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COMPARATIVE BIOLOGIES OF
ORYZAEPHILUS SURINAMENSIS AND
0. MERCATOR {COLEOPTERA: CUCUJIDAE)
ON DRIED FRUITS AND NUTS

By C. E.CURTIS, research entomologist, and J. D. CLARK, resverch technician,
Agriculturel Research Service, Fresno, Calif,

ABSTRACT

The sawtoothed grain beetle, Oryzaephilus surinamensis (L.},
and the merchant grain beetle, 0. mercator (Fauvel}, are pests of
dried fruits aad tree nuts. They infest unprocessed commodities in
storage and processed products. Biology tests at 30° C and 20-, 50-,
and B0-percent relative humidity (RH) on four foods showed that O.
surinamensis usually did better than 0. mercator on relled oats,
raisins, and prunes. The reverse was generally true on almonds.

The egg stage of 0. 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 26-, 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.
surinamensis having fourth and fifth instars were 30 and 6 percent,
respectively; comparable values for O. mercator were 86 and 17 per-
cent. Moreover, 2 percent of (). mercator had a sixth instar. O, mer-
cator consistently had a shorter pupal stage than did O. surinamen-
Si5.

(. surinamensiy generally had a shorter life cycle and a greater
percentage survival than did . mercator on oats, raisins, and
prunes. The reverse was generally irus 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 roiled oats
(23.9, 21.1, and 21.5 days for O, surinamensis and 26.9, 23.1, and
22.4 days for 0. mercator}; longer on almonds (40.6, 28.2, and 26.3
days for O, surinamensis and 38.2, 28.0, and 25.3 days for 0. mer-
cator), longer still on raisins (no survivers for either species at 20-
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percent RH, 40.4 days at 50-percecat RH and 42.7 days at B0-percent
RH for 0. surinamensis and 56.4 days at 50-percent RH and 45.5
days at 80-percent RH for 0. mercaior}; 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 ang 67.2
days at 30-percent RH and 43.8 days at 80-percent RH for (. mer-
cator}.

0. 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 0. mercator
weights of 0.64 mg for males and 0.72 mg for females, and O.
surinamensis welghts 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 heavier 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 vats showed average egg production per female to
be 32, 257, and 422 for (}. surinamensis and 80, 256, and 338 for G.
mercator at 20- 530-, and 80-percent RH, respectively. 0.
surinamensis laid more eggs on oats than on the other three foods
at all three RH conditions. (J. 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, (. surinamensis had the greatest
increase in numbers in 5 of the 12 pussible food-RH combinations (or
cases). This was true in only one case for (3. 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, (. surinemensis
had the greatesl increase in two cases, whereas (), mercaror had the
greatest increase in eight eases, Both species had zero increase in two
cases. (. mercator pupulations grew to much higher numbers in in-
terspecies rearings than in intraspecies rearings in 9 of the 12 possible
food-RH combinations.

INTRODLCTION

The sawtoothed grain beetle, Orvzaephilus surinamensis (L.),
and the merchant grain beetle, (). mercator {Fauvel), are important
pests of dried fruits and tree nuts in storage. These include both the
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unprocessed 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 1863, is quentionable, For a
discussion of the distinguishing characteristics of these two species,
see Howe (1953}, Slow (1958), and Frey {1962}

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 B0 percent}, and an initial test tem-
perature of 30° C on the biologies of O. surinamensis and O. mer-
cator,

0. surinamensis has been reported from many parts of the world
as & pest of a wide variety of uvtored.food products. Back and Cotton
(1926) stated that dried fruits stored for long periods invariably
became infested. Very heavy infestations 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 ©. 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
0. mercator on wheatfeed gt severa] 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 . surinamensis reared
cn 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 0.
surinamensis,

Chittenden {1897} published brief notes on the commodities at-
tacked by and distribution of 0. mercator. Back and Cotton {1926}
studied the biology of O. surinamensis on split maize, but did not
control the temperature 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 larvee 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 halic refers 1o Literature Cited,
p. 18
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Similarly, Fraenkel and Blewett (1943) reared O. surinamensis
on several foods at 25° C and found development was much slower on
dried fruits (figs, currants, and dates) than on cereal derivative
{wheatmeal flour). Lergenmuller {1958) conducted comprehensive
ecological study of 0. surinamensis on rolled oats at several tem-
peratures and humidities. Ciesielska (1966) used both individual and
population cultures to study the ecology of . surinamensis 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 Lahoratory rearing room at
Fresno, Calif. Stock cultures were reared on 95-percent rolled oats
plus 5-percent dried yeast at 27° 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° C and a high
of 31.8° for O. surinamensis and a mean of 29.4° and a high of
31.8° for Q. mercator cultures. This was one of the reasons 30° was
chosen as the initial test temperature for the present research.

Obteining Larvae of Known Age

Media and adult beetles {about 7 days old) were dumped from a
culture jar inio 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 wvial.
About 1,000 beetles were placed in each of three oviposition cham-
bers (gallon jars containing a 5-mm laver 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.5. 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 cculd be lightly tapped
with a brush to transfer them to a gelatin capsule containing a small
piece of rolled oat. The capsules were capped and mounted on trays
covered with masking tape with its sticky side up. These pupation
chambers (capsules) were held at rearing room conditions until
adults of known age {usu.dly + 0.1 or 0.2 day old) were obtained. In-
dividual adults were sexed while in the capsules without being
anesthetized. These adults were used in individual and multiple
rearing studies.

Cages for Individual Rearings

Cages for rearing individual larvae to adults and for studying
singie pairs of adults were constructed using S-dram clear plastic
snapcap vials, 2 a 927/64-inch-diameter hole was drilled in the cap
and bottom of each vial. Screens (120 mesh/fin) were cut for the bot-
toms 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 constructed from 13-
dram clear plastic snap-cap vials. A 19/32-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 adults 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 Hoiding Racks

Racks for holding 5-dram vial cages were 12- by 18- by l-in
styrofoam sheets with 9 rows and 12 columns of “{8-in heles. Racks
for 15-dram vial cages were 12- by 18- by L-in styrofoam sheets with 6
rows and 10 columns eof 1-3/8-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-Illinnis Plastainer Plastic Vials.
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Test Chamber

A controlled environment room 2 was used to maintain 30° C and
20+, 50-, and 80-percent conditions within +0.5° and + 5-percent RH,

Media

A mixture of 95 percent rolled cats plus 5 percent dried yeast was
used as 2 control medium because this is the dief commonly used to
rear 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 1968 crop year.

The foeds were held in 2 refrigerator at 4° C until recuired 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 & 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 aduits could not feed on whole fruits.

Two weeks befere 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 pericdicalily thereafter. Table 14 shows the mois-
ture content of test media for & given number of weeks after the end
of the preconditicning period.

Testing Beeties

Maoisture Testing

An Chaus Moisture Determination Balance was used for almonds
and oats using the manufacturer’s recommended procedure,

The roisture content (percent weight per weight) of raisins and
prunes was ueually determined by a moisture testing device
developed for the dried fruit industry of California.® The fruit was
ground to form a paste which was packed into a plastic cylinder. The
electrical conductivity of the paste was measured by making 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 HRoom Controlied Enviroamental Room 912A-HD, Leb Line Instruments,
Inec., Melrose, I,

4 Al tables are grouped in the Appendix, beginning on p. 21.

5 Developed by Dried Fruit Association {DKFA) of Celifornia 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 Mopisture Tester was not accurate for moisture contents
greater thian 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 meistures were too high or low to be measured on the DFA

equipment, moistures for raisins and prunes were determined by
using 2 vacuum oven (Fisher, personal commun., 1969) as follows:
Install a 3/16-in thick aluminum shelf in a Precision Thelco (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 oven at absolute pressure (<35 mm Hg} and
shelf temperature of 70° C, Place 1.5 to 2.5 g ground raisins or 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

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

Weighing Adult Beetles

Live adults were weighed individually in 1/2-g shell vials to the
nearest .01 mg.

RESULTS AND DISCUSSION
Beetie 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 0. mercator, respectively, was about 5 and 10
percent longer at the lower humidity. Q. mercator spent 5 to 10 per-
cent more time in the egg stage at the various humidities tested than
did 0. surinamensis. We did not study the influence of temperature;
however, Ciesielska (J966) 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 pericd.
Variocus authors list anywhere from 3 to 5 days as the duration of the
egg stage at 30°C.

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,

. mercator generally had fewer larval instars than Q.
surinamensis on the various foods tested at 20-percent RH;
however, the reverse was true at 50- and 80.-percent RH. Howe {1956)
found that O. surirnamensis 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 0. surinumensis
than for . mercator on oats, raisins, and prunes, but the reverse was
so on almonds. 0. mercator consistently had shorter second, third, and
fourth instars on almonds than did O. surinamensis. The same was
true for prunes at 80-percent RH, This may have been due to mold
growth on the prunes providing some additional nutrients that
benefited 0. mercator more than O. surinamensis. O. mercator had four
cases with a shorter larval instar for every three case. for 0.
surinamensis in all the possible food-RH combinations tested.

When O. surinamensis had only three larval instars at 50- and 80-
percent RH, 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 almoends) when four larval instars were present
in the life cycle. This same pattern was true when comparing the
fourth and fifth larval instars. No such pattern was found for Q. 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 8.5 on raisins, and 0 te 12.4 on
prunes. This indicates that oats and almonds were better diets than
raisins and prunes for the two beetle species.

Pupal Stage

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

0. surinemensis had a longer pupal period than did (. mereator in
most cases, regardless of relative humidity, (9 to 17 percent
for cats, 3 to 13 percent for almonds, 10 to 12 percent for raisins, and
2 to 39 percent for prunes), In all cases, the smallest percentage dif-
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 0. mercator survived on
almonds at 20-percent RH. Here, as with eggs, Ciesielska (1966),
Lergenmiiller {!958), and Howe (1936} found temperature as tne
main controlling factor for the duration of the pupal stage.

Period From Egg Deposition to Aduit Emergence

Three of the varivus 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 varicus stages in the life cycle {table 3);
(2} individual rearings, which were only examined repeatedly after
the pupal stage was reached (takle 4); and (3) multiple rearings,
which were examined repeatedly after the pupal stage was reached
{table 5).

The duration of the life evele 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 0. mercator, 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 evele 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 un sound raisins at 50-percent R and damaged raisins at 80-
percent RH, and for . merentor on damaged raisins at 50-percent RH
and damaged prunes at 80-percent RH. Here, again, mold growth on
raisins and prunes may have been heneficial to . mercator. More
mold was present on 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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Staniey and Slatis (1955) stated that disturbance in rearing studies
lengthened the life cycle of Trbolium confusum. They found this when
they compared results from hand rearing studies with results from
their rearings using an auiomated sampling device.

In most cases, mortality for both beetle species in individual
rearings (table 4) was equal to ot 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 scund
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 instar
larvae of O. surinamensis fed on pupae when reared on oats,
almonds, and raisins; 0. mercator attacked pupae when reared on
oats and almonds. Lergenmiiller (1958) found that 0. surinemensis
larvae became cannibalistic when deprived of normal focd, but did
not survive on animal food alone. Similarly, Crombie {1943} found
that larvae and adults of . 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 Q. mercator on oats, raisins, and prunes. The reverse was
generally true for almonds. 0. surinamensis had a shorter life cycle
than did O. mercater on sound almonds in two instances. . 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.

0. surinamensis completed development only on oats and O,
mercator completed development only on vats and almonds at 26.
percent RH ({figs. 1 and 4). The developmental periods for 0.
surinamensis {fig, 2) and O. mercator {fig. 5) at 50-percent RH in-
creased with the progression from oats: damaged almonds: sound
raisins: damaged raisins: damaged prunes. This same order was true
for O. surinamensis at 80-percent RH {fig. 3), except (hat a test on
sound almonds was also run. The developmental time on the latter
fell between those for ocats and damaged almonds. The order of
developmental times {from shortest to longest) for (). mercaror {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 0. surinemensis (figs. 1-
3) and O. mercacor {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 cyele 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. surinamensis developed
much more slowly on figs, currants, and dates than on wheatmeal
flour. Howe (1953} found that O. surinamensis 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 (. mercator more than 0.
surinamensis has been mentioned several times. No attempt was
made to identify these molds. 0. 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 thean on those fruits that were seldom or never handied,

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, 0. mercator completed develop-
ment on 18 fungal species. O, surinamensis reportedly completed
development on 10 fungal species. This suggested to Sinha that O,
mercator is less specialized than 0. surinamensis, and, therefore,
exhibits a more flexible and generalized condition. Sirokowski {1964
worked with three beetle species and five Aspergillus species and
found that 0. surinamensis could complete development only on 4.
versicolor,

Adult Weight

0. mercator adults from larvae reared on various foods always
had a mean weight greater than the one for 0. surinamensis {table
6 and fig. 7). Generally, the ranges for the weight of the two species
overlapped one another, but there was no overlap {or females on
raisins at 30- 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 (1936) 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, but 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, ferales weighed more on prunes than on
raisins. One male and no females of Q. mercator survived on prunes at
50-percent RH.




ORYZAEPHILUS ON DRIED FRUITS AND NUTS 13

Both sexes of both species weighed more on prunes than on raisins
at 80-percent RH, and generally weighed moreon 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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Adult Lifespan

Neither males nor females lived very long on sound almonds or
sound raisins at 20-percent RH (tables § and 10}, The lifespan was
usually less than 10 but n¢ more than 30 days for both species. 0.
mercator consistently lived longer than O. surinamensis, at 20-
percent RH. Both sexes of both species lived about equally as long on
prunes, but none lived more than 70 days.

0. surinamensis generally lived longer than Q. mercator at 50-
percent RH. (3. mercator females on damaged almonds however,
did live longer than O, surinemensis 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

0. mercator generally had a shorter preoviposition period {table 7)
than did (). surinamensis. The one exception was on almonds at B)-
vercent RH, where {J. mercator had a slightly longer precviposition
period than did (). surinamensis.

The preoviposition period was shortest on oats and almonds for
both species at all humidities. There was litile difference in the
duration of the preoviposition periods at the various combinations ex-
cept that those for (). surinemensis on oats and almonds at 20-
percent RH were two to three times longer than at other humidities
and two 1o three times longer than those for €. mercator. The
preoviposition period was three (o eight times longer on raisins and
prunes than on oats and almonds for both species.

Adulis 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 preoviposition periods on sound than on damaged
raisins at BQ-percenm: RH.

Oviposition Period

{}. mercator generally had a longer ovipasition period {table 8}
than did (). surinamensis. One exception was on sound almonds at
50-percent RH, where 60 percent of the (. mercator females died
without laying eggs. Another exception was on prunes at 50-percent
RH, where the oviposition period for 0. mercator was 0 to 30 days
long and 0 to 73 days long for . surinamensis.

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

O. mercator laid more eggs on oats, damaged almonds, and
damaged raisins than did O. surinamensis at 20-percent RH (fig. 8,
11). All females of both species died within 2 weeks on sound raisins
and within 9 weeks on damaged prunes without laying eggs.

3 0% RH

BOmAH ] 50 AN

SLLUMUL ATIVE HMUMBER OF E£65G5

HUMBER ¥ WEFe & e G

FIGURES B-13. — Mean secumulative nwmber of eggs produced hy (0 surpamensis
figs. 8-10) and €1 mercaint (figs. 11-131 81 3 relauve humidihies. Eacli mean was
hased vn 5 1o 10 adult pairs from individual rearings. Name of food and vondition
ol food {s=souwmd, d zdan.aged) given far each line in graph. Females that died or
quit ovipositing during the period of study were metuded in eeleulavons as pro-
ducing zern number ol eggs.
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Similarly, O. surinamensis females died within 2 weeks on sound
almonds without ovipositing. No tests were made with (. mercator
on sound almonds at 20-percent RH.

0. mercator laid most eggs on almonds, less on oats, and least on
raisins at 20-percent RH. O. surinamensis laid most eggs on oats, less
on almonds, and least on raisins.

Both beetle species 1aid about the same number of eggs on oats at
50-percent RE (fig. 9, 12). 0. mercutor laid more eggs on damaged
almonds and sound raisins than did O. surinamensis. 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 58-percent RH. Both species laid a
much smaller number of eggs on raisins and prunes than on oats and
almonds.

0. mercator laid more eggs than O. surinamensis on damaged
almonds and on sound and damaged raisins at 80-percent RH {fig.
10; 13). O. surinamensis laid more eggs than did 0. mercator on
oats and prunes over a 13-week period, but (). mercator was ahead
of 0. 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 80-percent RH, The relative abundance of eggs laid by 0. mer-
cator on the foods tested was as follows: damaged raisins > oats >
sound raisins > prunes > almonds. The relative number of eggs laid
by O. surinamensis was as follows: oats > prunes > sound raisins
> almonds > damaged raisins.

O. surinamensis lald many more eggs on oats 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. 0. surnemensis laid more eggs
on sound almonds than on damaged almonds at 50-percent RH and
more eggs on sound raisins than on damaged raisins al 50- and 80-
percent RH.

Both beetle species laid the greatest number of eggs at &0-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 through the screens to a position between the screen and caps
did not have decreased viability. The comparative percentages of eggs
laid by O. surinamensis on or through the cap screens at the three
RH’s studied were: 67 to 89 percent for vats, 81 to 95 percent for
almaonds, 63 to 65 percent for raisins, and 68 to 88 percent for prunes,
Comparable percentages for (). mercator were: 89 to 96 percent for




ORYZAEPHILUS ON DRIED FRUITS AND NUTS 17

oats, 79 to 96 percent for almonds, 37 to 83 percent for raisins, and 59
to 86 percent for prunes,

Intraspecies and Interspecies Competition

Table 11 shows the changes in beetle populations during a 10-week
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, x100). At 20-percent RH, O.
surinamensis had a 59-percent greater increase on oats than did O.
mercator in intraspecies rearings, but only a 9-percent greater in-
crease in interspecies rearings. (. mercator had a 100-percent
greater increase than did O. surinemensis in intraspecies rearings
and a 6,000-percent greater increase in interspecies rearings on
almonds. 0. mercaror showed some Increase on raisins in in-
verspecies, but not intraspecies rearings. Neither species increased on
prunes.

At 50-percent RH, O. surinamensis showed 34 percent {oats), 47 per-
cent (almonds), and 47 percent (raisins) greater increases in numbers
than did Q. mercator in intraspecies rearings. O. mercator showed 48
percent {cats}, 1,250 percent (almonds), and 1,275 percent (raisins)}
greater increases than did . surinamensis in interspecies 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. 0. mercator
had 252 percent (almonds) and 725 percent (raisins) greater increases
in numbers than did O. surirnamensis in interspecies rearings. 0.
mercator showed some increase on prunes in interspecies rearings
but not intraspecies rearings.

The species (usually 0. mercator) having the greatest amount of
increase in the interspecies rearings for a given foed-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, surinamensis had the
greatest increase in numbers for five cases. This was true for (), mer-
cator in only one case, The amount of increase was nearly equal for
the two species in six cases: four with zero increase (raisins 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 almaonds at 8G-percent
RH; and one with a count of about 2,000 for.vats at 80-percent RH.

When both species were reared together, 0. mercator had the
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greatest increase in numbers in eight cases, whereas O, surinamen-
sis had the greatest increase in anly two cases. Both species had zero
increase in two cases {prun,es at 20- and 50-percent RH).

CONCLUSIONS

The biologies of the sawtoothed grain beetle, Oryzaephilus
surinamensts {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, 0. surinamensis generally
had a shorter life cycle and a greater percentage of survival than gdid
0. mercator on rolled oats, 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. 0. mercator
had a fifth instar three times more often than did . surinamensis.
0. mercator was the only species to have six instars in some tests,

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

The life cycle for O. surinamensis in individual rearings ranged
from 21.1 to 23.9 days on rolled oats, from 26.3 to 40.8 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 (. mereator in individual rearings ranged
from 22.4 to 26.9 days on rolled oats, 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 2Q-percent RH.

0. mercator adults from larvae reared on the four foods always
had a mean weight greater than the one for 0. surinamensis.
Females of both species always weighed more than males. For exam-
ple, rearings at 50-percent RH showed Q. mercator males to weigh
0.64 mg on vats and 0.38 mg on raisins and females o weigh 0.72 mg
on oats and 0.41 mg on raisins. (. surinamensis males weighed 0.47
mg 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.

0. mercator had a shorter preoviposition period than did O.
surinemensis 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 peried than did O.
surinamensis on all foods and RH's.

Both beetle species iaid more eggs as RH increased. Rearings on
vats showed egg production for (. surinamensis to range from 32 to
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422 and egg production for (. 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, (}. surinemensis had the
greatest increase in numbers in 5 of the 12 possible combinatiuns,
This was so in only one combination for Q. mercator. 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 (.
mercator had the greatest increase 1n eight combinations. U. 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 39° € at various times after a Z-week
preconditioning period

Percentage of moisture

4

Poreent RH Week [aFTEN Almuonds Hatslas Frunes
2u : Gh 3.3 2890 15.0
3 6.7 34 < 8.0 14.0

n 8.7 3.3 < 8.0 <13.0

11 5.5 3.2 < 8.9 <130

30 1 10.5 4.6 15,0 16.0
3 9.9 4.8 14.0 14.5

T 10.0 43 11.0 12.0

i3} 1 15.8 8.2 30.3 34.2
2 155 8.8 336 35.8

3 13.9 B.9 332.0 39

I Number of weeks afier insects were placed on
test media.

2 The (« } figures werse obtained from a2 DFA Mois-
ture Tester belore a vacuum oven was obtained to run
MOISIUre (8sts.

TasrLg 2. — Duration of egg stage and
r‘(mff(fvn(‘(’ interval {98 percent} for eggs
which hatched at 30°C

. Confi-
Narnber - f Puratn s iy~ aence
Prroent HH R~ .
Mean s nterval
LTLRS JEA b ° Ladays -
Omyzacpinlus surtnamonsis
23 KBS 4.1 0.01 0.3
A 285 3.8 02 D
2y 150} 3.9 .02 E
Oryveuephitus mereator
3 H16 15 .02 )
i L) 4.2 02 .6
86 F8 4.1 .0 3
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TaBLE 3. — Duration of stages of Oryzaephilus spp. at 30° ¢ 1

O surngmonsis

O rcrcator

Slage Number Duratsnm sda¥s) Humbwer Etraon iy,
tested teented
pumber Mean 15D Runge m”"l_wr Miean 50 Range
In Swg? mn il-lg(‘
Oats (20-percent RH}
E 109/10 - - —_ 10/18 —-- oo oo
Bl 2 9/9 4.0 0.5 3.3-4.7 28s8 5.1 1.3 2.9-7.8
Lz 9/9 2.6 .9 1.1-3.¢ 878 3.2 7 1.0-5.2
L3 9/9 3.8 1 1.9-6.2 (i 4.3 1.4 1.9-8.1
L4 8/8 6.2 9 4.0-8.1 3 s 5.8 8 3.8-8.1
P 747 6.2 .2 5.1-7.3 T 5.3 5 4,0-7.1
ED-PE A 26.7 1.0 25.5-287 74T 27.3 1.8 240-30.9
Sound almongs 4 (20- percent RH)
E 3/5 --- ——-- -——- 19,10 —-- ———— -—-
L1 1/1 161 ---—- 5.1-10.9 8/8 7.3 1.7 5.8-12.1
B2 0/0 -—- - - 7% 3.4 B6 22-11.9
L3 G/0 --- - -—-- 66 5.0 1.0 3.0-7.9
L4 /0 - - ———- 574 5.4 1.3 2.8-80
L3 /0 --- -—— ———— 572 5.0 6 4.1-10
P G/0 --- -——- -—--- 075 Xt A 3.9-6.2
ED-PE 0/0 . e . 55 353 3.1 3085-39.8
Damaged raistns 4 (20-poveent RH)
E 15415 - --- —-- 5:5 - - -
L1 474 82 1.4 £.1-10.8 0,0 -—- —_— -—-
L2 2/2 8.0 1.4 6.0-100 0.0 --- .- ---
L3 2/2 21,5 6.6 15.8-27.2 0/0 - S ---
L4 i/1 275 --- 250-30.0 00 - --- -
P o/0 --- - -— o/0 - --- -
ED-PE 0/0 - --- --- /0 - -—- ---
Damaged prunes (20-peveont RI)
B 26720 --- -——- - 16/10 -—- -—-- -
Li 2/2 74 21 5.1-9.7 2.0 --- - ---
L2 00 -—- - -— 0.0 --- - ---
L3 0/0 --- -—- —- G:0 --- --- ---
Owts (30-percent RH)
E 15715 -—- - - 15,15 --- L
L1 15/15 30 03 2239 15.15 34 04 28-40
Lz 153/15 2.7 3 1.8-4.0 15,15 24 n 18-36G
L3 157156 3.2 12 20-60 15/15 2.8 R 1.3-4.2
L4 15/16G 4.5 .G 3.0-5.9 15715 4.9 D 3967
P 15715 5.9 4 G5.1-7.1 1515 2 2 42-60
ED-PE  15/15 21,7 1.1 19.4-249 i%:15 230 9 21.0-237

See footnotes et end

of rable.
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TABLE 3. — Duration of stages of Oryzaephilus spp. at 30° C  —

Continued
O SWPUNIIETRT S © mercatur
Stage Numtwr Puratiomn -days - Number Dirauun fdays)
HEN{ T tested.
k number
numbier Muan 80 Rainge the Mean =50 Range
i .‘.l;ig(‘ m siapge

Damaged almonds (50-percent RH)

B 15,15 -— ——- -—- 154135 _——— == -——
Li 14714 4.9 0.9 3.2-6.4 13/15 4.1 0.7 3.0-6.0
L2 13 13 4.6 1.9 2.8-12.0 15/1% KN .6 2.7-5.3
L3 13:13 4.9 1.8 2.0-11.0 15415 4.0 7 3.0-5.9
L4 13512 3.9 .9 3.0-7.7 15715 5.8 8 4,3-8.0
L5 13.1 7.9 - 7.0-8.8 15/1 8.0 -—- T.1-8.9
P 13,13 5.0 .5 4.2-1.7 15715 5,2 .3 4 2-6.1
ED-PE 13 13 20.9 3.3 24.9-36.5 13/15 27.8 3.2 23.1-36.3
Sound raisins (50-percent RH)
E I -——- --- -—- 3/5 - ——- -
L1 53 6.1 1.1 3.0-8.2 3¢9 7.3 1.8 3.0-12.0
L2 3.5 6.9 1.4 4.0-10.0 3/3 6.5 1.1 4.0-9.0
L.3 4.4 6.5 1.6 4.1-9.2 Y g.1 3.2 5.0-15.0
L4 4.4 110 2.9 3.0-15.0 5.0 9.3 1.2 7.0-12.0
L3 4.0 0 --— -——- 5:2 8.0 2.8 5.0-12.2
L& 4,0 0 --- ——a- 571 8.7 -——= 7.3-10.1
P 4 4 6.3 ) 5.0-9.0 5/5 5.4 0.6 4.0-7.0
ED-PE 4. 4 39.9 4.6 31.9-31.2 5/3 46.95 9.2 35.1-80.%6
Damaged ratsins (50-percent RH}
E 1010 --- -— “-- w0 --- --- —--
L1 38 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 B/8 7.3 .9 5.5-8.7
L3 3.3 7.4 1.8 4.8-10.7 676 7.2 2.0 5.0-10.7
Ld 33 10.8 4.6 5.4-15.5 6/6 9.7 3.1 65.0-16.2
LD 31 -—- - ——- B4 9.4 3.7 3.0-17.0
L6 2.0 0 --- - 6,1 10.0 ---  9.0-10.9
P 22 3.5 2 4.8-6.0 6,6 3.0 .1 3.0-6.1
ED-PE 22 41.6 7.4 357477 6.6 30.6 7.8 38.5-64.8
Dxtrmaged prines (30-pereont R
E i7 17T --- --- - 1515 —ee - -
L1 15 15 8.3 4.4 2 5-185 7T 12.6 3.1 8.0-16.2
L2 13 13 12.7% g9 4.2-309.2 34 8.3 3.0 4.0-11.2
1.3 10,10 g8 10.0 B.9-3G B 22 36 0 9.0-10.3
1.4 10 9 18.9 51 118270 2.2 207 124 11 0-31.0
1.5 9.1 230 ---  220-24.0 21 160 --—- 15.0-18.0
P 8 8 G.8 B 490-11 0 22 4.9 T 2.8-6.9
ED-PE 8 & 781 181 41.9-91 1 22 G8 3 7066.1-70.7

See lotnoles at end of wable.
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TaBLE 3. — Duration of stages of Oryzaephilus spp. at 30° C 1 —
Continued

0. surnnamensts O mercator

Number uratinn {days, Numhber Duration {tays)
tested,r tesipety

be 13
F‘um " h4:10] Runge umber Mean 50 Runpe
in stage In g

Oats (80-percent RH)

10/10 --= . .—- 90
10/10 27 03 4 8/9
10/10 2.6 ) i 9/9
10/10 29 1. .0 9/9
10,9 5.3 . 7 8/8
10/1 7.0 .8 9/0
10/10 5.8 q. 9 7.0 9/9
10/10  23.2 1.4 20.8-26.4 9/9

Sound almonds (80-percent RH)

5/5 5/5

5/5 . . .2-8, 5/5

4/4 . . .3-9. 5/5

4/4 . . 5-5. 5/5

3/3 . . .2-8, 5/5

3/3 . . 5/5

/3 . . 2'3 8- 27 0 5/5
Demagerd almonds (80-percent RH)

5/5

2/5

5/5

575

3/5

5/1

5/5

5/5

Sound vaisis (80-pereent RH)

5/5 - -n-

5/5 . 2. 4 2-10.4

5.5 . . 2 6-11.0

5/5 . .5 4 0-20.0

4/3 . . §.9-19.7

4/0 . -——

474 . diviid

474 . B B i

5/5
5/5
3/5
5/5
5/5
5/0
5/5
5/5

W = B LS
r
o

! Ge o2 pa pI
1
& ooz

-

|
F

[
L -
=]

N
[
o m
1
pued
—_

TR L I

3.8-10.0
2.3-12.6
7.3-32.8
6.0-13.7
8.8-11.0
4.0-7.0
10 ’? 40.7-68.1

21 en
T

an
. e

N Sy

RGNS I I )

See {ootnotes at end of takl.
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TABLE 3. — Duration of stages of Oryzaephilus spp. at 30° ¢ 1
— Continued

Q. surinamensis Q. mercator

Number Duration {days} Number Duration {days)
testeds lested/
nember numbet

M 8D Mean  *
in stage €an Range in stage lez 5D Range

Damaged vaisins (80-percent RH)

5/9 a—— - 5/5
5/5 5.9 1. 3.8-1.0 5/5
5/5 8.1 1, 4.5-9.0 5/5
5/5 50 L. 4.7-8.8 4/4
3
1

1
1
I
1
1
1

5/5 11.6 . £.8-20.0 4/4
- 3/1
.7 4.0-7.0 3/3

6.6 33.4-31.0 3/3

[ = % B
I
PR I =

5/0 0
4/4 .6
4/4 39.6

.4
4.9

w] W1 N 0D oA W
- .1 B3R R

(%]

Damaged prunes (80-percent RA)

E 10/10 - 10/10
Li 10/10 . 2.3 10/10
L2 9/9 ) 8.8 8/8
L3 8/8 /1
L4 8/8 /17
L5 8/1 /2
P /7 /1
ED-PE /7 /1

3.5 2.0-13.8
2 3.6-8.3

8 2.4-9.9

8 3.8-18.0
2 7.77-9.4
4

o]

[

1.
2.
4

1o
:CD:)\

[w
—

4.0-7.0
26.9-31.1

—
L) - i S
(SIS s - B R

a3

8

L]

I ndividual 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
differaence between the 2 counts is the number of individuals skipping a given
stage. -

4 A1l O. surinamensis died as 1stinstarlarvaeon 5 damaged almonds and
on 5 sound raisins. All Q. mercator died as Ist instar larvae on § sound
raisins.




TABLE 4. — Duration of life eyele (egg deposition to adult emergence) and survival of Oryzaephilus spp. at
30° ¢ !

O surinamensis O mercator

Per-
Sox cent-
(M. male, Numher ape Number
F, female) { tested + Sh Runge af testoed Meuan *SD Range
SUr-
vivitl

Dration days) Duration (days)

Ouats (20-percent RH)

21.5-28.2 5 23.7-30.3
20.9-27.0 . 23.7-30.3
23.9-25.1 ---

20.9-28.2 88 . 23.7-30.3

Almonds (20-percent RH) 3

41.3~46.9 --
31.6-38.0
41,3-42.7
31.6-46.9

Outs (50-percent RH)

.2 18.6-24.8

2 18.6-25.8

2 18,6-25.8
Sound almonds (50-percent RH)
2.8 23.9-32.9

.3 24.9-27.8
2.1 23.9-33.0
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Damaged almonds (50-percent RH)

M -- 12 28.3 2.5 24.9-35.0 -- 10 2.1 1.4 24.5-30.0

F - 12 28.1 4.3 23.6-40.0 -- 12 28.2 2.2 24.5-31.7

M+F 96 25 28.2 3.5 23.6-40.0 88 25 28.0 1.9 24.5-31.7

Sound raisins (50-percent RH)

M -- 2 46.9 6.4 40.9-52.0 -- 2 49.9 9.6 41.5-58.9

F -- 0 -- - -- .- 2 67.7 2.1 65.5-69.9

M+ F 25 46.9 6.4 40,9-52.0 17 23 58.8 11.7 41.5-69.9
Damaged raisins (50-percent RH)

M - 6 38.6 7.4 31.8-51.0 -- 6 57.0 12.0 47.4-81.9

F -- 4 43.0 11.4 31.8-61.0 -~ 2 56.1 10.7 47.4-72.8

M+F 44 23 40.4 11.9 31.8-61.0 36 25 56.4 10.9 47.4-81.9
Demaged prunes (50-percent RH)

M - 8 57.9 14.2 40.9-88.0 -= \ 67.2 - 66.5-67.9

F == 3 48.4 19.0 35.9-88.0 -- 0 -- -- --

M+F 31 42 54.0 16:1 35.9-88.0 2 50 67.2 - 66.5-67.9

Oats (80-percent RH)

M .- 22 21.3 1.1 18.5-23.9 == 26 22.2 0.8 20.5-24.8

F -~ 24 21.5 1.2 18.5-27.0 -- 21 22.6 1.4 20.5-26.9

22 -- 1 26.2 —- 25.4-27.0 - 0 -- - ---

M +F 94 50 21.5 1.3 18.5-27.0 94 50 22.4 L1 20.6-26.9
Sound almonds (80-percent RH)

M -- 10 256.1 2.6 20.5-29.1 -= 6 26.6 4.3 22.3-33.7

F ) -- i 27.3 4.8 22.8-37.9 -- 4 23.6 0.7 22.3-24.9

M~+F 68 25 26.0 3.7 20.5-37.9 40 25 25.4 3.6 22.3-33.7

See footnotes at end of table.
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TABLE 4. — Duration of life eyele (vgg deposition to adult emergence Jand survival of Oryzaephilus spp. at

30° ¢ 1 — Continued

O SuyiEmens:s

O mrreator

Por- Per
Sk o Diranon cdayss cont Daration (days)
(M. male g Nupitaer - o age Nuniluet
P }emalc‘) of toste] Mean + 5D Range ul tstesd Muan 81y Nange
' sur s
vival vivil

Damaged almonds (80-percent RH)

M -- 10 26.9 3.0 19.9-30.2 - ] 25.5 0.9 23.3-27.0

F -- 7 25.2 1:1 23.9-28.3 -- 17 25.2 1.2 22.3-28.5

M+F 68 25 26.3 2.4 19.9-30.2 88 25 25 3 1.1 22.3-28.5

Sournd vaisins (80-percent KiH)

M .- 2 34.7 21 31.9-37.6 -- B 50.6 4:4 42.7-65.3

F -~ 2 36.6 - 35.6~-37.6 -~ 6 417 0.4 33.1-47.8

M+F 16 25 35.7 1.9 31.9-37.6 44 25 45.7 6.6 33.1-556.3
Damaged raising (80-percent RH)

M - 9 37.6 6.3 30.9-51.4 -- 5 45.1 7.9 34.4-57.7

¥ - K] 46.3 9.9 35.2-67.4 - 2 39.5 4.9 35.2-43.7

M+ F 88 25 42.7 9.4 30.9-6%.4 28 25 43.5 7.3 34.4-57.1
Damagoed prunes (80-percont RH)

M -- 12 43.4 10.7 26.2-60.4 -- 12 41.5 17.5 32.0-81.9

F -- 17 39.8 12.6 26.8-68.4 -- 12 40.1 9.3 28.6-61.9

72 -- 2 33.8 - 30.9-36.6 -- 0 -- - --

M+ F 62 50 40.8 11.5 26.2-68.4 48 n0 43.8 14.2 28.6-81.9

82
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I tpdividual rearings — limited-examinations,

D N P . .
2 Sex of individuals in this row not recorded.

3 Al O, surinamonsis died before completing life eyele on sound.almonds. Neither specios completed development on sound-raising or damayred
prunes.

TABLE 5 — Duration of life evele (egg deposition to adult emergeace)a nd survival of Oryzaephilus spp.
30° C !

[M, mate; F, female|

VTTTHAIVYZAHO

) s ndmenss O mereaiod

N

SLAN ANV SLINYd QIIdd NO S

Per Poy

cont Duratian afay- et

e Nuthber - - ags Nutnlwr
ol tested Muin +5h anpe »f testid Mean +80 Rangr
(ST Uy

wval vival

Duration {diyss

Qats (20-pereent BH)

19.4-29.3 - . CEHEN
19.4-28.8 -- . #4-35.
19.4-29. 70 . 4-35.

Sound almorids (20-percent KH)
2.5 38.6-43.7 . 37.0-67.

F : . 454416 .8 ) 34,9-43.
M+ F 8 3.2 38.6-46.8 46 ! 34.9-517,

See footnotes at end of table,




TABLE b~ Duration of life evele (egg deposition to adult omergence Jand surcival of Oryzaephilus

30¢ ¢ 1 — Continued
[M, male; F, female]

vt

LY AU N

i oowcreated

Per ber
it Digratien 3y - ‘ e Priate noodaye
- A Numbey Ry e Samber
sex ) fated Muan ¢ Sh e of Jortod Medis sl
ST - AUr-
vt vival
Damaged almonds (20-percent RH)
M -- 1 46.1 - 45.4-46.8 - - 15 35.8 2.3
F - 6 45.4 5.3 38.6-54.9 -= 15 37.8 3.2
M+F 14 50 45.5 4.8 38.6-54.9 60 50 36.8 2.9
Damaged raisins (20-percent RH)
M - 1 50.1 - 49.1-51.1 -- 4 63.3 16.8
F - 1 69.4 -- 68.4-70.4 == 1 5.8 --
M+F 50 59.8 13.6 49.1-70.4 10 50 65.8 15.2
QCats (50-percent RH)
M -= 44 22.2 1.6 19.0-31.3 -- 46 23.1 0.6
F - 47 22.0 ) 20.0-23.3 -- 47 22.9 9
M+F 91 100 22.1 1.2 19.0-31.3 93 100 23.0 .6
Damaged almonds (50-percent RH)

M = 18 29.6 3.3 26.1-41.5 - 36 21.3 1.7
F -- 37 28.6 1.8 25.2-32.5 -- 47 27.3 2.2
M+F 55 100 29.0 2.4 25,2-41.5 83 100 27.3 2.0

32 .41
30.4-1: 5
30.4-d4

46.9-86
74.9-76.%
46.9-86.7

(11
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Damaged raisins (50-percent Ri)
4.7
4.7
4.6

3
1
100

Damaged prunes (50-percent RH)

$55.1-100.4 - 1
63.1-72.4 -~ 1
55.1-100.4 100

Oats (80-percent RH)

17.7-26.,3 -- 39
18.7-24.6 - H1
17.7-26.3 90 100

Sound almonds (80-percent RH)

2.6 24,1-35.4 - 18
4,1 22.0-39.3 -- 16
3.8 22.0-39.3 50

Damaged almonds (80-percent RH)
17 3, i 22.0-31.4 --
21 . 4 24.1-31.4
M#+F 76 50 ). 6 22.0-31.4

See footnotes at end of table.

65.5-100.9
9.5-90.8
5-100.9

22.3-31.6
22.3-31.6
22.3-31.6
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TABLE D — Duration of life evele (egg deposition to adult emergence)and survival of Oryzaephilus spp. at
30° ¢! — Continued
[M, male; F, female]

AT RT3 T T ] £ moroatoy
e V Per
Lot Dutarion da Cont Duratinn sdays:
- At Nttt p et i ety SOU— ARt Nunshey
T o Tt Mean vl Ranie ol teetrnd Mean *5h Range
i Rl
vl el iyl
Sound yaisins (80~pev. s ul RI)
M - 10 44,2 38 35.0-52.3 - 17 46.6 3.7 38.8-51.1
F - 7 4452 6.1 35 0-52.3 -- 7 44 .4 4.7 38.8-53.1
M+ I 34 50 442 4.7 35.0-52.3 28 50 45.5 4,2 38.8-53.1
Damaged raisins (80-perveent RH)
M - i 36.9 1.7 33.7-41.3 == il 37.1 5.9 28.7-44.8
F -- 5 34 2 1.9 30.8-38.4 . -- 5 36.9 7.1 28.7-46.3
M 24 50 358 2.2 30.8-41.3 32 50 37.1 6.0 28.7-46.3
Sourul priunes (80-percoent RH)
M T 25 48.7 5.8 33.7-60.6 -- 1 47.0 -- 46.1-47.9
F ~- 10 5.7 9.0 41.7-17.5 - 6 55.4 8.9 44,1-71.5
M+ F 35 100 49.5 6.9 33.7-71.5 7 100 54.2 8.4 44,1-71.5

1 Multiple rearings with 10 individuals per cage.

2 Neither species completed development on sound raising, sound prunes, or damaged prunes.
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TABLE 6. — Weight of Oryzaephilus spp. males and females as influenced by food and relative humidity at
30° C
(M, male; F, female]

QO SUrtndinensts O mercator

Number Weight (g . Numbier Weight (ing)
tested Mean 15N Range testod Mean £8D RRange

Fousd

20-perceont RH
Outs 0.29-0.47 .31-0.62
3 .29-0.57 R . .45-0.70
Almonds 1 . - . . . .30-0.65
) - . . .34-0.62
s0-pereent RH
-39-0.57 . : .41-0.77
.39-0.66 . . .49-0.84
.21-0.48 £ . .27-0.61
.32-0.53 . . .49-0.75
.22-0.39 W . .23-0.56
.18-0.31 £ . . .34-0.51
.18-0.32 o -
.26-0.41 ————
80-pereent RH
Oats . , 0.34-0.63 0.43-0.88
3 .45-0.67 . . .52-0.84

- Oats

=
-~

3]
B

]

Almontds

(541

Raisins

to. 00 19 L & -
Ja

Prunes

o L

SLAN ANV SLINYJ aUI¥d NO SATIHdIVZAHO

Almonds . . ,29-0.47 . . .46-0.70
‘ - . . .23-0.55 | . . .55-0.82
Raisins R . .06 ,23<0.45 Ry . .31-0.80
; . .26-0.42 R . .45-0.81

Prunes / . . .25-0.47 . . .45-0,67
5 .32-0.55 . . .46-0.81




TaBLE T

— Duration of preoviposition period and percentage of Oryzaephilus spp. Sfemales laying eggs in
various diet and humidity conditions at 30° C

O surmamaensis Q. mercator

Food

Pereent Duiation (days) Percent Duration {days)

laying Number laying Number
N tested engs {ested
“REs Mean £ 8D Range B8 Muan 180 Runge

Oats
Almonds: 1
Damaged
Raisins: 1
Damaged
Prunes:
Dumaged

Oats
Almonds:
Sound
Damaged
Ruaisins:
Sound
Damdged
Prunes:
Damaged

20-pereent RH

5.6-24.9

9.4-29,1

5.6

<4.7-
2.7-5.9

6.0-22.0
14.9-47.2

49.0-53.8 15 . .6 7.0-34.1
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80-porcent RH
Qats | 3, 3.5 3.2-1%.1 100
Almonds:
Damaged 80 . . 3.2-7.0 100
Raisinsg: .
Sound 80 43. . 26.8-61.9 100
Daniaged 100 L 20. 5. 10.7-31.0 100
Prunes: :
Damaged 100 . 4.f 13.9-31.0 100 10

LAl O, surinamensis and O. mercator females died within 8 to 12 days without laying eggs on sound almonds or sound
raisins.
2 No tests made with sound almonds.
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TABLE 8. — Duration of oviposition period of Oryzaephilus spp. in various diet and humidity conditions at
I I Pl )

30°C

(1. surrnamensis  (percent/elnss) 0. miercator {percentfclass)

Duration Oats Almuohds . Raisins Prunes Oals Almonds Itasing Prunes
(days) 10y ! 825, e 557 Di%s D (10) 521 1X8) St5) D10y D.(10)
20-pereent RH
o4 0 100 30 100 60 100 0 100 0 100 0 100
1-10 0 0 0 0 20 0 0 0 0 0 10 0
11-30 30 0 0 0 0 0 10 0 0 0 20 0
31-50 40 0 70 0 20 0 30 0 0 0 20 0
51-70 10 0 0 0 0 0 20 0 25 0 20 0
> 709 20 0 0 0 0 0 40 0 75 0 300 0
Duration Oats Almonils Raisins Prunvs Outs Almonds Raising Prunes
tdays} (5 Sihs IR S0y Desty D(13) {15) S(5) D(15) 5(15) 15) D{15)
50-peveent RH
04 0 0 0 10 0 86 ¢] 60 0 7 20 74
1-10 0 0 10 0 25 0 0 20 0 i 0 13
11-30 7 20 10 0 0 0 13 0 0 0 0 13
31-50 27 20 30 10 25 0 0 0 0 0 0 0
5170 27 0 10 10 25 7 20 20 0 13 40 0
T1-80 0 0 20 10 0 7 13 0 0 0 0 0
> 80y 39 60 20 60 26 0 54 0 100 73 40 0

9¢

FUNLTNOIYOV A0 “LdIA 'S’ ‘88¢%T NILITING. TVOIMHOHL




. Ruising Raisins
Duration Duts Almonds PPranes Oaty Almonds Prunes
tduys) {1ih Doy 13 110y {10) 1) D)
S(5) §ta] $(51 D(b)
80-perceont RH
04 0 0 0 0 0 0 0 0 0 0
1-10 g Q 0 0 W 0 0 0 0 0
11-30 1 0 0 0 by 0 0 0 0 0
3150 Q 10 40 20 1 0 0 0 0 30
51-10 0 20 40 40 ol 10 10 0 40 10
71-80 10 0 0 0 o 0 0 0 0 10
» 80" 90 70 20 40 o 90 90 100 60 50

PoNumboer of tividual adult pairs in test s given in paventhoses after name of food or-quality-of food (S or D).

= Sound fruit

S o S W

Damaged fruit

Females failed to oviposit,

Females still pviposgiting at end of test,
This figure represents 3 females that were still ovipositing at the end of 38, 41, and 59 days.
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"TABLE 9. — Longevity of adult Oryzaephilus surinamensis as influenced by food and relative humidity at 30° C

Duration
(laysy

Males (pereentage per chissy

Femiles (percentage per class)

Outs Almonds Riiistns Prunes

194 S2Zah RN 159 Db)

Almonds Ruising

SIR)] () 553 110)

Prunes
110)

<10
10-30
31-50
51-70
71-80
> 80

20-percent R

0
63
12
25

0

0

Duration
idaysg

Ahinomls Risans Prunivs

S S010) 15) DSy

Abhnonds Raisins

5(5) D10y S5(12) 153

Prunes
(18

50-percent RH

0
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Raising Raisins
Duration Oats AMmonds Priunes Oats Almonds Prunes
(days) {1 I8y [N ) ) X10)
5(4) D(5) 5(5) D{5)
80-percent RH
< 10 0 0 20 0 0 0 0 0 0 0
10-30 0 0 20 0 0 0 10 0 0 0
31-50 0 0 0 0 0 0 0 0 0 0
51-70 0 0 0 20 0 0 0 0 0 20
71-80 0 0 0 20 22 10 20 0 20 0
> 80 "100 100 60 60 78 90 70 100 80 80
~ 904 100 90 40 60 56 90 70 100 80 80

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

2'Sound fruit.

3 Damaged fruit.

4 There could have been a greater poreentage of individuals in these classes had all tests been carried for 200 days; however, more effective use

of time and cquipment demanded that some tests be ended after 80, 100, or 150 days.
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TABLE 10. — Longevity of adult Oryzaephilus mercator as influenced by food and relative humidity at 30° C

‘Males (pereentage per rlass) Females (pereentiage per class)

Almonds Raising Prunes Almonds Raising Prutes
. (9) D10y
52(2) [FENT)) S (" 1(10) ( S(2) %8) (5 D(10)

Duration
idays)

20-percent RH

< 10 0
10-30 0
31-50 89
51-70 11
71-80 :

> 80 0

Almunds Raisins Almonds Raisins Prunes

D(15)

Duration Pruhes

{days) 5(3) D(9) S(16) () D(13) 5(5) D(10) 5(16) D(5)

50-percent RH

0
0
8
54
23
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’ R Raisins Raisins
Durition Almonds Prunes
(days) DY) D)

80 percent RH

< 10 0 0 0

10-30 0 10 0

31-50 ‘ 20 0 10

51-70 20 0 10

71-80 0 0 10

> 80 100 100 60 90 100 70 100
> 904 100 15 60 67 90 70 100

1 Number of individual adult pairs in test is given in parentheses after 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 {o these points.
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TabLE 11, — Populntion development of Oryzaephilus surinamensis
and O. mercator in intraspecies ! and fnterspecies 2 rearings at 30° C

Intraspecies rearings Interspecies rearings

Percenlage

O, surinamensis Q. mercator Q. surinamensis O mercator
of RH

Percentage of increase 3

Qats 1,552 2,718
Almonds 40 2
Raisins 0
Prunes 0

Dats

Almonds 112
Raisins 28
Prunes 0

Oats 10,007
Almonds 318
Raisins 113
Prunes 4]

1 Srarted with 10 pairs of adulis per test setup.

2 Started with 5 pairs of adults of both species per test setup.

3 Numbers of adulis were determined 10 weeks after start of test and presented as a per-
contage of the initial number of adults in the test
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