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ABSTRACT
 

A natural population of TribeHum brevlcornis found
 

in decaying logs of Alnus rhomblfolia Nutt. in Waterman Canyon,
 

San Bernardino County, and Its descendants, were compared and
 

contrasted with long-established laboratory strains of this
 

species referred to as the Riverside and Idaho strains.
 

Three logs were removed from Waterman Canyon and ex
 

amined for T. brevicornls. Experiments were then carried out
 

in order to deterraine differences between the laboratory and
 

the feral population in regards to fecundity, morphological
 

traits, developmental.rate from egg to adult, cannibalism,
 

flying ability and dispersion.
 

This study shows that the natural population differs
 

significantly from the laboratory strains in fecundity,
 

morphology, cannibalism, and dispersing ability. Similarities
 

were found in developmental rate from egg to adult although
 

the high mortality rate of the Waterman Canyon strain neces
 

sitates further Investigation and experimentation in this
 

area. Flying ability was not demonstrated by any of the
 

three strains.
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CHAPTER I
 

INTRODUCTION
 

A natural or feral population can be considered as one
 

occurring outside of a laboratory or artificial environment^
 

5.n a natural habitat« Although most populations of Trl

bollum are found in stored food products 5 recorded discover
 

ies of natural populations have been made by Le Conte (1863)^
 

Okumura and Strong (1965)j Strong (I965) and Sokoloff, et al
 

(1977). The latter finding is of special relevance to this
 

paper.
 

Sokoloffj et aT (1977) discovered the natural p>opula~
 

tlon (later identified as Tribolium brevicornls) under the
 

bark of white alder trees (Alnus rhombifolia Nutt.) lying on
 

the bank of V/aterman Canyon Creek outside the northern city
 

limits of San Bernardino, California, The alder v/as also found
 

to be inhabited by carpenter bees (Xylocopa tabanlformis
 

orplfex). Linsley (19^3) has indicated that Tribolium are
 

often found in association with bee's nests. Sokoloff, et al
 

(1977) list a number of observations made on the coexistence
 

Tribolium brevicornls with Xylocopa (Hyraenoptera) and
 

Anthldiuffi (Apidae): "Davidson (1893) recorded Aphanotus
 

brevicornls (subseojaently renaro.ed Tribolium brevicornls)
 

Xylocopa bee nests: Nininger (1916) extracted these
 

beetles from nests of carpenter bees5 and Hicks (1929)reported
 

Aphanotus brevicornls from nests of the bee Anthidium mormonum
 

http:renaro.ed
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fragerlellum."
 

Overalls very little literature is available on the
 

ecology of natural populations of Triboliuni. Most of the
 

species of Trlbolluin studied in the laboratory (e«g. T.
 

castaneuni^ T. confusurn, T_. destructor and T« madens) have
 

been associated with wheat and other cereal products for a
 

long period of time. Natural populations have become non
 

existent or reduced and the flour mills and vmrehouses v/here
 

tnese species inhabit have come to be regarded by some in
 

vestigators as their "natural" habitat.
 

Contrary to the presently known "natural" habitat
 

mentioned above, Good (1936), Linsley (19^3)> Butler (1949)
 

and Magis (1954) have suggested that the original "primitive"
 

habitat of Trlbolium is under the bark of the trees. This
 

observation coincides with the discovery of Sokoloff^ et al
 

(1977).
 

A study of the natural population of ̂ Ibjuium breyi

found in the decaying logs of Alnus rhombifolia could
 

contribute to an understanding of the ecological relationships
 

01 natural populations of Trlbolium and settle the matter
 

iv'hether population interactions are competition or predator
 

prey.
 

The purpose of this study is to contrast the Water
 

man Canyon population of T. brevicornis with two laboratory
 

strains 0i this species found in Riversidej California and
 

Moscow, Idahoj and maintained for many years at the
 



Tribollum Stock Center^ California State Collegej San Bernardino
 

The biological attributes to be examined will Include: (1)
 

morphology, (2) fecundity, (3) fertility, (4) development,
 

(5) cannibalism, (6) flying ability and (7) dispersing ability.
 



CHAPTER II , . ,
 

MATERIALS AND METHODS
 

Three white alder logs'were obtained from Waterman
 

Canyon Creek just outside the San Bernardino City limits
 

(See Pig. 1). One of these logs probably had been cosmetl

cally removed from the top of a dead white alder by the County
 

Highway Department. The remaining two logs were removed from
 

dead alder trees resting approximately 1„5 m, from the river

bank. Two of the logs were cut into longitudinal sections of
 

1 to 1.3 m in length and 6 to 9 cm in vjidth while the
 

third was cut into circular slices about 2.2 cm thick varying
 

from 15 to 22 cm in diameter as shown In Figure 2. The log
 

fragments were examined for Tribolium. The sawdust obtained
 

after the logs had been sectioned was sifted in a coarse silk
 

bolting cloth sieve and examined for larvae and pupae.
 

All Tribolium collected were sexed and weighed. The
 

length of the elytra and femur of each was measured. Larvae
 

and pupae were Incubated at 32° C. and about 50 60 percent
 

relative humidity. Measurements taken were later compared
 

with those made on T. brevicornis from the Riverside and
 

Idaho stock supplied by Dr. A. Sokoloff from the California
 

State College San Bernardino Tribolium Stock Center. Mean,
 

median, and coefficient of variation was calculated for each
 

sex and stock.
 



F'igure 1, 	Alnus rhombifolia along Waterman Canyon Creek: A. stand of
 
trees along the creek; Bi stump of tree from which one log
 
section was resoved
 

\ji
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Figure 2. 	Sections of Alnus rhombifolia examined in the
 
laboratory; A. tangential sections showing
 
galleries of Xylocopa; B. Circular sections
 
giving a different view of galleries of
 
Xylocopa
 



Developmental rates^ fecundity,and fertility were
 

examined by crossing teri males aiid ten females from each of
 

the three stocks (Waterman Canyon, Riverside, and Idaho).
 

Ten pairs of beetles v^ere placed in a vial, one pair per vial,
 

containing approximately 1.5 gm. of standard medium (19.parts by
 

vjeight flour: 1 part yeast). Tribollum were transferred to
 

a fresh medium every three days and the old medium was ex
 

amined for eggs. Vials containing eggs wei^e re-examined
 

every three days in order to determine the time required for
 

larvae and pupae to emerge. All vials were kept Incubated at
 

32° C. and about 50 to 60^ relative humidity between examin
 

ations., The rate of development for each strain was recorded.
 

The method for preparing colored flour for studies
 

on cannibalism is similar to that suggested by Rich (1956)
 

and Sonleitner (1964). Approximately 43 gm of fine sifted
 

standard medium was mixed with .22 gm of neutral red {,5% by
 

weight). Ho (1967) applied this technique for marking to
 

eggs from T. castaneum and T. confusurn and indicated that this
 

dye (when less than 15^ by weight) does not appreciably affect
 

the eggs or their cannibalism by adults. The dye-flour mix
 

ture was Incubated for ten days In a humid Incubator following
 

which the color of the flour became purple-red. At this point,
 

the dyed medium was partitioned into three glass creamers each
 

containing about 6 gm of the sifted, dyed medium. Ten males
 

and ten females from each stock were then added to the creamers
 

(one creamer per stock). Four days later fifty dyed eggs vjere
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counted out from each creamer and divided into two vials of
 

unbleached medlujn, 25 eggs per vial. Nine males and nine
 

females from each of the three stocks were then Isolated and
 

placed separately into the three pairs of creamers, along with
 

the 25 stained eggs. Three days later, the medium In each
 

vial was sifted and examined to determine the number of eggs
 

remaining. .
 

Flying ability vms determined by placing nine males
 

and nine females from each of the three stocks in six sepa
 

rate empty 100 x 15 mm glass petrl dishes located approx
 

imately 26 cm from a similar dish containing 20 gm of
 

standard medium. The beetles were unable to escape from
 

the dishes by any means other than flying. The room. In which
 

the experiment was performed was devoid of any other food
 

source. Room temperature was 2^1° C. Examinations were made
 

15 days later for presence of beetles in the dishes.
 

Experimental apparatus used to study dispersing ability
 

is similar to that used by Prus (1963) and Ritte, et al (1967),
 

The beetles to be tested \iere placed in vial A (containing
 

8 gms unsifted flour) which was connected by a rubber tube
 

to vial B (containing 4 gms unsifted flour). A thin thread
 

leaves the surface of the flour in vial A and enters vial B
 

by means of the tubing. The thread does not touch the surface
 

of the flour in vial B. Beetles falling into vial B are
 

unable to return to vial A. The beetles were initially placed
 

in vial A and left for five days in order to allox-? condition



ing to the new medium and environment following which vial A
 

was connected to vial B. The experiment v/as conducted at a
 

room temperature of 28*^ C. luider constant light conditions.
 

Dispersants were considered to be beetles found in vial B
 

after fifteen days. Dispersants were counted and sexed.
 

Pour separate groups of beetles were used in this experiment:
 

(1) original T. brevicornis taken from Waterman Canyon logs,
 

(2) two populations of lab-reared offspring derived from the
 

Waterman Canyon stock, (3) T. brevicornis from the Riverside
 

stock and (4) T, brevicornis from the Idaho stock.
 



CHAPTER III
 

RESULTS
 

A total of forty-four Trlbollujn brevlcornls adult
 

beetles \iere collected from the alder tree logs between
 

October l, 1977 and February 1, 1978. Table 1 gives the
 

mean weights for the four strains of Tribolium brevlcornls.
 

Tables 2 and 3 give the mean for the elytra and femur length
 

respectively.
 

Results Indicate that the beetles removed from the
 

Waterman Canyon logs are of approximately the same weight and
 

have similar measurements as the Idaho population except for
 

slightly larger elytral lengths. The greatest difference in
 

elytral length is found in the Waterman Canyon group (2.7 to
 

4.1 mm for malesj 28 to 4.0 mm for females). The smallest
 

range Is, exhibited by the Idaho group (3»8 to 4.2 ram for
 

males, 3.3 to 3.5 mm for females). Measurements for the River
 

side population range from 3.1 to 4.1 mm for the males and
 

3-3 to 4.1 mm for the females. The largest variations in
 

measurements of morphological characteristics were noted in
 

the VJaterman Canyon population from the logs. The largest
 

male In the latter group (16.8 mg) weighs almost four times
 

more than the smallest male (4.6 mg); the largest female
 

(15.2 mg) also weighs approximately four- times more than the
 

smallest (3.4 mg) female.
 

Interestingly, the laboratory-reared offspring of the :
 



  

Table 1 	Weight of V/aterman Canyon, Riverside and Idaho strains of
 
Trlbollum brevlcornls (values are the mean + 1 standard
 
deviation. In mg follovjed by the coefficient of variation
 
for samples (N) of varying size)
 

Total	 Male Female
 

N m + S.D. - C.V. N .Iff + S.D„ C.V. N m f S.D, C.V.
 

(^) , (?) f
\<%)
 

V/aterman
 

Canyon 	 44 9.8+ 3.8 38.78 28 10.8+ 3.5, 32.41 16 7.8+ 5.2 66.67
 

Waterman
 

Canyon 20 12.3 ± 3.3 26.83 10 14.2+ 3.2 22.54 10 10.8 + 3.6 33.34
 
Offspring
 

Riverside 20 11.1 + 1.6 l4.4l 10 12.0 + 1.7 14.17 10 10.1 + 1.5 14.85
 

Idaho 20 9.3 -5- 2.1 22.58 10 10.5 t 1.5 14.29 10 8.2 + 2.6 31.71
 



Table 2 	Elytra length of Waterman Canyon, Riverside and Idaho strains
 
of Tribolium brevicornis (values are the mean + 1 standard
 
devratiwTTn mm followed by the coefficient of variation for
 
samples (N) of varying size)
 

Total 	 Male Female
 

N m + S.D. N m + S.D. C.V. N m ■f S.D. C.V. 

(%) (^) 

Waterman 
Canyon + .9 20.93 28 3.6 ,8 22.22 16 3.3 1.3 39.39+ 

O
Waterman 
Canyon	 20 4 + ■ .3 7.5 10 4.2 + .3 7.14 10 3.8 + .4 10.53 

Offspring 

Riverside 20 3.7 .3 8.11 10 4 4- .3 7.5 10 3.4 . 4 11.76 

4-	 10 ■f .1 2.94Idaho 20 2.6 .3 8.33 10 3.9 .3 7.69 3.^1 

ru 



 

Table 3 	Femur length of Waterman Canyon, Riverside and Idaho strains
 
of Tribolium brevicornis (values are the mean -k 1 standard
 
deviation in mm followed by the eoel'ficient of variation
 
for samples (N) of varying size)
 

Total \ .Male 	 Female
 

N m + S.D. C.V. N m + S.D. C.V. N m + S.D. C.V.
 

"Waterman 	 ■ 

Canyon It 1.2 + .07 5.83 24 1.4 + .24 17.IM 16 1.1 + .1 9.09
 

Waterman >
 

Canyon 20 1.4 + .4 28.57 10 1,4 + .3 21.43 10 1.3 + .17 13.08
 
Offspring .
 

Riverside 20 1.2 + .17 14.17 10 1.3 + .2 15.38 10 1.1 + .17 15.45
 

Idaho 24 1.2 + .1 8.33 10 1.3 + -T 7.69 10 1.1 + .14 12.73
 

UO
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Waterman Canyon population have an overall larger mean weight
 

and femur length than any of the other groups measured.
 

There Is also a larger range in elytra measurements (4.6 mm
 

to 9.2 mm) than the natural population taken from the white
 

alder logs.
 

Tables 4 and 5 list developmental information for
 

the Waterman Canyon, Riverside, and Idaho strains. All
 

three strains have similar emergence times for the eggs,
 

larvae and pupae. A slight deviation In time is seen in
 

Table 4. Waterman Canyon pupae developed a few days later
 

than the Riverside and Idaho stocks. Waterman Canyon beetles
 

also produced fewer eggs per female than either of the other
 

two populations,
 

Tables 6 and 7 list results for experiments performed
 

to determine developmental rates on laboratory-reared.Water
 

man Canyon beetles. The development period determined for
 

eggs through the adult stage for the Waterman Canyon popula
 

tion (53-65 days.) is similar to 52-63 days observed by Mills
 

(1972) in a comparable study of the Riverside strain.
 

From the total number of eggs produced, 76% of the
 

eggs in Mills' (1972) study reached adulthood, but only 34%
 

of the eggs in the two Vlaterman Canyon populations studied
 

(See tables 6 and 7) reached adulthood. In all tests, the
 

greatest mortality in beetles occurred between the egg and
 

larval stage. This period appears to have the highest
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Table Length of de^^elopment of the egg, larval/ 
and pupal stages for three populations of 
Triboliim b.revlcornls ♦

Experiment I , , , 

Population® Daj's Stage Number per Vial 

A; ■ B C D E p G H. I J 

WC ■ ■ 5 eggs 3 2 0 X . 3 0 0 0 ■ ' 3 1 

R 
R 

I 
I 

5 
5' 

5: 
5 

eggs 
larvae 

eggs 
larvae 

0 
0 

X 
X

3 
5 

7 
4 

10 
4 

13 
4 

7 
0 

X 
X 

0 
0 

3 
0 

0 
0 

14 
1 

4' 
3 

X 
X 

X 
X 

X 
X 

6 
, 1. 

X 
X 

4 
4 

4 
0 

WC ■ 7 : larvae 1 0 0 0 0 0 0 , 0 0 0 

R. 7 larvae 0 6 9 3 0 0 4 X 5 3 

I 1 / larvae X 8 11 X 1 6 X X X 2 

WC larvae 1 Q Q: 2; 0 0 0 1 0 

R 15 larvae 0 6 9 5 0 0 4 X 5 3 

I .15 : larvae X '8 11 X ' 1 8 X x X 2 

WC Ml pupae 0 0 0 0 0 0 0 0 0 0 

R 

I 

WC 

^1 

50 

: 

; 

pupae 

pupae 

pupae 

, 0 

, X 

1 

1 , 

2 

0 

4 

3 

0 

5 

X , 

0 

0 

0 

2 

0 

2 

0 

1 

X 

0 

X 

X 

0 

1 

x". 

1 

2 

2 

0 

R 50 pupae 0 6 8 5 0 0 3 X 5 3 

I 50 pupae X 7 10 X 1 7 X X X 2 

WC ■ 5M adult 1 0 0 1 0 0 0 0 0 0 

R , 5M adult 0 1 , 1 1 0 0 1 X 2 0 

I 54 adult X 4 .2 X 1 1 X X .X 0 

WC 66 adult 1 0 0 0 1 0 0 0 1 0 

R 66 adult 0 5 8 5 0 0 3 X 4 2 

I■ ■ 66 adult X , 7 9 X 1 7 X X X 2 

^'symbols WC = Waterman Canyon] R Riverside] I ~ Idaho 
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Table 5 Length of development of the egg, larval
 
and pupal stages for three populations of
 
Triboliuin brevicornis. 

Experiment II 

Population^- Days Stage Number -per Vial 

A B C D E p G H I J 

wc 3 eggs 1 0 0 X"'" 0 0 1 0 0 2 

R 3 eggs 7 3 8 1 0 3 2 7 X 1 

I 3 eggs X 7 0 2 X 7 X X X 2 

WC 7 larvae 0 0 0 X 0 0 0 0 0 1 

R 7 larvae 5 2 5 0 0 3 1 6 X 4 

I 7 larvae X 6 2 X X 4 X X X 2 

, WC 21 larvae 0 0 0 X 0 0 0 0 0 1 

R 21 larvae 4, 0 4 0 0 2 1 4 X 2 

I 21 larvae X 6 1 X X 4 X X X 1 

WC 41 pupae 0 0 0 X 0 0 0 0 0 0 

R 41 pupae 3 0 1 0 0 1 1 1 X 1 

,1 41 pupae X 3 0 X X 2 X X X 2 

WC 44 pupae 0 0 0 X 0 0 0 0 0 1 

R 44 pupae 3 0 2 0 1 1 2 2 X 1 

I 44 pupae X 4 1 X X 3 X X X 2 

^symbols; V/C ~ Waterman Canyon; R ~ Riverside; I ~ Idaho 
isymbols: X ~ one or both of beetles died 
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Table 6 Length of development of a laboratory
 
reared population of Tribolium brevicornis
 
(Waterman Canyon) 

Experiment I 

Days Stage Number per Vial 

A B C D E F G 

4 eggs 0 6 7 0 2 6 0 

7 eggs 0 6 7 0 2 6 0 

11 larvae 0 4 3 :0 1 3 0 

14 larvae 0 5 3 0 1 4 0 

39 larvae 0 5 3 0 1 4 0 

43 pupae 0 1 2 0 1 0 0 

47 pupae 0 2 3 0 1 1 0 

50 pupae 0 3 3 0 1 2 0 

53 adult 0 1 2 0 0 2 0 

56 adult 0 3 2 0 1 2 0 

59 adult 0 3 2 0 1 2 0 

61 adult 0 3 2 0 i 2 0 

Total 

Percentage 0 501 29% 0 50% 34% 0 
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Table 7 Length of development of a laboratory
 
reared population of Triboliixm brevicornls
 
(Waterman Canyon) 

Experiment II 

Days Stage Number |301*"® Vial 

A B c D E p G 

3 eggs 2 7 3 2 0 6' 0 

7 eggs 2 7 3 2 0 6 0 

10 larvae 1 4 2 1 0 3 0 

14 larvae 1 5 3 1 0 , 3 0 

17 larvae 1 5 2 1 0 3 0 

46 larvae 1 5 2 1 0 3 0 

50 pupae 0 3 1 0 0 2 0 

53 pupae 1 2 1 1 0 3 0 

56 adults 0 1 0 0 0 0 0 

59 adults 0 1 0 0 0 1 0 

62 adults 0 2 1 0 0 2 0 

65 adults 1 2 1 0 0 2 0 

Total : , , 
Percentage 50% 29% 34fa 0 0 34f 0 
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mortality rate for all groups studied.
 

The results for the cannibalism studies are given
 

in Table 8. The data Indicate that 2.Q% of the eggs were
 

cannibalized by the Wa.terman Camyon males and 26^ by the
 

Vlaterman Canyon females. V/hile 8^ of the eggs were
 

cannibalized by the Riverside males, none of the eggs were
 

cannibalized by the Riverside and Idaho females or the Idaho
 

males.
 

The tests for dispersing ability suggest that V/ater™
 

man Canyon beetles disperse more readily than both the River
 

side and Idaho stocks. The results are listed in Table 9.
 

Neither the Riverside nor the Idaho populations dispersed
 

within the period of study v^hlle 53^ of the original V/ater

man Canyon population were found in vial B (27^ males and
 

20^ females),. The percent dispersion for the two Waterman
 

Canyon offspring groups is as follows: set 1: 0 females,
 

19? males; set 2: 11^ malesj H% females.
 

Table 10 shoves no differences in results for flying
 

ability in any of the four groups tested. It is probable
 

that T. brevicornls has lost the ability to fly.
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Table 8 Cannibalism of eggs by male and female
 
Trlbolium brevicornis obtained from
 
Waterman Canyon, Riverside and Idaho
 
stock.*
 

Stock No. of Original No. of eggs Percentages
 
beetles No. dyed cannibalized cannibalized
 
per vial eggs per after 3 days
 

vial
 

cf
 ? cf ̂  c? 9 cf ^
 
Waterman
 

Canyon 9 9 25 25 5 7 20 28
 

Riverside 2 0 8 0
9 9 25 25
 

Idaho 9 9 25 25 0 0 0 0
 

*The male and female symbols indicate the sex of the adult
 

adult beetles in those vials.
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'lable 9 	Disperslsig ability of Waterman Canyon,
 
Riverside^ and Idaho stocks of Tribo
li,ura'brevlcornls. :
 

Stock Original No.,, of Dispersants, Total No. Percentage
 
beetles in found in , Dispersed dispersed
 

vial A vial B ,
 

^ 9 	 9
 
Waterman
 

Canyon
 

Waterman'
 

Canyon
 
Offspring
 
Set I
 3 , 0	 20
 

Waterman
 

Canyon.
 
Offspring
 
Set II
 14 13 3 1 yr 15
 

Riverside
 

Stock 0 0
 

Idaho
 

Stock
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Table 10 	Plying ability for- three different
 
stocks of Triboliiiin, brevicornis.
 

Stock
 No. of No. found
 

beetles in In dish
 Percentage
 
original dish v^ith flour
 dispersed
 

VJaterman
 

Canyon
 

R1verside
 

Idaho
 



CHAPTER IV
 

DISCUSSION
 

The present work was an attempt to establish the
 

differences between two laboratory strains^ henceforth re
 

ferred to as the Riverside and Idaho strains, and a feral
 

strain, henceforth referred to as the Waterman Canyon strain,
 

T. brevlcornis.
 

Similarities were found in flying ability and develop
 

mental rate from egg to adult. Tests performed to determine
 

flying ability did not provide any evidence that T.___ brevl
 

cornis could fly In any of the three strains tested. The
 

clrae required to complete the life cycle X'^as also the same
 

for the three strains.
 

Differences existed in cannibalism of eggs, fecundity,
 

developmental.rates 5 morphological traits and dispersion. No
 

solid differences in developmental rate could be demonstrated
 

owing to the high mortality of the Waterman Canyon strain.
 

Although differences are suggested for this trait, further
 

experimentation is needed. .
 

Tests on dispersion indicate that the Waterman Canyon
 

beetles disperse more readily than either of the other tv^o
 

strains. None of the Riverside or Idaho beetles dispersed.
 

One possible reason for the variability in the
 

morphological measurements and fecundity within the Waterman
 

Canyon population is the lack of uniform conditions prevailing
 



in the natural habitats as compared to the uniform conditions
 

of standard flour medium in laboratory environments. Waterman
 

Canyon beetles v^ere found in logs which vai'ied in both mois
 

ture content and physical condition of the wood. Fluctua
 

tions in temperatures relative humidity, and other cllma

tologlcal and environmental factors occurring in nature may
 

be in sharp contrast with the constant conditions of an
 

incubator.
 

Differences in energy sources and nutritional optima
 

may exist between species and account for the differences in.
 

fecundity and morphology. The Riverside and Idaho strains
 

studied had already become adapted to the standard medium
 

used in the experiments, while the Waterman Canyon popula
 

tion had not yet become adapted to the new environment.
 

Studies have been made on the differences in
 

nutritional requirements and diets of different species of
 

Tribolliun. Franklin, Chandra, and Sokoloff (196?) suggested
 

that various optima exist and affect the productivity of T.
 

castaneuin and T. confusum. Such optimum conditions may have
 

been changed when rearing the Waterman Canyon population in
 

the laboratory, thereby affecting their egg-laying capacity.
 

Studies on T. castaneum by Mukerji and Sinha (1953)
 

indicated that mean daily output per female varied depending
 

on the particular diet of the beetle. Banc, Gundu Rao, and
 

Majunider (1966) demonstrated that particle size of the
 

medium may have a marked effect on the growth of T. castaneum
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In whole wheat grains, A maximum increase in population
 

size and growth was noted in beetles reared in fine flour
 

in contrast with beetles reared in, coarse flour. The type
 

of medium may also have a stunting effect on growth and egg-


laying capacity. ■ 

Mickel and Standish (19^16) observed that T. coiifusura
 

could not develop normally in certain soy products. The
 

optimal conditions of the environment and diet of each strain
 

are knov/n to affect egg-laying capacity and morphological •'
 

traits. Tests by Sokoloffj aT (1966b) on T. castaneum and
 

T, confusum suggested that differences in dietary requirements
 

for optimum productivity may exist between species. These in
 

vestigators indicated that different media may affect produc
 

tivity of a single species as well as productivity of different
 

species in the same medium. Studies on T. castaneum by
 

Oosthuizen (19^15) have demonstrated that food preference may
 

also affect fecundity. In summary, the different strains of
 

Tribolium may have different nutritional and food, source re
 

quirements. The diet may have a profound effect on morphology
 

and fecundity.
 

In considering the effects of laboratory medium on
 

developmental rates and morphology of T. brevicornis, the
 

question arises concerning the nature of the natural food
 

source of the Waterman Canyon beetle. The lack of informa
 

tion on flour beetles* energy sources outside of laboratory
 

conditions makes answering this question difficult.
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Obviously3 the natural population is not supplied with the
 

abundant standard mediuJTi found in the laboratory. Further
 

investigation is needed to determine whether the food source
 

is plant material (carbohydrates under the bark, or fungi),
 

animal material, or both plant and animal material.
 

Sokoloff (personal communication) has suggested that
 

T. brevicornis might be a predator on the carcasses, larvae
 

or pupae of Xylocopa. Linsley (19^^) notes that Aphanotus
 

(i.e. Trlbollum) brevicornis is found in many parts of the
 

Pacific coast and states," the latter... is primarily
 

associated with wood-nesting bees (Xylocopa)" and that
 

"...Aphanotus brevicornis breeds regularly in cells of
 

Xylocopa and has been reported in those of Anthidium."
 

Davidson (1893), Nininger (1916), Linsley (1943), Roth and
 

Willis (1951) and Hicks (1929) recorded T. brevicornis under
 

the bark but mainly in nests of Xylocopa (Hymenoptera,
 

Apidae) or Anthidium (Hymenoptera, Apidae) in the United
 

States. (Sokoloff, 1974)
 

Although the majority of adult T. brevicornis re
 

moved from the Waterman Canyon logs were found in the
 

vicinity of the bark, two v/ere removed from the galleries
 

belonging to Xylocopa tabaniformis orpifex, one of which con
 

tained the dried remains of a carpenter bee. Three possible
 

explanations can be offered for the presence of beetles in
 

the galleries; (1) they were there to prey on the live eggs,
 

pupae or larvae of the bees, (2).they were there to scavenge
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on the dead bee remnants, (3) they were there for purely
 

coincidental reasons, i.e. hiding or wandering.
 

Another factor relative to the feeding habits of
 

T. brevicornis, is the cannibalistic tendency of the Waterman
 

Canyon strain. Data on cannibalism indicate that the Water
 

man Canyon strain, under laboratory conditions, is more
 

cannibalistic than either the Riverside or Idaho strains.
 

These greater cannibalistic tendencies, in view of the com
 

mon habitat of Xylocopa and Tribolium, suggest the possi
 

bility of a predator-prey interaction. Sokoloff (1974)
 

suggests that "...the presence of Tribolium in the nests
 

(of bees or ants) may have been due to a deliberate invasion,
 

in order to scavenge or steal the food stored by other
 

insects, and. even consume the carcasses of dead bees or
 

attack eggs, grubs, or bee pupae in their cells,."
 

Another explanation for the cannibalism might be a
 

need by T. brevicornis to satisfy its requirements for cer
 

tain nutrients not available in the laboratory medium.
 

Cannibalism for the purpose of supplementing diet has been
 

suggested by both Inouye and Lerner (I965) and Sokoloff (1974)
 

Tests on dispersion indicate that the Waterman Canyon
 

population disperses more readily than the Riverside or *
 

Idaho groups. Sokoloff (197^) suggests that changes in
 

environmental conditions may bring about dispersion. Such
 

■fluctuations in the physical environment are likely to occur 

in the habitat of the Waterman Canyon population, and help 
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to explain its greater tendency to disperse, compared to
 

the Riverside and Idaho strains. Genetic differences
 

might"also offer partial explanation for the greater dis
 

persion of the Waterman Canyon population. Prus (I966)
 

Investigated the migration of T. .castaneum and T. confusum
 

and suggested that dispersion has a strong genetic
 

component.
 

Further observations are needed to determine more
 

precisely the reasons for the differences In dispersion,
 

cannibalism, and developmental rates observed In the Water-,
 

man Canyon, Riverside, and Idaho strains of T. brevlcornis.
 



CHAPTER V
 

SUMMARY
 

A natural population of Tribolium brevlcornls, and
 

its descendants dei^ived from Waterman Canyon in the San
 

Bernardino mountains, just north of San Bernardino,
 

California, v^ere compared and contrasted with two laboratory
 

populations of the same species," referred to as Riverside
 

and Idaho strains. Significant differences were found in
 

dispersing ability, cannibalism, fecundity, and morphology.
 

The Waterman Canyon population differed from the Riverside
 

and Idaho populations in the following ways: (1) greater
 

dispersibility was evident, (2) cannibalistic tendencies
 

were greater., (3) fewer eggs were laid per female, and
 

(^) differences in weight and length of the elytra and
 

femora v;ere observed.
 

The three strains do not differ significantly in
 

flying ability nor in the time of development from egg to
 

adult.
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