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ABSTRACT 

The sawtoothed grain beetle, Oryzaephilus surinamensis (L.), 
and the merchant grain beetle, O. mercator (Fauvel), are pests of 
dried fruit" i3.11d tree nuts. They infest unprocessed commodities in 
storage and processed products. Biology tests at 30° C and 20-, 50-, 
and 80-percent relative humidity (RH) on four foods showed that O. 
surinamensis usually did better than O. mercator on rolled oats, 
raisins, and prunes. The reverse was generally true on almonds. 

The egg stage of O. surinamensis was 4.1, 3.8, and 3.9 days, and 
the egg stage of O. mercator was 4.5, 4.2, and 4.1 days at 20-,50-, 
and 80-percent RH, respectively. 

'; '·oth beetle species generally had four larval instars. For all the 
various food-RH combinations, the total percentages of O. 
sunnamensis having fourth and fifth instars were 90 and 6 percent, 
respectively; comparable values for O. mercator were 96 and 17 per
cent. Moreover, 2 percent of O. mercator had a sixth instaL O. mer
cator consistently had a shorter pupal stage than did O. surinamen
SIS. 

O. surinamensis generally had a shorter life cycle and a greater 
percentage survival than did O. mercator on oats, raisins, and 
prunes. The reverse was generally true for almonds. At the three RH 
conditions, individual rearings for both beetle species showed the life 
cycle (egg deposition to pupal eclosion) to be shortest on rolled oats 
(23.9, 2l.1, and 2l.5 days for O. surinamensis and 26.9, 23.1, and 
22.4 days for O. mercator); longer on almonds (40.6, 28.2, and 26.3 
days for O. Sllrinamensis and 38.2,28.0, and 25.3 days for O. mer
cator); longer still on raisins (no survivors for either species at 20
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percent RH, 40.4 days at 50-percent RH and 42.7 days at 80-percent 
RH for O. surinamensis and 56.4 days at 50-percent RH and 43.5 
days at 80-percent RH for O. mercator); and longest on prunes (no 
survivors for either species at 20-percent RH, 54.0 days at 50-percent 
RH, and 40.8 days at 80-percent RH for O. surinamensis and 67.2 
days at 50-percent RH and 43.8 days at 80-percent RH for O. mer
cator). 

O. mercator adults from larvae reared on the four foods always 
had a mean weight greater than O. surinamensis. For example, 
rearings on rolled oats at 50-percent RH showed O. mercator 
weights of 0.64 mg for males and 0.72 mg for females, and O. 
surinam ensis weights of 0.47 mg for males and 0.55 mg for females. 
Females of both species always weighed more than males. Adults 
from larvae reared on oats were hea '/ier than adults from almonds. 
Adults from larvae reared on prunes were lighter than adults from 
other foods at 20- and 50-percent RH, but were heavier than adults 
from raisins at 80-percent RH. Both sexes of both species generally 
weighed more on a given food as RH increased. 

Both beetle species laid more eggs as RH increased. For example, 
rearings on rolled oats showed average egg production per female to 
be 32, 257, and 422 for O. su rinamensis and 80,256, and 338 for O. 
mercator at 2()-, 50-, and 80-percent RH, respectively. O. 
surinamensis laid more eggs on oats than on the other three foods 
at all three RH conditions. O. mercator laid more eggs on almonds 
at 20-percent RH, more on oats at 50-percent RH, and more on 
raisins at 80-percent RH than on the other three foods available at 
each RH condition. 

In single species rearirgs, with 10 adult pairs per cage at the four 
food and three RH combinations, O. surinamensis had the greatest 
increase in numbers in 5 of the 12 possible food-RH combinations (or 
cases). This was true in only one case for O. mercator. The amount 
of increase or lack of increase was nearly equal for the two species in 
six cases. When both species were reared together, O. sllrinamensis 
had the greatest increase in two cases, whereas (). mercator had the 
grea test increase in eigh t cases. Both species had zero increase in two 
cases. O. mercator populations grew to much higher numbers in in
terspecies rearings than in intraspecies rea rings in 9 of the 12 possible 
food-RH combinations. 

I\TRODlCTIO~ 

The sawtoothed grain beetle, ()ryzaephilu$ surinamensis (L.), 
and the merchant grain beetle, O. merC(Ltor (Fam:el), are important 
pests of dried fruits and tree nuts in storage. These include both the 
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unprocesfoed commodities and marketing channels of the -packaged 
final products. Most of the previous work on these two species was 
related to stored grain; however, positive identification of the two 
species, especially in publications prior to 1953, is queotionable. For a 
discussion of the distinguishing characteristics of these two specie;';, 
see Howe (l953), Slow (1958), and Frey (1962).1 

The present research was initiated in 1967 to study the influence of 
four foods (rolled oats, almonds, raisins, and prunes), three relative 
humidities (RH) (20, 50, and 80 percent), and an initial test tem
perature of 30° C on the biologies of O. surinamensis and O. mer
cator. 

O. surinamensis hr.s been reported from many parts of the world 
as a pest of a wide variety of stored-food products. Back 'lnd Cotton 
(1926) stated that dried fruits stored for long periods invariably 
became infested. Very heavy i.nfestations are known to have occurred 
in packing plants throughout the raisin producing area of California 
(Hamlin and Reed 1926), when raisins were stored in sheds with 
metal roofs and open sides. Howe (1953, 1956) presented records for 
produce in commercial storage and at British ports. He found O. 
surinamensis to be prevalent in whole grains and cereal produce, 
but O. mercator was much more common ',n nuts, palm products, 
cottonseed produce, and various oilseed cakes. Frey (1962) found O. 
mercator in 42 percent and O. surinamensis in only 8 percent of 26 
cargos of oilseed products examined. 

Howe (1956) investigated the biology of both O. surinamensis and 
O. mercator on wheatfeed at several combinations of constant tem
perature and humidity. Cottonseed meal, coconut meal, and ground
nuts held at 30° C and 70-percent RH were also included in these 
studies. Most other studies only concerned O. surinamensis reared 
on various grains and grain products. 

Prior to 1926, the brief notes of Chittenden (1896) were about the 
only published quantitative ones that pertained to the biology of O. 
surinamensis. 

Chittenden (1897) published brief notes on the commodities at
tacked by and distribution of O. mercator. Back and Cotton (1926) 
studied the biology of O. surinamensis on split maize, but did not 
control the tempera'ture and humidity during their tests. Thomas and 
Shepard (1940) found that O. surinamensis larvae developed slowly 
on walnuts and much slower on raisins than did larvae reared on 
rolled oats and wheatfeed at various controlled combinations of con
stant temperature and humidity. 

1The author's name followed by the date in italic refers to Literature Cited, 
p. 19. 
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Similarly, Fraenkel and Blewett (1943) reared O. surinnmensis 
on several foods at 25 0 C and found development was much slower on 
dried fruits (figs, currants, and dates) than on cereal derivative 
(wheatmeal flom). Lergenmuller (1958) conducted comprehensive 
ecological study of O. surinamensis on rolled oats at several tem
peratures and humidities. Ciesielska (1966) used both individual and 
population cultures to study the ecology of O. sunnamensis on 
semolina. He also studied the effect of varied diets (rolled oats, rice, 
buckwheat grits, barley grits, and millet grits) on the ecology and 
body size of the beetles. 

MATERIALS AND METHODS 


Rearing Beetles 


Test insects were taken from inbred cultures maintained since 1963 
in the Stored-Product Insects Research Laboratory rearing room at 
Fresno, Calif. Stock cultures were reared on 95-percent rolled oats 
plus 5-percent dried yeast at 27 0 C and 60-percent RH. A 14-hour
light-10-hour-dark cycle was used. 

Under rearing room conditions, the authors found that tem
peratures within the rearing media had a mean of 29.5 0 C and a high 
of 31.8 0 for O. surinamensis and a mean of 29.4 0 and a high of 
31.8 0 for O. mercator cultures. This was one of the reasons 30 0 was 
chosen as the initial test temperature for the present research. 

Obtaining 	Larvae of Known Age 

Media and adult beetles (about 7 days old) were dumped from a 
culture jar into a pan equipped with an electronic insect barrier 
(Clark and Curtis 1970). The adults were aspirated from the barrier 
pan with a low vacuum which just barely picked up the beetles 
without slamming them against the interior of the aspirator vial. 
About 1,000 beetles were placed in each of three oviposition cham
bers (gallon jars containing a 5-mm layer of a white flour and dried 
yeast mixture that had been passed through a No 100 U.S. Standard 
sieve). The adults were preconditioned to the oviposition chambers at 
rearing room conditions for about 14 days. The oviposition media and 
adults were separated from eggs and larvae, and returned to the 
oviposition chambers. This was accomplished with No. 30 and 40 U.S. 
Standard sieves to retain adults, a No. 60 U.S. Standard sieve to 
retain eggs and small larvae, and a pan to catch oviposition media. 
Eggs of known age were then collected at 4-hour intervals and held at 
rearing room conditions. Larvae (usually ± 0.1 day old) were used to 
set up individual and multiple rearing studies. 
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Obtaining Adults of Known Age 
Late instar larvae and media were dumped from a culture jar onto 

a No. 14 U.S. Standard sieve, and the larvae were allowed to crawl 
down through the sieve and fall onto an enamel pan. The pan was 
placed on an incline so that individual larvae CGuld be lightly tapped 
with a brush to transfer them to a gelatin capsule containing a small 
piece of rolled oat. The capsules were capped artd mounted on trays 
covered with masking tape with its sticky side up. These pupation 
chambers (capsules) were held at rearing room conditions until 
adul'~ll of known age (usu,tlly ± 0.1 or o.~ day old) were obtained. In
dividual adults were sexed while in the <.;apsules without being 
anesthetized. These adults were used in individual and multiple 
rearing studies. 

Cages for Individual Rearin{;s 

Cages for rearing individual larvae to adults ane!. for studying 
single pairs of adults were constru( ted using 5-dram clear plastic 
snapcap vials. 2 A 27/64-inch-diameter hole was drilled in the cap 
and bottom of each vial. Screens (120 mesh/in) were cut for the bot
t.oms and were fitted on the outside of the vial and sealed into place 
with heat. Screens for the caps were cut for a snug fit. 

Cages for Multiple Rearings 

Cages for rearing 10 larvae together were con!)tructed from 15
dram clear plastic snap-cap vials. A 19i32-in-diameter hole was 
drilled in the bottom, and 14/16-in holes were cut in the caps with a 
cork borer. Screens were cut for the bottoms and caps and mounted 
as in construction of the 5-dram vial cages. 

Cages for multiple rearings of adu.lts in intraspecific and in
terspecific competition studies were constructed from 1/2-pt tapered 
glass jars closed with a filter paper and screw band. 

Cage Holding Racks 

Racks for holding 5-dram vial cages were 12- by lS- by I-in 
styrofoam sheets with 9 rows and 12 columns of -IS-in h'Jles. Racks 
for 15-dram vial cages were 12- by IS- by I-in styrofoam sheets with 6 
rows and 10 columns of 1-3/S-in holes. These were hung in the test 
chamber so that the long axis of the vial cages was parallel to the 

floor. 

2 Owens-Illinois Plastainer Plastic Vials. 
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Test Chamber 

A controlled environment room 3 was used to maintain 30 0 C and 
20-,50-, and 80-percent conditions within ± 0.5 0 and ± 5-percent RH. 
Media 

A mixture of 95 percent rolled oats plus 5 percent dried yeast was 
Ilsed as a control medium because this is the diet commonly used to 
re".r Oryzaephilus spp. Natural unprocessed nonpareil almond ker
nels, natural unprocessed Thompson seedless raisins, and un
processed dehydrated French prunes were used as representatives of 
tree nuts and dried fruits. These foods were from the 1966 crop year. 

The foods were held in a n:frigerator at 4 0 C until rec_uired for tests. 
All were checked for pesticide residues and found to be 
unadulterated. 

Foods were sometimes altered by cutting to give beetle larvae or 
adults a better chance to survive. This was especially true at 20
percent RH where the almonds, raisins, and prunes became so dry 
that young larvae and adults could not feed on whole fruits. 

Two weeks before initiation of a test, foods needed for the tests 
were exposed to the temperature-humidity condition being studied to 
equilibrate the moisture of the foods. Moisture was checked at the 
start of a test and periodically thereafter. Table 14 shows the mois
ture content of test media for a given number of weeks after the end 
of the preconditioning period. 

Testing Beetles 

Moisture Testing 

An Ohaus Moisture Determination Balance was used for almonds 
and oats using the manufacturer's recommended procedure. 

The moisture content (percent weight per weight) of raisins and 
prunes was usuaiiy determined by a moisture testing device 
developed for the dried fruit industry of California.s The fruit was 
ground to form a paste which was packed into a plastic cylinder. The 
electrical conductivity of the paste was measured by maL~ing readings 
of a scale marked off in arbitrary units and of a thermometer in
serted into the paste. The data from the readings were then used to 

3 Lab Room Controlled Environmental Room 912A-HD, Lab Line Instruments, 
Inc., Melrose, Ill. 

4 All tables are grouped in the Appendix. beginning on p. 21. 
5 Developed by Dried Fruit Association (Dl<'A) of California and C.D. Fisher, 

Fresno, Calif. 
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obtain percent moisture from a table comprised of values derived 
from an oven-drying method like the one in the following paragraph. 
The DFA Moisture Tester was not accurate for moisture contents 
greater than 25 percent. It was hard to grind the fruit and pack it into 
the plastic cylinder if the moisture content of the fruit was below 10 
percent. 

When moistures were too high or low to be measured on the DFA 
equipment, moistures for raisins and prunes were determined by 
using a vacuum oven (Fisher, personal commun., 1969) as follows: 
Install a 3/16-in thick aluminum shelf in a Precision Theleo (Model 
10) vacuum oven. Affix a bolt through the shelf such that it extends 
one-half inch above shelf, and can be drilled out to serve as a ther
mometer well. Operate over. at absolute p,essure «35 mm Hg) and 
shelf temperature of 70° C. Place 1.5 to 2.5 g ground raisins ur prunes 
without pits in a thin layer in an aluminum drying dish. Run triplicate 
samples. Dry for 6 hours. Replace lids on drying dishes on removal of 
samples from oven. Cool in desiccator for 15 minutes and then weigh. 
Store dishes in desiccator after washing. Mark lids and dishes with a 
stamp so that the same dish-lid combination is always used and tare 
weights remain constant. Use trap flask filled with desiccant between 
oven and vacuum pump. 

Time Clock Used in Recording Data 

Readings of biological tests were recorded on a modified Cramer 
running time meter. The durations of various stages in the life cycle 
were calculated to the nearest 0.01 day for indiviuuals, and means 
were then calculated to the nearest 0.1 day. 

W('ighing Adult Beetles 

Live adults were weighed individually ll1 1/2-g shell vials to the 
nearest 0.01 mg. 

RESlLTS AND DISCUSSIO;\ 

Beetle Stages and Development 

Egg Stage 

Humidity had some effect on the duration of the egg stage (table 2). 
Comparing 20- and 80-percent RH, we found that the egg stage of O. 
surinamensis and O. mercator, respectively, was about 5 and 10 
percent longer i.'.t the lower humidity. O. mercator spent 5 to 10 per
cent more time in the egg stage at the various humidities tested than 
did O. s urina mens is. We did not study the influence of temperature; 
however, CiesielBka (1966) and Lergenmiiller (1958) found tem
perature to be the main controlling factor for the duration of the egg 
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stage. Howe (1956) agreed with this and added that he found no dif
ference between the two beetle species for the egg incubation period. 
Various authors list anywhere from 3 to 5 days as the durati':m of the 
egg stage at 30 o e. 

Larval Stage 

Both beetle species generally had four larval instars (table 3). At 
the various food-RH combinations tested, some individuals had only 
three larval instars and some had as many as six instars. 

O. mercator generally had fewer larval instars than O. 
surinamensis on the various foods tested at 20-percent RH; 
however, the reverse was true at 50- and BO-percen t RH. Howe (1956) 
found that O. surinamensis tended to have fewer and slightly shor
ter larval periods (especially the first) than did O. mercator. 

The first larval instar was consistently shorter for O. sunnamensis 
than for O. mercator on oats, raisins, and prunes, but the reverse was 
so 0.0 almonds. O. mercator consistently had shorter second, third, and 
fourth instars on almonds than did O. sunnamensis. The same was 
true for prunes at BO-percent RH. This may have been due to mold 
growth on the prunes providing some additional nutrients that 
benefited O. mercator more than O. sluil1amensis. O. mercator had four 
cases with a shorter larval instaT for every three ca:<!:'" for O. 
sunnamensis in all the possible food-HH combinations tested. 

When O. sunnamensis had only three larval instars at 50- and BO
percent HH, the duration of the third instar was in the upper part of 
its range (about 5 days on oats and about 10 days on almonds); 
however, it was in the lower part of the range (about 2 days on oats 
and about 4 days on almonds) when four larval instars were present 
in the life cycle. This same lJattern was true when comparing the 
fourth and fifth larval instars. No such pattern was found for O. mer· 
cator on almonds and raisins. 

The standard deviations showed much less variation for the 
durations of the various larval instars on oats and almonds than on 
raisins and prunes. The ranges for standard deviations were 0.3 to 1.4 
on oats, 0.2 to 2.9 on almonds, 0.9 to B.5 on raisins, and 0 to 12.4 on 
prunes. This indicates that oats and almonds were better diets than 
raisins and prunes for the two beetle species. 

Pupal Stage 

O. surinamensis (table 3) consistently had a longer pupal period 
at 20- or 50-percent RH than at BO-percent RH on the various foods (7 
percent longer for oats, 5 percent for almonds, 0 to 29 percent for 
raisins, and 24 percent for prunes). No such consistent results were 
obtained for O. mercator. Data from studies at 50- and 80-percent RH 
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indicated that the pupal period for O. mercator was 4 percent longer 
on oats and almonds, 0 to 4 percent shorter on raisins, and 10 percent 
longer on prunes at the higher relative humidity. 

O. ';lInnamensis had a longer pupal period than did O. mercator in 
most cases, regardless of relative humidity, (9 to 17 percent 
for oats, 5 to 13 percent for almonds, 10 to 12 percent for raisins, and 
2 to 39 percent for prunes). In all cases, the smallest percentage di.f
ferences between the twO species were at 80-percent RH. The largest 
percentages were at 20-percent RH for oats and at 50-percent RH for 
other foods because neither species survived to the pupal stage at 20
percent RH on raisins and prunes, and only O. mercator survived on 
almonds at 20-percent RH. Here, as with eggs, Ciesielska (1966), 
Lergenmuller (1958), and Howe (1956) found temperature as tile 
main controlling factor for the duration of the pupal stage. 

Period From Egg Deposition to Adult Emergence 

Three of the variuus tests made were useful in determining the life 
cycle from the time the egg was laid until the adult emerged from the 
pupal stage: (1) Individual rearings, which were examined repeatedly 
to determine the duration of various stages in the life cycle (table 3); 
(2) individual rearings, which were only examined repeatedly after 
the pupal stage was reached (table 4); and (3) multiple rearings, 
which were examined repeatedly after the pupal stage was reached 
(table 5). 

The duration of the life cycle for males and females was almost 
equal for any given humidity on oats. There was no consistent dif
ference on almonds. Males had a shorter life cycle on raisins at 20
percent RH, whereas the reverse was generally so at 50- and 80
percent RH for O. merccUor. Males had a shorter life cycle on sound 
prunes, whereas females had a shorter life cycle on damaged prunes 
at all humidities where beetles survived to adults. 

The individual rearings which were repeatedly examined generally 
resulted in a life cycle of equal or greater duration than the one found 
for individual rearings, which were repeatedly examined only after 
the pupal stage was attained. Exceptions to this were found for both 
species on sound raisins at 50-percent RH and damaged raisins at 80
percent RH. and for O. merC(1toron damaged raisins at 50-percent RH 
and damaged prunes at 80-percent RH. Here, again, mold growth on 
raisins and prunes may have been beneficial to O. mercator. More 
mold was present (JI1 the damaged raisins and damaged prunes that 
were repeatedly handled than on those fruits that were seldom or 
never handled. No explanation can be offered for the repeatedly 
examined individuals doing better than the ones that were handled to 
a much lesser extent for raisins at 50-percent RH. 
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Stanley and Slatis (1955) stated that disturbance in rearing studies 
lengthened the life cycle of Tribolium confusum. They found this when 
they compared results from hand rearing studies with results from 
their rearings using an automated sampling device. 

In most cases, mortality for both beetle species in individual 
rearings (table 4) was equal to at less than mortality in the multiple 
rearings (table 5). The reverse of this was true for O. surinamensis 
on sound raisins and damaged almonds and for O. mercator on 
sound almonds at 80-percent RH. 

Freshly hatched larvae generally did not survive on sound 
almonds, raisins, and prunes at 20-percent RH. They had difficulty 
surviving on sound almonds at 50-percent RH. 

Cannibalism was frequently observed in both species in the 
multiple rearings at 20- and 50-percent RH. Generally, late instal' 
larvae of O. suriltamensis fed on pupae when reared on oats, 
almonds, and raisins; O. mercator attacked pupae when reared on 
oats and almonds. Lergenmiiller (1958) found that O. slLrinamensis 
larvae became cannibalistic when deprived of normal food, but did 
not survive on animal food alone. Similarly, Crombie (1943) found 
that larvae and adults of O. surinamensis cannibalized eggs and 
pupae when crowded. 

O. surinamensis generally had a shorter life cycle (egg deposition 
to adult emergence) and a greater percentage of adult survival than 
did O. mercator on oats, raisins, and prunes. The reverse was 
generally true for almonds. O. surinamensis had a shorter life cycle 
than did O. mercator on sound almonds in two instances. O. mer
cator had a shorter life cycle than did O. surinamensis on 
repeatedly examined raisins and prunes at 80-percent RH- probably 
due to mold growth. 

The larvae of both species burrowed into almonds and raisins and 
sometimes into the prunes. At 80-percent RH, larvae sometimes 
became enmeshed in a sticky sirup produced by both the raisins and 
the prunes. 

O. surincLmensis completed development only on oats and O. 
mercator completed development only on oats and almonds at 20
percen t RH (figs. 1 and 4). The developmen tal periods for O. 
surinamensis (fig. 2) and O. mercator (fig. 5) at 50-percent RH in
creased with the progression from oats: damaged almonds: sound 
raisins: damaged raiRins: damaged prunes. This same order was true 
for O. surinamensis at 80-percent RH (fig. 3), except that a test on 
sound almonds was also run. The developmental time on the latter 
fell between those for oats and damaged almonds. The order of 
developmental times (from shortest to longest) for O. mercator (fig. 
6) at 80-percent RH was oats, damaged almonds, sound almonds, 
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FIGURES 1-6. - Mean accumulative time of development of O. surinamensis (figs. 1

3) and O. mercator (figs. 4-6) at 30° C and 3. relative humidities. Name of food, 
number of individuals surviving to adult, and condition of food (s:sound, d= 
damaged) given at top of each line graph. Individuals not having a given stage in 
the life cycle were included in calculations as having a zero-days duration in that 
stage. Individuals not completing development to the adult stage were not in
cluded in calculations. 

damaged raisins, damaged prunes, and sound raisins. The slightly 
shorter developmental time for damaged compared with sound 
almonds, and especially the much shorter time for damaged com
pared to sound raisins, may have been due to a greater mold growth 
on damaged fruits. 

Fraenkel and Blewett (1943) found that O. sILnnamensis developed 
much more slowly on figs, currants, and dates than on wheatmeal 
flour. Howe (1953) found that O. sILnnamensis did not develop on cot
tonseed cake at low RH, but that it did develop on wheatfeed. O. 
mercator developed on both cottonseed cake and wheatfeed at low 
RH. 

Both species had the lowest mortality on oats. Mortality was 
greater on damaged almonds, still greater on sound almonds, and 
greater still on damaged raisins. It was greatest for sound raisins or 
prunes, depending on the species, relative humidity, and rearing 
method. 
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The observation that mold growth on the various foods at 80
percent RH seemed to benefit O. mercator more than O. 
surinamensis has been mentioned several times. No attempt was 
made to identify these molds. O. surinamensis generally did better 
than O. mercator on raisins and prunes at 20- and 50-percent RH. 
The reverse was often true at 80-percent RH. One possible ex
planation is that mold growth developed on the raisins and prunes 
(especially damaged ones) at 80-percent RH. More mold was present 
on the damaged raisins and damaged prunes which were handled 
repeatedly than on those fruits that were seldom or never handled. 

Sinha (1968) reared six species of grain-infesting beetles and 10 
species of grain-infesting mites on 23 species of fungi and one ac
tinomycete. Of the beetles tested, O. mercator completed develop
ment on 18 fungal species. O. sarinamensis reportedly completed 
development on 10 fungal species. This suggested to Sinha that O. 
mercator is less specialized than O. surinamensis, and, therefore, 
exhibits a more flexible and generalized condition. Sirokowski (1964) 
worked with three beetle species and five Aspergillus species and 
found that O. surinamensis could complete development only on A. 
versicolor. 

Adult Weight 

O. mercator adults from larvae reared on various foods always 
had a mean weight greater than the one for O. surinamensis (table 
6 and fig. 7). Generally, the ranges for the weight of the two species 
overlapped one another, but there was no overlap fc:: females on 
raisins at 50- and 80-percent RH and only a slight overlap for males 
on almonds and prunes at 80-percent RH and for females on almonds 
at 80-percent RH. Howe (1956) stated the adult weight for both 
species of Oryzaephilus was about 0.3 to 0.5 mg, but presented no 
definite data to confirm this. Slow (1958) found that O. mercator 
was larger than O. surinamensis as determined by adult body 
length, !Jut her measurements overlapped. 

Males always had a mean weight less than the one for females of 
both species. The ranges for the two sexes of both species always 
overlapped one another. Howe (1956) found that the average weight 
of females was greater than that of males. The weight of adults from 
larvae reared on different foods decreased as follows: oats > 
almonds > raisins. 

Neither species survived on raisins or prunes at 20-percent RH. O. 
surinamensis males weighed about the same on prunes and raisins at 
50-percent RH. In contrast, females weighed more on prunes than on 
rainins. One male and no females of O. mercator survived on prunes at 
50-percent RH. 
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Both sexes of both species weighed. more on prunes than on raisins 
at 80-percent RH, and generally weighed more on a given food as RH 
increased. This agrees with the findings of Howe (1956) that weight 
decreased at low humidities .and high temperatures. 
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FIGURE 7. - Weight of Ory;:;aephilu.~ spp. males and females in various diet and hu

midity conditions at 30° C. 
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Adult Lifespan 

Neither males nor females lived very long on sound almonds or 
sound raisins at 20-percent RH (tables 9 and 10). The lifespan was 
usually less than 10 but no more than 30 days for both species. O. 
rnercator consistently lived longer than O. surinarnensis, at 20
percent RH. Both sexes of both species lived about equally as long on 
prunes, but none lived more than 70 days. 

O. sLlrirwmellsis generally lived longer than O. rnercator at 50
percent RH. O. mercator females on damaged almonds however, 
did live longer than O. surirwmensis females. 

Little difference was found in the duration of the adult stage for 
both species at 80-percent RH, because many adults were still alive 
at the end of the test (90 days). 

Preoviposition Period 

O. mercator generally had a shorter preoviposition period (table 7) 
than did O. sllrin(trTl('nsis. The one exception was on almonds at 80
percent RH, where n. mercator had a slightly longer preoviposition 
period than did O. sllrin(l rnensis. 

The preoviposition period was shortest on oats and almonds for 
both species at all humidities. There was little difference in the 
duration of the preoviposition periods at the various combinations ex
cept that those for O. sLlrirwrTlensis on oats and almonds at 20
percent RH were two tu three times longer than at other humidities 
and two to three times longer than those for O. rnerccltor. The 
preoviposirion period was three to eight times longer on raisins and 
prunes than on oats and almonds for both species. 

Adults of both species generally died before ovipositing within 8 to 
12 days on sound almonds and sound raisins at 20-percent RH. Both 
species had longer preovipositioll periods on sound than on damaged 
raisins at 80-percent RH. 

Oviposition Period 

()- rnerl'at(Jr generally had a longer oviposition period (table 8) 
than did O. surirwmellsis. One exception was on sound almonds at 
50-percent RH, where 60 percent of the O. mercator females died 
withllut laying egg~. Another ex('eption was on prunes at 50-percent 
RH, where the oviposition period for O. mercator was 0 to 30 days 
long and 0 to 73 days long for O. sllrinamensis. 

The oviposition period was generally longer for both species as the 
RH increased. These tests were ended after 70 to 100 days of taking 
records. so maximum oviposition periods were not determined. 



15ORYlAEPHILL'S ON DRIED FRUITS AND NUTS 

Oviposition 
O. mercator laid more eggs on oats, damaged almonds, and 

damaged raisins than did O. suriTlamensis at 20-percent RH (fig. 8, 
ll). All females of both species died within 2 weeks on sound raisins 
and within 9 weeks on damaged prunes without laying eggs. 
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FIGURES 8.l:l. - Mean accumulativl' numlwr IIf l'gg, produced by (I, <ur;/tufT"'''.,;.< 

(figs. 8.10) and (), mer('(lwt (figs. 11.);1) at :3 relatiw humidities. 80('h mean was 
based on 5 to 10 adult pairs from individual rearings. Name of food and ('ondition 
of food (s=sound, d =dan,aged) given for each line in graph. Females that died or 
quit ()vipositing during the period of study were Included III ('akulatlolls as prn. 

ducing 'lern number of eggs. 
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Similarly, O. surinamensis females died within 2 weeks on sound 
almonds without ovipositing. No tests were made with O. mercator 
on sound almonds at 20-percent RH. 

O. mercator laid most eggs on almonds, less on oats, and least on 
raisins at 20-percent RH. O. wrinamensis laid most eggs 011 oats, less 
un almonds, and least on raisins. 

Both beetle specieS laid about the same number of eggs on oats at 
50-percent RH (fig. 9, 12). O. mercator laid more eggs on damaged 
almonds and sound raisins than did O. surincunensis. The reverse 
was true for sound almonds, damaged raisins, and prunes. 

O. mercator and O. surinamensis laid a few more eggs on oats 
than on damaged almonds at 50-percent RH. Both species laid a 
much smaller number of eggs on raisins and prunes than on oats and 
almond". 

O. mercator laid more eggs than O. sl1rinamensis on damaged 
almonds and on sound and damaged raisins at 80-percent RH (fig. 
10,. 13). O. surinamensis laid more eggs than did O. mercator on 
oats and prunes over a I3-week period, but O. mercator was ahead 
of O. surinamensis in egg production during the first 8 weeks of adult 
life. No tests were made with either beetle species on sound almonds 
at 80-percent RH. 

Both beetle species laid many more eggs on oats than on almonds 
at SO-percent RH. The relative abundance of eggs laid by O. mer
cator on the foods tested was as follows: damaged raisins> oats> 
sound raisins> prunes> almonds. The relative number of eggs laid 
by O. surinam e ns is was as follows: oats > prunes > sound raisins 
> almonds > damaged raisins. 

O. sl1rinamensis laid many more eggs on oa is than on the other 
foods at all three RH's. The second largest number of eggs was laid 
on almonds at 20- and 50-percent RH. O. suriucun('Ttsis laid more eggs 
on sound almonds than on damaged almonds at 50-percent RH and 
more eggs on sound raisins than on damaged raisins at 50- and 80
percent RH. 

Both beetle species laid the greatest number of eggs at 80-percent 
RH and the least number of eggs at 20-percent RH. 

Most eggs were laid on or through the screens at the cap ends of the 
cages even though these screens were 120 mesh/in. The females of 
both species seemed to prefer the screens as oviposition sites. Eggs 
pushed throul5h the screens to a position between the screen and caps 
did not have decreased viability. The comparative percentages of eggs 
laid by O. sl1rinamensis on or through the cap screens at the three 
RH's studied were: 67 to 89 percent for oats, 81 to 95 percent for 
almonds, 63 to 65 percent for raisins. and 69 to 88 percent for prunes. 
Comparable percentages for O. mercator were: 89 to 96 percent for 
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oats, 79 to 96 percent for almonds, 57 to 83 percent for raisins, and 59 
to 86 percent for prunes. 

Intraspecies and Interspecies Com peti tion 

Table 11 shows the changes in beetle populations during a 10-we",k 
period expressed as a percentage increase (initial number of adults in 
test divided into total number of dead and live adults at end of test, 
exclusive of those used to start the test, xIOO). At 20-percent RH, O. 
surinamensis had a 59-percent greater increase on oats than did O. 
me rca tor in in traspecies rearings, but only a 9-percent greater in
crease in interspecies rearings. O. mercator had a 100-percent 
greater increase than did O. surinamensis in intraspecies rearings 
and a 6,000-percent greater increase in interspecies rearings on 
almonds. O. me rca t or showed some increase on raisins in in
terspecies, but not intraspecies rearings. Neither species increased on 
prunes. 

At 50-percent RH, O. sunnamensis showed 34 percent (oats), 47 per
cent (almonds), and 47 percent (raisins) greater increases in numbers 
than did O. mercator in intraspecies rearings. O. mercator showed 49 
percent (oats), 1,250 percent (almonds), and 1,275 percent (raisins) 
greater increases than did O. sunnamensis in intcrspecies rearings. 
Neither species increased its numbers on prunes. 

At 80-percent RH, O. surinamensis had about 0 percent (oats), 
about O-percent (almonds), and 14 percent (raisins) greater increases 
in numbers in intraspecies rearings and 14 percent (oats) greater in
crease in interspecies rearings than did O. mercator. O. mercator 
had 252 percent (almonds) and 725 percent (raisins) greater increases 
in numbers than did O. surinamensis in interspecies rearings. O. 
mercator showed some increase on prunes in interspecies rearings 
but not intraspecies rearings. 

The species (usually O. mercator) having the greatest amount of 
increase in the interspecies rearings for a given f00d-RH combination 
always showed a smaller amount of increase in the intraspecies 
rearings. For some undetermined reason, the mixture of two species 
seemed to benefit the species doing best in the mixed situation so that 
it increased to greater numbers than when reared by itself. 

When single species rearings were made, O. s lui na mens is had the 
greatest increase in numbers for five cases. This was true for O. m",!r
cator in only one case. The amount of increase was nearly equal for 
the two species in six cases: four with zero increase fraisins at 20
percent RH, and prunes at 20-, 50-, and 80-percent RH); one with a 
final count of about 104 for both species on almonds at 80-percent 
RH; and one with a count of about 2,000 for·uats at 80-percent RH. 

When both species were reared togetlTer, O. mercator had the 
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greatest increase in numbers in eight cases, whereas O. surinamen
s is had the greatest increase in only two cases. Both species had zero 
increase in two cases (prun,es at 20- and 50-percent RH). 

COl\'CLCS[ONS 

The biologies of the sawtoothed grain beetle, Or)'zaephilus 
surinamensis (L.), and the merchant grain beetle, O. mercator 
(Fauvel), were studied at 30° C and 20-, 50-, and 80-percent RH on 
rolled oats, almonds, raisins, and prunes. O. surinamensis generally 
had a shorter life cycle and a greater percentage of survival than did 
O. mercator on rolled onts, raisins, and prunes, whereas the reverse 
was generally true on almonds. 

The egg stage ranged from 3.8 to 4.1 days for O. surinamensis and 
from 4.1 to 4.5 days for O. mercator. 

Both beetle species generally had four larval instars. O. mercator 
had a fifth instar three times more often than did O. surinamensis. 
O. mercator was the only species to have six instars in some tests. 

O. mercator consistently had a shorter pupal stage than did O. . .
sunnamenSlS. 

The life cycle for O. surinamonsis in individual rearings ranged 
from 21.1 to 23.9 days on rolled oats, from 26.3 to 40.6 days on 
almonds, from 40.4 to 42.7 on raisins, and from 40.8 to 54.0 days on 
prunes. The life cycle for O. mercator in individual rearings ranged 
from 22.4 to 26.9 days on rolled oa ts, from 25.3 to 38.2 days on 
almonds, from 43.5 to 56.4 days on raisins, and from 43.8 to 67.2 days 
on prunes. Neither species completed its life cycle on raisins or prunes 
at 20-percent RH. 

O. mercator adults from larvae reared on the four foods always 
had a mean weight greater than the one for O. surinamensis. 
Females of both species always weighed more than males. For exam
ple, rearings at 50-percent RH showed O. mercator males to weigh 
0.64 mg on oats and 0.38 mg on raisins and females to weigh 0.72 mg 
on oats and 0.41 mg on raisins. O. surinamensis males weighed 0.47 
rug on oats and 0.26 mg on raisins and females weighed 0.55 mg on 
oats and 0.27 mg on raisins. Both sexes of both species generally 
weighed more on a given food as RH increased. 

O. me rca tor had a shorter preoviposition period than did O. 
surinamensis on all foods at all RH's except for a slightly longer 
one on almonds at 80-percent RH. 

O. mercator generally had a longer oviposition period than did O. 
surinamensis on all foods and RH's. 

Both beetle species laid more eggs as RH increased. Rearings on 
oats showed egg production for O. surinamensis to range from 32 to 
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422 and egg production for O. mercator to range from 80 to 338. 
When 10 adult pairs of a single species were reared together on the 

various food and RH combinations, O. Sllrinamensis had the 
greatest increase in numbers in 5 of the 12 possible combiiiatiuns. 
This was so in only (me combination for O. mercalOr. The amount of 
increase was nearly equal for both species in six of the combinations. 
When both species were reared together, O. surinamensis had the 
greatest increase in numbers in only two combinations, whereas O. 
mercalOr had the greatest increase 111 eight combinations. O. mercator 
populations increased much more in interspecies rearings than in in
traspecies rearings in 9 of the 12 possible food and RH combinations. 
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APPENDIX 


TABLE 1. - Moisture content of test media 
at 30° C at various times after a 2-H:eek 
precondirioning period 

Percentage uf mOIsture 

Oat~ Alm()nd~ RalSlOS Prunes 

"it; 	 3,5 2< 9.0 15.0 

3 6.7 3A <. 9.0 14.0 

7 6.7 3.3 <.9.0 < 13;0 

11 6.5 3,2 <.9.0 < 13.0 

50 	 1 10.5 4.6 15.0 16.0 

:3 9.9 4.8 14.0 14.5 

10.0 	 4.5 11,0 12.0 

eo 	 15.8 8.2 30.3 34.2 

:1 15.5 8.6 33.6 35.S 

3 15.9 8.9 35.0 35.9 

Number of weeks after inserts were piared on 
tpst media. 

2 The i <. ) fIgures were obtalnpd from a OFA Mois
turE' Tester before a vacuum ovpn was obtainpd to run 
mOIsture tests. 

TABLE 2. - Durati01l of egg stage CInd 
('o1lfidence interval (98 percent) for eggs 
Ic/Zirh hatched at 30°(: 

Cnnfl
~llrnht-"r ',l f)ur.ltll·n d.l~'" J dpn('p

Pprl' .... nt RH Pgl!:" lntf'rval 
~lpan ! SD

h.lto·hmg '. ~d.1Y'· 

Oryzorpllllus sunnamenS1S 

20 S69 4.1 0.01 0.5 

50 2S5 3.8 0" .5 

flO l.~{) 3.9 .02 .5 

OrVZ(lppIIllus mercator 

~(J filS 45 .02 .5 

50 2()4 4.2 ,02 .6 

8l! 59:3 4.1 .01 .5 
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TABLE 3. - Duration of stages of Oryzaephilus spp. at 30° C 1 


o sunnam('nSIS o m('reate". 

Stage Number Number Ourauun tday~}
tested t<'sted 
numbE>r numberMpan ±SD Rangp Mean =SD RangeIn stage In c;tagE:' 

Oats (20-jJercent RH) 

E 10110 
 10/10 
L1 2 9/9 4.0 0.5 3.3-4.7 2818 5.1 1.3 2.9-7.8 
L2 9/9 2.6 .51.1-3.9 8/8 3.2 .7 1.0-5.2 
L3 9/9 3.8 .7 1.9-6.2 7/7 4.3 1.4 1.9-8.1 
L4 B/8 6.2 .9 4.0-8.1 3 7/6 5.8 .8 3.8-8.1 
P 7/7 6.2 .2 5.1-7.3 7/7 5.3 .5 4.0-7.1 
ED-PE 7/7 26.7 1.0 25.5-28.7 7/7 27.3 1.8 24.0-30.9 

Sowut almo/ULS 4 (20-jJercpnt RH) 

E 5/5 10/10 
Ll 1/1 10.1 9.1-10.9 8/8 7.71.75.8-12.1 
L2 010 7/7 5.4 2.6 2.2-11.9 
L3 0;0 6/6 5.0 1.0 3.0-7.9 
L4 0/0 5/4 5.4 1.3 2.8-8.0 
L5 0/0 Gt'2 5.6 .6 4.1-7.0 
P 0/0 5/5 10 .1 3.9-6.2 
ED-PE 0/0 5:5 35.3 3.1 309-39.8 

Danwgeci raisins 4 (20-/Jeyceni RH) 
E 15/15 
L1 4/4 8.2 1.4 6.1-10.8 010 
L2 2/2 8.0 1.4 6.0-10.0 0.0 
L3 2/2 21.5 6.6 15.8-27.2 OlD 
L4 1/1 27.5 25.0-30.0 0/0 
P 0/0 0/0 
ED-PE 0/0 0/0 

Danwgr(J pmnes (20-jJercent RJ-f) 

E 20/20 10/10 
L1 2/2 7.4 2 1 5.1-9.7 OiO 
L2 010 0/0 
L3 0/0 0: 0 

Oats (50-percent RH) 
E 15115 15/15 
L1 15/15 3.0 03 2.2-3£1 15, l!i 3.4 0.4 28-4.0 
L2 15115 2.7 .3 1.8-4.0 1!i/15 2.4 .4 1 8-3 6 
L3 15/15 3.2 1.2 2.0-6.0 15/15 2.8 .5 1.:3-4.2 
lA 15/10 4.5 .5 3.0-5.9 l!i/15 4.9 ;; :3.g-G.7 
P 15/15 5.9 .4 5.1-7.1 15/15 5 I .2 42-G.0 
ED-PE 15115 21.7 1.1 19.4-24.9 Hi./l!i 230 !J 21.0-257 

See footnotes at end of table. 
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TABLE 3. - Duration oj stclges ojOryzaephilus spp. at 30° C 1 -

Continued 

o ~Ul1namen.(a ... 	 o mercator 

:\umbpr Dur.ltmn ,day~) Nurnbpr Duratton tdaj"i) StdgP 
teswd,tp~",d 

numbpr 	 numbt-r 
~1pJ.n !SO R.wgp Mpan !SO Rangp 

In ~lagto 10 staf,!;p 

Damaged aLmoruls (50-percent RH) 

E 15; 15 	 15/15 

L1 14/14 4.9 0.9 3.2-6.4 15/15 4.1 0.7 3.0-6.0 

L2 13. 13 4.6 1.9 2.8-12.0 15/15 3.7 .6 2.7-5.3 

L3 13i13 4.5 1.8 2.0-11.0 15/15 4.0 .7 3.0-5.9 
L4 13/12 5.9 .9 3.0-7.7 15.-15 5.8 .8 4.3-8.0 

L5 13, 1 7.9 7.0-S.8 15/1 8.0 7.1-8.9 

P 13.'13 6.0 .5 4.2-7.7 15/15 5.2 .3 4.2-6.1 

ED-PE 13 13 29.9 3.3 24.4-36.5 15/15 27.S 3.2 23.1-36.3 

Sowul misins (50-percent RH) 

E 5.5 5/5 
L1 55 6.1 1.1 4.0-8.2 5/5 7.3 1.8 3.0-12.0 

L2 5, 5 6.9 1.4 4.0-10.0 5/5 6.5 1.1 4.0-9.0 

4 .. 4 6.5 1.6 4.1-9.2 5/5 8.1 3.2 5.0-15.0L3 
L4 4·4 11.0 2.9 5.0-15.0 5/5 9.3 1.2 7.0-12.0 

L5 4. 0 .0 5/2 9.0 2.8 5.0-12.2 

L6 4,0 .0 5/1 8.7 7.3-10.1 

P 4.4 6.3 .5 5.0-9.0 5/5 5.4 0.6 4.0-7.0 

ED-PE 4.4 39.9 4.6 31.9-33.2 5/5 46.5 9.2 35.1-60.6 

Damaged mlsillS (50-percent RH) 

E 10.. 10 10/10 

L1 8'8 7.3 0.9 6.2-9.7 8/8 8.7 1.4 7.1-12.0 

1.2 6. 6 6.7 1.8 2.3-8.7 	 8/8 7.3 .9 5.5-9.7 

1.3 5.'5 7.4 1.9 4.8-10.7 	 6/6 7.2 2.0 5.0-10.7 

L4 	 3 3 10.8 4.6 5.4-15.5 6/6 9.7 3.1 6.0-16.2 
6/4 9.4 3.7 5.0-17.0L5 3. 1 

L6 2. 0 .0 6/1 10.0 9.0-10.9 

P 2 2 5.5 .2 4.8-6.0 6/6 5.0 .1 3.0-6.1 

ED-PE 2. 2 41.6 7.4 35.7-47.7 6/6 50.6 7.8 38.5-64.6 

Darruz{;ni pnuzf's (50- /X'H'(,llt RH) 

E 17 17 15 15 

L1 15 15 8.3 4.4 2.5-185 7 7 12.6 3.1 8.0-16.2 

L2 13 13 12.7 9.9 4.2-39.2 4 4 8.3 3.0 4.0-11.2 

L3 10,10 198 10.0 8.9-368 2 2 9 6 .0 9.0-103 

18.9 ;'1 11 8-27 0 2 2 20.7 12.4 11.0-31.01.4 10 9 
L5 9 1 23.0 22.0-24.0 2 1(;;' 150-180 

P 8 8 6.8 8 ·1 9-11 0 2 2 4.9 7 2.8-6.9 

En-PE 8 8 71 1 18 1 449-9·1 1 2 2 683 7 66.1-70 7 

See footnutes a tend of table. 
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TABLE 3. - Duration of stages of Oryzaephilus spp. at 30° C 1 _ 
Continued 

0, 5urinamensis o mercator 

Sta~~ Number [JuratIOn (naY~i Nurnbpr 
tested/ tested/ 

number 
 number 
in stage Mp3fl :tSD RangeMean ±SD Ran~ .. 

In .5taJ:;'p 

Oats (80-Percent RH) 

E 10/10 9/9 

L1 10/10 2.7 0.3 2.0-3.4 
 9/9 2.9 0.3 2.0-3.4 
L2 10/10 2.6 .3 1.9-3.7 9/9 2.8 .9 1.4-5.2 
L3 10/10 2.7 1.4 1.3-7.0 9/9 2.6 .8 1.2-5.0 
L4 10/9 5.3 1.5 1.2-7.7 9/8 4.9 .3 3.9-6.0 
L5 10/1 7.0 6.2-7.8 9/0 .0 
P 10/10 5.8 .3 4.9-7.0 9/9 5.3 .3 4.4-6.7 
ED-PE 10/10 23.2 1.4 20.8-26.4 9/9 22.0 .7 20.7-24.1 

Sowut almoruis (80-Percent RH) 

E 5/5 5/5
L1 5/5 4.8 0.9 3.2-6.3 5/5 4.1 0.5 3.0-5.0 
L2 4/4 4.4 2.9 2.3-9.4 5/5 3.9 .9 . 2.2-5.3 
L3 4/4 3.6 .7 2.5-5.5 5/5 3.9 1.1 2.2-6.4 
L4 3/3 5.8 .2 5.2-6.6 5/5 5.7 .7 4.3-7.6
P 3/3 5.7 .5 4.2-6.7 5/5 5.4 .4 3.8-6.7 
ED-PE 3/3 25.8 1.0 23.8-27.0 5/5 27.1 2.5 23.6-31.2 

Damaged almoruis (80-PeYcent RH) 

E 5/5 5/5
L1 5/5 4.1 0.5 32-5.0 5/5 :u 0.2 3.0-4.2 
L2 5/5 3.8 .8 2.2-5.7 5/5 3.:3 .5 2.2-4.7 
L3 5/5 3.2 .8 1.8-5.2 5/5 3.0 .6 1.2-4.2 
L4 5/5 6.0 .9 4.3,-8.1 5/5 4.7 1.5 1.5-6.7 
L5 5/0 .0 5/1 6.0 5.4-6.6 
P 5/5 5.6 .6 3.6-7.0 5/5 5.4 .5 4.0-7.1 
ED-PE 5/5 26.6 2.3 23.8-31.1 5/5 25.4 1.0 23.8-27.0 

.";uunrl mis1Il3 (80-/X'rcent RH) 

E 5/5 
L1 5/5 6.0 2.4 42-10.4 82 2.3 3.8-10.0 
1.2 5/5 6.7 2.7 2(,-]1.0 :J 5 3.8 2.3-12.6 
L3 5/5 11.4 6.4 .:) 0-20,0 G/5 21.3 8.5 7.3-32.8 
L4 4/3 12.1 6.0 :',9-19.7 5i.:j a:; 2.9 6.0-13.7 
L5 4/0 .0 5 '1 § 9 8.8-11.0 
P 4/4 4.9 I.J li-I;.4 .j/4 2 .5 4~O-7.0 
ED-PE 4/4 38.4 8.1 2f'7-48.0 44 :'1; 8 10.7 40.7-68.1 

See footnotes at end of tab)., 
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Duration of stages of Oryzaephilus spp. at 30° C 1 TABLE 3. 

- Continued 

O. mercatoro. 5urinamensts 

Number Duration (days)Number DuratIOn (days) 

testedt 


Stage 
tested! 
numbernumber RangeMean !:SD Range Mean ±SD 

in stage in stage 

Damaged raisins (80-percent RH) 

5/5 

L1 5/5 5.7 1.1 3.8-7.0 5/5 5.8 1.4 3.B-8.2 

L2 5/5 6.1 1.3 4.5-9.0 5/5 5.8 3.B 1.2-12.1 

E 5/5 

1.3 4.7-8.8 4/4 5.2 1.4 :>.1-7.3L3 5/5 6.0 
L4 5/5 11.6 3.9 8.8-20.0 4/4 8.7 1.7 6.6-11.3 

3/1 5.6 5.0-6.2L5 5/0 .0 
4.0-7.0 3/3 5.0 .4 3.6-6.1P 4/4 5.6 1.7 

33.4-51.0 3/3 37.1 4.9 30.7-41.1ED-PE 4/4 39.6 6.6 

Damaged prunes (80-percent RH) 

10/10 

L1 10/10 6.8 2.5 3.2-11.0 10/10 8.5 3.5 2.0-13.8 

L2 9/9 12.7 8.8 3.3-36.5 8/8 5.6 1.2 3.6-8.3 

L3 8/8 13.2 6.5 4.3-25.1 7/7 5.8 2.6 2.4-9.9 
3.8-18.0 

E 10/10 

L4 8/8 11.6 B.O 4.0-26.9 7/7 8.6 4.8 

L5 8/1 11.7 10.8-12.6 7/2 8.5 .2 7.7-9.4 

P 7/7 5.5 1.1 4.0-7.0 7/7 5.4 .4 4.0-7.0 

ED-PE 7/7 55.9 11.1 35.6-72.0 7/7 39.5 8.0 26.9-51.1 

1 Individual rearings - repeated examinations. 
2 Any decrease in number in test count was due to some individual(s) 

dying or being lost during a given stage. 
3 When number having stage count is less than number in test count, the 

difference between the 2 counts is the number of individuals skipping a given 
stage. 

4 All O. surinamensis died as 1st instar larvae on 5 damaged almonds and 
on 5 sound raisins. All O. mercator died as 1st instar larvae on 5 sound 

raisins. 



~ 
TABLE 4. - Durnt;ofl of li.fi~ ('yd() (f'gg d('I}()siliolt 1.0 rtdltlt emergen('!') and survival ojOryzaephilus spp. at en 

3()O C I 

o ~url1/1l1llf'Il!o,I:-. O. m('Y('ator >-3 
ttl 

S,·~ 

CM, mall'. 
F. [elJlote) 

ppr
{'put 

agl' 

IIi 

~UI'-

NUlllilpr 
It·~tpd Mpan 

llurall"" (days) 

"" SIl H:llIgp 

PPf

('pnt

a~(' 

or 
Hur

N\Hn\u;'r 
tl'!':itl'd Mpan 

Duratiull (days) 

±SlJ Hallgp 

(1 
ill 
Z ...... 
(1 
:> 
t-' 

VIva I vlval ill 
C1 
t-' 

Oats (20-jJercf'nt RH) t-' 
ttl 

M 
F 

20 
27 

23.8 
23.9 

1.3 
1.4 

21.5-28.2 
20.9-27.0 

21 
23 

26.8 
27.0 

1.5 
1.2 

23.7-30.3 
23.7-30.3 

>-3 ...... 
Z 
..... 

72 1 24.5 23.9-25.1 0 "'"OJ 

M+ r 96 50 23.9 1.3 20.9-28.2 88 50 26.9 1.3 23.7-30.3 
OJ. 
C1 

Almonds (20-percent RH) 3 rn 
M 3 44.1 2.0 41.3-46.9 11 37.7 3.3 30.6-45.4 

tJ 
t:r:J 

F 
') 2 

M+F 12 

2 
1 

50 

:14.8 
42.0 
40.6 

3.5 

5.0 

31.6-:38.0 
41.3-42.7 
31.0-46.9 52 

14 

50 

39.0 
31.0 
38.2 

7.1 

4.,2 

31. 7-49.5 
30.6-31.4 
30.6-49.5 

"0 
~ 
0 
"'.l 

Oats (50-/X'rcellt RH) 
:> 
Q 
~ ..... 

M 26 20.9 1.2 18.6-24.8 30 23.2 0.9 21.7-25.9 (1 

F 22 21.3 1.2 18.6-25.8 19 23.0 .9 21. 7-2fi.6 ~ 
M+F 100 48 21.1 1.2 18.6-25.8 98 50 23.1 .9 21.7-25.9 >-3 

C1 

Sowui almonds (50-/X'/'c(,lIt H.lf) 
!:O 
ttl 

M 8 26.0 2.8 23.9-32.9 11 26.8 1.8 23.6-30.0 
F 7 26.0 .3 24.9-27.8 8 26.6 1.9 23.6-30.9 
M+F 62 24 26.0 2.1 23.9-:13.0 76 25 26.7 1.8 23.(··30.9 



Damaged almOluls (50-percent RH) 

M 
F 
M+ F Q6 

12 
12 
25 

28.3 
28.1 
28.2 

2.5 
4.3 
3.5 

24.9-35.0 
23.6-40.0 
23.6-40.0 88 

10 
12 
25 

27.7 
28.2 
28.0 

1.4 
2.2 
1.9 

24.5-30.0 
24.5-31.7 
24.5-31.7 

Sowul raisins (50-/X?I'cC'nl RH) 

M 
F 
M+ F 8 

2 
0 

25 

46.9 

46.9 

6.4 

6.4 

40.9-52.0 

40.9-52.0 17 

2 
2 

23 

49.9 
67.7 
58.8 

9.6 
2.1 

11. 7 

41.5-58.9 
65.5-69.9 
41.5-69.9 

0 
~ 

~ 
~ 

Damagf'd raisins (50-/)('I'('('nl lUI) ~-
M 
F 
M.j F 44 

6 
4 

23 

38.6 
43.0 
40.4 

7.4 
11.·\ 
11.9 

31.8-51.0 
31.8-61.0 
31. 8-6\.0 36 

6 
:', 

25 

57.0 
55.1 
56.4 

12.0 
10.7 
10.9 

47.4-81.9 
47.4-72.8 
47.4-81.9 

t" 
c::: 
(I) 

0 
Z 

Damaged pnmes (50-percent RH) tJ 
~ 

M 
F 
M+F 31 

8 
3 

42 

57.5 
48.4 
54.0 

14.2 
19.0 
16.1 

40.,2-88.0 
35.9-88.0 
35.9-88.0 2 

Oals (80-jxl/'cenl RH) 

1 
0 

50 

67.2 

67.2 

66.5-67.9 

66.5-67.9 

H 

t%J 
tJ 
'%j 

~ c: 
~ 

M 
F 
·,2 

M +F 94 

22 
24 

1 
50 

21.3 
21.5 
26.2 
2Ui 

1.1 
1.2 

1.3 

18.5-23.9 
18.5-27.0 
25.4-27.0 
18.5-27.0 94 

26 
21 

0 
50 

22.2 
22.6 

22.4 

0.8 
1.4 

1.1 

20.5-24.8 
20.5-26.9 

20.5-26.9 

en 
~ 
Z 
tJ 
Zc: 
>-3 

S01lnd almonds (80-/X'I'C(,lli RJ/) en 

M 
F 
M.,.F 68 

10 
7 

25 

251 
27.:3 
26.0 

2.6 
4.8 
3.7 

20.5-29.1 
22.8-37.9 
20.fi-37.9 40 

6 
<I 

2fi 

26.6 
23.6 
2fi.4 

4.3 
0.7 
3.6 

22.3-33.7 
22.3-24.9 
22.3-33.7 

l..:l 
-l 

See footnotes at end of table. 



l-.:>TABLE 4.- Durlltillll IIflifl> I'.n'/I> (1'1{~ dl'I}OS;Iioil IlIlIdilll f'1II1>r}{f'Tlf'I')lIl1d sUr/·i,.'1I1 0fOryzaephilus .~pP,lIt (Xl 

300 C I - Continued 

() "IUllltJHI,'11'.1:-.. () "H'IT(lhH "'l 
t>:J 

St'X 

(M.III.II ... 
f, female) 

}lpr

l'PU1 

.lit,1 

or 
~ur 

!'lUfIlL,,1' 

I"""it·. I 
----

~tp.11I 

ll\ir.lHH1\ HI.\\ ...... 

t};" H.\lIt~l· 

Pt'r 
r('111 

.t~p 

..r 
~lIr 

NIIIUllpl 

\p ...h·\\ Mp,Hl 

110""'11111' (1Iay,) 

'51) Halll!l) 

0 
::r: 
Z 
H 

f; 
t" 

\1\.11 Viv.tI tIl 
~ -"....~-~--- .. ? 

Damager/ a/mollds (80-/x'/('('1I1 lal) t" 
t>j 

M 10 20 9 3.0 199·302 [j 2:'.5 0.9 2:U·27.0 "'l 
>-< 

P 
M+ F OB 

7 
25 

2:';; 
20:J 

1 1 
2.·1 

23.9-28.:1 
19.9-30.2 88 

17 
25 

2:'.2 
25 3 

1.2 
1.1 

22.3-28.5 
22.:1-28.5 

Z 
.... .... 
00 

M 2 :14.7 

SOllful misills (80'/J('rc(,1I1 lUI) 

2 7 :31 9·n.0 5 ;;0.0 ,1.4 42.7-0:'.:1 

.00 

c: 
fn 

F' 2 300 :\5.6-37.6 6 41.7 !l.1} :13,1-47.8 tj 

M·' F 16 2'5 3:'.7 1.9 :1l.9-370 44 25 45,7 0.0 3:1.1-55.3 t>j 

D<lmllgnl nJlSIIIS (80-1)('n'(,111 RII) ~ 
M 9 370 03 30.9-014 5 45.1 7.9 34.4-57.7 0 

"'.1 
F 13 ·16.3 9 7 :15.2-674 2 39.5 4.9 35.2-43.7 ;J> 

M·F 88 2fi ,127 9.·1 aO.9-674 28 25 43.5 7.3 34.'1-57.7 0 
~ 

DaTllaged PI1I11(,S (80-lx'r(,(,I1/ RH) 
...... 
0c: 

M 
F 
·,2 

12 
17 
2 

434 
39.8 
:l3.8 

10.7 
12 ti 

26.2-604 
20.8-084 
30.9-36.6 

12 
12 
0 

47.:' 
40.1 

17.[j 
9.a 

32.0-81.9 
28.0-01.9 

t" 
"'l 
§ 
t>:J 

M+F 02 :'0 40 8 11 :, 20.2-08.4 48 :'0 43.8 14.2 28.0-81.9 



I Individual r('aring-s - Iimill'd ('xall1inalions. 

2 Sex of individuals in this row nol rl'lIJr(ll'd. 
:l All n ..<lIril/llI/It'II";" di('d h\.fon' l'oll1pll'ling- lifl' l'yl'lP lin sound a1111011l18. Nl'illll'r slJl'dl's l'olllpll'll'd dl'\'l'lopllH'1l1 on sound raillins or daIlHIV;l'd 

prunl's, 

C 
:t:TABLE 5- Dllr(ltioll offifl' ('yl'il' (,'g~ r/eposilioll 10 (ldllil (,1II('rg",I('I') (1111/ SIII'I';I'nl 0f0l'yzaephilus SliP· (II ..... 
N:J0 0 c I :... 

lM, Illllle; F, fellllliel ~ 
::t:-tfl Ith'h'llfp; r-

Il -"ur "klltlt'll""'~ ~ 
1'1'1' o

PPf 11UI ,IIPIII Ida,,"'!
11111".111[111 ql,l \~, t t'ut Z 

n'nt 
•tgf' Numb!' • tl 

~l~~\' :O;II,"Ill'r ------,----
l'px 11,,,,11>1\ .\11'.111 !!-ill H,ltIlt P ;0 

"I 
It.uwl' ,,' 

@tt'""lt'l\ ~lp.lIl +- ~11 
...ur

',lIr t:l
\\\,01\ 11.,1 "':l ...-- -... _._---- . ;0

c:Oil 1S (20-1)(' ,'c('111 lUI) 
~ 

2.3 24.4-34.9 en 
51 24.1 l.G I D,·1~29 :1 33 28.1 

1\1 ...2.1 24.4-3G.8
24,a .0 ID.-1-28,a 37 28.0 Z-17F' 

100 28,0 2.2 24.4-3G.B d19 ..1-293 7024.1 1.3M+F Do 100 z 
c: 
>-3 

SOtl/lf/ flllllo/llis (20-/.J('1'C't'1I1 Ulf) en 

15 ,1:l.8 6.7 37.0-57.5,11.2 2.;' 38.0-4:3721\1 
B 39.,1 2.0 :14.0-43.G

46.1 ,IG·I··IGBF 2 
46 50 42.3 5,9 34.9-57.5

43.6 3.2 38.0-,IGBM + F 8 50 

~ 
to 

SN' foolnoll's al pnd of labll'. 
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TABLE 5 - /)/lr(ltioll of lifr> 1"'1'1" (f'1f,1f, dl'f)()s;rirlll til atlllit I'IIIr>rlf,r'IlI'C') IIlld s/ll'!·it·lIl 0IOryzllepllilll:-. :::> 

3W C I - Continued 
[M. male; F, female I -'3 

~ 
·j.,"U~l"I·Ij'·I', 

.------~- ~.-- . 

1. nll",ll" J 

---~~--,-"--~~- .,~.._----..,....._.. 

i 
? 

PI'f 

"I'nt 
Uur.llI_ ,II "1\ 1'1'1 

,.,,11 11111. It n !d.l\'~ -,s-

Sp.'( 
.l}!£, 

,·r 
:-iUIIII'H 

,,· ... It .. J ~fp.UI • SI. H.IIWI· 

,Wlx 

··r 
7;uwll\'r 
it'·.II'd ~11'.ll! • ~rJ f· 

...-'''\If - "'Uf

\1\,11 \ 1\.11 ~ 
,.-.-_-----. ~ 

-3-Damaged almonds (20-perc'('nf RH) Z 

M 1 46.1 45.4-46.8 15 35.8 2.3 32·1- .1 ...... .... 
F 6 45.4 5.3 38.6-54.9 15 37.8 3.2 30.4-1 ; 

00 
,00 

M+F 14 50 45.5 4.8 38.6-54.9 60 50 36.8 2.9 30.4-4·1 C 

M 50.1 

Damaged misills (20-percenl RH) 

49.1-51.1 4 63.3 16.3 46.9-80 . 

0 
tl 
ttl 

F 69.4 68.4-70.4 1 75.8 74.9-76; ~ 
M+F 4 50 59.8 13.6 49.1-70.4 10 50 65.8 15.2 46.9-86.1' 0 

"l 
Oals (50-Percent RH) :> 

M 
F 

44 
47 

22.2 
22.0 

1.6 
.7 

19.0-31.3 
20.0-23.3 

46 
47 

23.1 
22.9 

0.6 
.7 

21.2-24.7 
21.2-25 {j 

Q 
~ -. 
() 

M+F 91 100 22.1 1.2 19.0-31.3 93 100 23.0 .6 21.2-25.G c 
t" 
-3 

Damaged almonds (50-percent RH) §i 
M 18 29.6 3.3 26.1-41. 5 36 27.3 1.7 23.2-32..l 

ttl 

F 37 28.6 1.8 25.2-32.5 47 2'7.3 2.2 24.2-39.4 
M+F 55 100 29.0 2.4 25.2-41.5 83 100 27.3 Z.O 23.2-39.4 



Damaged raisills (50-1X'I'(,(>1I1 RH) 

M 16 47.4 4.7 40.1-58.5 11 51.2 6.0 41.5-62.3 
I" 8 46.2 4.7 40.1-52.5 21 49.8 7.0 37.5-65.9 
MIl" 24 100 47.0 4.6 40.1-58.5 32 100 50.3 6.6 37.5-65 . .1 

Soulld PI1I11C'S (50-1)('1"('('111 lUI) a 
M 4 05.7 12.5 51.0-79.4 3 82.0 16.2 05.5-100.9 ~ 

I" 6 72.0 1a.0 48.1-81.5 1 90.1 89.5-90.8 ~ 
MtF 10 100 69.5 12.5 48.1-81.5 4 100 84.0 1a.9 05.5-100.9 ~ 

Damaged Imlll(,s (50-lx"'(,(,1I1 RH) 
::t: 
t:: 

M 6 69.4 15.7 55.1-100.4 71.1 69.5-72.8 51 
I" 
M + F' 11 

5 
100 

68.0 
68.7 

a.4 
11.3 

63.1-72.4 
55.1-100.4 2 

1 
100 

50.1 
60.6 14.9 

48.5-51.8 
48.5-72.8 

0 
Z 
tJ 

Oats (80-lx]/'('(ml RfI) ~ ..... 
tIj 

M a9 21.6 \.2 17.7-26.a a9 22.5 0.8 21.0-24.7 tJ 
I" 55 22.0 1.0 18.7-24.6 51 22.6 .9 20.1-26.4 "l 

~ 
M+F 94 100 21.8 1.1 17.7-26.3 90 100 22.5 .9 20.1-26.4 c:: ..... 

Sowul almOfu[s (80-/X'rcenl RfI) >-3 
Ul 

M 
I" 

11 
16 

29.4 
32.3 

2.6 
4.1 

24.1-35.4 
22.0-39. a 

18 
10 

27.7 
27 2 

2.0 
2.3 

24.2-32.5 
22.3-31.6 

>
S 

M+F 54 50 31.1 3.8 22.0-39.3 68 50 275 2.1 22.3-32.5 Zc:: 
Damaged almonds (80-/)('1'('('111 1?11) >-3 

Ul 

M 17 20.;: 1.7 22.0-31.4 18 2fi G Ul 22.3-:11.0 
I" 21 20.9 1.4 24.1-31.4 22 2lifl 2.0 22.3-:11.6 
M + F' 76 50 20.7 \.0 22.0-:11A 80 50 2fi 1 1.9 22.:1-310 

See footnot('s at l'nd of tabl!:' w 
~ 



----

WTABLE 5- IJllruti(JIl ()f life ('"I'lc' (('1414 clef/ositioTl to (Ie/Ill! C'fTlerI4I'TI('e) (lne/ slIn'i!'c" 0fOryzaephilus spp. (I( t-=> 

:wo c J - Contillued 
[M, mille; F, femllle)-----_._---

" "'W""i,JI't o fII'""lltOJ 

Pl·r PI'r 
tlf,t (pll'Illjl"ti ,!I d." 

__" ___' __T_"'-'_' .•• ___ ._.~___
.Hfl "\jud.t I .I)~ f !'itlluiwl

:'-t·x 
','. I ~ I \1,· If. • ' I J H."I~·1 "I It,· tI'd \"',111 

.r <.,ur 
\1\,11 

,)'owui mlSlIIS (80·IX'I·,. nr Rlf) 

M 10 .J.! 2 3 8 :l:i.O-:i2,3 7 46.6 
F 7 .j.~ 2 G.l 35 O-:i2.:l 7 44.t1 
MIl" 3,j :iO .j.j 2 .j 7 35.0-:i2.:l 28 50 45.5 

[)amagryi ra/s/lls (BO-/)(' I'C(,TI 1 lUI) 

M 7 3G 9 7 337··jl.:I 11 :17,1 
F 5 :1 l l 2 1 9 :10.8-:18.4 5 36.9 
MIF 24 :i0 :l5 8 2.2 308-413 32 50 37.1 

SouTllI pnllIes (80- pe r(,<'TlI lUI) 

M 25 48.7 :i 8 33.7-60.6 1 47.0 
F 10 51.7 9.0 41.7-77:i 6 55.t1 
M. F 35 100 49.5 G9 33.7-77.5 7 100 54.2 

Multiple rea rings with 10 inrlividuals per cag-('. 

2 Neith('r species complE'tpd d('velopm('nt on sound raisins, SOlllHI pnllll'S, or damaged prun('s. 

IhH.itlnn trl.t\ ... 

+-.sll 

3.7 
4.7 
4.2 

5.5 
7.7 
G.O 

8.5 
8.4 

H.H1~w 

38.8-:i1.l 
38.8-5:1.1 
38.8-53.1 

28.7-44.8 
28.7-46.3 
28.7-46.3 

46.1-47.9 
44.1-71.5 
44.1-71.5 

~ 
tzj 
0 
::r: 
Z ..... 
0 » r 
IJj 

c:: r r 
tzj 
~ 

-Z 
... 
0> 
.0> 

c:: 
~ 
0 
tzj 
"0 
~ 
0 
"l 

» 
C1 
::0 
H 
0
c:: r 
~ c:: 
::0 
tzj 



TABLE 5.-Weight ofOryzaephilus .~pp. /II 1111'S II lid f('m(d('s liS influt'Tt"(,d hy jiwd uud rt,inli,v(' humidity (It 
,'wo C 

[M. male; F. female] 

(l .'il01llt!"hVl,"'''' () mur"('fltur 

rllud ~px 
NumtH>r 
tp~lPtf \'h-~tn 

W,"ght (Illgi 

!SIJ HMIV;P 

Nll1l1lwl' 

tp~tpd Ml'.llt 

W"I~hl (lII~l 

iSIl Haltrw 
0 
::>J .... 

20-11('1'('('111 RH 
N 
;,.. 
tTl 

Oats 

Almonds 

1\\ 
F 
1\\ 

17 
26 

039 
.·15 
20 

O,OS 
.Oll 

0,29-0.47 
,29-0,S7 

21 
22 
11 

OAIl 
.58 
,46 

0.07 
.07 
.09 

0.37-0.G2 
.45-0.70 
.30-0.65 

"tI
::r;-t" .... 
vi 

F 26 
.'iO- IX' 1'(,(,111 lUi 

14 All .OB .34-0.G2 0 
Z 

Oats 1\\ 
F 

26 
21 

·17 
,fifi 

.OS 
06 

.39-0.57 

.:39-0.6G 
29 
18 

.G4 

.72 
.09 
.10 

.41-0.77 

.49-0.84 
0c: 
trJ 

AIIlHllltls 1\\ 19 35 06 .21-0.41l 20 .SO .07 .27-0.61 t:! 

Ha iSlllS 

F 
1\\ 

1D 
5 

-IS 
,26 

.OS 

.07 
.32-0.53 
.22-0.39 

20 
8 

.61 

.38 
.07 
.12 

.49-0.75 

.23-0.56 
"1 
::>;l 
c:: 

F -I .27 .06 .IB-0.31 5 .'1\ .07 .34-0.:1 1 ~ en 
PnlllPs M G ,2-1 .05 .18-0.32 .30 ;,. 

F S .:32 07 .26-0.41 0 ~ 
t:! 

Oats M 22 0,·17 0,07 
80-/x'n'C'1I1 RII 

0.34-0.63 26 0.64 0.09 0.'13-0.88 
Z 
c::: 

F 24 .57 .06 .45-0.67 20 .70 .08 .52-0.B4 >-l 
en 

AIIlHHHls 1\1 20 ,:39 ,OG .29-0.'17 11 .G7 .09 .'16-0.70 

F 13 .-17 .OD .23-0.55 21 .68 .07 .G5-0.B2 

HalslIls M 13 ,31 .OG .23-0.45 10 .G2 .IG .31-0.80 
F 13 ,3·1 04 .26-0.42 B .58 .11 .45-0.81 

PrUllPS 1\1 11 ,38 .07 .25-0.47 12 .58 .06 .'15-0.67 
F 17 ,43 ,OG .32-0.55 II .67 .09 A6-0.81 00 

00 



t:..:ITABLE 7. - Duration of preol'ipositio1/ period arid pert'(,fIlal:{(' of Oryzaephilus spp. females Laying eggs in 01>

variou.~ diet arid IlIImidity comiirioTls (It. 30° C 

Fum.! 
Perceul 
Inyillg 

eKKH 

() SIl'lIJd"wm.l~ 

NUlllbt'r 

iP'tll'd 
!\-1(-;111 

J)unllton (d;tY~J 

tSll Hall~l' 

Perl'cnl 
luying 
t'KKH 

(l 

Numill'l' 
ttl.~h'd 

"H'lnllfH 

Mpafl 

ilunl!l"'l (tlay,,) 

iSD H:tIIgp 

>-:l 
trl 
()

::r: 
Z..., 
() 

>
t-' 

to 

Oats 
A I rnomls. 

100 10 11.3 ,U) 

20-/x'rcr'lIt RII 

5.6-2·1. 9 100 10 5.2 1.8 3.5-9.9 

~ 
t-' 
trl 
>-:l..., 
Z 

Darnagl'd 
Halsins: I 

Damagpcl 
Prunl's 

Damagpd 

71 

-10 

0 

7 

5 

10 

17.7 

-12.B 

7.2 

30.·1 

9.4-29.1 

205-65.9 

100 

100 

0 

9 

10 

!.O 

4.9 

22.0 

.7 

7.3 

3.5-6.9 

12.5-35.6 

.... 
~ 
00 
_00 

c:: 
1:n 
tJ 
trl 

50-percellt RII ~ 
Oats 
AllI10nds 

Sound 
Dalllagpd 

I{aisins: 

100 

100 
100 

10 

G 
5 

< 4.7 

6.6 
5.2 

0.5 

2.4 
0.7 

<: 4.5-6"/ 

4.:1-12.0 
< 4.5-6.4 

100 

20 
100 

10 

5 
10 

<4.7 

5.0 
4.5 

0.0 

.5 
<4.7-5.6 

2.7-5.9 

0 
""l 

> 
0 
:l:l..., 
() 

Sound 
Dalllagl'd 

Prunps: 
Dllrnagpd 

100 
100 

13 

5 
5 

I:' 

4,1..1 
45.0 

51.·1 

9.:1 
27.:l 

n.0-60"/ 
lB.0-91.8 

49.0-:'3.B 

87 
BO 

27 

15 
5 

Hi 

11.2 
25.7 

17.0 

4.9 
13.3 

10.6 

6.0-22.0 
14.9-47.2 

7.0-34.1 

~ 
>-:l
c:: 
:l:l 
trl 



80-/>erc(,l1/ RII 

OutE lOa 10 G,G :Ui :1.2-17. I lOa 10 3.8 0.7 2.8-G,1 
Allllonds: 2 

Dalllagt'c1 80 10 [;0 I I :1.2-7.0 100 g G. ..J 1.9 3,9-10.0 
Huisins; 

Sound 
DanUlf.Wcl 

80 
lOa 

5 
G 

'13.8 
20.9 

1·1. 0 
G.7 

2G.S-QUi 
10.7-:3 1.0 

IDa 
100 

G 
G 

20.2 
14.G 

1G.O 
.1. G 

8,8-[;0.2 
9.9-22.1 

o 
::>:J 

Prun!:'s; 
Damag!:'cl 100 10 22.7 <I.G 1:3.9-:310 100 10 IG.·I 2,G I1.G-22.1 ~ -1 All O. slwiTwmellsis and O. f/I(')'('(l/o/' rp IIIa II'I; clip(\ within 8 to 12 clays wllhout laying t'ggs on sound almonds or sound 

t'

~ rail;ins. 
o 

2 No tl'sts made with sound alIllOlHil;. Z 
ti 
::0 
t;; 
ti 
"l 
::0
c:: 
~ rn 
> 
S 
z 
~ rn 

w 
C1l 



Vj
TABLE 8. - /)/lratioll of()l'ipo,~ili!J1I periot! ofOryzaephilus SPI}' ill l'ari(}lIs diel find IllImiliil)' (·()fl(Jifi(}rl.~ at CJ") 

3(J°C 

-- -- >-3 
(J mntuIHlI'tI.'I.\ (Pl!II'l'lIl/dll~~1 fJ. ",,'n ulHr (pt!rctwl/ciRAA) 

---------. 
t>l 
(") 
::t: 

Our.• tUH! (J.Il, t\IIlIOIHI" H\II:'ln, Prlllll'~ 0011, AIIT\olI~l_h 1!'''SIIl~ Prulu's Z ..... 
(day,) ,10) I Ii 2 ,3, Il:J ,7, St'il 1)( ;. ~ D dO, (10) S(2) IJ(B) S(5) D(IO) \) (10) (") 

>t-< 

20-/)('1"('1'111 RH OJ
c:: 

o 4 
L-LO 

0 
0 

LOO 
0 

:30 
0 

LOO 
0 

60 
20 

100 
0 

0 
0 

100 
0 

0 
0 

100 
0 

0 
10 

100 
0 

t-< 
t-< 
ttj 
--3 

1L-30 30 0 0 0 0 0 LO 0 0 0 20 0 52 
3L-50 40 0 70 0 20 0 30 0 0 0 20 0 I-'... 
5L-70 
"> 70 5 

10 
20 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

20 
40 

0 
0 

25 
75 

0 
0 

20 
30 6 

0 
0 

0> 
J'l 
c: 
rn 

lllll'alhlll Oal, AlltlOIul .. H.ll~!Il" PrulIl'!-. ()al~ AIIJ\()I"I~ Hai:-Jtn~ Pnllll'S 
tl 
ttj 

(d,I),S) 11:;, Slnl 1l11!}1 :;(10, \)1'1) D(I,) (15) S(5) D(15) S(15) \)(5) D{IS) ~ 
0 

50-/)('/"("('111 RH "'l 

o 4 0 0 0 LO 0 86 0 60 0 7 20 74 
> 
0 
::0 

L-IO 
11-30 
31-50 
5L-70 
71-80 

0 
7 

27 
27 

0 

0 
20 
20 

0 
0 

10 
10 
30 
10 
20 

0 
0 

LO 
LO 
10 

25 
0 

25 
25 

0 

0 
0 
0 
7 
7 

0 
13 
0 

20 
13 

20 
0 
0 

20 
0 

0 
0 
0 
0 
0 

7 
0 
0 

13 
0 

0 
0 
0 

40 
0 

13 
13 
0 
0 
0 

..... 
(") 

c: 
t-< 
>-3 
§i 
ttj 

> 80 !J 39 60 20 60 25 0 54 0 100 73 40 0 



Duratlnn 
tllny~) 

OIlL~ 

(\IIJ 
AIIHllluis 

DOll) 
~(") 

It.i,in. 

IliM 

Pr'III(~ 

DIIII) 

(j.L< 

fill) 

Almond~ 

D(lU) 
S(.} 

HniHlns 

D(r,) 

BO-/)(.'I(,(llll?l1 

0 4 
1-10 

11-30 
31-50 
51-70 
71·80 
" 80 G 

(J 

'I 

Ii 

II 
0 

10 
!Hl 

0 
() 

0 
10 
20 

0 
70 

0 
0 
0 

40 
110 

0 
20 

0 
0 
0 

20 
40 

0 
40 

{l 

,I 

j,; 

1\; 
:i{l 

(I 

;lil 

0 
0 
0 
0 

10 
0 

90 

0 
0 
0 
0 

10 
0 

90 

0 
0 
0 
0 
0 
0 

100 

0 
0 
0 
0 

40 
0 

60 

NU!IlIll'1' III 1/; ::\ Idual adult pail'S in Ipsl IS Kivell HI pal'pnlllt ',(,S aftez' mlllle of food 01' quality of food (S or D). 

2 Soun(1 fruit 

3 Dall1aKPcl fnllt 

4 Fpmales failed to oviposit. 


5 remales still ()viposiUng at end of test. 


6 This figUH' represents 3 f!:'males that were still ovipol'Hing at the end of 38, 41, and 59 days, 

PruOt.':'\ 
D(llI) 

0 
0 
0 

30 
10 
10 
50 

c 
::1J 
;::j 

~ 
::r:-t"" c::: en 
0 
Z 
0 

"t;j 
0 
"l 
::0c::->-3 en 
> 
~ 
Z 
Q 
en 

w 
...:) 



c..l 
TABLE 9, -IAJTlgevily of adult Oryzaephilus surinamensis (l,~ influenced by food lind re/ntivl' humidity at 30° C ao 

M;llp-~ qHlr!· .. nt.q~t· ppr dOl.,,,,) r'tl ll1alpb (IHlf('pntagp ppr ('laSh) 

'-3 

Our.llIon 
(11.1,'1 

n;t to., 
tnl l 

Atm.'nll ... 

S 2 ,:\) II ~I \ 7) !'i!:"i 

Hal"'llI~ 

J)(r;1 

Pt'lInp~ 

IJ (H) 

0,,1, 
(10) 

Alrnondh 

s(:!) D(7) S(5) 

HalSll" 

D{lO) 

PrUIIPb 

D(10) 

I:"J 
0:r: 
Z ...... 
0 

201"'rf"'1I1 [(II :> 
t" 

< 10 
10-30 

0 
0 

100 
0 

0 
0 

100 
0 

0 
20 

0 
63 

0 
0 

67 
33 

0 
29 

100 
0 

0 
0 

0 
50 

ttl 
c: 
t" 
t" 

31-50 11 0 0 0 20 12 20 0 0 0 20 40 I:"J 
'-3 

51-70 45 0 30 0 40 25 60 0 29 0 40 10 ...... 
Z 

71-80 
> 80 

22 
22 

0 
0 

0 
70 

0 
0 

20 
0 

0 
0 

0 
20 

0 
0 

29 
13 

0 
0 

0 
40 

0 
0 

.... .... 
<XI 
?' 
c: 

Du 1';1 tlllll 

ilt.I\-'J 

0,11, 

110; 
!)(3 i 

AllIllllltl", 

lJ(n, 

H,II ... lJt .... 

SilO) I),:). 

Pl'UlIt·~ 

1)( 15) 

Oal., 
(! 71) S(5) 

AllllorHI~ 

D(IO} 

H.lISII11'> 

:>(12) 1)(5) 

PI'\HlP~ 

D(lB) 
fn 
0 
I:"J 

50 'per",'"1 lUI ~ 
0 

< 10 0 0 0 0 0 0 0 0 0 0 0 0 '>j 

10-30 0 0 0 0 0 0 0 0 0 0 0 0 :> 
0 

31-50 0 0 0 0 0 27 20 0 :lO 0 0 11 ::0 ..... 
51-70 
71-80 
> 80 
> 100 4 

> 150 4 

0 
0 

100 
50 

0 
0 

100 

11 
0 

89 
56 

0 
0 

100 
100 
20 

0 
0 

100 
80 
20 

20 
0 

53 
:3:1 
13 

13 
27 
40 
33 

40 
0 

60 

20 
10 
40 
20 

0 
0 

100 
100 
58 

0 
0 

100 
80 
20 

17 
11 
61 
56 
11 

0c: 
t" 
'-3c: 
::0 
I:"J 

> 200 4 20 7 17 6 



Rai.'iinsU.aisin~ I)runt~
lluratiun O·.. L" AllTIllT1li'i 	 l'runt~ O'lt.'i AluumtL", 

1)(10)
Ida\'~l (HII IJ(~) n (Ill) (HI) I~HI) 


S(fi) n(5) S(al 1)(5) 


aO-percent RH 

< 10 0 0 20 0 0 0 0 0 0 0 fi; 
10-30 0 0 20 0 0 0 10 0 0 0 

31-50 0 0 0 0 0 0 0 0 0 0 ;0 0 0 0 20 

71-80 0 0 0 20 22 10 20 0 20 0 t::: 
> 80 -100 100 60 60 78 90 70 100 80 80 

51-70 0 0 0 20 0 

~ -. 	 8090 4 100 90 40 60 56 90 70 100 80 	 o 
Z 

Numher of indi\'idual adult pairs in te~l i~ given ill part'lIthl'~t'~ after name of food or quality of food (S or D). 	 t1 
:xl ......2 Sound fruit. trl 

:1 Damaged fruit. t1 
<1 Tlwrc (~lIuld han' hl'l'n a greatl'r lll'rCl'ntagl' of individual~ in tlll'~e da~~l'~ had allte~Lo; heen carried for ZOO day~; howl!ver, more effective usc "l 

:xl
of time allli ('tluipment dClIlarukd that ~ollle tl'~Lo; he ended after 8(1, lO(I, or If>ll day~. 	 c: 

:::3 
rn 
>
Z 
t1 
Z 

~ rn 

C.:> 
co 



0 
~TABLE lO.-/,ollgl'l.ily of(lr!,,[1 Oryzaephi!us mercator (IS in./ZIlf'II(,f'r! hy food (lncl rl,l(llivf' humitlity Il/. 300 C 

Mall's (pPJ'('pntagp ppr j':ass) Fplllait's (pPrt'Pllhlf.{1' "PI" "lass) 
'"'3 
t:tl 

[)lIrallllll 

(days) 
Oal~ 

(10) I 

AllIlIlIul:.; 

S 2 (2) D:I (8) S (;,) 

HaLslIIs 

1)(10) 

PrllllPS 

I)(n) 

Oats 
(10) 

AlrtllHlds 

S(2) D(8) S(5) 

Unisills 

D(IO) 

PnJIII'!-j 
1)(10) 

0
::r: 
Z.... 
0 
:> 
t"' 

20-/JPrcent RH tIl 

< 10 0 0 0 100 0 0 0 0 0 100 0 0 
fl 
t"' 

10-30 
31-50 
51-70 

0 
10 
20 

100 
0 
0 

0 
0 
0 

0 
U 
0 

0 
0 

10 

0 
89 
11 

0 
20 
20 

100 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 

20 

10 
70 
20 

t:tl 
'"'3.... 
Z 
..... 

71-80 
-~ 80 

0 
70 

0 
0 

0 
100 

0 
0 

0 
90 

0 
0 

19 
50 

0 
0 

0 
100 

0 
0 

0 
1'\0 

0 
0 

.;.. 
CD 
CD-
c:: 

DuralltlTl 
(days) 

Oal.:-; 
(15) 

S(3) 

Almllnds 

D(n) 

Babin!':> 

S( to) 1>(;') 

PrultPs 
1>(13) 

Oats 
(16) 

Aln1lJncl~' 

S(;,) 0(10) S(10) 

Haisins 

0(5) 

Primps 
D(15) 

rn 
t::! 
t:tl 

~ 
50-/JP~'cent RH 0 

>"j 
~ 10 0 0 0 0 0 0 0 0 0 0 0 0 :> 
10-30 
31-50 
51-70 
71-80 
'> 80 
: 100 4 

> 150 4 

0 
0 
0 
0 

100 
33 

33 
0 
0 
0 

66 

0 
0 
0 
0 

100 
44 

0 
0 
0 
0 

100 
81 
25 

0 
0 
0 
0 

100 
80 

0 
8 

54 
23 
15 
8 

6 
0 
6 

25 
63 
12 

40 
20 

0 
20 
20 

0 
0 
0 
0 

100 
50 

0 
0 
6 
0 

94 
75 
12 

0 
0 
0 

20 
80 
80 

0 
13 
13 
33 
41 
13 

0 
::0.... 
0c:: 
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Duralion 0a1S AlrnllT1(l" 
Raisins 

Prulil'S OaL, A)mond, 
Raisins 

(da)'s) (10) D(H) 
S(5) 1J(5) 

IJ(!J) (10) D(IO) 
S(5) 0(5) 

80 -percent RH 

< 10 0 0 0 0 0 0 0 0 0 
10-30 0 0 0 0 10 0 0 0 0 
31-50 0 0 20 25 0 0 10 0 0 
51-70 0 0 20 0 0 0 10 0 0 
71-80 0 0 0 0 0 0 10 0 20 
> 80 100 100 60 75 90 100 70 100 80 
> 90 4 100 75 60 75 67 90 70 100 40 

1 Number of individuRl adult pairs in test is given in parentheses afler name of food or quality of food (S or D). 

2 Sound fruit. 

3 Damaged fruit. 

4 There could have been a greater percentage of individuals in these classes had all tests been carried to these points. 
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TABLE 11. - Population development of Oryzaephilus surinamensis 
and O. mercator in intraspecies 1 and interspecies 2 rearings at 30° C 

Percentage 
or RH 

20 

50 

80 

1 Started 

IntraspeCles rearlngs Interspecies rearings 

Food o. surinamensts O. mercator O. surinamensis 0. mercator 

Percentage of increase 3 

Oats 2,470 1,552 2,778 2,538 
Almonds 20 40 2 122 
Raisins 0 0 0 4 
Prunes 0 0 0 0 

Oats 9,412 7,018 6,857 10,243 
Almonds 112 76 10 135 
Raisins 28 19 4 55 
Prunes 0 0 0 0 

Oats 10,007 10,171 10,'710 9,404 
Almonds 518 522 210 740 
Raisins 113 99 24 198 
Prunes 0 0 0 16 

with 10 pairs of adult, per test 3etUp. 
2 Started with 5 pairs of adults of both species per test setup. 

3 !l:umbers of adults were determined 10 weeks after start of test and presented as a per
centag-e of the Initial number of adults in the test. 
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