish in our laboratory preferred horizontal shelters made from

various types of tubing of a black or darkly opaque color to those

shelters of transparent or translucent plastic tubing. This prefer-

ence shown for darkly colored shelters was very pronounced, even

to the extent that when these shelters were stacked one row above

another to a depth of five or six rows of horizontally-positioned
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tubes, the juvenile crayfish would rapidly move into all rows; how-

ever, the greatest preference was shown for the lowest rows. In

related research, Cobb (1971) in stidies of the American lobster,

Homarus americanus, concluded lobsters preferred flat profile

shelters where the width of the shelter was greater than height.

Lobsters were found to prefer back doors which they modified for

their own particular habitation.

Salinity Tolerance Studies

Miller (1965) reported collecting both P. leniusculus and P.

trowbridgii in Northwest estuaries, but primarily in the lower

Columbia River estuary and its adjacent tributaries. Virtually au

life stages were observed during his collecting. In making collec-

tions for experimental purposes, this author has seen all life stages

of P. leniusculus living under the fluctuating brackish conditions of

the lower Columbia River estuary with the exception of newly-

independent juveniles.

Kerley and Pritchard (1967) subjected adult P. leriiusculus

to increasing salinity and found this crayfish would tolerate 70 per-

cent sea water concentrations for at least 1 days. In our laboratory,

subyearling and yearling P. trowbridji were placed in sea water

concentrations up to 100 percent. No adverse effects were noted

at 10 and 25 percent sea water concentrations, but molting mortaliti
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became a significant factor in salinities greater than 25 percent

sea water.

Reproduction Studies

Mason (1970b) reported through observation and photography,

the copulatory activity in P. trowbrdgii in aerated 15-gallon aquaria.

I was fortunate enough to observe this activity in a stock of captured

adult P. trowbridgii held for physiological experimentation in a

tapwater-supplied tank belonging to Dr. Austin Pritchard of the

Oregon State University Department of Zoology. These crayfish

had been captured early in the spring of 1970 and were sparingly

fed a rabbit pellet diet I had recommended earlier. The time of

copulation (September 25, 1970) corresponded quite closely with

that of the copulation naturally occur ring in crayfish populations

inhabiting nearby streams. Egg-laying took place during October

and November 1970 and hatching of the eggs of those few females

surviving the winter was observed during the first week of May

1971. These crayfish were subjected to the Corvallis, Oregon

city water supply s normal temperature regime throughout their

captivity. Very little prolonged exposure to light was received by

these crayfish as this laboratory serves mainly as live animal

storage and holding facility, therefore the room lighting was norm-

ally turned off during both daylight and darkness hours.
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Approximately 100 male and female P. trowbridgii were

lected from the Luckiamute River, Oregon, September 9, 1971.

They were removed to holding facilities near our laboratory where

they were placed in a light-excluded fiberglass tank in which the

water temperature was maintained at a constant 0 C, which was

almost 10 ° lower than the stream temperature at that time. These

crayfish were fed several different experimental rations for the next

few months, but by October 7, 1971 cursory examination of this

stock revealed that copulatory activity was widespread and of the

surviving 73 crayfish, 16 of the 39 females were oviferous. At this

time another collecting trip was made to the Luckiamute River for

more stock and it was noted that no females in the same location of

the stream where we had earlier collected were yet oviferous,

although several displayed string-like spermatophores,

From these experiences I thought it conceivable that the initia-

tion of breeding activity may be largely controlled by the seasonal

lowering of water temperature in the crayfish! s natural habitat.

What exact role photoperiod plays is very questionable. These ob-

servations have led to an experiment in progress at the time of this

writing in which the temperature and photoperiod is being controlled

in hopes of artificially inducing breedinc activity much sooner than

no r ma 1.
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Incubation and Hatching Studies

Andrews (1907) and Mason 1963) dccibed ft artificia1 hatch-

ing of Pacifastacus spp. eggs after they had been stripped front the

female. Andrews pinned the severed eoghe upod to 'ro

cork floating in a web -aerated aq: r Th;: S eggs hatched afh:

70 days in water that had slowly risen from 9 to 140 C over the incu-

bation period. Mason stripped tI e eggs from the pleopods of a ire

females and placed each female! s eggs on a separaLe screen held

off the bottom of an enclosing gias stacking dish, The 'hater err'-

perature ranged between ii and 0 C and the resultant hatching

success ranged between 30 and 97 percent with a mean of 78 percent.

Several females died of unknown causes during the winter of

1970 in our holding facility. Their eggs were stripped from the

motherT s pleopods and placed on a large- PVC screeo suspended am

inch below the water surface, The eggs were maintained at a con-

stant temperature of 150 C and some hatched as early as March 1,

1971, a full month before those naturally incubated eggs of females

in nearby streams and those of the remaining females in our o1ribg

facilities. These observations indicate th nrocess of egg incubation

may be shortened by the raising of the incubating aater temperat-ir

Mason (personal communication- -Septenber 17, 1.971 repor

success in rearing P. leniusculus eggs in Heath incubation trays



23

normally employed for the incubation of fish eggs. These trays

were supplied with unheated water He also told of some success

in rearing the first juvenile stages in these same incubators.

Using higher than natural stream water temperature regimes.

one could possibly combine this with the Heath incubators with greatI

success to hatch and rear young crayfish. These types of verticall.y

stacked incubators are very advantageous because they maintain a

high dissolved oxygen concentration which Pacifastacus spp. seem

to need.

Behavior Studies

I was unable to find any documented research on the effect of

density on molting. Crayfish are well-known cannibals; any student

placing crayfish together in an aquarium will observe aggression as

long as his crayfish remain together. Aggression and dominance

behavior have long been studied by Bovbjerg (1953, 1956b, 1959,

and 1970). He did not research the effects of normal aggression

and cannibalistic behavior with density as related to freshly-molted

individuals, however.

Mason ( 1970c) observed the cannibalism of Stage 1 and 2

juveniles by adult males and non-oviferous females. He also not

oviferous females did eat a few of their own offspring and wo1d

consume the free-living young of other females,



Extreme difficulty was encountered in preliminary experiments

of this project in maintaining intermoit and molting juveniles together.

Invariably a crayfish in the process of molting or freshly molted

would be quickly consumed by nearby intermolt crayfish. Experi-

ments with various crayfish densities, substrates, arid individual

shelters did not discourage or significantly reduce the amount of

cannibalism. Intermolt crayfish rapidly searched out and devoured

any and all molting crayfish, no matter what environmental conditions

or dietary regimes were maintained. As a consequence, subsequent

experiments on growth, molting, and survival were conducted with

compartmentalized aquaria, wherein crayfish could be observed and

handled as individuals. Further research will have to be conducted

to determine what densities can be maintained under differing envL

ronmental conditions.



METHODS

Experimental Design

With the conclusions gained from the aforementioned introduc-

tory experimentation, it was decided the primary goal of this thesis

research would be the comparison of growth rate, molting activity,

and survival between two different age groupings of . trowbridg ii

exposed to several widely-varying environmental regimes, these

being salinity, temperature, and diet.

One-half of the experimental animals were maintained in

recirculated freshwater-supplied aquaria and the other half were

placed in aquaria where a salinity of 7-8%o was maintained under

similar recirculating conditions. The three temperatures chosen

for this experiment, l, 16, and 20°C., were selected from a

range of natural stream temperatures observed in Berry Creek,

Oregon (Mason, 1963). Two diets were used, these being a marine

euphausiid ration and the other a commercial rabbit pellet ration;

both were fed daily to the crayfish at a repletion level.

Fifteen crayfish were placed each in their own individual

compartment in each of 24 aquaria. In total, 360 crayfish were

utilized in this design; 120 of them were subyearlings and the re-

maining 240 were yearlings.



Figure 1 illustrates the experimental design, showing duplicate

aquaria for each environmental regime, which help give the design

greater reliability from both the practical and statistical viewpoint.

Materials Toxicity Bioassaying

Much care was used in selecting materials which could be

advantageously utilized, without ioxic effects, to construct experi-

mental chambers, recirculation systems, and other necessary equip-

ment that would be in constant contact with either the crayfish or

some portion of the recirculation system.

As a result of this testing, virtually all of the materials firiafly

selected were of a biologically inert nature. Vinyl pipe and tubing,

PVC pipe stock and screening, styrofoam containers, styrene filters

and accessories, fibreglass sheeting, Dow Corning 781 Silicone

Sealer, and Interlux polyurethane lacquer were found to be nontoxic

to young crayfish over extended periods. All types of metal were

strictly avoided when possible because of the corrosive action of

saline water used in this design. As an outcome, the only metal in

the entire system consisted solely of the stainless steel shafts on

the sump pumps which did not significantly corrode over the experi-

mental period. This material was not found to be toxic to crayfish
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Figure 1. Diagram of the experimental aquaria arrangement. Duplicate aquari a for each enviroomenial regime are shown.



either; although some types of stainless materials, such as rnonel,

were found highly toxic to crayfish.

Individual Comnartment Construction

Crayfish reared in the experiment were each kept separately

in compartments built of 2. 5-inch diameter PVC irrigation pipe

sections, five inches in length, cemented together side-by-side in

three rows of five tubes each. These vertically arranged tubes were

open at the top and covered with PVC window screening at the bottom

to prevent escape of the crayfish as the 15 tube units were supported

approximately two inches above the aquarium floor by three triangu-

larly-placed glass jars. This spacing from the bottom of the enclos-

ing aquarium provided for better water circulation. Figure 2 shows

the compartmentalized tube arrangement. Figure 3 depicts the

compartment unit placement in position in an aquarium.

Five subyearling crayfish were placed in the first, or most

forward row of tubes while the last two rows were reserved for

yearling crayfish. This ordered placement allowed rapid enumera-

tion and feeding during the experimental period. The steep-sided

tubes and their five inch height, along with the extension of the tube

top an inch above the water surface made it impossible for crayfish

to escape from each compartment.
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I

Figure 2. Individual crayfish compartment units.
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Figure 3. Top view of p typical experimental aquarium. Tube compartments, filter and airstone with air supply tubing, water
inlet and outlet tubes, and heating unit are shown,

Q



31

uaria Construction

Each aquarium (Figure 4) of this experimental system was

constructed from identical styrofoam shipping c ntainers used by

tropical fish wholesalers because of their high degree of tempera-

ture insulation and low cost. These boxes were largely unmodified

except for the drilling of a few holes for heaters and air and water

exchange tube passage.

The painting of the entire interior surface with black poly-

urethane lacquer was done because of the preference shown by

juvenile crayfish for dark substrates in Mason's (1970c) research.

The interior dimensions of each aquarium were close to 14 inches

square at the bottom by 7. 5 inches in depth. The water volume

maintained in each tank was approximately 5. 5 gallons.

Filtration and Aeration

An air lift style tropical fish filtration unit (Metaframe Big

Bubble-Up Filter) was placed within each aquarium. This particular

unit was selected for its comparatively high water turnover and rela-

tively large filter bed volume. It wa modified slightly to increase

its filtration efficiency and gas removal properties by placing nylon

stocking netting over the bottom screen; this facilitated the use of

smaller, higher grade granular-activated carbon (Marineland,
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Figure 4. One of the experimental aquaria in
operation. Lid removed to show
internal arrangement.
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Calgon Corporation). Above the one-inch layer of carbon was placed

1. 5 inches of Dacron sleeping bag filler material for the removal of

larger suspended matter.

This filter, as modified, served well to re. 'ove much of the

freely-suspended waste food particles and other detritus accumula-

tions. The filter components were replaced at two-week intervals

so a high level of filtration would he retained throughout the experi-

mental period.

Aeration was accomplished with the use of one tropical fish

airstone set near the bottom of the tank near the filter unit. The air

volume pushed through this air stone was maintained at a very high

level to help insure maximum dissolved oxygen levels and to stimu-

late greater water circulation within the aquarium. Both the filter

and airstone were supplied with compressed air from the building

physical plant compressor through a series of control valves. Figure

5 shows the filtration and aeration system with their associated air

supply tubing.

Water Temperature Control System

Each aquarium was provided with either fresh or saline re-

circulated water cooled to 120 C. The route of the recirculated wate-

was from each experimental aquarium overflow drain tube to a corn-

mon receiving return manifold to its respective surnp tank where a

A
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Figure 5. The filtration and aeration system for one
aquarium, removed for illustrative purposes.
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Model 1200 Calvert sump pump pushed the water through 100 feet

of 0. 5-inch diameter vinyl tubing coiled within an isolated coolant

bath and finally upward to the supply manifold where newly re-chilled

water was continuously supplied to each aquariur , thus completing

the circuit. The coolant bath also utilized a submerged Calvert

sump pump which constantly circulated coolant water back to and

through a 7000 BTU/hour capacity commercial drinking water refrig-

eration and dispensing unit, modified for this usage, and thermo-

statically controlled.

Chilled water was supplied at 12° C, so 100-watt Oscar aquar-

jum heater-thermostat units were installed in the two lower rows of

aquaria (16 and 20° C tanks). Heating to these two desired tempera-

tures was attained by balancing the heaters with the incoming chilled

water.

Figure 6 illustrates the fresh and saline recirculating water

systems in a simplified manner, as only six of 24 aquaria are

pictured. Figures 7 and 8 are photographs of various portions of

the complete system in operation.

Water Condition and Salinity Control

Freshwater quality was similar to that of the streams where

the experimental crayfish stocks were obtained. Total water hard-

ness was maintained at approximately 50 mg/liter as CaCO3 by the
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Figure 6. Flow diagram of the fresh and saline recirculating water system, simplified to show only six of the twenty-four aquaria.



Figure 7. Chilled water recirculation system.
Sumps for both fresh and saline water,
coolant bath, and water chiller unit
are shown,



Figure 8. Complete experimental aquaria
arrangement. System in opera-
tion. Supply and return manifolds
are shown.
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addition of crushed oyster shell to the sump tanks. Periodic checks

revealed pH values did not shift significantly from neutrality (pH 7).

The saline water system utilized the same basic water as did

the freshwater system, but Instant Ocean Sea Salt solutions mixed

in the laboratory were added to freshwater to attai.n the desired

salinity of 7-82. This level was maintained quite easily as only

evaporated freshwater was occasionalty replaced. Salinities were

checked weekly with a salinometer-calibrated hydrometer. A salin-

ity of 7-8%o was selected because it did not seem to cause any adverse

effects during preliminary tests on crayfish of the age groups that

were finally selected for this experiment.

Procedures

Colic ctions

Crayfish used in this study were collected from the following

three streams located in Benton County, Oregon. These streams

were: Rock Creek, five miles west of Philomath; Luckiamute River,

between five and six miles west of the Oregon Highway 3 junction

with Hoskins Road; and the North Fork of the Alsea River, one-half

mile above the Alsea Fish Hatchery.
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Age Determinations

The wild crayfish stocks were apportioned based on length

frequencies into size classes corresponding to either subyearling or

yearling aged crayfish. Figure 9 presents the c rapace length fre-

quency distribution for the crayfish used in this study. A carapace

length of approximately 11 mm was used to separate the two age

groups. This line placement was determined by reference to previ-

ous collections of P. trowbridgii which were aged by Mason (1963)

and Johnson (1971).

Feeding

The experimental crayfish were fed daily. The amount of

food placed in each crayfish compartment was equal to or slightly

greater than that amount the animal could consume during the subse-

quent 24-hour period. Any residual food was removed and replaced

with fresh food. Both food types did not significantly biodegrade

during a 24-hour period, so putrefaction was not a problem.

Cleaning

Accumulated debris consisting of wasted food particulates and

fecal matter were siphoned from the bottom of the tanks at regular

intervals to prevent growth of bacterial or fungal populations which
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Figure 9. Length-frequency of crayfish selected for this experiment. Dotted vertical line represents the age group division based upon data by
Mason (1963) and Johnson (1971).



could be harmful to the crayfish or detrimental to their dissolved

oxygen supply.

Eprnental_Period

The original intention was to grow these crayfish for as long

a period as feasible. Unfortunately, both molting mortalities and

bacterial problems limited the duration of the experiment to 45 days

(October 11-November 25, 1971). If the experiment had been con-

tinued after this time not enough surviving crayfish would have been

available to accurately assess growth or to make any statistical

inferences.

Measurements

Initial and final carapace length measurements were taken with

a Fowler Dial caliper to the nearest 0. 1 mm. This measurement

was accepted as the distance from the base of the eye socket to the

dorsal mid-posterior edge of the carapace. This method allows

greater reliability and accuracy because there are no flexible body

junctures within this distance to permit expansion or contraction

during measurement. Also, the acumen or anterior rostral regions

may suffer breakage during molting activities which would render a

total carapace length measurement useless.

Initial and final wet weight measurements were taken with a
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Mettler Electronic Balance to the nearest 0. 01 gram. This measure -

ment was taken only after each crayfish had heen placed upon absoib-

ent paper toweling for a drying period of two minutes.

Molt Counts

Molt counts were taken daily and the cast-off exoskeleton was

removed from the individual compartment of any newly moited cray-

fish. At the end of the experimental period molts were totaled for

each animal, for each age group, and for the tanks representing

each environmental regime.

Survival Counts

Survival figures were obtained by counting mortalities daily

and totaling the mortalities for each age group within the repre

sentative aquaria. This total was then subt:racted from the total

number of animals stocked to give the resultant survival figure.
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RESULTS

Growth Calculations

Growth rates for the various environment parameters were

compared using an average relative growth rate formula presented

by Warren (1971). This formula is as follows:

xl

Daily Average Relative Growth Rate X 1000. 5(X-f X)(t2-t1)

where

X1 = initial measurement (weight or length),

= final measurement (weight or length)

t1 = experiment initiation date,

t2 experiment termination date.

Each crayfishT s average relative growth rate was computed and

the mean value for the individuals in the whole population of crayfish

undergoing a certain regime was calculated. All following sections

utilizing growth rates use this computation expressed as percent

growth per day.

Standardized computer statistics were used to test the signifi-

cance of the differences of the resultant growth rates among individ-

ual crayfish in groups comprising different regimes. The BMD-

Biomedical Computer Program, as edited by Dixon (1971) was



employed with the help of the Statistics Department and the Oregon

State University Computer Center, The BMDOV - General Linear

Hypothesis computer program allowed groth rate comparisons for

weight and length data for both crayfish age groups even though there

were unequal numbers of crayfish representing each regime. This

program provides extreme flexibility in is approach to analysis of

variance for factorially-arranged experimental designs. The F-test

was used as the final basis for the tests of significance. Missing

growth data, due to mortalities during the experiment, were replaced

with computer-generated estimations for the purpose of statistical

comparisons. The actual mean individual growth rates calculated

with the experimental data will be presented in the following tables

and graphs. For the sake of brevity only the compared regime F-test

results and their associated level of significance will be tabled in the

body of this thesis. The complete results of the stati stical computa-

tions are in the appendices on pages 81 and 8.

Survival and Molting Activity Calculations

Survival is presented as the percentage of initially-stocked

crayfish of any environmental regime surviving to the conclusion of

the experimental period. Molting activity is expressed as the ratio

of the number of molts observed per surviving crayfish of any one

environmental regime.
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TemDerature Comi,arisons

Individual growth rates g iou'ed eccordng to age and

temperature and a mean value was computed for each temperature

regime to permit comparisons reardless of the number of individ-

uats in each group. '! alues for s irv eel arid moltir act:vty are

also listed, Table 1 presents the grouped data for sub'earling cray-

fish for each terrmerature regime while Figure 10 illustrates in a

graphic manner the relationship between temperature and growth

rate, survival, aed molting activity, The renge of indieideai grcsth

rates about the mean growth rate are also plotted and tabled. Table

and Figure 11 contain the same information for the yearling cray-

fish in terms of growth rate, survival, and molting activity.

Freshwater and Saline Water Comparisons

This section of the experiment tested the ability of young cray.-

fish to adapt, grow, and survive in brackish-saline water as opposed

to their counterparts in freshwater regimes. Tables 3 and 4 prescu

the results for subyearlings and yearlings, respectively, while

Figures l and 13 graphically depict this same information for sub-

yearlings and yearlings, respectively,
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Table i. Tue effect of three temperatures on relaive 2:rowth rate, survival, aac meiring actsvity
of subyearling crayfish.

Temperature Growth Rate: Growt:h Rate: Regime Molts

(°(') Weight Length Survival per
(9i per day )

(t per day
)

Crayfish

12 Mean= 0.269 0.168 57.5 0.52

Range = -0. 10-0. 71 0. 00-0. 37

16 0. 382 0. 260 72. 5 0.86

-0.08-0.89

20 0,598 0.406 85.0 1.35

-0.40-1.59 0, 12-0. e9

Weight-Observed F;3 8. 25 * angh-Obserced 22. 376F

*+ Significant at the 0.005 probability level.

Table 2. The effect of three temperatures on relative growth rate, survival, and molting activity
of yearling crayfish.

Temperature Growth Rate: Growth Pate: Regime Molts
(°C) Weight Length Survival per

(% per day)

12 Mean= 0.219

Range = -0. 10-0. 60

16 0, 172

-0. 35-0. 87

20 0. 226

-0, 12-1. 23

Weight-Observed F2 = 0. 6
205

per day) (%) Crayfish

0.141 86.2 0.57

0. 00-0. 33

0.130 93.8 0.48

0. 00-0. 45

0,133 91.3 0.63

0.00-0.51

2
I ength-Ohserved F205 0. 274

Roth weight and length data not significantly different for three temperatures.
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Table 3. The effect of fresh and saline water on relative growth rate, survival, and molting
activity of subyearling crayfish.

Water Growth Rate: Growth 1-iae: Regime Molts
Type Weight Length Suiviva1 per

(96 per day) (96 per day) (96) Crayfish

Fresh Mean = 0. 558
Range= 0.00-1.59

Saline 0.315
(7-8 %o) -0. 40-0. 89

Weight Observed F3 = 11. 799

0.327
0. 00-0. 69

0. 259
0. 00-0. 63

Length - Observed

7L7 1.05

71.7 0.88

f3 = s. 623

and * Significant at 0.005 and 0.05 probability levels, respectively.

Table 4. The effect of fresh and saline water on relative growth rate, survival, and molting
activity of yearling crayfish.

Water Growth Rate: Growth Bate: Regime Molts
Type Weight Length Survival per

(% per day) (96 per day) (%) Crayfish

Fresh Mean = 0. 221
Range -0.35-1.23

Saline 0. 189
(7-8 3%o) -0. 22-0.87

Weight-Observed F05 = 0.8 97

0.139 90.0 0.56
0.00-0.51

0.130 90.8 0,56
0. 00-0. 43

Lenh-Observed F1 = 0. 491
205

Both weight and length data not significantly different for both water types.
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Figure 12. Subyearling relative growth rate, survival, and molting activity for fresh
and saline water regimes. (Salinity = 7-8%O)
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Diet Comparisons

This section of the experiment examined crayfish growth rates,

survival, and molting activity resulting from two different dietary

rations. Tables 5 and 6 summarize the results of this experiment

for subyearling and yearling crayfish, respectively. Figures 14 and

15 depict these same results for subyearling and yearling crayfish,

respe ctively.

Age Comparisons

As an additional benefit of this experiment it was possible to

compare the growth rates, survival, and molting activity between

both subyearling and yearling crayfish. Table 7 presents these

results and Figure 16 graphically displays this same information.

The BMDO5V- General Linear Hypothesis computer program

was not uséd to test for significant differences in growth rate

between the two age groups as this would have required major revi-

sion of the existing data resulting in much greater expenditure of

time and money. However, an earlier ANOVA 4 Computer Program

and its subsequent F-test indicated significant difference at the 99

percent level of confidence on the same data using a slightly different

growth formula.



Table 5. The effect of euphausiid and rabbit pellet rations on relative growth rate, survival,
and molting activity of subyearling crayfish.

Ration Growth Rate: Growth Rate: Regime Molts

Type Weight Length Survival per
Fed (% per day) (% per day) (%) Crayfish

Euphausiid Mean 0.534 0.318 78.3 1.09
Range -0. 10-1. 59 0. 00-0. 69

Rabbit Food 0.324 0.264 65.0 0.82
-0.40-1.07 0.00-0.63

Weight-Observed F3 = 9. 591 ***

Significant at the 0. 005 probability level.

Length-Observed F3 2. 854 (90% Conf.)

Table 6. The effect of euphausiid and rabbit pellet rations on relative growth rate, survival,
and molting activity of yearling crayfish.

Ration Growth Rate: Grcwth Rate: Regime Molts
Type Weight Length Survival per
Fed (% per day) (% per day) (%) Crayfish

Euphausiid Mean = 0. 257 0. 161 89. 2 0. 61
Range= -0.35-1.23 0.00-0.51

Rabbit Food 0. 155 0. 109 91.7 0.51
-0. 22-0. 60 0. 00-0. 33

Weight-Observed F1 = 9. 514***
205

** Significant at the 0. 005 probability level.

1
Length-Observed F205 = 15.718***
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Table 7. The effect of age on relative growth rate, survival, and molting activity of subyearling
and yearling crayfish.

Crayfish Growth Rate: Growth Rate Regime Molts
Age Weight Length Survival per

Group (% per day) (% per day) (%) Crayfish

Subyearling Mean = 0.438 0. 294 71. 7 0.96
Range = -0. 40-1. 59 0.00-0.69

Yearling 0.205 0. 135 90.4 0. 56
-0.35-1. 23 0.00-0. 51

No statistical test conducted between age groups.

Ui
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Sub c ert Experirrertation

An additional experiment 01 30 days daratLoil followed the major

thesis experiment. The objective was to test the highest temperature

at which young crayfish could borx. serve ano groa'. In tnis experi-

ment the temperatures in setected aquaria were increased such that

the highest temperature regime was maintained aL 240 C. The salinity

of the saline aquaria was also irceased to approximately twice the

salinity ( 16%o) maintained in the first experiment.

The results of this experiment indicated virtually no s ubycar-

ling growth as 100 percent molting moi tality was observed, Addi-

tionally, in the saline aquaria tht2re were not any observed sub-

yearling molts during this 30-day peilod and alt but one of the 30

stocked crayfish died before the experiment was terminated.

Greater survival was shown for yearling crayfish under these

same freshwater conditions (240 C), but 100 percent molting mortal-

ity was also observed for this age group, Growth was so small that

experimental error in rneasurerxients could have easily accounted fo

what little growth that did occur among t1i survivors, Under saline

conditions (240 C) no molting acti;ity occurrd and survival and

growth were even less than that shown for the yearling crayfish

under corresponding freshwater regimes.

Tabulated data for the results of this experiment are not
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presented as the survivors were too few to allow any accurate

assessment of growth over the 30-day experimental period.
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DISC USSION

Terripe rat

Subvearlin Growth. Survival. ano iiultir1 ACtLV

The results of this experiment snow a direct relationship

between water temperature and growth, survival, and molting activ-

ity. Daily growth rates were rnoe than doubled as water tempera-

tures were increased from 12 to 200 C, This preference for higher

temperatures must at least partly account for the natural occurrence

of subyearling crayfish in the warm shallows of Oregon streams;

although dietary and innate habitat preferences and competitive

aggression must also play an important role.

Survival increased by 67 percent over the experimental tern-

perature range (12 to 200 C) and is closely associated with molting

activity. As most crayfish at the highest temperature molted more

than twice as often than did their lowest temperature counterparts,

one can easily see water temperature in the early life stages signifi-

cantly affects molting activity arid its success as measured by sur-

vival. Molting success was much greater at 20 C which may mdi-

cate some physiological reactions allied with molting are favored by

higher water temperatures.

This experiment and the 24 C experimentation indicate
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subyearling crayfish could be expected to grow best at temperatures

around 20° C. At temperatures near 24 C molting mortalities are

high enough to preclude its suitability for cultural purposes. In

related research, Paladino (1966) found Astacus spp. crayfish should

never be exposed to water temperatures above 25° C. As the genera

Astacus and Pacifastacus are almost indistinguishable both taxonom-

ically and biologically, his research seems to corroborate my exper-

imental results at 24° C.

Yeariin Growth, Survival. anc ltic \ctivt

Yearling crayfish did not seem to be affected by the different

water temperatures nearly as substantially as were subyearlings.

In fact, no significant trends can be seen by comparisons of the three

temperature regimes on growth, survival, and molting activity as

almost all yearling crayfish performed approximately the same.

Yearling crayfish, however, were very detrimentally affected by

the 24° C rearing. Temperatures around 20° C, therefore, should

be accepted as probable maximum culture temperatures.

Fresh and Saline Water Comparisons

Subyearling Growth, Survival, arid .olting Activity

Subyearling crayfish grew and moited much faster in freshwater

than in saline water of 7-8 %o; although survival for both groups was
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the same. Subyearlings seem to survive indefinitely in this slightly

saline water without any chronic detrimental effects, However, as

molting activity is reduced substantially any culture system employ-

ing saline water in combination with this age group may suffer slower

growth as an outcome.

A serious drawback to this experiment was that it did not

include any types of expected fluctuations in salinity which would

certainly be apparent in any natural ertuarine area selected for a

culture operation. Also, an artificial sea salt medium was utilized

which may or may not truly represent estuarine water quality.

During the follow-up temperature experiment, no molting

activity in regimes having 4° C saline water of 16%o was noted.

Further experimentation is necessary to determine to what extent

molting activity is retarded or inhibited by saline water, Osmo-

regulatory stresses and/or detrimental internal chemical conditions

may play a role in this observed reduction in molting activity.

Yearling Growth, Survival, and Moltingctivity

Yearling crayfish do not seem to be adversely affected by water

of 7-8%o salinity as they grew at aoproximately t1e same rate as in

freshwater. Molting activity and surviva! were also, for all practic:

purposes, identical for both fresh and saline waler conditions.

As a result of this experimentation one may infer that yearling
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crayfish could be cultured in saline or freshwater with equal benefit

if all other environmental factors remained unchanged. This concept

may or may not hold true under natural estuarine conditions as fluc-

tuations in salinity mentioned earlier may impose unknown effects.

Subsequent experimentation with 24 C water having a salinity

of 16%o revealed no molting activity coupled with comparatively lower

survival and less growth.

Diet Comparisons

Subyearling Growth, Survival, and Molting Activity

The objective of this portion of the experiment was to compare

crayfish growth given two radically different rations. This was done

to see if crayfish could be fed very inexpensive commercially avail-

able livestock feeds. Any culture metnod should, for economic

reasons, incorporate a ration that is both inexpensive and readily

available. Rabbit pellet food, according to our preliminary experi-

mentation, seemed to have these ualifications. The euphausiid

ration, on the other hand, represented a diet that would undoubtedly

not be used in a commercial culture venture due to its high cost

and seasonal availability. It did, however, provide an excellent

source of easily masticated prot: ui for the young crayfish.

The results of the experiment revealed subyearling crayfish
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did prefer the euphausiid ration, as growth, survival, and molting

activity were all significantly increased with this ratiom The rabbit

pellet ration, along with all other livestock feeds, suffered several

serious defects when applied to an acuatic situation, First, the

chemical binders used by the feed manufacturers did not suffice in

holding the pellet together after the pellet had been exposed to water

for more than two or three minutes, Second, the materials used in

the pellet were usually too finely divided. This resulted in inefficient

utilization by the crayfish and undesirable accumulations of wasted

food. This problem became apparent when one would compare the

leavings that had settled beneath the bottom screening of each cray-

fish compartment after a week s feeding Considerable amounts of

finely divided rabbit pellet material quickly accumulated; whereas

very little euphausiid leavings could he found under the same circurn-

stances.

Since crayfish thoroughly shred any piece of food material they

chance upon, they should receive a ration that does not dissolve or

deteriorate if it is not consumed promptly, Peihaps binding agents

could be utilized to hold the food material together more successfully

when prolonged water contact is to he expected.
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Yearling Growth. 3urvival. and Molting Activit

Yearling crayfish fed the euphausiid ration grew much faster

than did their counterparts fed the rabbit pellet food. This was the

only yearling growth comparison that showed statistically significant

differences between the two selected variables,

The preference shown for the euphausiid ration by the yearlings

surprised me as Masonts (1963) food preference and stomach anaiyse

studies indicated that as crayfish grow older their food preferences

tend to shift toward a more vegetarian diet. This shift was obviously

not observed in these results. Perhaps the yearlings dLd not find

rabbit pellets very desirable as a ration; or it may be possible this

dietary shift occurs in the third year or later in their lifespan. After

conducting this experimentation, I believe several available fish

cultural diets with a few minor modifications could be suitably util-

ized in a crayfish culture program if the cost could be justified.

One can presume the 45-day experimental period was long

enough to observe large differences in yearling crayfish performance

as there was shown a highly significant statistical performance differ

ence between the two food rations, idealty, this experimental period

should be lengthened to allow more time for differences in perforn-

ance to become apparent.
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Age Comparisons

Subyearling crayfish grew faster, rnolted more often, but

suffered higher mortality than did the comparably treated yearling

crayfish. The growth rate and molting activity observed for these

subyearlings were, in fact, approximately twice that of the yearlings.

The increased growth rate in the subyearlings can be partially attri-

buted to their much greater response to higher water temperatures.

The response of subyearlings to increased temperature should be recog-

nized in the design of a culture system by making use of recycled

heated water. Since yearling crayfish did not respond greatly to

increased temperatures the necessity for massive quantities of heated

water would not necessarily be required for all the crayfish age groups

maintained in the culture facility, but only for the hatching of the eggs

and the rearing of the very young. This selective heating could result

in substantial monetary savings.
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CONCLUSIONS AND RECOMMENDATIONS

The results of this experimentation lend encouragement to the

realization of a workable culture technique for Pacifastacus spp.

These crayfish have shown great adaptability to different environ-

mental habitats and dietary regimes, but, unfortunately, slow growth

and their observed propensity for aggression arid cannibalism may

somewhat temper the enthusiasm, Suitable methods will have to be

found to circumvent or improve upon these two problem areas.

While the objectives of this research have been the achievement

of basic information relative to the culturing of Pacifastacus spp.,

I cannot at the conclusion of these experiments recommend any spe-

cific and detailed culture procedures without conducting further

experimentation. However, I can describe a generalized culture

program and several facility designs that may prove suitable for

the commercial rearing of Pacifastacus spp.

Hatchery Proram and Desie.n

Brood Stock Collection and Maintenance

A brood stock of healthy adult crayfish is necessary to provide

the hatcheryman with a controlled arid constant supply of offspring.

Presently, adults must be obtained from natural sources. The



crayfish stock selected should exhibit those attributes which would

prove culturally desirable in consideration of the planned facility.

At present, many cultural facilities utilize pond or raceway impound-

ments. Water is circulated through the culture facility quite slowly;

therefore I would recommend the stocking of P. leniusculus, as it

seems to prefer slower water velocities. It also prefers rather

eutrophic conditions, which are common to most rearing ponds, espe-

cially if the ponds have been the subject of artificial fertilization.

In selecting a brood stock one should collect large individuals,

as fecundity has been shown by Mason (1963) to be directly correlated

with size. In our holding aquaria a 50:50 sex ratio resulted in copu-

lation, subsequent oviposition, and fertilization of virtually all female

crayfish surviving through the breeding period. UntiL further research

proves otherwise, I would therefore recommend this same sex ratio.

I would also strongly recommend the collection of only those adult

crayfish having a complete complement of appendages as Mason

(1970b) demonstrated the importance of chelae and periopods in

female capture and copulation.

Brood stock collection should be undertaken during August as

the warmer stream temperatures result in greater crayfish mobility,

thus easier capture. Collection at this time would also allow a

shorter feeding time to the breeding season, thereby reducing food

costs to the hatcheryman.
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Brood stock adults could be held through the autumn breeding

period in any conventional impoundment. Since breeding is the pri-

mary objective for holding this stock, crayfish densities should be

high relative to the benthic area of the impoundment in order to

provide maximum crayfish interaction, thus facilitating copulation.

Substrate material and shelters in these holding facilities

could provide some protection for females after egg-laying, but

would not be necessary or desirable before the onset of egg-laying.

Vinyl or other types of tubing could be used to construct artificial

'houses' for the oviferous females and could be placed in the impound-

ment at the onset of egg-laying.

As crayfish are known to exhibit greater activity during the

hours of darkness, light should be at least partially excluded from

the impoundment by the use of black plastic sheeting as a cover over

the surface of the water. This exclusion of light may also play some

role in eliciting copulatory behavior.

Water temperatures in the holding facility should probably

duplicate those found in the stock source stream if the breeding

cycle of the brood stock is to coincide with that of the stock in the

source stream. Water temperature manipulation may result in

precocious or delayed copulatory behavior, More research will

have to be conducted as to the effects of temperature and photoperiod

on the breeding cycle before I would recommend any manipulation
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of these two factors.

Water depth in the holding impoundment may not be too impor-

tant as mating behavior has been observed in waters ranging from

a few inches to several feet in depth. However, according to Mason

(1963) adult crayfish usually inhabit the stream pool areas rather

than riffle areas. On the many collecting trips I made, Ii found many

more oviferous females in relatively shallow pool areas and around

the perimeters of these pools than I found in riffle areas, thus sug-

gesting P. t2id ii adults prefer slower velocities for breeding

activities. I would suggest, however, a holding impoundment depth

of two to three feet.

Hatchery Design and Operation

After oviposition (egg-laying) has taken place during September

and October, the females can either be held over winter with their

fertilized eggs; or the eggs may be stripped manually from the female

pleopods and placed in commercially-constructed vertical fish hatch-

ery incubators. Mason (personal communication, 1971) reported

success in hatching eggs and rearing hatchlings in these devices.

These units could be supplied with heated water to accelerate the

incubation period. This scheme should prove useful in those cul-

tural facilities utilizing large unheated outdoor rearing impoundments.

The young could be reared in the incubators until they could be
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introduced into the outdoor impoundments during early spring

months, thus gaining a couple of months growing time in the ponds

during their first years

Crayfish Reariflg_Facilities

Of the variety of potential impoundment types, the simplest

would be an ordinary rectangular excavation. Its size would be

dependent on the number of crayfish to be stocked Stocking rates

are not yet known for this genus, so experimentation would be neces-

sary to determine the actual carrying capacity for any given pond.

Pond depth could be constant or sloping, but depths in excess of

four feet are probably unnecessary and would be more expensive to

maintain, heat, or harvest. A sloping substrate would give the young

a choice of habitat depth and if controllable floodgates were installed

at the deep end, harvest would be facilitated when the pond is drained

at the end of a growing season.

A second type of impoundment could be constructed with a

combination or overstory style culture facility in mind. This im-

poundment could be of the same rectangular configuration except it

would utilize a greater depth. Into this facility anchored floating

fishrearing pens would be placed and trout or other suitable fish

stock could be cultured. The crayfish would be introduced outside

the pens and would feed largely upon uneaten fish food that had settled
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through the screening of the pens. The need foi the isolation of the

two cultured animals stems from the fact that crayfish are naturally

consumed by most fish and the crayfish therefore need the protection

provided by the pens.

A third alternative would be an intensive culture facility corn-

posed of temperature controlled indoor raceways with the crayfish

held and fed individually in separate compartments arranged through-

out the length of each raceway in a stacked array. This type of

design requires much more initial monetary involvement, manpower,

and cultural expertise. With the development of a suitable diet that

would allow for rapid growth and use of heated recirculated water,

this type of system could possibly produce harvestable crayfish in

18 to 24 months.

Food Considerations

Success with any crayfish culture venture will depend heavily

upon a nutritious, yet relatively inexpensive dietary ration. Crayfish

require a food that does not spoil or separate quickly after initial

water contact into particles too minute for the crayfish to utilize

efficiently. Whether or not live food forms, which are fairly difficult

to obtain throughout the year, can meet this need remains a question.

I was able to feed crayfish live Tubifex sp. and fly maggots which they

readily consumed. Fresh-frozen marine euphausiids were also
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eagerly consumed, but are, unfortunately, very difficult and costly

to obtain.

Researchers have successfully fed many different types of

rations to their experimental crayfish populations. Among these have

been trout food pellets, dry cat food pellets, raw fish, and other types

of animal flesh. Vegetables such as potato peelings, carrots, lettuce,

and various seeds and leaves have also been successfully employed

as experimental diets.

I believe fish hatchery feeds and pet foods may prove too expen-

sive as commercial crayfish culture fare, but fish carcasses avail-

able from fish hatcheries, fish cannery offal, and slaughterhouse

wastes may be usable, yet inexpensive sources of protein for rearing

crayfish. In terms of vegetable usage, perhaps fruit and vegetable

cannery wastes could be used as a very inexpensive source of food.

I would feed vegetable-based foods secondarily, however, as meat

and fish are preferred by young growing crayfish and would most

likely foster more rapid growth.

Under the almost natural conditions found in Louisiana crayfish

farm ponds, several common weeds are planted and cultivated solely

as forage for their growing crayfish. Inexpensive artificial and

natural fertilization of impoundments can result in large quantities

of both plant and animal life which can supplement or even replace

the feeding normally needed from the culturist.
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What food the culturist finally selects will depend primarily

on which of the aforementioned impoundment designs is utilized.

Secondly, availability and cost of any selected food will largely

determine the financial success of the venture.

Harvest Methods

Present commercial harvest methods used by both the cray-

fishermen of the Northwest and the Louisiana crayfish culturist con-

sist of nothing more than the baited trap. Trapping must be consid-

ered slow, inefficient, and cost[y in terms of manpower. Crayfish

impoundments could be constructed with efficient harvest methods

engineered into their design.

Seining a partially drained impoundment should be an ideal

method in those rectangularly-shaped ponds with a total width of 100

feet or less, when there are not too many emergent aquatic plants.

Hand dip nets would also work well in ponds where the water level

has been lowered substantially, such that only a small area in a

specially designed catch basin receives all the pond' s crayfish stock.

Fucure methods may rely on yet to be discovered hormonal or

sound attraction methods which would allow the culturist to congre-

gate his stock in a single specified area where seining could be

efficiently employed.
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Economic Considerations

The present state of the art of the culture of Pacifastacus spp.

can be aptly described as nonexistent, or at best rudimentary.

Therefore, this study was conducted to learn more about the basic

biological, environmental, and cultural considerations involved in

the potential culture of Pacifastacus spp. his crayfish has riot been

reared commercially at the time of this writing, so valid assess-

ments of rearing costs cannot be estimated, 1-Towever, one must

consider the costs of the following: property, land development,

equipment, feed, power and utilities, manpower, taxes, and depre-

ciation. After one determines these costs, he can judge how prof.-

itable his venture will be and how large and what type of cultural

facility he will need,

Some information has become available concerning the market-

ing of Pacifastacus spp. Crayfish in recent years have brought an

exvessel price ranging from 35 to 50 cents per pound to local cray-

fishermen. Wholesalers and fish processors, however, have

exported Pacifastacus spp. to the Scandinavian countries where

the reported retail market price is approximately $6. 00 per proc-

essed pound. If this export market price can be sustained, I belie're

a well-conceived culture program could quite easily prove profitabla.
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Appendix 1. F-Test results of BMDO5V- General Linear Hypotheses, computed using length and
weight growth rate data of subyearling crayfish as a basis for statistical comparison.

Subyearling Growth Rate Comparisons Based upon Weight:

Source of S. S. M. S.

Variation ci. f. (X 105) (X 1O) Observed F

Water 1 9.771583 9.771583 11. 798850***

Temperature 2 13.458166 6.729083 8.125137**

Diet 1 7. 942720 7. 942720 9. 590562***

W X T 2 14. 945963 7. 472982 9. 023368***

W X D 1 0. 163773 0. 163773 0. 197750

I' X D 2 7. 841835 3. 920918 4734373*

W X T X D 2 1.219643 0.609822 0.736338

Error 11

** and * = Significance at 0. 005 and 0. 05 probability levels, respectively
Denominator d. f. = 73

Subyearling Growth Rate Comparisons Based upon Length:

Source of S. S. M. S.

Variation d.f. (X 10) (X 10) Observed F

Water 1 1.007882 1.007882 5.623052*

Temperature 2 8.021321 4.010661 22. 375800***

Diet 1 0. 511579 0.511579 2. 854138 (90%)

W X T 2 0. 997364 0.498682 2.782188

W X D 1 0. 247241 0.247241 1.379377

TX D 2 0.311332 0.155666 0. 868473

W X T X D 2 0. 389444 0. 194722 1. 086371

Error 11

*** and * = Significance at 0. 005 and 0. 05 probability levels, respectively.
Denominator d. f. 73
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Appendix 2.F-Test results of BMDO5V - General Linear Hypotheses, computed using length
and weight growth rate data of yearling crayfish as a basis for statistical comparison.

Yearling Growth Rate Comparisons Based upon Weight:

Source of S. S. M. S.

Variation d.f. (X 106) (X 106) Observed F

Water 1 4.9539 4.9539 0,896719

Temperature 2 10. 8916 5.4458 0. 985754

Diet 1 52.5613 52.5613 9.514219***

W X T 2 0. 3314 0. 1657 0.029994

W X D 1 3. 2609 3. 2609 0. 590269

T X D 2 34. 1286 17. 0643 3. 088840

W X T X D 2 2.0695 1. 0348 0. 187307

Error 11

*** and * Significance at 0. 005 and 0.05 probability levels, respectively.
Denominator d. f. = 205

Yearling Growth Rate Comparisons Based upon Length:

Source of S. S. M. S.

Variation d.f. (X 106) (X 106) Observed F

Water 1 0.42900 0.42900 0.491106

Temperature 2 0. 47787 0. 23894 0. 273523

Diet 1 13.73063 13.73063 l5.71828611*

W X T 2 0. 35064 0. 17532 0. 200698

W X D 1 0. 52093 0. 52093 0. 596342

T XD 2 8. 89153 4. 44577 5.089339**

W X T X D 2 0. 05206 0. 02603 0. 029796

Error 11

= Significance at the 0. 005 probability level.
Denominator d. f. 205




