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BIOLOGICAL, DEVELOPMENTAL, AND BEHAVIORAL STUDIE3 OF 

LEIODINYCHUS KRAMERI (CAN.) (ACARtNA:UROPODIDAE) 

INTRODUCTION 

Letodinychus kramerl. (Can.) was first cleocribed by 

G. and R. Oanestrinl in 1381, under the naine Uroppda 

krarnert. Berlese described the sub-genus Le1odiychus in 

1917 under the genus Urodynichus Ben. 1903 narnin poda 

krarneri as the type species. Since that time Lelodinychus 

has achieved jeneric status. L. krameri is a member of the 

family Uropodidae, superfamily Uropodoidea, of the Cohort 

Uropodina, in the Supercohort Monoynaspida of the border 

desoeti.gmata. 

The first record of this mite in grain was made by 

A.D. Michael (22, p. 2) at a farm in Derbyshire in 1888. 

Not until 1934 was . krameri recorded in a similar situa- 

tion In Belgium by Andre (1, p. 112) where it was found in 

a house adjacent to a barn oontainin hay. He reported that 

the mite also was found in moss, decayinß or rotten hay or 

grasa, and in the dirt or mud in stables, and that presura- 

ably it was also herbivorois and lichenivorous. He also 

mentioned that L. krameri. was found in the dust of hay or 

rasses in a granary. This observation has been confirmed 

by observers in many parts of the world including the 

Pacific Northwest (19, p. 174). Krantz (19, p. 172) de- 

scribes these mites as Tertiary Acariforms or feeders on 
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fungi and decayin8 vegetable debris. Hußhes (15, p. 268-9) 

mentions the cosmopolitan distribution of L. krameri in 

damp, moldy, sprouting barley and in wheat or corn in ships 

and warehouses, as well as in moss. 

The abundance of L. 1ramer1 in stored food products in 

the Pacific Northwest prompted initiation of studies of' its 

biology, development, and behavior. A survey of the liter- 

ature disclosed several references ertaining to the morph- 

ology and internal anatomy of j. krameri (1, p. 114-122; 

15, p. 267-269; 22, p. 2-18; 34, p. 526.-632; 38, p. 321-45), 

but very little on biology, development or behavior. The 

lack of information on the bionomics of this species, and 

its relative abundance in Pacific orthwest granaries led 

to the initiation of research comprising three primary 

phases: (1) the search for a suitable method of confining 

arid rearing the mite, which involved the design of escape- 

proof cells and yet enabled efficient observation and 

manipulation of the organism with an allowance for adequate 

gas exchange between the rearing cell and the surroundinj 

habitat, (2) the study of the bioloßy and development of 

L. kraineri under various temperatures and relative humidity 

conditions and (3) a study of the mite's behavior under 

various environmental conditions. The results of this re- 

search can be considered to be of value both from a basic 
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and fror an applied point of view. 8hou.ld a control pro- 

cram for L. krarnerl provo necessary, it must be founded on 

basic knowledGe of the biological requireaents of the 

sped es. 

Ciiernatography lias been utilized to a great extent in 

bioloGical and behavioral observations of L. jjaeri, and 

has been a valuable tool in for:nulation of hypotheses con- 

cerninG these areas. eference to cinematographic observa- 

tions are found in the text. 



iIETHOD3 AND MATEPJAL3 
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To study the various phenomena associated with the 

biology and behavior of Letodinychus kraineri (Can.), new 

methods were devised for contain1n and rearing these tiny 

forms in Buch a way that they could easily be observed 

and manipulated. A number of methods for rearing mites 

in the laboratory have been developed in the past several 

years. One of the earlier types of rearir cells oonsist- 

ed of a glass rina cetnented to a riicroscope slide and 

closed at the top by a coverelip (23, p. 127.s131; 17, 

p. 2/45-6). Variations of this method were used by 3en5- 

busch (32, p. 646-47), Garman (12, p. 3-7), Lavis (3, p. 

1-4), and Uvard (30, p. 146-7). Robertson (31, p. 251-5) 

eut funnel shaped microcells in 7/8-inch fibre or bakelite 

strips while Hushes (personal correspondence) reared 

granary mites in cells bored into 1/8-inch perapex, the 

floors oonsistin of a fine silk screen and txe lid of a 

coverslip. 
The use of a plaster of paris substrate in closed 

cells has proven hlßhly satisfactory for many acarino 

species. This material has the advantage of being absorb- 

ent, escape-proof, and miscible with various food 
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Bub8tances. Pluminer aod Pillsbury (24, p. 2-10), Filinger 

(lo, p. 1-4), Lipovsky (21, p. 4-7) and Edwards (9, p. 152- 

6) have described arthropod rear1n niethods in which plaster 

of parla was utilized. 

Basic eguirements for LUte eartng Cells 

Several factors must be considered in the construction 

of rearing and observation cells for mite studle (27, p. 

513). Food supply and the control of physical environ- 

mental conditions constitute only a portion of the prob1eìs 

encountered in such a project. The small size of the or- 

Sanism to be studied, for example, necessitates special 

care in cell construction to prevent escapee A completely 

closed cell, however, does not allow for exchange of gases 

or accurate control of hunidity. The use of' a fine silk 

or muslin lid in place of ari airtight cover such as a 

coversllp negates the problem of gas exchange, but creates 

difficulties in observation and nanlpu1ation of the test 

organism. Basically, then, the fo11owin requirements 

must be met in constructing mite rearing cells: 

1. Escape-proof desin 
2. Allowance for adequate gas exchanße between the 

rearing cell and the surrounding atmosphere 

3. Ease of observation and manipulation 
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4. A aultable nutritional substrate 

Tarjous Methods 

The simplest type of e8cape-prooí' cell for rearin8 

mites wou1 be a stoppered container such as that used by 

Lipovs1y (21, p. 4-7). The difficulties involved in obser- 

vation of the teSt organism and in achieving proper gas 

exchange in a stoppered r'ceptacle, however, make it un- 

satisfactory for controlled environment studies. 

At attempt was made to construct cells which eculd be 

covered to prevent escape but 'th1Ch would meet the specif- 

ications gas exchane and easy observation. 

Such a method was devised by 1adinovsky (26, p. 5-7) for 

life-history studies involving the hairy spider beetle, 

Ptinus vi1liçer (Reit.). ìpeciinens were reared in 1/2-inch 

acetate cells covered with a double layer of transparent 

cellulose tape, through which pin holes were punched for 

air and moisture exchange. Because of the small size of 

the best oranism to be used, a variation of this method 

was sought in the present study which would make observa- 

tion and confinement of mites feasible. 

Sheets of 1/4-Inch p1exi1ass were cut into 3/4 x 2- 

inch rectangles in which 10 cells of approximately 1/8- 

inch diameter and depth were drilled (Figure 1). A food 
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Fit. 1. P1exilass rectan1e with 10 rnicrocella. 
B, Cross section of plexiglass rectangle, showing 
relative depth and shape of microcells. C, Cross 
section of microcell; a, 3aran wrap barrier; b, 
Small flap cut in saran wrap to permit introduction 
of test organisms; o, Cell proper; d, Plexiglass 
base; e, Food substrate. D, Top view of saran wrap 
barrier, showing center flap and surrounding air 
holes. 

substrate was poured into each cell and allowed to harden. 

Following introduction of mites into the cells, a sheet of 

saran wrap was glued over the surface of the plexi4ass 
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rectangle with Pliobond1, a water-Insoluble adhesive. A 

series of minute pin holes was made in the saran covering 

(Figure 1D) to allow for exchange of moisture and gases, 

and a small flap was cut to per:nit manipulation of the con- 

fined organism and addition of food for predatory test 

organisms. Humidity within the cells was maintained by 

placing the rectangle in plastic containers held in desic- 

cators and stored in controlled temperature cabinets 

throughout the tests. 

Saran paper barriers have the advantage of bein, 

transparent so that easy observation of confined mites can 

be made. ioreover, there is little chance of mite escape, 

or of drastic change tri physical conditions. The use of a 

water filter between the source of illumination and the 

raîcrocells allows observation with a stereoscopic micro- 

scope without danger of temperature increase. The major 

disadvantage of the saran barrier is that lt is easily torn 

and must be replaced at frequent intervals. In addition, 

confined mites commonly adhere to the inner surface of the 

saran and, because of their excrement, eventually hinder 

observation of the cell substrate. 

1 all-purpose adhesive which is immune to fungi and re- 
stets water and 7ça9es; manufactured by the Goodyear Tire 
and Rubber Company. 
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$ernisolid or liquid barriers such as grease, petrole- 

urn jelly, tanlefoot, or oil applied around the rini of the 

cell could not be used since these materials tended to 

trap the mites rather than repel them, resulting in a high 

early mortality. Toxic chemical barriers :ere not used 

inasmuch as they might have affected the deve1opient or 

behavior patterns of the test organisms. 

l'he possibility of containing mites in open cells by 

means of an electrical field was one of the methods con- 

sidered in this study. An electrical barrier would have 

all of the advantages doomed necessary for successful con- 

tainment of mites, and would allow for the adjustment of 

the containing force in the event of dIfferential escape 

abilities between species. 

A series of glace tubes (5 mm. ii diameter and l- to 

2 cui. long) were imbedded in a charcoal-yeast-plaster food 

mixture poured into Syracuse watch glasses. An electrical 
field was created near the tops of the tuoes oy winding 

two wires around them and connecting them to a variable 

voltage transformer capable of furnishing 3. to 120 volts. 

The two wires were separated by a distance not exceeding 

3 millimeters. Test mites were placed in the tubes and 

observed until potential for escape could be measured. 

Negative results were obtained with the electrical 



9 

field method at all voltages. Escape was 100 per cent in 

all tubes within 12 hours, even when the wires ere coiled 

(Figure 2). The possibility that the alternating voltage 

'(7 y ";:Y C/7 ¡\\ 

Fig. 2. DIagram of apparatus used in 
electrical field barrier experiments. 

supplied by the transformer was an unfavorable source 

prompted the writer to repeat the experiments using volt- 

ages from dry-oeil batteries. 3ince nedative results were 

obtained, It appears that mites are unaffected by electric 

fields. 
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A Geconci experiment involvin the use of ari electri- 

ca]. potential was initiated, the purpose being to contain 

mites by ieana of a mIld. shock caused by sinultaneou cori- 

tact of positively and negatively charged surfaces. Two 

brass plates of i mm. th.ckness were cut to the drnenîons 

of' 115 : 45 rain. A thin sheet of celluloid was placed 

between the two platee, the resulting sandwich beine 1ued 

together with Pliobond. A series of 18 holeB of approx- 

irnately 6 mm. diameter were drilled through the sandwich, 

rhich then was embedded in a charcoal-yeast-plactor mix- 

ture. The reultir mi.crocell (F1ure 3A) were deepened 

by dril1iri into the food mixture. An electrical potential 

vas created between th plates by attachine a wire to each 

plate anc conneotin these wires to a transformer. 3hort 

cIrcuits caused by the drillir procedure were ccrrected 

by careful filins of the eides of tho a1crocello. A cross 

section of an individual cell Is shown In Figure 3. ltes 

were introduced into the cells by means of a fine brush and 

voltages applied to the system. 

It vas found that a potential difference as low as 

7 volts was sufficient to repei the rItea in 100 per cert, 

o1 the shook situatIons. Upon making contact with both 

plates, the mites exhibited a vIolent reaction consisting 

of Immediate withdrawal and, at higher voltages, a 
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Fie. 3. Diagram of appa:atus waed in el'ctical 
potential barrier experiments. A, Cross seotion 
of the appare.tw. i, Cross section of' an individual 
cell; a, Upper brass plate carrying a positive 
charE,e; b, Thin ineulatinE sheet of celluloid; e, 

Lozer brass plate carrying a negative charge; d, 

Jeli proper, drilled throu the braze plate and 
food riediun; e, Food substrate. 

epasatic body trejior. Electrocution occurred at voltages 

of 80 or higher. 

gites receiving shocks returned o the bottom of the 
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i1croce11 hut, i ot intancec, attempted escepe e.galn. 

epeate shocks railed to deter the mites, the result 

beinL that eventually they were badly injure3 or killed. 

liasmuch as an avoidance response could not be achieved, 

anc because of the apparent 111 effects produced in the 

'1tes from continued shock, the method was abandoned. 

A variation of the electrical potential microcell 

method was devised in whlch the potenta1 was created 

between two concentrIc r1ne of silver conductive paint 

applied to the surface of an ordinary microscope slide 

(Figure 4A). A distance of 75 -100 separated the rings, 

ih1ch were applied by means of a slide turntable. Unlike 

the vertical contact at provided by the microcell method 

(F1ure A1B), withdrawal from the shock stimu1u provided 

by horizontal contact (Fi3ure 4C) was not accelerated by 

ravitationa]. pull. Here, sithdrawal tnvolved a purely 

mechanical act on the rart f the mite which, because of 

spacm, usually was not accomolished before death occurred. 

AlthouRh the electrical barrier method was ineffec- 

tive in this series cf tests, it is felt that confinement 

o. small arthropode by electrical 'nean3 may prOve 9uccess- 

ful where critical determinatione of shock tolerance may 

be poible, and in situations whers the lass of small 

numbers of animals throu3h effects of repeated shocks 
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Fig. 4. A, Diagram of apparatus used in electrical 
potential barrier experiments utilizing concentric 
rings of silver conductive paint applied to the sur- 
face of a microscope slide; a, Positive outer ring; 
b, Negative circuit leading to the negative inner 
ring; c, Cell proper; d, Slide proper. B, Diagram 
of a mite making the circuit of the vertical electrical 
potential apparatus. C, Diagram of a mite making the 
circuit of the horizontal electrical potential appar- 
atus. 

would not be of importance. 

A final series of barrier tests was conducted in which 
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various smooth substances were ap1ied to the inner edge 

of 1-dram shell vials as liquids, which hardened upon con- 

tact with the air. Included in the preliminary experiments 

were finernai1 polish, clear varnish, and a plastic, 
Teflon2. In addition, beeswax, cresin, stearic acid, 

carnauba wax, and household wax were tested as barriers to 

mite escape. These substances were applied with a fine 

camel's-hair brush, allowed to harden and set, and polished 

with cotton. Acarus siro L., Tyrophapus putrescent,iae 

Schrank, Chejrletus eruditus 3chrank, and Lelodinychus 

kraineri Can, were confined in the vials and periodic obser- 

vations were made to detect incidence of escape. All four 

species were able to traverse these barriers easily, using 

the irregularities in the surface to 3a.tn necessary foot- 

holds. 

The Use of Fluon as a Barrier 

F1uon-, a small-molecule liquid compound, also was 

2A tetrafluoroethylene resin; a crystalline, linear polymer 
which is inert and highly resistant to nearly all chem- 
icals and solvents. The solid form, used in these tests, 
has a low coefficient of friction. Manufactured by E. I. 
duPont de Nemours and Company, Inc., Wilmington, Delaware. 

3"Fluon" dispersion GPI is an aqueous dispersion of poly- 
tetrafluoroethylene stabilized with a nonlonic wetting 
agent. The particles are predominantly spherical, with 
an average size of 0.2 to 0.25 Manufactured by Imper- 
ial Chemical IndustrIes, Ltd., Plastics Division, Welsyn 
Garden City, Herts, England. 
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tested extensively as a barrier material. Fluon contains 

a nonionic wetting agent consisting of colloidal negative- 

ly charged particles suspended in an aqueous solution. 

Chemically, the solution is not too stable, tending to 

change in the presence of heat, extreme cold, or agitation. 

Upon contact with air, however, Fluon hardens to a waxy 

smooth, chemically inert form. 

A series of tests was established in which Fluon was 

applied to the inner top rims of 14 glass tubes (6 min. in 

diameter and about l to 2 cm. long) with a camel's-hair 

brush. After a 4-hour drying period, the cells were im- 

bedded in a charcoal-yeast-olaster food mixture poured into 

a petri dish. A period of 24 hours ras allowed to insure 

complete drying of the food substrate, before the intro- 

duction of the test organism, Leiodinychus krameri, into 

each cell. 

A small percentage of escape occurred during the 

fourth hour of confinement, the percentage increasing with 

the passing of each hour until, at the end of the twelfth 

hour, escape was nearly 100 per cent. A close exa[!iination 

of the Fluon surface revealed fine imperfections which 

probably were caused by faulty application technique. 

These imperfections apparently enabled the mites to tra- 

verse the barrier. 
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A number of other application techntques were eval- 

uated in order to surmount the problem of surface imperfec- 

tions in the Fluon barriers. The uanufacturers sua:est 

that Fluon should be sintered after drying. Therefore, 

after 45 ,lasa tubes of the type mentioned above were 

dipped into Fluon and drained on a blotter to remove excess 

material, they were divided into croups of nine tubes which 

were subjected to five different drying procedures. These 

procedures are listed below: 

1. Dried immediately after dipping in an oven at 

r-o 
7 C. 

2. 3intered by passing the tubes through a bunsen 

burner flame. 

3. 1intered in an oven at 2000_2220 C. for a period 

of 8 minutes. 

4. Sintered in an oven at 2200_2330 C. for a period 

of 10 minutes. 

5. Allowed to dry at room temperature (21° C.). 

As a control, Fluon was applied to 45 tubes by means of' a 

carn31'3-hair brush. These were also subjected to the 

above five conditions. One adult specituen of L. krameri. 

was 1aced into each tube. 

After 9. hours, the majority of mites had traversed 

the Fluon barrier in all tests except those in which the 
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cells were dipped and allowed to dry slowly at rooi teaper- 

ature. Here, only one mite succeeded in traversing the 

barrier. 

subsequent tests were set up with Fluon applied to 

the rims of 20 glass tubes by the dipping method and allow- 

ed to dry slowly at 210 C. A single specimen of L. icrameri. 

was introduced into each cell. Within 24 hours two mites 

had escaped (90 per cent confinement), but observations 

made over a week later revealed that no further escape had 

occurred. 

In further efforts to achieve 100 per cent confine- 

ment, more than one layer of Fluon was applied to the ¿laas 

tube rims. 0f 20 cells BO treated, 10 were dipped in Fluon 

twice and 10 were dipped three times. All were set up iii 

petri dishes in the manner outlined above. Before each 

subsequent dip, the first coat was allowed to dry corn- 

pletely. 

The following day one specimen of L. kranaeri was 

introduced into each cubicle. Ho food was introduced. In 

this way it could be deterr.tined whether the :dte was con- 

fined to the cell only by the presence of the Fluon bar- 

rice. 

Observations trere ude periodically and, even after 

24 hours, none had escaped. After 31 hours of confinement, 
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one mite had left the two-dip test (90 per cent confine- 

ment) an no miteB had escaped from the three-dip tubeE.. 

Subsequent checks made up to 10 clays later revealed no 

further escape In the two-dip aer1e and continued 100 per 

cent conflnetaent in the three-dip teet. The application 

of additional layere of Fluon appeared to fill in any 

cracks or imperfections in the barrier, rendering it it!- 

passable to L. krazer1. 

After 20 months of laboratory rearing of Lelodinychus 

kracieri. (Can.) in fluon cells, confinement of mites as 

close to 100 per cent at 200 C. and at all relative 

humidities. However, a breakdom of the fluon was noted 

at 30 C. and 95 per cent relative humidity, but not at 

C. and the 1o'er humidities. No breakdown of fluon 

occurred at 100 C. Even thouh breakdown did eventually 

occur at 30 C. and 95 por cent relative humidity, it was 

well after the seo'nd generation. 

During lIfe history and behavioral studios, various 

stages of Lelodinychus krameri (Can.) ero oftc oherved 

iner1y clinibin3 up the 1ass tubes only to lose traction 

at the fluon barrir and drop 1orn into the cell. Even 

when food was scarce (withheld addition of fresh food at 

the usual feeding time), and drive to escape was obvious, 

the mites were confined by the fiumi barriers. As many as 



19 

2 itiltes, of various stases, and regrent1n several 

generatlonR were fourc! 1r one cell at 300 0., nd 95 per 

ceit relative huiiiilty. A series o tetR also were run 

with the granary weevil ih&1u ranri (L.), ad the 

saw-.toothed ra1 beetle, Oryzaeph14 surinamensie (L.), 

an3 loo er cent confinement was obtalriel with ranary 

weevils, and 98.75 er cent confinement was obtained with 

saw-toothed 3rain beetles. Aithouh three fluon dips were 

necessary for Lelodinychus kra (Can.), only one fluon 

di was required to contain the grain beetles. 

It would apear that size of pulvilli. (the soft oad- 

between the tarsal claws in the insects) 

or caruncle in the case of L. kramert or perhaps size of 

the claws therne1ve3, play a significant role in eccae 

incidence. Because of their smaller size, the mites can 

pick o'it any tiny imperfections inherent in the smooth 

fiumi surface. Additional coatinRs of flion cover ' im- 

perfections and minimize the chances of es'ape. Tiny im- 

perfections which may be found in a one-dip 1yer of fluon 

are too ninute to be of any ue to insects which are unable 

to 3am a "foot-hold" on the smooth surface. iotographs 

(Fi3ure 5) and movie films (24) were used to study the 

escape behavior of stored roduct insects confined to 

fiuon-rimined cells. 
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FIg. 5. Photograph of the interior of' a F].uon- 
dipped cell ehowing granary weevile on cardboard 
incline attempting to traverse the Fluon barrier. 

a., 

I.' 
a. 

1 

L./b.:' 

Fig. 6. L. krameri feeding on mold. 
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The queßtion of whether fluon could be toxic to the 

mites or insects was answered by a serles of observations 

covering one and one-half years. Adverse effects on ovi- 

position rate, length of instar, and mating were not 

observed in test cells where fluon breakdown did not occur. 

here fluon breakdown did occur, as noted above at 3Q0 C. 

and 95 per cent relative hwnidity, the fluon becane soft 

and sticky. iites easily became entangled and could not 

extricate themselves, eventually dying of starvation or 

exhaustion. No adverse effects were observed on mites 

atternptin to traverse the stable fluon barrier. 

Food 3ubstrate 

Preliminary tests have shown that the addition of 

yeast (60-75 cc.) to Lipovsky's mixture of 600 cc. of 

plaster and 50 cc. of charcoal mixed with water (21, p. 

4-7), resulted in increased culture development, partic- 

ularly when additional yeast was liglitly sprinkled on the 

substrate as it was hardening. 3tock cultures were main- 

tamed in transparent lid salve tins measuriig 2-3/4 by 

7/8 inches. After the introduction of mites, holes were 

made in the celluloid lids to allow a free exchange of air 

and moisture. The view bins were placed in trays filled 

with soapy water to prevent possible contamination from 
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tiny larvae e3capin or enter1r] through the holes. How- 

ever, after several months, the bottoni of the tins became 

80 rusted that eventually soapy water penetrated It, sat- 

uratinß the food media and killing the mites. Therefore, 

before a tin was placed in soapy water, the bottom and 

aides of the container wore coated with a protective layer 

of paraffin. This method proved satisfactory in the 

majority of trials. Placing the view bins on watch glasses 

so that the bins 'nere not in direct contact with the soapy 

water provided another solution to the problen of rustine. 

Galvanized wire shelves suspended in the water also have 

proven satisfactory, except for occasional contamination 

arisir from mites crawling alone the wire from one culture 

to another. 

3everal other food mixtures were utilized in stock- 

culture rearing experiments in order to determine specific 

food preferences of Lelodinychus krarneri (Can.). Prelirn- 

mary food preference tests are summarized In Table 1. 

Thirty mite specimens were irtroduced into each view bin. 

Good, fair, and poor are arbitrary ternis which were used 

to denote chan4es in the numbers of individuals in a period 

of two weeks after test initiation. "Good" denotes 75 per 

cent to loo per cent increase in number. "Fair" repre- 

sents an increase of 25 per cent to 75 per cent, while 
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"poor" denotes either a loss in number or an increase up 

to 25 per cent. 

Results with the majority of the mixed food inedia 

were promising. L. kramert showed increase of over 75 per 

cent in the initial two-week test period in food mixtures 

5, 11, and 12, while showing increases of from 25 per cent 

to 75 per cent in al]. the remaining food mixtures except 

in numbers 4 and 9 where reproduction was poor. date of 

reproduction was the highest in the bread media, with white 

bread being somewhat better than rye. Increases of well 

over 100 per cent were obtained in cultures where white 

bread was added to a plaster, charcoal, yeast substrate. 

Both in stock cultures and in individual rearing cells 

. 
kraineri was often observed feeding on mold typically of 

Penicillium sp., Rhizopus sp., arid Trichoderma sp. (Figure 

6). 

Temperature and Relative Humidity iegulation 

Three temperatures were utilized in life history 

studies: 100 C., 20° C., and 3Q0 C. Fluctuations of not 

more than 10 C. were observed in the temperature cabinets4. 

Relative humidities of 50, 65, 80 and 95 per cent were 

4iode1 3553 Auibi-Lo Temperature Cabinets manufactured by 
Labline, Incorporated, of the Chicago Burgical and 
Electrical Company. 
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utilized in these studies. 3o1ut1on of water conta1n1n 

potassium hydroxide (icOil) were placed in two liter capac- 

ity pyrex desiccators (Figure 7) to @ve the desired re1- 
tive humidities. The followinp relative hurnidltie5 were 

interpolated according to the method used by Buxton and 

ellanby in 1934 (4, p. 171-175): 12 grams of' I(OH per 100 

grame of H20 yielded a relative humidity of 95 per cent; 

25 crams of KOH ner 100 grams of H20 yielded a relative 

humidity of 80 per cent; 38 grame of KOH per 100 grame of 

H20 yielded a relative humidity of 65 per cent; 51.5 grams 

of ICOH per 100 eraras of H20 yielded a relative humidity of 

50 per cent. One of the main advantages in using satu- 

rated solutions of KOH is the absorption of CO2 given off 

by the oraniem (3, p. 436). Personal correspondence with 

Dr. F. . Decker, head of the Atmospheric $cience Branch 

of the Science Research Institute at Oregon State TJnivers 

ity, indicated that this method of humidity maintenance 

ifl desiccators was the iost accurate oie available. 

Initiation of Cultures 

3pecimens of' Leiodinychus kraineri were reared individ- 

ually in fluon-rimmed glass cells (6 mm. in diameter and 

1-3/4 cm. lon) and replicated twelve times for each 

temerature an relative humidity (Figures 7 and 8). Eggs 



25 

Fig. Four desiocators in tenperature cabinet 
containing 12 Fluon-dipped cells imbedded in petri 
dishes containing yeast-charcoal-plaster substrate. 

were removed from stock cultures by means of a fine 

camel's-hair brush, lowered gently into the Fluon rimmed 

rearing cells and shaken or flecked off the brush by means 

of a number 00 insect pin. Food was added in this manner, 

the operation always being done under a binocular micro-. 

scope. Lighting was furnished by a laboratory illumina- 

tor.5 A glass vial, filled with water, was taped to the 

5Universal Illuminator, Model 359, manufactured by the 
American Optical Company, Instrument Division, Buffalo 
15, New York. 
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8. iweivo l'luon dipped cells in yeast- 
charcoal-plaster mixture poured in a petri dish. 

li5ht source to keep it cool, so that the or&anisms under 

observation would not be subjected to undue stress of 

heat (Figure 9). When bread became stale or overly 

mouldy, it was removed with the aid of a number 00 insect 

pin lowered by means of a fine forceps oito the floor of 

the cell (F1ure 9). In this manner cast skins were re- 

moved and specimens were manipulated to determine instar 

or sex. 

Observations were made daily, with the number of ob- 

servations determined by the activity of the or'anisms. 



Fie. 9. Rearing cell showing forcep-held manip- 
ulation tool and water-cooled lieht source. 

Life history, developmental data arid behavioral patterns 

were observed and recorded, both on paper and on film. 

Camera and Cinernatraphical Techniques 

Whenever possible, photographs and/or movie tili 

were taken of significant chanßes or behavioral patterns. 

Often the use of very strone lißht terminated or altered 

certain processes of development or behavior, and hence 

diarains were made instead of photo8raphs. 

An Exacta or an Exa 35 mm. sinle lene reflex camera 
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with a microscope adapter was used for still photographs. 

An electronic flash was the chief source of light. Mount- 

ed specimens for morphological study were photographed 

through a phase microscoDe where magnifications as high as 

1940X were possible. In the latter case the light source 

was a $pencer Ortho-Illuminator and exposures in color or 

black and white ranged from one to six seconds depending 

on film speed and magnification. 

For cinematographical work, an 8 mm. single lens 

reflex Konica Zoom II movie camera with a microscope 

adapter was used to record egg hatches, larval and nyniphal 

if101ilts, nd adult behavior when possible. Ln al]. cases 

Kodachrome II, type A film (ASA 40) was used in conjunc- 

tion with a Bausch and Lomb flood lamp equipped with a 

thermo filter to absorb heat and protect the organisms. 

Exposures ranged from F:2 to F:4 at 16-32 frames per 

second depending on the activity of the organisms. A 

movie film of the development and behavior of 

Leiodirychus kramsri (an.) is on deposit in the library 

microfilm collection (28). 
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Table 1. Preliminary Food.Preference Tests 
on Letodinychus krameri (Can.) 

Food mixtures L. krameri 

1. 85% plaster, 15% mixed feeda fair 

2. 80% plaster, 10% charcoal, 3% mixed 
feed, 5% brewer's yeast fair 

3. 80% plaster, 10% charcoal, 10% wheat germ fair 

4. 85% plaster, 15% wheat germ poor 

5. 85% plaster, 15% wholewheat flour good 

6. 80% plaster, 10% charcoal, 
10% wholewheat flour fair 

7. 80% plaster, 10% charcoal, l01' soy flour fair 

8. 85% plaster, 15% soy flour fair 

9. prunes poor 

10. cheeseb fair 

11. rye breadC good 

12. white bread° good 

a. In all tests using cereal food mixtures, a small amount 
of extra food material was sprinkled on the surface of 
the mixture before hardenin3 occurred, so as to insure 
initial adequate food for the test organisms. 

b. Feeding was primarily on the mold growing on the cheese, 
rather than the cheese itself. 

c. Bread was placed on a plaster - charcoal base. 
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I. Life History 
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The Eg 

Eggs are deposited singly and cushioned in mold 

(Figure 10), where mold is present. In the absence of mold 

eggs may be deposited in soft flaky grooves of the food 

substrate or left randomly on the substrate surface. In 

moldy cultures, groups of eggs may be found, with indica- 

tions that more than one female has been attracted to what 

apparently is a preferred or optimum oviposition site. 'To 

eggs were found on the hard charcoal-plaster-yeast sub- 

strate when molds or soft flaky grooves in the rearing cell 

were present. 

Figures 26 and 27 illustrate actual oviposition, dur- 

Ing which the oval egg has narrowed and elongated in order 

to pass through the relatively small opening of the 

epigynial shield which has opened in a trap-door fashion. 

The newly laid egg Immediately resumes its oval shape and 

is of a pearly-white opulescence. Repeated observations 

revealed no maternal or protective instincts on the part 

of the adult female toward the newly laid eggs. 

Twenty-four to 48 hours after oviposition (depending 

on environmental conditions), the egg begins to lose its 
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Fig. 10. Photograph of eggs cushioned in and 
on mold. 

oval shape and progressively becomes flattened dorsovent- 

rally. Examination of the egg under phase contrast reveals 

that the embryonic appendages are well developed at this 

stage (Figure 11). Eventually the chorion 108es its 

pearly-white opalescence and appears to become papery, thin, 

and desiccated. Usually a rupture first appears in the 

anterior portion of the chorion and, shortly afterward, 

legs I of the embryo appear. Although Hughes (16, p. 186-7) 

mentions various gnathosomal protuberances or projections 

which serve to rupture the chorion, no such mechanism was 

found in L. krameri. Initial breakthrough appeared to stem 

from movement of legs I. The pressure or force required 
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Fig. 11. Phase contrast photomicrograph of egg 
of L. krameri showing the well developed embryonic 
appendages. 

for chorion rupture is presumably very small, as the chorion 

at this stase 13 exceedingly thin and fragile. The embryo 

appears to increase in size either by swallowing amniotic 

fluid or air in a manner similar to that described for 

insects by Wiglesworth (6, p. 15-16). As the embryo 

becomes elongated arid flattened, it exerts pressure anter- 

tony and laterally on the chorion and this may cause sub- 

sequent splitting. The typical procedure of egg hatch in 

L. krameri is shown in FIgure 12. Occasionally, the larva 

emerßed posteriorly, with the initial cracking occurring 

posteriorly, in which case the larva backed out of the 
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F16. 12. DiaEramuat1c representatton of e 

hatch in L. krameri. 

A. lTew1y 1a1c egg. 
13. 24 hours later, slightly darkened. 
C. 36 hours after oviposition, enibryo visible under 

phase contrast. 
D. 48 hours after oviposition, ea becomes flattened 

dorsoventrally and embryo visible under chorion. 
E. Typical initial antero-lateral split in chorion. 
F. OEnathosoma and leßs I break through chorion. 
G. Newly emerged larva leav1n cast chorion. 
Ej Atypical initial postero-].ateral split in chorion. 
F1 Legs III of larva break through chorion. 
G1 Newly energed larva leav1n cast chorlon. 
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chorion. 

The hatching process appears to involve the use of the 

legs to a great extent, with final extrication from the 

chorion depending on active leg movement. £he actual time 

lapse from the initial splitting (Figure 12 (E. E1)) to the 

complete extrication varied from one to 24 hours. Occa- 

sionally the chorion adhered to the ambulant larva for 

several hours. Movie records (23) of egg hatch were ob- 

tained. 

Duration of egg development from oviposition to egg 

hatch (Table 2) averaged 2.5 days at 30 C and 95 relative 

300 and 80 relative humidity, 

5.08 days at 2O C and 95 relative humidity, and 7.67 

days at 200 C and 8O, relative humidity. Egs which hatch- 

ed at other conditions of temperature and relative humidity, 

but failed to develop beyond the larval stage, are listed 

in jable 2. 

The La 

The newly emerged hexapod larva is opaque white, 

fragile and soft, and is sluggish in movement. After 

four to eight hours the larva darkens somewhat (Figure 13) 

and its activity increases as it searches for food. On 

two occasions newly emerged larvae were observed feeding 

on east chorions. Extensive use is made of lega I in what 
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Fig. 13. Photograph of the larval starre of 
L. krameri. 

appears to be an orientative or sensory manner not unlike 

the antennal movements of an insect. As they ¡nove about, 

the larvae probe the air and the substrate on which they 

are walii, or anj object or organisn which they encounter. 

It would appear that le3s I serve the dual function of 

sensory perception ad wa1kin. The above mentioned ob- 

servations have be3n recorded on movie film (28). 

The larva remains active for a period of one and one- 

half to eight days, depending on the particular generation 

(Tables 12 and 13), and also on environmental conditions 

(temperature and relative humidity). It thon enters into 
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a quiescent state which may last from one to three days 

which is immediately followed by a molt. Often the quies- 

cent larva is found in a groove of the substrate or in a 

small depression aja1nst the glass cell (Figure 14). Fur- 

ther discussion of larval behavior will be found in the 

section entitled Thigmokinesis, Thigmotaxis, Contact, and 

Aggregation. 

Fig. 14. the various positions or quiescent 
larvae in rearin cells. 

A. Larva in almost vertical position (anterior-most portion 
in depression). 

3. Larva in shallow depression (on venter). 
C. Larva in almost vertical position (anterior-most portion 

in depression between glass wall and substrate). 

Accompanying the quiescent larval state is an apparent 
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thickening and darkening of the integument. Very little, 

if any, sign of life is exhibited by the quiescent larva 

except when the organism is disturbed by mechanical means. 

tkarin this time all legs are withdrawn into the foveolae 

pedales and hence cannot be seen from above. No feeding 

has been observed during the quiescent or premolting stage 

(pre-ecdyaial resting stage, according to Woodring and 

Cook (39, p. 116)). A larval molt lasted from two to 10 

hours. See Figure 15 and movie films (28). 

Fig. 15. Photograph of a larva in the act of molt- 
ing showing dorsal half of cast larva], skin separated 
from the emerging protonymph. 
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Duration of larval development (Table 2) averaged 

8.55 days at 20° C and 80Z relative humIdity, 6.0 days at 

20° C and 95Z relative humidity, 4.75 days at 300 C and 80 

relative humidity and 2.73 days at 300 C and 955e' relative 

humidity. 

Protonymphal Stae 

At the end of the premolting period, the thin and 

desiccated cuticle splits anteriorly as the enclosed proto- 

nyrnphal staße expands. At the time of etnersence the append- 

ages are soft and fraßile, and very little movenient is 

detected durin the first few hours. Woodring and Cook 

(39, p. 116) refer to this as the hardening period. After 

the legs become hard they are used In extrication from the 

exuvium. The splitting of the larval exuviun often result- 

ed in a complete separation of the dorsal and ventral por- 

tions. 

The newly emerged octopod protonymph Is creasny white 

in color aid has a soft and fragile appearance. It is 

appreciably larder than the larva (Figures 16, 21 and Table 

10) . ithin a few hours the young protonymph is extremely 

active and roves about with outstretched fore-less, explor- 

Ing its environment in apparent search of food. Hughes 

(16, p. 117) discusses the presence of acanthodia, or 



F1. 16. Photograph of the protonymphal stage 
of ¡. kraxneri. 

modified setae on the palpai tarsus and on legs I of 

variouR mites which probably serve as chemoreceptors. It 

je conceivable that chemoreceptor8 a180 are present on 

1ee I f L. krazuert. It le not known however whether the 

presence of stitnulators involving smell and taste is a 

chemical one or whether it is a physical one iuvolvin 

mechanical contact. 

Much feedin takes place In the protonynipha. stage 

and an Increase ii size la evident after two or three days. 

The protonynph continues to feed and increase in size up 

until three to six days prior to the next molt (depending 



on environmental conditions). It enters into a quiescent 

state and exhibits thigmokinetic behavior which will be 

discussed in the section entitled Thigmokinesis, Thigmo- 

taxis, Contact, and Aggregation. A robust quiescent proto- 

nymph is as much as two times larger than a newly emerged 

protonymph and the integument of the former appears to be 

thicker and somewhat darker. The size difference is so 

significant that initially it was thought that two separ- 

ate nymphal stages were present. The quiescent or pre- 

ecdysial resting stase lasts from three to six days. At 

the end of this period, the thin and desiccated cuticle 

splits in a mariner similar to that described for a larval 

molt. Extrication of the deutonymph from the protonyruphal 

exuvium occurs after a hardening period of about two hours. 

Thiration of protonyinphal development averaged 72.5 

days at 200 C and 80, relative humidity, 18.77 days at 200 

C and 95 relative humidity, 32 days at 300 C and 80% rela- 

tive humidity, and 13.54 days at 300 C and 95;' relative 

humidity. No protonymphal development was recorded at 

other conditions of temperature and relative humidity 

('Table 2). 

The Deutoriymph 

The newly emerged octopod deutonymph is light 
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brown in color but darkenß to a maroon brown (Fi.ßure 17). 

Fie. 17. Photograph of the deutonymphal 8tae 
of L. kranieri. 

Pryor (16, p. 87) and others have shown that the hardening 

of the exocuticle into scierotized regione is due to ortho- 

quinone tanning of proteins. Qulnone tanning of protein is 

accompanied by a darkening in color. The protonymph lacks 

this darkening, its exocutiole being white. Beament (16, 

p. 87) concluded that immature stages of mites as well as 

some adults underwent a sulphur tanning of protein, result- 

ing in a white and flexible exocuticle. This appears to be 



the case with Leiodinychus kramert. The larval and proto- 

nymphal stages exhibit a sulphur tanning of protein, where- 

as the subsequent nyraphal and adult stages undergo the 

quinone tanning of protein typically found in the anthro- 

pods. 

The deutonyniph is an active feeder and it remains 

active for a period of 10 to 30 days depending on environ- 

mental conditions. It gradually becomes quite robust until 

the lateral portions of the body protrude out and beyond 

the dorsal shield. The dorsal and ventral shields are 

visibly separated from each other. A typical growth transi- 

tion which requires from 10 to 20 days is diagrammed in 

F1ure 18. 

A lateral splitting of the exuvium occurs and the 

adult kicks its legs and crawls out, a process that requires 

one-half to four hours. On occasion the newly emerging 

adult backs out of the exuvium, freeing its appendages in 

a manner reminiscent of a human removing an arm from a 

coat. Again the process is very slow and is done gradually, 

as hardening and drying of the appendages takes place 

(F1E;ure 19). More often, however, the exuvium splits 

anteriorly arid laterally and the emerging adult pulls legs 

I out of the exuvium and pushes down upon its ventral por- 

tion, thereby lifting the dorsal part of the exuvium. 
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Fi6. 18. Dtaramrnatic scheme of deutonymphal develop- 
ment of L. kramerl over a 10-day period. 

A. Newly emerged deutonymph. 
B. Deutonymph 24 hours later, selerotigation distinct. 

C. Deutonyinph showing size increase, dorsal shield begin- 

r)1n to separate from ventral shield. 

D. Further separation of dorsal and ventral shields, and 

increace in size. 
E. Further separation of dorsal and ventral shields with 

marginal area becoming more distinct. 
F. Quiescent nre-'oltin state. 

G. Posterior view of F. 

H. Dorsal view of F. 
I. Ventral view of F. 
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Fig. 19. Photograph of an adult j. krameri 
emerging from deutonyxnphal skin. 

Eventually, in this same manner, all legs are extricated 

and the new adult emerges. 

Duration of deutonyinphal development averaged 100 days 

at 200 C and 8O relative humidity, 24.77 days at O C and 

95 relative humidity, and 13.14 days at 30° C and 95 

relative humidity. No development was recorded at other 

conditions of temperature and relative humidity (Table 2). 

fha Tritonmph 

During e. span of almost three years of study, an 

additional nymphal stage was encountered from time to time 
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between the deutonymphal and adult atase. 0f ten observed 

eccurrences of this extra nymphaJ. stase, nine developed in 

a 300 C and 95; relative humidity situation, with the 

avorae duration of development requiring 8.5 days. The 

tenth record of this staße was found in a O 
C and 95 

relative humidity situation. Nowhere in the literature is 

there any mention of this extra stase and the implications 

of this are far reachinß and will be discussed more fully 

in the discussion of the results. 

The Adult 

The newly emerged adult is light brown in color 

and the appendages are almost white. The mite resembles 

a rnhx'iature turtle, being heavily armored and moving slowly 

and deliberately. A period of from 18-36 hours is required 

to complete the hardening and darkening process, after which 

tile adult acquires its typical tanned or very dark brown- 

maroon color (iiEure 20). Adult males emerge from one to 

three days earlier than adult females. The meaiì size rango 

of adult males is 728.l1,A. Th lnE;th, anI 57.l7).A in width. 

The mean size range of adult foalala3 i 743.38» in length 

and 584.53» in width. The sex ratio of adults reared 

individually was 107 males (50.77 per cent) to 102 females 

(49.23 per cent). 
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Adult female. 

Adult male. 

Fie. 20. Typical coloration of adult male and 
female L. krameri. 
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As described for the immature Btages, 1es I of the 

adult forrn apparently are utilized as antenna]. structures. 

They move about with outstretched legs, prob1n in all 

directions. When an adult encounters any animate or In- 

animate object, it places legs I on the object and moves 

them over and around lt in an exploratory fashion before 

moving on. Much use is made by the adult male of lees I 

in conjunction with the ohelicerae in pre-mating and mating, 

and post-mating behavior. This will be discussed more 

fully in a following section. 

Iration of development, from oviposition to adult 

emergence, averaged 188.71 days at 200 C arid 95 relative 

humidity, 54.62 days at 20 C and 30; relative humidity, 

54.62 days at 200 C and 95 relative humidity, and 31.91 

days at 300 C and 95% relative humidity. No adults com- 

pleted their development at other conditions of temperature 

and relative humidity (Table 2). 



Table 2. iration of Development of the Staßes of . kramert under Various Conditions 
of Temperature and Relative Huntidity. (No. of individuals in brackets) 

Tper- 
ature 
Q0 a 

-i-- 
Relative 
humiditj 

Egg 
(mean days) Larva Protonymph 

- 
Trito- E to adult 

Deutonyrnph nyznh* emergence 

50$ nono hatched 
(12) 

100 0 65% (1) 21 days 
80% (6) 11.5 (1) 39 days 
95% (8) 26.1 (1) 40 

50% none hatched 
(12) 

23° c 65% (2) 5 days 
80% (10) 7.67 (4) 3.55 (4) T2.5 (3) 100.0 188.71 days 
95% (12) 5.03 (11) 6.00 (11) 18.77 (9) 24.77 54.62 

50% none hatched 
(12) 

30 C 65% (5) 2.8 days (3) 3.0 
80% (lo) 3.8 (4) 4.75 (2) 32 
95% (12) 2.5 (11) 2.73 (4) 13.54 (7) 13.14 31.91 

*On rare occasions an extra nymphe.1 stase occurred, usually in the 30 C arid 957g 
relative humidity situation. 

*No data ßathered. 

-fr 



II. Behavior 

Mating, Fertilization, and Reproduction 

Matins behavior is here divided into three main 

hases: (1) the pre-rnatin5 or exploratory phase, (2) the 

formation of' a sperm packet by the male and subsequent 

attachment to the female's epiynial shield, and (3) the 

assi!nhlation of the sperm packet by- the female and the post- 

rnatin behavior of the male. The time involved for all 

three phases is extremely variable and varies with the 

environmental conditions and may be further complicated 

by the amount of artificial light imposed upon the organism 

by the observer. Of 56 observations of actual matins, the 

time varied from 45 ninutes to eight hours. 

Newly emerged adults paired in rearing cells did not 

exhibit pre-rnatin tendencies until at least 8-10 hours 

had elapsed from the time of emergence. However, older 

adult niales introduced into a rearing cell harboring a 

newly emerged adult female immediately showed typical pre- 

mat1n patterns as described below. Indeed, one adult 

male, isolated in a cell for almost three months and placed 

in another cell harboring a newly emerged adult female 

actually formed a sperm packet in less than one minute 

without making any prior physical contact with the female. 
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On numerous occasions, a newly emerged adult female was 

found with a partialily aeßirnilated sperm packet attached 

to its epißynial shield. Often, adult males were observed 

climbing over adult females which were still in the process 

of emnergin and enclosed in the exuvium. Older adult 

females introduced into cells containinß newly emerged 

niales showed active interest in the males which were, how-. 

ever, passive in their response. In general, it was the 

male that was the agreesor and the female 5enerally ex- 

hibited a stron6 reluctance to advances. 

Phase I. The Pre-Mating or Exploratory Phase 

The pre-mating behavior of . krameri follows certain 

typical patterns (Figure 22). The male slowly approaches 

the usually inactive female and probes the latter with 

legs I. It then quickly climbs upon her dorsua, actively 

moving its mouthparts and legs I over her body. Eventually 

the male attempts to turn over the usua1lr resisting 
female. Often the female temporarily escapes the male's 

persistent advances by quickly moving away. After several 

minutes of struggling (the time varies considerably), the 

male succeeds in turning the female over upon its dorsuxn 

and climbing astride the female in a venter-to-venter 

position. The actual turning over of the female is 



52 

Fi. 22. Diarazumatie scheme of mating behavior 
of . kramerl. 

A. Male approaches female. 
B. Male begins to climb upon female's dorsum, actively 

probing it with legs I and mouthparts. 
C. Male on female doreuni. 
D. Posterior view of C. 

Occasionally the male proceeds to turn the female over 
in the manner diagrammed D1 - J1. 

D1 Male crawls under female gnathosoinal area. 
E1 Male crawling under female, female is forced upward 

anteriorly. 
F1 Male moves to posterior region of female. 
G1 Male in process of turning female over. 
H1 Male in a venter-to-venter position with anterior part 

of male in juxtaposition with posterior portion of 
female. 

Il .Iale aligning gnathosomal area with that of female. 
Ji Male moves posteriorly so that rnouthparts are in a 

position to move over female epigynial shield. 
;. and F. Commonly the male begina a violent rhythmic 

rocking in an attempt to turn the female on her back. 
G. Female in process of being turned over. 
H. Anterior view of adults in venter-to-venter position. 
I. Lateral view of H. 
J. Male moves posteriorly so that its mouthparts and 

legs I may move over the genital area of the female. 
K. Female has stopped struggling, and male has exuded a 

small bubble from its genital opening. 
L. ugsequent growth of bubble Into sperm packet. 
M. Sperm packet attached to anterior portion of epigynial 

shield. 
N. Male leaving female. 
O. View of righted female with sperm packet in place and 

male commencing to climb upon her dorsum. 
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accomplished by sudden violent lateral rocking movements 

of the male as it firmly grasps the female with all four 

pairs of leßs. Ofter the female quickly rights itself and 

the aale persistently tries again and again to gain the 

venter-to-venter position. I'he time involved here, it 

must be emphasized, Is variable and examples will be dis- 

cussed in detail below. 

When the venter-to-venter position is finally estab- 

lished in a more or less permanent manner, the male moves 

into a position which enables the che].icerae to move over 

the female's genital area (Figure 22(J)). 130th the mouth- 

parts and legs I of the male move rapidly and persistently 

over this area. Such movements are alternated with a 

shifting of lags I to the female's antero-lateral and 

antero-dorsal portion of the body, the legs rhythmically 

rnov1n back and forth while Ihe inouthparts continue to 

make contact with the epigynlal shield. At this stage, 

the feuale finally submits to the male's persistent ad- 

vances. 

Phase II. Formation and Attachment 
of Sperm Packet to Female 

The fornation of sperm packets were observed on sev- 

eral occasions. Typically this occurs when the male is in 
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a venter-to-venter position with the female, but, as nen- 

tioned above, a sperm packet was formed ''1.thout any actual 

physical contact with the female in at least one instance. 

Initially, a milky white bubble wae exuded from the malo 

genital opening (Figure 22(K,L)), the bubble row1ng larger 

and larger until it reached a diameter of approximately 

210p . The liquid sphere then appeared to harden or ooa- 

ulate on the surface into a round sac-like structure which 

contained the sperm. Actual transfer of this sper: packet 

to the chelioerae was not seen, due to the venter-to-. 

venter position of the mating pair which hindered observa- 

ti.on, but it is presumed that the lees play a vital role 

in the transfer. After the sperm packet is grasped by the 

chelicerae, the male transfers it to the epiynial 

shield and attaches it there. The epigynial shield has 

hook-like setae (Figure 23) over which the speri packet is 

affixed. The ìacket itself has a small terminal opening 
(Figure 22(L)) throu&i which the sperm may escape. A 

sperm packet was mounted on a slide and exmuined under 

phase contrast. Spermatozoa are elongate rod-shaped 

structures neasuring approximately 18.5 in length and 

1.5 in width (Figure 24). 
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Fig. 24. .iaee photomicrograph of rod-like 
spermatozoa of L. krameri. (Circular bodies are 
yeast cells) 

Phase III. Assimilation of Sterm Packet 

The sperm is gradually assimilated by the female, the 

packet becoming smaller and smaller until lt literally 

disappears. Although the assimilation of sperm by the 

female has been observed on many occasions, the actual 

point of sperm reception in the female genital apparatus 

cannot be determined because of observation difficulties 

arising from the position of' the packet on the epigyinlal 

shield. Dirin the period of sperm assimilation, the male 



r.i 

aeeumes a position atop the remale. After matins the female 

may be active or stationary but continues to carry her 

mate which tenaciously holds on to her dorsun. In no case 

was an adult male observed riding on a female's doreum 

when the female lacked the sperm packet. 

Case Histories Illustrating Unusual 
Mating Procedures in L. krari 

Case 1. An adult male was introduced into a cell at 

300 C and 95; relative humidity into which an adult female 

had been placed. The male circled around the cell and came 

upon the female. After a brief inspection of not more than 

15 seconds, the male attempted to turn the female over. 

Following a five minute strugßle with the resisting female, 

the male finally was successful in assuming a venter-to- 

venter position with the female. However, after several 

seconds the feaale righted herself, throwing the male off. 

The male immediately climbed back on the female's dorsum 

and remained there for about one iinute. After three and 

one-half minutes of further attempts, the male succeeded 

in assuming the typical venter-to-venter position. The 

male began moving its mouthparts and legs I over the 

epigynial shield region, as it assumed the typical poster- 

ior position. After a time interval of approximately four 
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minutes the male had succeeded in depositing a sperm packet 

on the epigynial shield of the row unresisting female, and 

had assumed a position on the feuale dorsum. 

During the next 45 minutes, about one-fourth of the 

sperm packet was assimilated, the male still maintaining 

its position on the dorsurn. After two and one- 

half hours from the time the sperm packet was first attach- 

ed to the female, approximately one-half of the packet was 

assimilated. About two and one-quarter hours later, three- 

quarters of' the packet was assimilated and after two and 

one-half hours more, the packet had completely disappeared. 

The total time of pre-mating, mating, and fertilization 

was approximately seven and one-half hours. 

Case 2. An adult female emerged overnight in a cell 

occupied by a mature adult pair and held at 300 C and 95% 

relative humidity. Little activity had been noted in the 

pair for a period of three weeks. During an early morning 

check I observed the adult male attempting to turn the 

newly emerged and still lightly scierotized female into a 

venter-to-venter position. I disturbed the pair to see 

if a sperm packet had been offered or accepted but found 

none. After four ruinuteB of vigorous struggling, the male 

finally succeeded in assuming a venter-to-venter position 



with the newly emerged (daughter) female. Within three 

minutes a sperm packet was attached to the epigynial 

shield and the male climbed upon the dorsuin of the female. 

Meanwhile, the older female (mother) approachod the mated 

pair and touched both of them with her legs I and remained 

at very close quarters to the now inactive pair. 

About one-half hour later the female shook the male 

loose and climbed part way up the wall of the glass cell. 

The male then moved actively around the cell perimeter in 

apparent search for its nate. He twice encountered the 

older female, examined her with chelicerae and legs I, and 

then left her, presumably still in search of his younger 

mate. Apparently the male recognized a difference between 

the younger and older females. 

Case 3. A newly emerged adult male was introduced 

into a cell bearing ad older virgin adult female. The 

female, inactive at the time, displayed unusual activity 

and followed the male around the cell. 3he examined the 

"indifferent' male with her mouthparts and legs I. After 

one-half hour, the female lost interest and retreated. 

Then the male exhibited some interest and. followed the 

female around. This interest, however, was short-lived 

and both withdrew to separate bd in the cell. However, 
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five days later a sperm packet was noted attached to the 

fornai e. 

Oase 4. In a situation similar to that found in Case 

3, the adult female succeeded in turning the male over and 

moved her rnouthparts rapidly over the nathosoma1 area of 

the maie. After five minutes the male shook the female 

off and left the female which continued to move her mouth- 

parts in an agitated manner. Iith1n 30 seconds, the female 

moved in the direction of the male, but the latter eluded 

her for at least ari hour. Contrary to past observations 

01 tIme intervals between fertilization and ovioosition 

(or larval deposition), a newly emer5ed larva was found in 

the cell on the fo1lowin day. However, the records showed 

that the adult female possibly had contact with a sluggish 

adult male three and one-half weeks before, for a period 

of one-half hour. Although the male was aced, inactive, 

and appeared to be unable to fertilize the female, the 

possibility remains that fertilization did occur. However, 

it would appear unlikely that three and one-half weeks 

would be required for development of the eg to occur. It 

seems more probable that the female was fertilized by the 

younger malo. 

Case 5. A newly emerged adult female was found with 



a partially assimilated sperm packet, with the male still 
r1din on her dorsurn. In the same cell was another older 

female, also bearing a partially assitilated sperm pacicet. 

Inasmuch as only one male 'rias present, the male is able to 

forni more than one sperm packet in a matter of hours. 

However the best example of this ability was found in an- 

other cubicle in a 200 c and 8O5 relative humidity situa- 
tioi. Fiere, a newly einered adult female was placed in a 

cell harboring a virgin male which had emerged loo days 

earlier. The adult male appeared to avoid the newly 

emered female for a oeriod of over five minutes, but six 

and one-half ninutes after the introduction of the fenale, 

the male literally pounced upon her and quickly asBuined the 

typical venter-to-venter position. The female, as usual, 

resisted the advances of the persistent male. Within one 

and one-half minutes a sperm packet besan to form, and 

reached its full size in less than a minute. The male 

immediately attached it to the female's epiyn1al shield, 

and then mounted her dorsum. The male rode the dorsum of 

the ambulant female for more than 30 minutes. Then, after 
10 more minutes, the male again succeeded in turning the 

female over and immediately resumed the venter-to-venter 

position with her. On this occasion, however, the male's 

nathaeoual region rested just below the sperm packet, 
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which was now only partially assimilated. The female soon 

besan to struggle vtolently and gained her footing within 

minutes with the male returning to his position on her 

dorsurn. After seven hours, the female had become quies- 

cent, the sperm packet was nearly completely assimilated, 

and the male remained attached to the female's doraum. 

Examination of the cell floor, however, revealed another 

sperm packet. Perhaps this explains why the male had 

earlier attempted to reßuiue the veuter-to.-venter position 

even though the female had a sperm packet already attached. 

Unable to attach the second packet, the male presumably 

dropped it O the substrate. Fifty minutes later, the 

sperm packet attached to the female was aoproxirdately nine- 

tenths assimilated, and in two hours there was no trace of 

the packet. within five minutes, the male again was oo- 

served tryin3 to regain the venter-to-venter position with 

the female and this was accomplished in a matter of 

minutes. Jhortly thereafter, a new sperm pacÌet was attach- 

ed to the female. Hence, in a span of less than 12 hours, 

the adult male had formed three sperm packets. iiowever, 

lt must here be mentioned that no eggs were laid durinß 

the next 65 days. After the 65th day, the female was 

found lying inactive oû her doraum, and on the 67th day 

was dead. Perhaps the "aged" male (lOO days In the adult 
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sta3e before Introduction to female) produced sterile sperm 

paciets, or tue female was sterile. It is possible that 

the female could not wIthstafld the rigors of repeated 

mating. 

Compet1tIon Between the :3exes 

Observations of competition between males for a 

female were made in a 20 C and 95 reletive humidity situa- 

tion. An adult male was introduced into a cell already 

containing an adult pair. No unusual behavior of any of 

the three individuals was no&ed during the first hour. 

However, ore hour and 15 minutes after introduction of the 

male, the original male was observed riding alone on the 

female's dorsum. After two minutes, the male, utilizing 

the typical rocking movements, attempted to turn the female 

over on its back. This was momentarily accomplished and 

the male got astride the female and assumed the venter-to- 

venter position. But, within minutes, the female righted 

itself and the male resumed its position on the female's 

dorsum. 

At this stage, the second male be,cr,an to exhibit 

aggressive competitive tendencies, forcing the incumbent 

male off the female's dorsum. The aggressive male rode on 

the female's dorsum for several minutes, after which it 
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violently turned her over and entered into the venter-to- 

venter position. within two and one-half minutes, a sperm 

packet was found attached to the female's epiynial shield. 

The aggressive male resumed its position on the female's 

dorsum, the other male making no attempt to regain posses- 

sion of the female. 

Another instance of competition was noted at 200 C 

and 95 relative humidity, where two males were active on 

one female, one on her venter and one ori her dorsum. The 

feiiale had attached to its epigynial shield a partially 

assimilated sperm packet. There was no apparent animosity 

displayed by either of the males toward each other during 

the period of attachment which was observed for one hour 

and 15 minutes. 

Oviposition in L. krameri 

In general, adult females begin laying eggs (or give 

rise to living larvae) riot earlier than four days after 

mating at 30 C and 95 relative humidity. Observations 

invo1vin females showed that viable eggs were laid for a 

period of up to 91 days after original pairing of adults. 

At 200 C and 95 relative humidity, adult females began 

laying eggs (or gave rise to living larvae) not earlier 

than 14 days after mating and continued to do so for a 
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period up to 101 days after the initial pairing of adults. 

Not more than one egg was laid per day, except on rare 

occasions when two eggs or two larvae were deposited over 

a period of 12 hours. Generally, eggs were laid less fre- 

quently than one per day. Examination of numerous adult 

females mounted on slides revealed developing eggs which 

usually numbered two or, less commonly, one. On no occa- 

sion were more than two eggs seen in the adult female 

(Figure 25). 

As discussed earlier, eggs are deposited singly and 

usually cushioned between spaces in mold or in soft flaky 

grooves of the plaster-charcoal-yeast substrate. Where 

such preferred niches are unavailable, the eggs are merely 

dropped randon1y on the substrate. No maternal care is 

exhibited by either parent. Figure 26 is a photograph of 

a female ini the act of oviposition. Michael (22, p. 5) 

states that Uthe large, but more or less soft egg must be 

forced through the comparatively small opening of the 

vestibule, but I have not ever succeeded in seeing one of 

the creatures in the act of oviposition." o record of 

actual observation of oviposition was found elsewhere in 

the literature, nor is any mention made of the method of 

receiving the sperm packet from the male, and its assim- 

ilation. Winkler (22, p. 6) states that he found 



F1. 25. Adult fetale with two es in 
opisthosomal area. 
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F1. 26. Photograph of an adult female 
L. kramert in the act of oviposition. 
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"spermatophores" or "balls of spermatozoa" (which are here 

referred to as sperm packets) in the vagina which ichael 

calls the "vestibule", but .&chael refutes this observa- 

tion. On the basis of countless observations, I definitely 

agree with Michael. The sperm packet per se does not enter 

into the vagina, but the sperm itself is slowly assimilat- 

ed, the sperm packet remaining on the exterior of the 

epigynial shield. 

As the egg passes through the genital opening, the 

epigynial shield opens anteriorly and outward in a trapdoor- 

like fashion, the shield being hinged posteriorly. The 

egg is forced to elongate somewhat as it passes through the 

narrow opening, but it immediately resumes Its oval shape 

after oviposition has taken place (Figure 27). The exact 

time which elapsed from epigynial shield opening to the 

deposition of the egg was not obtained, as the shield was 

partially open when it was first observed. Also, the time 

factor could conceivably have been upset in the photo5raph- 

Ing process as it was necessary for me to disturb the mite 

in order to view the venter which was subjected to a very 

bright light. 

Michael states that "It is not impossible that 

Uropoda (Leiodinychus) krarneri may be ovo-viviparous, the 

young larva escaping from the egg at the moment of 
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F1. 27, Ovtpo,ition in L. kraeri. 

C 

A. Poßteriorly hinged opig,ynial shield begins to open. 
B. Emerin8 eg becomea visible. 
C. Epiynial shield open to full extent, narrows and 

elongates to facilitate emergence. 
D. Ventral view of C. 
E. Egg begins to resume oval shape after passing through 

relatively narrow epigynial opening. 
F. Relative size and shape of egg as compared to adult 

female. 
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deposition." Indeed Michael appears to be correct in his 

hypothesis, inasmuch as, in the majority of observations, 

only newly ernered larvae were found. Some had chorions 

adhering to their bodies. Others showed no s13n of a 

chorion, nor were chor.ons found on the adult female or on 

the cell substrate. Michael goes on to state that "'then I 

found this Uropoda so plentifully there were numerous larvae 

and nymphs, but I was not able to find any egßs. I tried 

keeping a number of the Uropoda in confinement in a cell, 

but I did not get any eggs. The creatures, however, are 

difficult to keep in good condition in confinement, which 

may possibly explain the absence of eggs from my cells." 

At the early stages of my studies, I encountered many of 

the same difficulties, but once the problems of food sub- 

strate, temperature, and relative humidity were resolved, 

both eggs and larvae were produced in abundance. Under 

optimum environmental conditions, as many as 25 individ- 

uals, representing all stages of development were present 

at one time in one cell, all being the progeny of one pair 

of adults. 

It is obvious that both oviparity and ovoviviparity 

aro common in this species. At times, only eggs, or only 

larvae are found in the cultures but both eggs and larvae 

may be found ocurrinj toether. This raises the question 
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a9 to whether facultative ovoviviparity is involved, where 

the mites lay eggs when conditions are not quite optimal, 

because the te better equipped to cope with suboptimal 

conditions, and then dsposit living young when conditions 

are optimal. Or perhaos the opposite situation prevails 

where the eggs are laid when conditions are optimal, and 

living young are deposited when conditions are not favor- 

able, Table 3 would point to the forcer situation; i.e., 

es appear to be more resistant to unfavorable conditions 
and remain viable much longer than do newly emerged larvae. 

eUCh a mechanism would undoubtedly have survival value to 

the species. 

Jhen the egg becomes flattened prior to hatching 

(Figure 12) the embryo within is visible through the chor- 

ion. However, the embryo is visible even before it becomes 

flattened, if it is viewed under phase contrast micro- 

scopy. iovements of the embryo were clearly evident, and 

photoraphs and movies (23) recorded them. 

Thipnhokineeis,. Thigmotaxis, Contact, and Agpregation 

Adults, like the immature forms, exhibit distinct 

orientative reactions to contact and these are manifested 

by thigmokinetic, thigmotactic, and aggregating responses. 

As was described earlier, larvae entering the typical 
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quiescent state prior to a molt invariably eeek out crack6 

and crevices in the substrate. Low 1iht intensity, such 

as is generally round in crevices can be ruled out as a 

attractant because these mites appear to seek out crevices 

randomly even in total darkness. .Protonyrnphs exhibit the 

same thigrnokinetic tendencies and, if crevices cannot be 

found, they often form agreations where bodily cofltact 

is obtained. Deutonymphs reared in individual cells only 

rarely are found in crevices, but this may well be due to 

their large size. However, in many instances, the quies- 

cent deutonymphs are found under the bread substrate or 

even partially burrowed into the bread. 

Where lar3e populations of mites are present, aggrega- 

tions of from three to 67 adults were found either in a 

depression or in a corner of the medium. The size of the 

depression appears to deterine the number of adults 

present, with all available space utilized. Thus the mites 

are subjected to contact from all sides (Figure 28). Where 

depressions or crevices are absent, adults (which exhibit 

low thimoktnesis) often aggregate in small or large 

numbers either under the bread substrate; on the bread 

(Figure 29) or, in the absence of bread, in a corner against 

the glass surface and against one another. L. kramert 

exuibits thimotaxis and low thigmokinesis; the former 
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Fie. 28. Photograph 111ustratin the agre- 
gatin habit of L. krameri. 

according to Fraenkel and Gunn (U, p. 249) "ßuides the 

aninial during locomotion, while the latter does not guide 

at all but deterrnineß where the animal shall 3top. In 

thigmotaxis the animal may actually leave a crevice (or 

depression), while in low thiuokinesis the essence of the 

reaction is that the animal remains in the crevice." 

L. krameri exhibits low thimokinesis during the appro- 

priate periods of its life cycle but also behaves thigmo- 

ta.tically at certain times, thus there is a reaction 

toward contact in both cases. 

In order to determine whether aggregation on or under 
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F1. 29. Diagram ahow1n areation of 
L. ameri in deDression on bread 
subs trate. 

bread was a result of the food attractant er se, or a 

simple contact reaction, twenty adult L. krarneri were 

introduced into a charcoal-plaster-yeast rearmE coli 

without bread. A small piece of filter paper one-quarter 

the diameter of the rearing cell was introduced. Observa- 

tions ruade approximately 15 hours later showed that, in 

total darkness, 13 of the mites had aggregated under the 

filter paper and were motionless. The remaining two mites 

were active. This test, coupled with observations in 
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stock cultures of L. krarnert indicates that, where adults 

aregate under bread, the food substrate is not necessar- 

ily the sole attractant, but that contact may be the most 

significant stimulus in this situation. 

In certain instances the adults exhibited a burrow- 

Ing tendency and dug into the substrate until they were 

aljiost hidden from view. ''there adults were paired in 

individual cells to determine the number of generations 

per year, and the number of pro3eny, groups of three to 

ten individuals of all stages were found in flaky, soft 

grooves of the yeast-charcoal-plaster medium. Some mites 

were from view and had to be uncovered to 

establish their presence. Often quiescent deutonymphs were 

found in hard natural depressions in the substrate, with 

the anterior part of the body in the depression. 

The underlying reasons for the thigmokinetic, thigxno- 

tactic, and aggregating response in L. kramneri may be ex- 

plained on the basis of a number of factors. It is con- 

ceivable that the mite seeks a depression for protective 

reasons in its defenseless quiescent state. Perhaps, 

however, the mite moves around randomly until it cones 

upon a crack or crevice in the substrate where a thigmo- 

kinetic response may be elicited. A possibility exists 

that the thi.gmnokinetic response le intricately tied up 
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with the physiological mechaniam which setE the etage for 

the qui.escent period and subeequent molt. Because lt leads 

to a orotectiv situatior, the thignokineLtc reaction 

could conceivably have survival vahe for the mite. Con-. 

versely the sheltered situation may provide selective fac- 

tors of a type which have resulted in the evolution of 

thimokinesis. 

The possibility exists that aggregation is a result 

of bionomic factors. Perhaps the aregatin response 

reflects a move to a more favorable microhabitat. The 

temperature and relative humidity under bread, for example, 

or in a crevice of the charcoal-plaster-yeast substrate, 

is presumably different from that in the desiccator or 

temperature cabinet. Unfortunately, no refined instru- 

ments were available to measure chanEes in microclimate 

from one microhabitat to another. New methods, techniques, 

and highly specialized instrumentation will have to be 

developed to study the environmental effects on mite be- 

havior in ¡nicrohabitats. 
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III. The ffect of_Temperature and ie1ative Humidity on 

the Development of Lelodinychus kramerl. (Can.) 

It 1$ well kriow that temperature and relative humidity 

exert profound influences on animal organisme. The extremes 

of te,nperature and relative humidity limit the activities of 

the mite L. krameri both in space and time. Their rates of 

metabolism and consequently their rates of growth, develop- 

ment, reproduction and even genera]. behavior are found to 

be controlled to a great extent by temperature and relative 

humidity. Although the study of the effects of constant 

temperature and constant relative humidity yield important 

data relative to mite development, a variable environmental 

state prevails in nature. In granary warehouses, however, 

relatively uniform temperatures and relative humidities 

often are encountered. 

As will be seen in t'ne following pages, increased 

temperatures and relative humidities result in increased 

activity of the mite, an effect which is manifested by an 

accelerated rate of development (Table 2). However, a corn- 

parison of adult sizes of mites reared at 300 C and 95 

relative humidity with those reared in a 200 a, 95: rela- 

tive humidity situation reveals that the increased rate of 

development is accompanied by a correspondingly smaller 

adult size (Tables 8 and 9). This phenomenon has proven 
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to be significant at the 0.5 per cent level. 

Due to a temperature cabinet failure resulting in an 

overnight drop from 300 C to 00 C, the experiments at the 

30 C temperature level at all relativo humidities were 

repeated. A co:nparieon of the results of' both sets of data 

is made in a separate section beginning on page 

Effect of Temperature and Relative Humidity on Hatching 

No eggs hatched at 100 C and 50; relative humidity 

(Table 2). 2oet of the eggs appeared to be viable after 

three weeks; that is, they maintained the typical oval 

shape and white pearly opulescence. Four weeks after intro- 

duction into this environment, shrivelling and browning of 

the eggs began to occur. Five additional eggs were sub- 

jected to these conditiona for two weeks and then slowly 

brought up to 20 C and 95 relative humidity and all 

hatched under the new cond1tion, indicating that viability 

may be prolonged even under adverse conditions for at least 

two weeks after oviposition. 

At 100 C and 65; relative humidity (Table 2), only one 

egg of twelve hatched, and this took 21 days. It is con- 

ceivable that the one egg that did hatch was the most fully 

developed of the twelve, being the first one oviposited 

during a 24-hour period prior to the collection of eggs. 
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Hence the embryo may have been well on its way in develop- 

ment and the above conditions may have had the adverse 

effect of merely retarding development. Perhaps the eg 

had reached a critical stase or threshold in its develop- 

ment, before it was subjected to the harsh environmental 

conditions mentioned above and hence was able to complete 

its development and hatch. 

A fifty per cent egg hatch was recorded at 100 o and 

80% relative humidity. Duration of eg development frou 

oviposition to ejg hatch was 11.5 days (mean) with a range 

of 5-27 days (Table 2). Eggs which did not hatch did not 

lose their until 36 days after ov1postion. At 

10 C and 95 relative humidity there was a 66.7 per cent 

eg hatch. Length of egc development averaged 26.]. days 

with a range of il-44 days. Eggs which did not hatch lost 

their viability after 14 days (Table 3). 

No eggs hatched at 20 C and 50. relative humidity. 

Eggs remained viable for an average of 4.3 days, as corn- 

pared with a viability length of four weeks in a i0 C, 

50% relative humidity situation (Table 3). At 20° C and 

65 relative humidity, egg hatch was 16.67 per cent. Dura- 

tion of egg development from oviposition to egg hatch was 

five days. Eggs which did not hatch remained viable for a 

period of 5.7 days, as compared with a period of 20 days 
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at 100 C and 65; relative humidity (Table 3). at 200 and 

8O;# relative humidity, there was an 85 per cent ejg hatch. 

Length of e development averaged 7.67 days, with a range 

of 4-10 days. Duration of viability of eggs not hatching 

averaged 11.5 days. At 200 C and 95 relative humidity, 

100 per cent of the eggs hatched. Length of eg develop- 

ment averaged 5.5 days, with a 3-8 day range. 

At 300 C and 5O relative humidity, no eggs hatched. 

Eggs remained viable for an average period of 3.7 days, as 

compared with 4.8 days at 200 C and 5O relative humidity, 

and 28 days at 100 C and 5O relative humidity (i?able 3). 

At 300 C and 65; relative humidity 1il.6 per cent of the 

eggs hatched. Duration of egg development was 2.8 days. 

The eggs that did not hatch remained viable for an average 

period of 5.9 days as compared with an average of 5.7 days 

at 200 C and 65 relative humidity, and 20 days at lOO c 

and 65 relative humidity. At 300 c and 8O relative humid- 

ity, a hatch of 86 per cent was noted. Duration of egg 

development averaged 3.8 days as compared with an average 

developmental time of 7.66 days at 200 a and 8O, relative 

humidity, and 11.5 days at 100 C and 8O relative humidity, 

and 200 C and 80; relative humidity (Table 3). At 3O a 

and 95 relative humidity, 100 per cent egg hatch was 

recorded. Diration of egg development averaged 2.5 days 



as compared with 5.08 days at 200 C arid 95 relative hunild- 

ity, and 26.1 days at 100 C, 95 relative humidity (Table 

2). 

The above data and Figure 31 illustrate the profound 

effects relative humidity and temperature have on eg hatch. 

No eg hatch occurred at 50 relative humidity at any of 

the temperatures used in these studies. Relative humidities 

in the ranze of 95% appear to be optional for eg hatch. 

Optimum temperatures for egg hatch are found in the rance 

of 20-30° C when correspondingly optimum relative humidities 

prevail. At low temperatures (100 C), eggs remained viable 

for the longest period of time at the lowest humidities 

(Table 3). In a temperature range of 20_300 C, eggs re- 

mained viable for longer periods of time at the higher 

humidities. A comparison of egg sizes at the temperatures 

and relative humidities at which complete development was 

achieved is given in Table 4. 
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Table 3. Longevity of the various immature stages of . kraaei which failed to 
develop to the next instar. 

Temperature Relative Egg Peuto- Trito- 
Q humidity (mean days) Larva Protonym nymph nymph Adult 

5O (12) 28 (12) 3.95 - - - 
65 (u) 20 (10) 6 - - - 

100 a 80% (6) 3.1.5 (5) 65.8 (1) 50 - - - 

95% (1) 6 (6) 18 (1) 22 - - - 

50% (12) 4.8 (12) 3.25 - - - - 
65% (10) 5.7 (6) 4.2 (1) 5 - - - 

20 C 80% (2) 11.5 - (5) 15.2 (1) 45 - - 
95% (1) 12.0 (1) 11.0 

-n- - 

50% (12) 3.7 (12) 1.42 - - - - 
65% (7) 5.9 (7) 7.0 (3) 8.3 - - - 

3J0 a 80% (2) 7.0 (5) 4.6 (2) 27 (2) 75 - - 

95% (2) 6 

All developed to the next instar. 

4. 
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Table I+. A comparison of e sizes at the temperatures 
and relative humidities at which complete 
development was achieved. 

Relative Length in '1idth in 
huaiidity number microns CM_ microns ÇLj 

200 C 3O i 316.05 174.15 
2 290.25 219.30 
3 316.05 206.40 
4 335.40 212.85 
.) 309.60 199.95 
6 303.15 212.85 
7 277.35 193.50 
8 313.05 206.40 
9 309.60 206.40 

lo 348.30 206.40 

Average and 
standard deviation 311.88 ± 20.17 23.82 ± 13.21 

20 C 95/ i 309.60 212.85 
2 303.15 193.50 
3 313.05 206.40 
4 316.05 206.40 
5 309.60 219.30 
6 303.15 206.40 
7' 316.05 219.30 
8 325.73 206.40 
9 316.05 212.85 

10 309.60 219.30 

Average and 
standard deviation 12.20 ±6.675 210.27 ± 8.158 

30 C 95, i 328.95 193.50 
2 325.73 206.40 
3 328.95 212.85 
4 322.50 212.85 
5 303.15 203.25 
6 325.72 206.40 
7 335.25 206.40 
8 309.60 201.35 
9 309.60 174.15 

- 10 309.60 199.95 
Average and 

standard deviation 319.91 ± 10.92 201.71 ± 11.29 



Effect of Temperature and Relative Humidity on Larval 
Develo omen t 

o eg hatch was recorded at 100 C and 5O rela- 

tive humidity. Therefore 12 newly ernered larvae were 

irtroduced in order to study the effects of these environ-. 

mental conditions on larval development. It was found 

that at these conditions, larvae failed to develop to the 

next stase (Table 2), and all were dead within four days 

(Table 3). At 100 C and 65 relative humidity only one 

larva emerged, but it failed to develop and died within 

five days. Eleven additional newly emerged larvae were 

introduced, but they too failed to develop aid died within 

six days. At 10 C and 80 relative humidity, six larvae 

(50 per cent eg hatch) emerged, but only one developed to 

the subsequent nymphal etage, requirin3 39 days to complete 

its larval development. Of the renainin larvae, one was 

in a quiescent and apparently viable state for 106 days 

after emer1ng while the others remained viable for periods 

of 82, 65, 45, and 32 days respectively. (Viability was 

considered terminated when the or3anlsm became desiccated, 

shrivelled, darkened, and immobile. Viability was dis-. 

tinuished from quiescence in that the latter, though 

immobile, still maintains Its color and form). At 100 C 

and 95; relative humidity, only one larva of the e1ht 
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which enered completed its develojnient, tak1n 40 days to 

reach the protonymphal stase. Viability of larvae ranged 

from five to 28 days (Table 3), a situation which differed 

greatly from the 10° C and 8O relative humidity rosults, 

where viability ranSed from 32 to 106 days. 

Newly emerged larvae were introduced into the 200 C, 

50, relative humidity situation, as no ego; hatch was record- 

ed at these conditions. No larvae survived, all loain 

their viability within an average of 3.25 days. At 20° c 

and 65% relative humidity, two larvae emerged, neither of 

which remained viable for more than five days. At 20 C 

and 80, relative humidity, 90 per cent of the emerßed 

larvae completed their development. Duration of larval 

development averaged 3.55 days with a range of 7-10 days. 

No record is available for the one larva that did not 

reach the nymphal stage as it was lost. At 20 C and 95% 

relative humidity, 92 per cent of the emerged larvae corn- 

pleted their development. Length of larval development 

averaged six days with a 2-7.5 day range. The one larva 

which failed to complete its development remained viable 

for 12 days. 

Because no es hatched at 30 C and 50% relative 

humidity, newly einered larvae were introduced into the 

cells. No larvae survived, all losing their viability 
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within an averaRe period of 1.42 days as compared with 

3.25 daye at 200 C an 5O relative humidity, and 3.95 

days at io° C and 5O relative humidity. At 3O C and 65 

relative hunaidity, 60 por cent of the omer5od larvae co'- 

pleted their development to the protonympha]. stase, the 

duration of development averaging three days. Larvae not 

developing to the protonymphal 3taße remained viable for 

an average of seven days. At 3Q0 C and 80% relative 

humidity, 40 per cent of the emcred larvae developed to 

the protonympha]. stase, takinS an average of 4.75 days to 

dc so as compared with 3.55 days at 200 C and 3O relative 

humidity, and 39 days at 100 C and 8O relative humidity. 

i)iration of larval viability averaged 4.6 days. Of the 

loo per cent eg hatch recorded at O 
d 95 relative 

hunildity, 92 per cent of the larvae completed their develop- 

ment to the next 8tae, averaging 2.75 days to do so as 

compared with six days at 200 C and 95 relative humidity, 

and 40 days for the one larva that developed at 100 c, 95% 

relative humidity. The one larva which failed to complete 

its development was accidently lnjure1 by a probe durinß a 

chock. 

Table 2 and Figure 30 illustrate that no larval 

development occurred at 5O, relative humidity in a 100 C 

to 300 C ranße. At 65 relative humidity, some larval 



development occurred, but only at 300 C. Larval develop- 

ment occurred at 30% relative humidity but was most optimum 

at the 20_300 C range. Only one larva reached the proto- 

nynmhal stage at 100 C after a prolonged developmental 

time. In general, larval development was optimum at 95% 

relative humidity in a 20_300 C temperature range. A com- 

parison of' larval sizes at the temperatures and relative 

humidities at which complete development was achieved is 

given in Table 5. 

Effect of Temperature 
nymphaF Development. 

and Relative Hurnidity_on Proto- 

At 100 C and 50% relative humidity no development 

took place. At 100 C and 65% relative humidity, no proto- 

nymphal development was recorded. At 100 C and 80% rela- 

tive humidity, the one protonymph that emerged did not 

complete its development but remained viable for 50 days. 

At 10° C and 95% relative humidity, only one larva reached 

the protonyrnphal stage, but no further development was 

recorded, the protonyinph rernainin viable for only 22 days. 

No development took place at 200 C and 50% relative 

humidity, nor did any development occur in the 20 C, 65% 

relative humidity situation. At 20° C and 80% relative 

humidity, 46.6 per cent of the protonymphs completed their 



Table 5. A comparison of' larva], sizes at the temperatures 
and relative humidities at which complete develop- 
ment was achieved. 

Relative Larva Length in Width in 
hum4ity number microns (AA) microns (J4j 

200 0 80% 1 367.65 251.55 
2 335.25 251.55 
3 367.65 277.35 
4 367.65 283.80 
5 361.20 270.90 
6 367.65 270.90 
7 348.30 258.00 
8 341.85 245.10 
9 399.90 277.35 

10 374.10 277.35 

Avorae and 
standard deviation 363.12 ± 18.29 266.38 ± 13.61 

20 C 95; 1 367.65 270.90 
2 387.00 277.35 
3 354.75 238.65 
4 367.65 270.90 
5 374.10 251.55 
6 367.65 238.65 
7 348.30 251.55 
8 354.75 232.20 
9 361.20 245.10 

10 374.10 258.00 

Average and 
standard deviation 365.72 * 11,22 253.49 * 15.44 

300 C 95;' 1 412.80 277,35 
2 393.45 277,35 
3 387.00 270.90 
4 374.10 264.45 
5 393.45 251.55 
6 406.35 258.00 
7 374.10 251.55 
8 354.75 236.35 
9 393.45 258.00 

10 354.75 232.20 

Average and 
standard deviation 384.42 ± 19.77 257.77 ± 15.54 
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development to the deutonymphal stage. Length of develop- 

ment averaged 72.5 days, with a range of 43-109 days. 

Those protonymphs not completing their development remained 

viable for an average period of 15.2 days (rable 3). At 

200 0 and 95;, relative humidity, 82 per cent of the proto- 

nymphs completed their development, taking an average of 

19 days to do so (Table 2). The one protonymph that 

failed to complete its development remained viable for 1]. 

days. 

No rotonymphal development was recorded at 
3Q0 

C and 

50;1 relative humidity. At 300 C and 65 relative humidity, 

no protonympha completed their development, although three 

specimens remained viable for an average period of 8.3 

days. At 30 C and 80 relative humidity, 50 per cent of 

the protonymphe completed their development. Duration of 

the protonyinphal stage averaged 32 days at these conditions 

o 
as compared with 72.5 days at 20 C and B0, relative humid- 

ity (2able 2). Length of protonymphal viability of those 

individuals failing to complete their development averaged 

27 days as compared with 15.2 days at 20 C and 80Z rela- 

tive humidity, and 50 days for the one specimen in the 10° 

C, 80% relative humidity situation (Table 3). At 30 C 

and 95% relative humidity, 82 per cent of the protonymphs 

completed their development. Duration of development 
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avera8ed 14 days as conpared with 19 days at 200 C and 95» 

relative humidity. Protonyinphe not cornp1etin their 
development to the next stage remained viable for an aver- 

ae of only six days. 

Table 2 and Figure 30 illustrate that no protonyrnphal 

development occurred at 5O relative humidity in a 10_300 C 

rance. Sorne protonymphal development occurred at 65, 
o relative humidity, but only at 30 C. .Protonymphal devel- 

opinent occurred at 80, relative humidity at the higher 

temperatures, optimum development being in the 300 C range. 

Protonyniphal development was optimum at 95 relative 
humidity in the 20_300 C temperature range, with the short- 

est developmental time occurring at 3Q0 
C. A comparison 

of protonymphal sizes at the temperatures and relative 
humidities at which complete development was achieved is 

given in Table 6. 

ve! on'ne n 

No deutonymphal development was recorded at 100 C 

at any of the four relative humidities, nor was deuto- 

riynphal development recorded at 200 o and 50; relative 
humidity, or at 20° C and 65 relative humidity. At 200 C 

and 85 relative humidity, 75 per cent of the deutonyniphe 
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Table 6. A comparison of' protonyphal sizes at the temper- 
atures and relative humidities at which complete 
development was achieved. 

Relative Protonyriiph Lenthin Width in 
humidty number microns (P) microns (1') 

200 o 8O i 419.25 316.05 
2 341.85 296.70 
3 399.90 309.60 
'4 412.80 264.45 
5 464.40 316.05 
6 477.30 328.95 
7 419.25 296.70 
8 438.60 296.70 
9 445.05 309.60 

lo 399.90 283.80 

Average and 
standardeviat1o_ 421.83 * 38.25 301,86 ± 18.44 

20° C 95% 1 470.85 341.85 
2 554.70 343.45 
3 477.30 328.95 
4 470.85 328.95 
5 464.40 322.50 
6 445.05 245.10 
7 425.70 295.10 
8 457.95 316.05 
9 425.70 296.70 

10 393.45 283.80 

Average and 
standard deviation 458.60 ± 42.79 320.25 ± 31.82 

300 C 95 1 457.95 316.05 
2 438.60 296.70 
3 477.30 316.0 
4 599.85 451.50 
5 445.05 322.50 
6 432.15 283.80 
7 393.45 277.35 
8 438.60 316.05 
9 438.60 283.80 

10 432.15 264.45 

Average arid 

standard deviation 455.37 ± 55.01 312.83_± 52.57 
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developed to the adult stase. Duration of development 

averaged loo days with a range of 49-155 days. Total 

length of development from eg depo8itlon to adult emer- 

ence was 188.7 daya (Table 2). DuratIon of viability of 

the deutoriymphe which failed to develop to the next stase 

was 45 days (Table 3). At 200 C and 95 relative humidity, 

all of the deutonyrnphs completed their development, emer- 

tn as adults. Duration of development averaßed 24.77 

days with a rance of 21-30 days. The length of time re- 

quired from egg deposition to adult emergence averaged 

54.62 days (Table 2). 

No deutonymphal development was recorded at 5O/ rela- 

tive humidity and 65 relative humidity at 300 C. i'Tone of 

the deutonymphs completed their development at 300 , 8O, 

relative humidity, but they remained viable for a period 

of 7 days. An interesting comparison can be made here 

with the 200 80% relative humidity situation, where 75 

per cent of the deutonymphs completed their development in 

an average time of 100 days (Table 2) . At 3O and 95 

relative humidity, 75 per cent of the deutonymphs completed 

their development, moltin to the adult stage. Duration 

of deutonymphal development averaged 13.14 days as com- 

pared with 24.77 days at 20 C and 95 relative humidity 

(Table 2). Total developmental time from egg deposition 



to adult emergence averaged 31.91 days as compared with 

54.62 days at 200 C and 95 relative humidity (Table 2). 

Table 2 and Figure 30 illustrate that no deutonymphal 

development occurred at either 50, relative humidity or 

65: relative humidity in the temperature range of 10_300 c. 

some deutonymphal development occurred at 80, relative 

humidity, but only at 200 C. Deutonymphal development 

occurred in the 20_300 C temperature range at 95 relative 

humidity, with development occurring at almost double the 

rate in the 300 C range as in the 200 C range. Hughes 

(15, p. 269) reared L. krameri at 23° C and 87) relative 

humidity and found that "the deutonymphal stage was reached 

in two to three weeks, but that the deutonymphal stage was 

prolonged for 11 or 12 weeks before molting occurred.'1 

She attributes this to either unfavorable conditions or 

to the fact that the deutonytnph may be the stage at which 

dispersal normally occurs. The data presented here would 

suggest concurrence with the former view. A comparison of 

deutonymphal sizes at the temperatures and relative humid- 

ities at which complete development was achieved is given 

in Table 7. 



Table 7. A comparison of deutonymphal sizes at the 
temperatures and relative humidities at which 
complete development was achieved. 

Relative Deutonyinph Lenßth in Width in 
humidity number microns (,M) microns 

200 C 80 1 619.20 457.45 
2 586.95 419.25 
3 619.20 457.95 
4 554.70 438.60 
5 619.20 451.50 
6 619.20 470.85 
7 593.40 470.85 
8 612.75 451.50 
9 599.85 451.50 

10 586.95 477.30 

Average and 
standard deviation l4 ± 21.25 45'.73 16.85 

20 C 95 1 599.85 483.50 
2 567.60 380.55 
.2 593.40 457.95 
4 574.05 438.60 
5 593.40 464.40 
6 632.10 438.60 
7 574.05 451.50 
8 599.85 464.40 
9 586.95 425.70 

10 586.95 432.15 

Averageand 
standarddeviation 590.82 ± 18.29 443.74 ± 28.21 

30 C 95 i 580.50 457.95 
2 574.05 432.15 
3 606.30 432.15 
4 599.85 479.30 
5 606.30 451.50 
6 612.75 470.85 
7 619.20 470.85 
8 566.50 419.25 
9 619.20 457.95 

10 586.95 432.15 

Average and 
standard deviation 597.16±18.99 450.41 ± 20.43 
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Effect of Temperature and Relative Humidity on 
Tritonvmohal DeveloDment 

On the basis of the limited observations made of 

the tritonymphal stase of L. krameri it may only be noted 

here that in every case but one, development of this stase 

occurred only in a 3O C and 95 relative humidity situa- 

tion, with the average duration of development requiring 

8.5 days. The only other record of this stage was found 

in a 200 C, 957g relative humidity situation, and here only 

two days were required before a molt to the adult form 

occurred. It would appear then, that only at optimum 

environmental conditions is a tritonymphal stase encount- 

ered. 

erat 

Complete development, from egg deposition to adult 

emergence only occurred in three temperature-relative 

humidity situations (Table 2). An average of 188.71 days 

was required for complete development to occur at 200 C 

and 8O relative humidity. At 20° C and 95 relative 

humidity, 54.62 days were required for complete develop- 

ment, while at 300 C and 95% relative humidity, complete 

development was attained in an averaze of 31.91 days. 



Comparisons of adult female sizes and adult male sizes at 

the temperatures and relative humidities at which complete 

development was achieved are given in Tables 8 and 9. 

Table 10 summarizes the comparison of the mean sizes of the 

various stages of L. kramei at the temperatures and rela- 

tive humidities at which complete development was achievod. 

Repeat Studies on the Development of j. 

Eleven days after life history studies were 

initiated, an overnight temperature cabinet failure re- 

sulted in a drop from 30 C to 00 C. The mites subjected 

to this drop were slowly brought to the original 30 C 

temperature during a span of ei&lt hours. No apparent harm 

to the mites was noted, but the studies were repeated to 

determine if the temperature drop had any detrimental 

effect on development (Table 11). At 300 () and 50, rela- 

tive humidity no eggs hatched as was the case in the 

initial study. At 30 C and 5% relative humidity a 50 

per cent egg hatch was recorded, but only 50 per cent of 

the larvae survived to the protonymphal stage and developed 

no further. This may be compared to the 41 per cent egg 

hatch and 60 per cent larval survival in the initial 

study. In both situations a total of three larvae devel- 

oped to the protonyinphal stage (Table li). 
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Table 8. A comparison of adult female sizes at the temper- 
atures and relative humidities at which complete 
development was achieved. 

Relative Adult, Length in Width in 
humidity number microns ) microns (,'-) 

200 C 80; 1 735.30 580.50 
2 741.75 586.95 
3 735.30 580.50 
4 741.75 593.40 
5 767.5, 599.85 
6 741.75 586.95 
7 761.10 619.20 
8 767.55 599.85 
9 786.90 606.30 
10 741.75 574.05 

Averaei 
standard deviation 752.07 ± 17.52 592.75 2 13.99 

20° C 95 1 761.10 619.20 
2 725.63 573.20 
3 793.35 632.10 
4 735.30 554.70 
5 761.10 606.30 
6 735.30 548.25 
7 748.20 586.95 
8 741.75 574.05 
9 748.20 573.20 

10 774.00 612.75 

Averaeand 
standard deviation 752.38 ± 20.52 588.07 28.26 

30 C 95% 1 703.05 548.25 
2 735.30 580.50 
3 728.85 554.70 
4 735.30 599.85 
5 728.85 580.50 
6 722.40 567.60 
7' 690.15 561.20 
8 755.30 593.40 
9 735.30 580.50 
10 722.50 561.30 

Average and 
standard deviation 725.7 ± 13.19 572.78 * 16.86 
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Table 9. A comparison ol' adult male sizes at the temper- 
atures and relative humidities at which complete 
development was achieved. 

Relative - Adult Len6th in Width in 
humidity number microns (,AA) microns (,") 

200 C 80 1 703.05 541.80 
2 748.20 530.50 
3 786.90 606.30 
4 748.20 '4.33 

5 725.63 574.05 
6 715.95 574.05 
7 709.50 554.70 
8 715.95 554.70 
9 709.50 586.95 

10 741.75 574.05 

Average and 
standard deviation 730.46 t_2.95 572.15 ± 18.19 

200 c 95 i 728.85 599.85 
2 761.10 599.85 
3 71.90 554.70 
4 73465 625.65 
b 71.95 54.70 
6 715.95 556.85 
7 735.30 612.75 
8 786.90 586.95 
9 766.90 612.75 

10 

- 

741.75 619.20 

Average and 
standard deviatiop_ 744.33 ± 27.41 592.33 ± 27.57 

30° C 5' i 677.25 574.38 
2 728.85 541.80 
3 703.05 554.70 
4 715.95 574.38 
5 709.50 554.70 
6 728.85 554.70 
7 683.75 516.00 
8 709.50 567.60 
9 715.95 567.60 

10 722.85 574.37 

Average a - 
standard deviation 709.55 ± 17.49 558.02_± 1ft50 



Table 10. A comparison of the mean sizes of various stages of L. krameri at the 
temperatures and relative humidities at which complete development was 
achieved. 

Relative Froto- Deuto- Adult Adult 
humidity Eg Larva nymph nymph female male 

200 c 8O 
Length (ivi») 

311.88 363.12 421.83 601.l 752.07 730.46 
e 20.17 t 18.29 t 38.25 ± 21.25 t 17.52 ± 25.95 

Width 
203.82 266.38 301.86 454.73 592.75 572.15 

± 13.21 ± 13.61 ± 18.44 ± 16.35± 13.99 ± 18.19 

Length 
20° C 95% 312.20 365.72 458.60 590.82 752.38 744.33 

± 6.675 ± 11.22 ± 42.79 ± 18.29 ± 20.52 * 27.41 
i; d th 
210.27 253.49 320,25 443.74 588.07 592.33 

* 8.158 * 15.44 t 31.82 i 28.21 * 28.26 ± 27.57 
- 

Length - 

30 C 95; 319.91 3.34,42 455.37 597.16 725.70 709.55 
i 10.92 i 19.77 t 55.01 i 18.99 i 18.19 * 17.49 

Width 
201.71 257.77 312.83 450.41 572.78 558.02 

± 11.29 ± 15.54 ± 52.57 ± 20.43 ± 16.86 * 18.50 

o 
I-1 



Table 11. A comparison of development of L. kramerl at 300 C. 

A. With temperature drop - 
-- 

_____________ 
elitii 

____________ 
Trito- 

hujgity EL Larva Protonymph Deutonjniph nymph Adult 

50 i'10 hat ch - * - - - - 

4Ï-r- 60 ________ ________ ____ ________ 
65 (2.8 days) (3.0 days) - - - - 

86 40 

- (_3.8 da) rL475 days) (32 days) - - - 
_________ 

- 

lOO 91.67 8l.8l; 754 Duration of 
95; (2.5 days) (2.73 days) (13.54 days) (l3.1 days) - development 
- - ________ ____ _3l.9lday _______ 

- - 
B:- Without teffperature drop ____________ 

50; - No hatch - - * _____________ 
50; 50; 

____________ 

65 (2.7 dais) (290 days) - - - - 
f_7 9l.o/ I '+5.5 _Jr7 

- 802g (3,6 days) (4.5 cayj das) - - - 
l00; l00 1.67%, 40.9 Duration of 

95 (3.14 days) (2,5 days) (7.36 days) (16 days) - development 
- ___________ ____________ ____________ ______ 29.18 days 
* No deve opment occurred in triese stases. 

Number of days of development (in brackets). 

H o 
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At 300 C and 80; relative humidity, 91.6 per cent of 

the eggs hatched, and of these 45.5 per cent developed to 

the protonymphal stage with 40 per cent of the protonymphs 

rnoltin to the deutonymphal 8tae. ione of these developed 

to the adult stage. In conpariaon, an 36 per cent eg3 

hatch occurred in the original study, followed by a 40 per 

cent larval survival to the protonypha1 stage, and a 3) per 

cent survival to the deutony'ziphal stage, with no further 

development occurring (Table 11). 

At 300 C and 95 relative humidity, all eggs hatched 

and all the larvae developed to the protonymphal stage. 

Under 91.67 per protonymphe 

developed to the c1eutonyiphal stage, and 90.9 per cent of 

the deutonyrnphs reached the adult stage. In the initial 
study a 100 per cent egg hatch was achieved, 91.67 per cent 

of the larvae developed to the protonymphal stage, 81.31 

per cent of the protonymphe developed to the deutonymphal 

stage, and 75 oer cent of the deutony;nphs successfully 

reached the adult stage (Table 11). 

In both the initial and repeat situations complete 

development occurred only at 95 relative humidity. Dura- 

tion of development from egg to adult took 31.91 days in 

the situation where a temperature drop occurred, and 29.18 

days where no temperature drop took place. 
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feet of Ternperature and Relative Humidity on 
mber of Generations of L. krameri. per Year 

It was found that L. krameri has six Benerations 

per year when reared in the laboratory at 30 C and 95,. 

relative humidity (Table 13), and three generations per 

year when reared at tjO 
C and 95' relative humidity (Table 

12) . Only one ¿eneration per year occurred when the mite 

was reared in a 200 C and 8O,. relative humidity situation. 

'TO record was obtained for the other temperature and rela- 

tive humidity conditions since the mite failed to complete 

their development under the other environmental circum- 

stances. 

Table 13 indicates that at 30 C and 95 relative 

humidity, 31.'?l 

plete the first 

laying eggs (or 

continued to do 

between the uir 

was 29.35. 

days were required for L. krameri to corn- 

generation. Adults were paired and beE;an 

living larvae) four days after pairing and 

so for 64 days. The averaze nrnber of days 

t and second generations for 23 progeny 

Second generation mites required an average of 34.13 

days to complete their development. Adults began oviposit- 

Ing six days after being paired and continued to do so p 

to 91 days after pairing. The average number of days 'ce- 

tween the second and third generations for 19 progeny was 
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35.47 days. 

Third generation mites required an averae of 35.32 

days to complete their development. Paired adults began 

ovipositing 10 days later and continued to do so for 36 

days, after which no further records were kept. The aver- 

age number of days between the third aid fourth generations 

for 19 progeny was 21.68 days. 

Fourth generation mites required an average of 36.48 

days to co:nplete their development. Adults began deposit- 

Ing eggs or gave birth to larvee nine days after being 

paired and continued for 42 days after which no further 

were kept. The average number of days between the 

fourth and fifth generations for 10 offsprin was 26.70 

days. 

An average of 41.0 days was required for completion of 

development for fifth generation mites. Adults began ovi- 

positin or gave rise to larvae six days after being paired 

and continued to do so for 72 days after which no record was 

kept. The average number of days between the fifth and 

sixth generations for 13 offspring was 29.65 days. 

Sixth generation mites required an average of 39 days 

to complete their development. Thirteen adults completed 

their development before a full year had elapsed from the 

time of the initiation of these studies. 
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Iab1e 12 summarizes the year-1on(; record of mites 

reared at 200 C and 95% relative humidity. First jeieration 

mites required an average of 54.62 days to coiip1ete their 

deve1opnent (oviposition to adult emeronce). Paired adults 

be5an ovipositing or gave rise to larvae 14 days after 

initial pairing and continued to do so up to 100 days. 

the average number of days between the first and second 

generations for 2 offspring was 52.5 days. 

Second generation mites required an average of 30.64 

days to complete their development. Adults began oviposit- 

Ing or gave birth to larvae 16 days after bein6 paired and 

continued to do so up to 101 da-s after which no records 

were kept. The avorage number of days between second and 

third -enerations for 37 proeny was 46.01 days. 

An average of 79.23 days was required for third genera- 

tion mites to cop1ete their deve1opaent. Thirty-three 

mites completed their development before a full year had 

elapsed from the time of the initiation of observations. 
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Table 12. Deve1opienta1 rate of L. krarneri at 200 c and 
95 relative humidity over a year period. 

genera- 
tion E Larva 

Proto- 
yrnph 

Deuto- 
nymph 

Trito. 
'mph Adult 

(DaysT Tha (Days ÇDays) (Days) 

First 5.08 5.00 18.77 24.77 - 54.62 
(9 md.) 

econd 4.18 8.77 20.35 47.34 - 80.64 
(26 md,) 

rhird 3.80 11.65 18.90 44. - 79.23 
(33 md,) 

ab1e 13. Developmental rate of L. krarneri at 300 0 ani 
95; relative humidity over a year period. 

enera- 
tion Eg Larva 

roto- 
nymph 

Deuto- 
ymph nymph Adult - 

(Dayij (Days) (DayGJ (DaysY ÇDays) 

First 2.50 2.73 13.54 13.14 - 31.91 
(8 md.) 

3.60 11.13 16.35 - 34.13 
(22 md.) 

Third 2.61 3.47 9,94 19.30 - 35.32 
(31 md.) 

'ourth 2.31 3.26 8.68 2:c.2l - 36.46 
(24 md.) 

Fifth ''.'C) (.53 10.80 20.0 - 41.00 
(10 md.) 

Jixtì 2.7:: .3I: 1.:3 14.65 - 39.00 
(13 irid.) 
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DISCUSSION AND SUMMARY OF RESULTS 

3evera1 new methods of rearing mites were used dur1n 

the course of these studies. î1xtures of plaster of parie, 

charcoal, and yeast appear to constitute good substrate 

bases. The addition of white bread to the substrate sur- 

face resulted in favorable mite development. The use of 

Fluon as a barrier to mite escape has proven to be highly 

successful with L. krameri over a 20 month test period in 

providin, the earlier mentioned requirements necessary for 

a suitable rearing cell. Confinement of mites during this 

period was close to 100 per cent at 2O C and at all rela- 

tive humidities. 1owever, a breakdown of the Í'luon was 

noted at 300 C and 95 relative humidity, but not at 300 C 

and the lower humidities. No breakdown of fluon occurred 

at 100 a. sven though breakdown did eventually occur at 

30 a and 95Z relative humidity, it occurred well after the 

second generation had begun. Hence, if only one generation 

of mites is required in life history studies, Fluon would be 

adequate at all temperatures and relative humidities within 

the above discussed range. However, if more than two gen- 

erations of mites are to be studied at breakdown conditions, 

it is a simple matter to transfer the test organisms into 

new cells with fresh Fluon, through which means an 
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unlimited number of Eenerations can be stidied. Rearing 

mites individually in Fluon-rimmed cells is of obvios ad- 

vantaLle where accurate life history and behavioral studies 

are required. It was found that Fluon is even more success- 

ful in the confinement of insects, as was discussed above. 

A description of the various stases of the life his- 

tory of J: krarneri and the developmental and behavioral 

patterns involved has been given and discussed under the 

enera1 heading Life History. Perhaps one of the most 

unique findings in this study was the occurrence of a trito- 

nymphal stage. No record of this extra nymphal stae was 

found in the literature. There are several far-reaching 

implications involved here which might include phyloenetic 

and genetic factors. The possibility exists that an extra 

nymphal molt occurs when conditions are so ideal and that 

development occurs so qu1cly that an extra molt is re- 

quired to acconmodate the accelerated pre-lma8inal growth. 

It is conceivable that, physiologically, this rapid develop- 

ment in some way triggers the neurosecretory mechanisms 

to upset the normal hormonal balance of the mite, result- 

ing in a supernumerary molt. It also is possible that in 

this instance the mite aay attain Its maximum size before 

it completes its physio1oîca1 development. The extra molt 

enables the mite's physiological development to catch up 
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with the morhological development. The tritonymphal stage 

may be a primitive condition which occurs from time to time 

either through recombination mechanisms or else through an 

infrequent point mutation which could trigger the existing 

polygenic system into molting activity. Baker and Tharton 

(2, p. 33) state that, in the primitive life cycle of a 

generalized acarine, a third or tritonymphal stage does 

occur. 

Various aspects of L. krameri's behavior have been dis- 

cussed in detail. It was pointed out that new methods, 

techniques and highly specialized instrumentation will have 

to be developed to study the environmental effects on mite 

behavior in microhabitats. The terme may even have to be 

revised, as and are 

relative terms used In meteorology and ecology as well as in 

other fielcs of study. It is here suggested that the ters 

minim-microhabitat and minim-microclimate be adopted when 

working with minute organisms in the size range of mites. 

The prefix "minim" is suggested inasmuch as the terms micro- 

habitat and microclimate have various connotations to the 

meteorologist, climatoloist, hydrologist, and ecologist. 

The term 'microclimate' often is restricted to atmospherIc 

conditions above the surface of the ¿round, while micro- 

environment le used to include the entire environmental 
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complex below the surface as well as above. The micro- 

habitat would encompass the individual rearing cells dis- 

cussed earlier, while microclimate would describe the 

environmental conditions in the desiccators. 

Iii nun-mi crohabitat and minim-mi croclimate, then, are 

here defined as the habitat and climate encompassing an 

area in which orßanisms in the size rance of mites may 

operate. Hence the climate surrounding a particular mite 

at a particular time is not necessarily the same as that 

found one millimeter away. his would encompass both ver- 

tical and horizontal gradients. 

Micro-manipulation is a relatively recent innovation 

which enables many mi n ute mechanical operations to be per- 

formed wider hiwi magnification (5, p. 59). This tool is 

iûva1able ifl sensory physiolo.y and behavior and could 

conceivably answer some of the above discussed questions 

involving contact, mechanical stimulation, and behavior. 

ì.iero-manipulation could be used in conjunction with the 

study of the effects of climatic factors on mite behavior. 

Far-reaching aspects of inter- and intra-specific competi- 

tion and predator-prey relations are involved In micro- 

and !ninim-inlcrocliuiatic variations. For example, where 

:nites were ag3regateä in a particular niche on the sub- 

strate when no crevices or depressions were present, the 
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initial attraction may have been due to an optimum minim- 

microhabitat resulting from an optimum minm-microc1imate 

which attracted the first nite to this niche, (a therme- 

hydro kinetic reaction) and then others followed. It also 

is possible that the mites came upon this optimum niche in 

a random fashion after which the contact of two or more 

individuals appeared to brine on the thigino-kinetic 

reaction resulting in group aggregation. 

fable 2 and Figure 30 summarize the profound inf].u- 

onces which temperature and relative humidity have on the 

development of L. krameri. Low humidities hindered egg 

hatch at all the temperatures utilized. However, at low 

temperatures (100 0), eggs remained viable longest at the 

lowest relative humidity (504). Perhaps a high humidity 

would have the effect of increasing the motabolism of the 

egß, resulting in its early demise. It appears that low 

metabolism at low temperatures results in prolonged viabil- 

ity. Optimum temperatures for egg hatch are found in the 

range of 20_300 C when correspondingly optimum relative 

humidities in the range of 8O-95, prevail. 

As stated earlier, rio larval development occurred at 

50; relative humidity in a 100 C to 
3Q0 

c temperature 

range. At 65 relative humidity, some larval development 

occurred, but only at 300 C. Larval deve1opnent occurred 
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at 80Á relative humidity but was optimum at the 200 Ç to 

3Q0 
C tenperature rance. In general, larval deve1o2met 

was optimal at 95' relative humidity in a 200 C to 300 Ç 

temperature range. 

It has been shown that no protonyrnphal development 

occurred at 50 relative humidity in a l0 O to 30 C 

teaperature range. 3ome protonymphal development occurred 

at 652g relative humidity, but only at 3O C. Protonymphal 

development occurred at 30. relative humidity at the higher 

temperatures, optimum development being in the 3Q0 
C range. 

Protonymphal development was ootirnum at 95; relative humid- 

ity in the 20° C to 3O C temperature rango, with the 

shortest developmental time occurring at 300 a. 

Deutonymphs failed to develop at 50; and 65 relative 

humidity in the temperature range of 1O-30 C. 3ome deuto- 

nymphal development occurred at 80 relative humidity, but 

only at Ç0 C. Deutonymphal development was seen in the 

20° C to 30° C temperature range at 95, relative humidity, 

with development occurring at almost double the rate in the 

3Q0 c range as in the 200 C range. The occurrence of a 

tritonymphal stage was recorded only at 30 C and 95, reja- 

tive humidity, except in one instance where it was encount- 

ered in a 20° C and 95, relative humidity situation. It 
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appears that this extra nymphal stage occurs only at opti- 

mum environmental conditions. 

Complete development from egg deposition to adult 

emergence occurred only in three temperature-relative humid- 

ity situations. The influences of temperature and relative 

humidity on rate of development of L. krameri. are readily 

apparent. An average of 188.71 days was required for corn- 

plete development to occur at 200 C and 80; relative humid- 

ity. At 200 C and 95 relative humidity, 54.62 days were 

required for complete development, while at 30° C and 95, 

relative humidity, complete development was attained in an 

average of 31.91 days. 

Comparisons were made of the mean sizes of the various 

stages of L. krameri at the temperatures and relative 

humidities at which complete development was achieved 

(Tables 4-10). A comparison of mean adult size of mites 

reared at 80> relative humidity and 95 relative humidity at 

200 C revealed no significant differences in size. However 

a comparison of adults reared in 20° C and 300 C situations 

(both at 95 relative humidity) Indicated a significant 

size difference (significant at the 0.5 per cent level with 

1 and 18 degrees of freedom). Table 10 shows that adult 

males and females reared in a 200 C and 95) relative humid- 

ity situation were significantly larger than those adults 
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reared at 300 C and 95% relative humidity. It appears 

that, though there is a direct relation between increase 

in rate of development and temperature increase, there is 

an Inverse relationship between temperature increase and 

actual size. 

A look into the literature reveals some interesting 

correlations between size and temperature which encompass 

warm blooded vertebrates, cold blooded vertebrates and in- 

vertebrates, bacteria and algae. Clarke (7, p. 157) writes 

"The general fact that among birds and mammals the same 

species attains a greater body size in cold regions than in 

warm reSions and that amone closely related species the 

larger ones inhabit the colder climates is known as the 

Bergmann principle." However he goes on to say that 

"Poikilothermous animals, as exemplified particularly by 

reptiles and amphibians, exhibit the reverse relationship 

since they tend to be smaller in colder climates." It 

should be noted here that in referring to polkilotherinous 

animals no examples are given of invertebrate poikilotherms. 

L. krameri studies agree with Bergmann's princil 

exoressed for warm blooded vertebrates. Other arthropod 

studies and observations also support Bergmann's principle 

to be correct for poikilothermous invertebrates. Similar 

correlations of body size and temperature were found in 
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Drosophila sp. studies (i. P. Stephen, personal corrnnunlca- 

tion) as well as in studies of representative of the family 

Scutelleridae (J. D. Lattin, personal communication). 

Christophersen (6, p. 181), in a study of temperature and 

cell size of the blue algae' Oscil1atia filiform and 

Phoirnidiumn bijaheosis points out that cell size is much 

smaller in hot springs than those found in colder water. 

Lamanna (20, p. 593), in a study of the relation between 

temperature growth range and size in the en.s Bacillus, 

has found Bergmann's principle to apply to these bacteria 

as well. Renseh (29, p. 43) correlates Bergmann's principle 

with altitude, latitude and climate, and stresses the 

temperature factor as being most important in size selec- 

tion. I-le writes (29, p, 187) that "Races of homototherms 

which inhabited cold countries show increased body size, 

which is their hereditary feature (Bergmann's rule); a 

phenotypically similar rnodificatory increase of body size, 
however, can be caused experimentally by lowering the 

temperature during postnatal growth." The latter part of 

Renseh's statement has been found to be true witn L. 

kram. 
Unfortunately, data in the literature exp1ainin the 

under1yinç physiological reasons for this correlation of 

body size with temperature in mite studies are almost 
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non-existent. Perhape the explanation la obvlou8 if' based 

01 the premise that, with an 1.ncrease in teiperature, there 

is an aecompanyinß Increase in rate of metabolism which in 

turn is expressed in increased activity and rate of eve1op- 

nent. Cheriica1 reactions and enzyrûatic reactions are 

accelerated as temperature rises (15, p. 234). To keep pace 

with the above accelerated reaction, an increase in oxygen 

consumption is necessary. On the cellular level it is con- 

ceivable that hi1ier temperatures require higher surface 

volume ratio to give the protoplaam sufficient oxyaen. 

Hence, during the growth of the cell, and depending on the 

influence of temperature, larßer cells (with correspond- 

inly lower surface-volume ratios) are found at lower 

temperatures, while smaller cells (with correspondingly 

higher Burface-volume ratios) are found at higher temper- 

atures. The surface-volume ratio, therefore, may be the 

governing factor of cell size which is determined by 

temperature. Tain the organism as a whole, a 1arer 

organism contains larger cells, and a smaller oranism is a 

composite of smaller cells, the total size of the organism 

bein determined to a 1are extent by the ortinal influ- 

ence of temperature which affects the organism's metab- 

olism. Hence the mite, while undergoing a more rapid rate 

of development at the higher temperature, does so at the 

expense of body size. 
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Where a repeat experiment was carried out due to a 

temperature cabinet ftailure, it appears that those mItes 
subjected to the 300 C temperature drop suffered no appar- 
ent ill effects, and only slIght differences were noted in 
developiqental rates at all four relative huniirlities. It 
would appear, then, that L. krameri Is a relatively hardy 
mite since it was able to withstand the shock of so great 
a temperature drop. 

It is apparent froni Tables 12 and 13 that a temper- 

ature of 300 C clearly favors a rore rapid development 

than that of 200 C. Cix generations of mites were reared 
at 3Q0 

c In a three generations 
were attained at 200 c. Adults reared at 200 c enjoyed a 

greater longevity and produced young for a longer period 
of time than did those reared at 300 C. However the genetic 
implications of recombinatlon and selection involved where 

more generations occur are important factors to be kept in 
mind in attempting to evaluate 'optimum' temperature. 

Table 12 indicates that, at 200 0 and 95; relative 
humidity, first generation mites required 54.62 days to 

complete their development, whereas second and third gen- 

eration mites took 80.64 days and 79.23 days, respectively. 
The first generation duration of developraent shows a sig- 
nificant difference over the second and third generations, 
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a phenomenon which is not readily explainable. Table 13 

indicates the same ßeneral trend of increas1n duration of 

development from the first to fifth generation, an observa- 

tion wbich may have biological significance. Similar re- 

suits have been obtained in stdies on Drosophila s'o. 

(w. P. Stephen, personal communication). 

The question naturally arises as to what is the best 

or optimum temperature for the maintenance of the species 

(ji. krameri). In an attempt to derive the optimun teoper- 

ature it must be ascertained whether a rapid or increased 

rate of deveiop:nent resulting in a shorter life cycle is 

more advantageous to the organism than is a longer life 

cycle with increased adult 1onevity, accompanied by an 

increased reproductive capacity. Another criterion might 

be based on the greatest percentage of individuaic complet- 

ing their development at a particular teìperature. It is 

possible that a general optimum temperature which is best 

for the maintenance of the species is a function of a corn- 

bination of factors Including optimum rate of development, 

lowest nortality rate during development, highest repro- 

ductive rate, and adult longevity, each of which is a 

function of :eetic recombination and selection. The fore- 

going studies would indicate that, because there is no 

great difference in total progeny in the range of 
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200 C 30 C (a range which mht well be expanded to 
15° C - 35° C), L. krneri exhibits liigli adaptation as well 

as a broad latitide of adaptability. 
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