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Six species of Cleridae, including Enoclerus spegeus Fabricius, 

E. lecontei Wolcott, E. schaefferi (Barr), E. eximius Mannerheim, 

Thanasimus undatulus Say, and an undescribed species of Enoclerus, 

were found on Douglas -fir in western Oregon. E. sphegeus was the 

only clerid of the six species studied which was primarily associated 

with the Douglas -fir beetle, as the other clerids occurred more often 

with Scolytus unispinosus or other small scolytids. 

E. sphegeus and T. undatulus each had a life span of two years, 

the first year of which was spent in the immature stages. E. sphegeus 

and T. undatulus adults emerged during the latter part of the summer, 

apparently overwintered in bark crevices, and appeared on Douglas - 

fir beetle- infested trees the following spring. Both species survived 

as adults approximately a year in the field, and E. sphegeus lived up 

to nearly a year and a half in the laboratory. E. lecontei adults 



emerged throughout the summer, survived no more than two months in 

the laboratory, and gave no indication of overwintering in the adult 

stage. 

Clerids mated frequently throughout their adult life. Mating ap- 

peared to be stimulated by a pheromone produced by the females. 

Two larval instars were found in E. sphegeus, three in T. unda- 

tulus, E. lecontei, and Enoclerus sp. , and four in E. schaefferi, al- 

though none of the E. schaefferi larvae pupated. 

E. sphegeus larvae fed on all stages of Douglas -fir beetle brood 

during the first instar, and fed mostly on Douglas -fir beetles from the 

third instar to callow adult in the early part of the second instar. 

After the first few weeks, most second instar larvae did not feed, but 

left the Douglas -fir beetle galleries and remained relatively inactive 

throughout the winter and spring in pupal cells, constructed in the 

outer bark of infested trees or in chunks of partly decayed bark on the 

ground, until the following July or August when they pupated. A few 

prepupal larvae in the outer bark were parasitized by a species of 

Ichneumonidae. 

E. sphegeus adults apparently did not consume their potential of 

Douglas -fir beetles in the field due to lack of available Douglas -fir 

beetle adults throughout most of the year. E. sphegeus larvae were 

rather ineffective as predators, since they occurred mainly where 

Douglas -fir beetle gallery density was high, and merely reduced 



competition of Douglas -fir beetle brood rather than causing a decrease 

in the population. 
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THE BIOLOGIES OF PREDATORS (COLEOPTERA :CLERIDAE) 
OF THE DOUGLAS -FIR BEETLE, DENDROCTONUS 

PSEUDOTSUGAE HOPKINS (COLEOPTERA: 
SCOLYTIDAE), IN WESTERN OREGON 

INTRODUCTION 

The Douglas -fir beetle, Dendroctonus pseudotsugae Hopkins 

(Coleoptera: Scolytidae), is one of the most destructive insects of 

Douglas -fir, Pseudotsuga menziesii (Mirb. ) Franco, throughout its 

range. In western Oregon the Douglas -fir beetle normally infests only 

windthrown timber, and is usually able to attack standing trees only 

following a year of excessive blowdown. The Douglas -fir beetles, 

which build up tremendous populations in the excessive blowdown, are 

then forced to make mass attacks on standing trees. Heavy attacks on 

a tree reduce its resistance until it is completely overcome by Douglas- - 

fir beetles. The tree is killed by the girdling action of the Douglas - 

fir beetles in the cambium and by the introduction and spread of blue - 

stain fungus, Ceratocystis spp. , which is carried and introduced by 

the beetles. Many board -feet of timber may be killed before the 

Douglas -fir beetle population subsides. 

Although the origin of a Douglas -fir beetle epidemic in western 

Oregon depends primarily on the amount of available windthrown ma- 

terial, the decline of Douglas -fir beetle populations is caused by the 

combination of weather, host resistance, competition, predation, and 
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parasitism. These factors should be studied separately to understand 

their individual effects on the population before they can be evaluated 

in combination with other factors. This study is concerned with bark 

beetle predators belonging to the family Cleridae (Coleoptera), with 

emphasis on Enoclerus sphegeus Fabricius. Both adults and larvae 

of E. sphegeus and five other species of Cleridae occurring in western 

Oregon are predacious on the adults and immature stages of the 

Douglas -fir beetle and /or other associated insects. The objectives 

undertaken in this study were to delineate the life histories of these 

clerids, to determine which species, if any, are primarily associated 

with the Douglas -fir beetle, and to investigate their possible effective- 

ness in reducing Douglas -fir beetle populations. Extensive sampling 

was undertaken in the field to compare clerid densities with Douglas - 

fir beetle densities and to evaluate the possible reduction of bark 

beetle brood by Cleridae. In the laboratory, rearings were conducted 

to study predator development at different temperatures and to study 

their feeding potential and habits, and oviposition behavior. 
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LITERATURE REVIEW 

Cleridae are nearly always included in lists of predators and 

other insects associated with various species of Scolytidae. The ef- 

fectiveness of clerids a s predators of Scolytidae is a subject of dif- 

ferences of opinion, since the effects of bark beetle -predator relationships 

have undergone relatively little numerical assessment. Six species of 

Cleridae are found on Douglas -fir in western Oregon; however, only 

one species, Enoclerus sphegeus Fabricius, is thought to be of any 

importance as a predator of the Douglas -fir beetle (Kline and Rudin- 

sky, 1964). The other species include E. lecontei Wolcott, Thanasi- 

mus undatulus Say, E. schaefferi (Barr), E. eximius Mannerheim, and 

an undescribed species of Enoclerus. 

This section begins with a brief life history of the Douglas -fir 

beetle, then continues with a review of the above species of Cleridae 

emphasizing life histories and opinions regarding their value as preda- 

tors, and concludes with a general discussion on principles of preda- 

tion as related to this study. 

The Douglas -fir Beetle 

The life history of the Douglas -fir beetle has been studied by 

various authors (Bedard, 1933, 1950; Hopkins, 1909; Johnsey, 1964; 

McGowan and Rudinsky, 1958; Vit(and Rudinsky, 1957; Walters, 1956). 
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Briefly, its life history in western Oregon is as follows: adults emerge 

in April, May, and June, and attack the main stem of standing or wind - 

thrown trees where the diameter exceeds six inches. The unmated fe- 

male makes the initial attack, bores into the cambium, and produces 

a pheremone which attracts Douglas -fir beetles of both sexes to the 

tree (Rudinsky, 1963). As soon as a male enters the entrance hole, 

the pair mate and the female constructs a single longitudinal gallery 

between the inner bark and sapwood from 6 to 30 inches in length. 

Alternate groups of eggs are deposited in niches along the sides of the 

gallery. 

Larvae have four instars and make individual mines which fan 

out perpendicularly from the parent gallery. When mature, the fourth 

instar larvae usually leave the cambial zone and tunnel into the bark 

to pupate. They overwinter as callow adults and emerge the following 

spring, completing one generation a year. 

Some parent females, which had made their initial attack the 

preceding spring, re- emerge during June, July, and August of the 

same year to attack new trees. Development of broods from these 

later attacks is somewhat delayed; the broods often overwinter as 

fourth instar larvae, emerge the following July or August, and attack 

trees during the latter part of the summer. Adults which emerge dur- 

ing July or August often overwinter in the gallery of their first attack 

and re- emerge to make a second attack in May. 



5 

Enoclerus uhegeus Fabricius 

Enoclerus sphegeus occurs in western North. America from Al- 

berta to Mexico (Papp, 1960; Reid, 1957; Vaurie, 1957). The adult 

(Plate 1, figure A) was originally described by Fabricius in 1787 

(Leng, 1920; Papp, 1960), and later in more detail by Brown (Reid, 

1957) who described it as follows; 

Length 8. 5 to 12 mm. Moderately slender. Abdomen 
bright red, the integument otherwise entirely blackish 
and with a feeble metalic lustre. Entire body conspicu- 
ously pubescent; the pubescence black and cinereous, 
erect in part; the cinereous hairs conspicuous on the 
head and legs, forming a conspicuous median band on 
the elytra; the band with irregular margins, slightly to 
moderately widened from the lateral margin to the suture. 
Antennae not quite attaining the base of the elytra, each 
with a club of four segments. Prothorax strongly nar- 
rowed in basal half; at base about three - fourths as wide 
as at apex; a distinct, arcuate, transverse impression 
extending completely across the apical half of the prono- 
turn. Elytra feebly widened from base to apical third; 
with prominent humeral umbones; lacking striae; rough- 
ened by close, fine punctures. 

Three larval instars were described by Struble (1942a) in California, 

and by Kline and Rudinsky (1964) in Oregon who obtained the following 

measurements of the head capsule widths of three instars; 

Instar Head capsule width 

1 0. 64 - 0. 72 mm. 

2 0. 80 - 1. 02 mm. 

3 1. 40 - 1. 72 mm. 



PLATE 1. Adult Cleridae: A, Enoclerus sphegeus; B, Enoclerus 

lecontei; C, Enoclerus sp.; D, Thanasimus undatu?us. 
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However, four instars were described by Reid (1957) in Alberta, 

Canada. 

'The value of E. sphegeus as a predator of various species of 

Scolytidae has caused some disagreement. Kline and Rudinsky (1964) 

stated, "Because of its abundance and apparent aggressiveness, this 

insect can be rated the most important predator of D. pseudotsugae. " 

Keen (1928) wrote that E. sphegeus is particularly fond of the moun- 

tain pine beetle (D. ponderosae Hopk. _ D. monticolae Hopk. ) but has 

been noted feeding on D. brevicomis Lec. and Scolytus spp. Black- 

man (1931) reported that it was rarely found feeding on D. ponderosae 

and was a more common enemy of Ips spp. De Leon (1934) found it 

associated with the mountain pine beetle in Pinus contorta S. Wats. 

and P. monticola Dougl. , but stated that it appeared to be of little 

economic value. Due to high cost and impracticability of laboratory 

rearing, Struble (1942b) did not recommend rearing E. sphegeus for 

commercial use as a predator of bark beetles. 

Seasonal History. Development of the immature stages and the 

emergence of adults appears to vary throughout the range of E. 

sphegeus. Kline and Rudinsky (1964) gave a brief description of its 

seasonal history in western Oregon: 

There is only one generation per year, and the emer- 
gence of adults is closely synchronized with the emer 
gence of the Douglas -fir beetle in April or May. Mating 
takes place on and around material being invaded or 
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already infested by the Douglas -fir beetle, and eggs 
are laid in clusters under scales of the outer bark. 
The first larval instars apparently enter the cambial . 

region of the tree through the entrance and "ventilation" 
holes constructed by the bark beetles. The larvae 
develop under the bark, feeding on the eggs, larvae, 
pupae, and callow adults of its host. All three instars 
are present throughout the summer. A large per- 
centage of the mature larvae (third instar) emerge in 
midsummer and migrate on the outer bark to the base 
of the tree. Pupal cells are formed in the outer bark 
or in the duff around the root collar. The clerid over - 
winters as a prepupal larva. When this species was 
reared in the laboratory it appeared not to require 
diapaus e. 

Struble (1942a) stated that in California the adults began to 

emerge in September and reached their greatest abundance by October 

and November. They hibernated in bark crevices during the winter 

months and appeared again in the spring. Eggs were laid in both the 

fall and spring, and the larvae matured by the end of June. The ma- 

jority pupated after a 30 -day quiescent period and emerged by fall, 

with a third overwintering in the larval stage. Furniss (1957) found 

evidence of a similar seasonal history in Idaho, except that the over- 

wintering brood was the more common and the adults reached their 

greatest abundance between May 17 and June 3, toward the end of the 

Douglas -fir beetle flight. 

Harman (1962) found no indication of E. sphegeuslarvaepupating 

or reaching the adult stage during their first summer in western Ore- 

gon, but he did find overwintering larvae. Böving and Champlain 

(1920) described overwintering in this manner: 
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Upon emergence of Dendroctonus broods, the clerid 
larvae being fully grown, go into the ground at the base 
of the same tree for hibernation. This migration occurs 
at night. They enter the ground and burrow for several 
inches in depth close to the base of the tree and begin to 
construct their pupal cells. They overwinter in these 
cells in the larval stage. 

The cells are made in the dirt and debris, in bark 
crevices, or in any suitable place. The cell is lined 
with the exudatium, foam -like and of a silvery luster. 
This tends to hold all loose particles together, especially 
when the cell is made in the soil, and provides a smooth 
surface for the larva and pupa to rest upon as well. as a 
protective covering. 

Host Attraction. It has not been established whether clerids 

locate bark beetle- infested trees by being attracted to the beetles or 

to the trees themselves. Furniss (1957) observed the greatest num- 

ber of adults on the stumps of felled trees, but offered no explanation. 

Harwood (1964) found E. sphegeus attracted to several fractions of 

Douglas -fir and ponderosa pine oleoresin. In Colorado, however, E. 

sphegeus were attracted to trees infested with overwintering D. pon- 

derosae (Böving and Champlain, 1920). Reid (1957) observed E. 

sphegeus adults on a felled lodgepole pine the same day the tree was 

attacked by Ips sp. , but stated that E. sphegeus were no longer found 

on the tree a week or so after the Ips had disappeared into the bark. 

Feeding. The principal diet of adult E. sphegeus appears to be 

adult Scolytidae, but their food may consist of other small insects 

occurring on infested trees (Böving and Champlain, 1920). In one 
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laboratory experiment, adults ate an average of one bark beetle every 

27 hours (Struble, 1942a), although, as Gauss (1954) pointed out, the 

number of bark beetles preyed upon depends to a large extent on the 

weather and temperature. 

Gauss (1954) discovered that Thanasimus formicarius Latr. , an 

European clerid very similar to E. sphegeus in life history and habits, 

located its prey by sight and reacted to bark beetle movement from a 

distance of three to five centimeters. He described the manner in 

which a clerid approached its prey (Figure 1), seized the bark beetle 

with its front two pair of legs while balancing itself on its hind legs, 

turned the beetle on its back and severed the ventral seam between 

the meso- and metathorax with its mandibles (Plate 4). All soft parts 

of the bark beetle were consumed as the clerid tore it in pieces, leav- 

ing only the exoskeleton uneaten. Feeding time was about 30 minutes 

from the moment of capture until the last pieces of exoskeleton were 

discarded. 

Struble (1942a) stated that E. sphegeus larvae fed specifically 

on the larvae of Scolytidae and required at least ten mature bark bee- 

tle larvae for complete development. Reid (1957) fed an E. sphegeus 

larva 40 Ips spp. larvae, pupae, and adults, and reported that E. 

sphegeus showed a decided preference for Ips spp. larvae and pupae 

over hymenopterous and dipterous larvae. However, he observed E. 

sphegeus larvae feeding on large buprestid and cerambycid larvae. 
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Figure 1. Enoclerus sphegeus approaching a Douglas -fir beetle. 
(Enlarged three times). 
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E. sphegeus have been reared in the laboratory on wax moth larvae 

(Harman, 1962), and are known to be cannibalistic (Kline, 1964; Reid, 

1957; Struble, 1942a). 

Larval Mortality. Reid (1957) stated; "The first instar (E. 

sphegeus) larva is very feeble, and when eggs are deposited any dis- 

tance from a bark beetle entry hole, it is improbable that the larvae 

are able to locate and enter before being destroyed by other predators, 

high temperatures, or starvation. " Once the larvae are under the 

bark, they have relatively few enemies. The only insect enemy of E. 

sphegeus larvae cited (besides the cannibalistic members of its own 

species) is an ichneumonid parasite, Apistephialtes dentatus Townes, 

of the subfamily Ephialtinae (Townes and Townes, 1960). 

Sex Determination. Struble and Carpelan (1941) stated that the 

only constant sexual character found on E. sphegeus is the fifth ab- 

dominal sternite, where the posterior margin is more concave in the 

male than in the female. Kline and Rudinsky (1964) had difficulty ob- 

serving this character, and determined the sex of gravid females by 

the size of the abdomen, although they could not distinguish non - gravid 

females from males. Hitchcock (1963) suggested that the direction in 

which certain elytral setae point may be an indication of sex in some 

species of Cleridae, and might be the method by which the male rec- 

ognizes the female of its own species. 
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Enoclerus lecontei Wolcott 

Enoclerus lecontei occurs in a wide range between British Co- 

lumbia, Michigan, and Guatemala (Papp, 1960). The adult was origi- 

nally described by LeConte (1861) as Clerus nigriventis. It was 

called Thanasimus nigriventris by Blackwelder (Kline and Rudinsky, 

1964) and Townes (1960). Wolcott redescribed the species as Clerus 

lecontei in 1910, but because of a change in generic nomenclature 

(Leng, 1920) its name now stands as Enoclerus lecontei Wolc. (Böving 

and Champlain, 1920; Kline and Rudinsky 1964; Wolcott, 1947). Per- 

son (1940) mistakenly referred to it as Thanasimus lecontei (Wolc. ). 

The clerid is about six millimeters long, and is distinguished 

from E. sphegeus by its smaller size and black abdomen (Plate 1, 

figure B). LeConte (1861) described it as follows: 

The usual rows of punctures on the elytra are completely 
wanting; about one - fourth from the base a broad band of 
cinereous pubescence extends from the suture nearly to 
the margin; the suture from the base to the band is also 
clothed with cinereous hair; behind this band, but about 
the middle, instead of before the middle, as in other 
species, is the usual narrow, acutely angulated band; a 
large apical spot of grey hair occupies the hindermost 
fifth of the surface, and extends along the suture higher 
than on the margin; its anterior outline is angulated, and 
is transversely truncate at the middle. 

Böving (1928) first described the mature larva, and Kline and Rudin- 

sky (1964) described all three larval instars. 

Doane et al. (1936) and Keen (1928) reported E. lecontei to be 
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ar active predator of the western pine beetle, D. brevicomis. Person 

(1940) claimed that each killed at least 25 western pine beetles during 

an adult life of six to eight weeks, and that the larvae of E. lecontei 

caused up to 42 percent mortality of the brood. Hopkins (1902) re- 

ported that E. lecontei destroyed many bark beetles near Boulder, 

Colorado. Bedard (1933) and Kline and Rudinsky (1964) felt that al- 

though the insect is found on Douglas -fir, it is of no great importance 

in controlling the Douglas -fir beetle. Kline and Rudinsky (1964) found 

E. lecontei ". . . to be more abundant in association with smaller 

bark beetles, such as Scolytus unispinosus Lec. and various species 

of the genus Pseudohylesinus. . . . " in western Oregon. 

According to Person (1940), the life cycle of E. lecontei is 

closely associated with that of the western pine beetle. There appears 

to be one overlapping generation per year. Larvae mature in 30 to 

60 days, usually by July 15. Most of them crawl to the base of the 

tree to pupate and bore into the outer bark scales near the ground or 

in sticks and pieces of bark in the duff, while some remain in the 

outer bark not far from where they fed. The majority pupate and 

emerge as adults by late summer or early fall, while a few over - 

winter as mature larvae and emerge in May and Jane. 

Thanasimus undatulus Say 

The adult was originally described by Say (1835) as Clerus 
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undatulus, but it was later placed in the genus Thanasimus (Leng, 1920). 

Leng listed the species as T. undulatus, but his spelling was reported 

to be a typographical error (Kline and Rudinsky, 1964). The clerid 

was mistakenly called T. dubius (Fab. ) by Bedard (1933). Some geo- 

graphic forms show color variation. The western form, which occurs 

in western North America from Alaska to New Mexico (Papp, 1960), 

has been identified as T. undatulus nubilus Klug, and is distinguished 

by having black elytra, while on the eastern form the elytra are red- 

dish brown (Knull, 1951). Barr has preferred to call all forms T. 

undatulus Say (Kline and Rudinsky, 1964). The adult is seven or eight 

millimeters long and is readily distinguished from E. sphegeus by the 

more posterior location of the whitish elytral band (Plate 1, figure D). 

Say (1835) described the species as follows; 

Body sanguineous, punctured, hairy; head blackish; 
labrum, antennae and palpi rufous; thorax with an 
angulated, deeply impressed line on the anterior sub - 
margin; anterior margin blackish; elytra black, with 
a very small rufous portion at the base; before the 
middle a deeply zigzag narrow cinereous band in the 
form of a W, the middle angle pointing anteriorly, 
wider on the lateral margin; anterior to the band are 
large punctures in regular striae; posterior band 
broader, cinereous, not undulated; post -pectus with 
a black middle. 

Kline and Rudinsky (1964) described three larval instars. 

T. undatulus is found on Douglas -fir, but is said to prefer 

smaller bark beetles such as Pseudohylesinus spp. and Scolytus spp. 

(Kline and Rudinsky, 1964). Adults have been observed from May to 
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September (Bedard, 1933; Böving and Champlain, 1920) and are thought 

to overwinter in the duff (Reid, 1963). 

Larval development of T. undatulus in Idaho was followed by 

Bedard (1933). Females in the laboratory laid up to 52 eggs in a 

period of 30 days. In the field, eggs were laid in June beneath bark 

scales and in crevices, usually in groups of two or three. A few lar- 

vae reached the adult stage by August and September of the first year, 

but the majority overwintered as larvae and emerged in May and June. 

Pupae have been found underneath the bark (Reid, 1963), or in the 

outer bark and on the ground (Bedard, 1933). 

T. undatulus larvae have eaten up to 0. 85 bark beetle larvae per 

day, but have survived on as little as one every 15 days (Bedard,1933). 

Gauss (1954) observed larvae of T. formicarius, a closely related 

European species, feeding on dead cerambycid larvae and discovered 

that T. formicarius larvae actually required boring dust and waste 

material in moldy bark to supplement their diet of living prey. Be- 

cause of their scavenging nature, Gauss declared T. formicarius to 

be of little value as a predator of bark beetles. 

Enoclerus schaefferi (Barr) 

The species was originally named Clerus humeralis by Schaeffer 

in 1905 (Barr, 1947). Barr (1947) found the name to be a primary 

homonym of a species described by Say in 1823, and renamed it 
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Enoclerus schaefferi. The clerid closely resembles E. lecontei, but 

differs by the presence of two small red humeral spots on the elytra. 

E. schaefferi has been reared from insect -infested cones of Douglas - 

fir in Oregon and California (Böving and Champlain, 1920; Essig, 

1942). No mention has been made of it as a predator of the Douglas - 

fir beetle. 

Enoclerus eximius Mannerheim 

The species was given its present name by Mannerheim in 1843 

(Leng, 1920). Essig (1942) stated; 

Enoclerus eximius Mann. is 6. 5 mm long, black with 
whitish pubescence, the elytra bright red with three 
small basal and two apical black spots, and the abdomen 
red. It preys chiefly on the ptinid beetles infesting soft 
trees such as California bay, alder, willow, wax myrtle... 
from California to British Columbia. 

Although two specimens of E. eximius have been collected on Douglas- 

fir in western Oregon, it is not cited in the literature as a predator of 

the Douglas -fir beetle. 

Other Predators 

Temnochila virescens var. chlorodia Mann. (Coleoptera; Trogo- 

sitidae) feeds on bark -infesting insects of broad -leaved trees and 

conifers throughout the forests of the Pacific slope (Doane, et al. , 

1936). Its life history and habits are similar to those of many clerids 
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(Struble, 1942a.). Kline and Rudinsky (1964) rated it more important 

as a predator of the Douglas -fir beetle in the Intermountain Region 

than in the Pacific Northwest. De Leon (1934), Blackman (1931), and 

Person (1940) listed T. virescens as a predator of bark beetles in 

pines, but claimed that it is of little economic importance. 

Johnsey (1964) studied the biology of Medetera aldrichii Wheeler 

(Diptera:Dolichopodidae) and found the larvae to be abundant under 

Douglas -fir bark where they were predacious on the immature stages 

and callow adults of Douglas -fir beetles. Johnsey (1964) discovered 

that Lonchaea furnissi McAlpine (Diptera:Lonchaeidae), which was 

often found in the galleries of the Douglas -fir beetle, was mainly a 

scavenger, and considered it to be of little importance. 

Other insects listed as possible predators of the eggs and larvae 

of Scolytidae include the following: Coleoptera- Staphylinidae, Histeri- 

dae, Cucujidae, and Tenebrionidae (De Leon, 1934; Struble, 1930); 

Hemiptera- Aradidae (Bedard, 1938) and Anthocoridae (De Leon, 1934). 

Several species of mites occur in the galleries of Scolytidae, and 

members of one genus, Pygmephorus spp. , are known to be egg pred- 

ators of Ips sp. (Reid, 1957). Nematodes commonly occur as para- 

sites in adult bark beetles (Graham, 1963; Rudinsky, 1962), and a 

species of Hymenoptera, Coeloides brunne.ri Viereck (Braconidae), is 

a common parasite of Douglas -fir beetle larvae in western Oregon 

(Ryan and Rudinsky, 1962). 
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Principles of Predation 

Predation, as has already been pointed out, is only one of a 

number of factors regulating the Douglas -fir beetle population (Rudin- 

sky, 1962). Graham (1963) stated: 

The difficulties of understanding lie not primarily in 
detecting the diverse specific forces exerting influences 
on the individuals composing any given population but 
rather in evaluating their relative and overall influence 
on abundance of a population as a whole. There are some- 
times reasons to believe that factors which are momentarily 
adverse to a large proportion of a population are not 
necessarily the principal limiting factors which decide 
whether successive generations will increase or not. 

Predation, then, can be an important factor limiting the size of a 

population even though the percentage of population mortality resulting 

from predation may be relatively small. On the other hand, predators 

may act as an agent removing surplus individuals of an overcrowded 

population, and merely increase the vigor and fecundity of the sur- 

vivors by reducing competition (Honing, 1959). Predation of Douglas - 

fir beetle brood by clerid larvae would be: 1) most effective where 

the Douglas -fir beetle density were optimum for Douglas -fir beetle 

brood survival; and 2) least effective where the Douglas -fir beetles 

were overcrowded and the survival of Douglas -fir beetle brood were 

greatly limited by lack of space. 

Predation of Douglas -fir beetle adults by adult Cleridae is some- 

what different from larval predation since the adults of both are not 
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confined to any given space but can move from one location to another. 

Although predators which locate their prey visually are generally ef- 

ficient at lower prey densities than those which locate their prey by 

odor (Holling, 1959), adult clerids are able to see only from three to 

five centimeters (Gauss, 1954), and would undoubtedly have a greater 

chance of locating prey on the bark surface when the prey density is 

high. Graham (1963) stated: 

As population density increases, the probability of contact 
with natural enemies (including parasites, predators, and 
diseases) increases. Availibility to enemies is partly a 
consequence of numbers per unit of space that has to be 
searched by enemies, and partly a result of some indi- 
viduals being crowded into more exposed and vulnerable 
positions. 

Also, the destruction of large numbers of Douglas -fir beetle adults by 

predation in areas of high densities reduces the number of Douglas - 

fir beetle adults which might otherwise fly to areas of lower densities. 

Several other factors are involved which concern the efficiency 

of a predator in controlling populations of a destructive insect. A 

good predator should increase its own numbers as the population of 

its prey increases, and at the same time, each individual should des- 

troy more prey (Holling, 1959). Insatiability of a predator ". . . 

allows of attacks on the host population beyond the capacity of the 

predator to consume food" (Graham, 1963). The predator should be 

specific in its feeding at high prey densities, and yet be able to sur- 

vive by feeding on other organisms when the prey density is low 
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(Graham, 1963). Seasonal synchronization of clerids and their prey 

is important (Blackman, 1931), as the maximum effect of predation is 

largely determined by the length of time Douglas -fir beetle adults are 

available to adult Cleridae. 



23 

METHODS 

Field studies emphasized measurement of population densities of 

the Douglas -fir beetle and its predators in windthrown Douglas -firs 

on the Mary's Peak Watershed area, Siuslaw National Forest, 14 

miles west of Corvallis, Oregon. The forest type consisted of nearly 

pure stands of 150 to 200 -year -old Doulas -fir on a gently sloping, 

northeasterly aspect, at elevations from 1100 to 2000 feet. Large 

numbers of trees in the area had been blown down in a violent wind- 

storm which took place on October 12, 1962. This study began with 

the emergence of Cleridae which had developed in the year preceding 

the storm, then continued with the invasion and development of the 

Douglas -fir beetle and its predators in the blowdown resulting from 

the storm, and concluded in November, 1964, after obtaining data on 

the clerids and Douglas -fir beetles developing in less extensive wind - 

throws of the year following the storm. Trees for study included con- 

centrated windthrows as well as scattered single trees in exposed and 

shaded areas. 

Studies of Adult Cleridae 

A number of laboratory and field studies were conducted to de- 

termine emergence, seasonal occurrence, and longevity of adult 

clerids as well as feeding, mating, and oviposition behavior. 
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Laboratory studies were timed to coincide with the life of adult clerids 

in the field whenever possible. 

Emergence. Four screen cages, each measuring four feet 

square and five feet high, were placed in the Watershed, with two 

cages in a shaded area at 1400 feet; and one near the crest of Miller's 

Ridge at 2000 feet elevation. Logs infested with Douglas -fir beetles 

from the spring of 1962 were placed in three of the cages, while 

Douglas -fir branches infested with Scolytus unispinosus Lec. were 

kept in the fourth. The cages were inspected daily from March 22, 

1963, to September 27, 1963, and periodically until November 15, 

1963. All Cleridae which emerged in the cages were collected to ob- 

tain seasonal emergence data for the different species, and to deter- 

mine which species occurred most abundantly with the Douglas -fir 

beetle. 

Further seasonal emergence data was obtained by cutting bark 

containing clerid larvae and pupae from a large windthrown tree re- 

cently infested with Douglas -fir beetles in the spring of 1962, and 

keeping record of the clerids which emerged from the bark. The bark 

was taken in early August, 1963, about two months after the Douglas - 

fir beetles had emerged. Sections of bark were cut from four sides 

of the trunk of the windthrow and placed individually in metal boxes 

with wood tops. A mason jar was fastened over a hole on the side of 
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each box to collect emerging clerids, and a strip of coarse paper was 

taped inside the box leading to the hole. The boxes were kept in dense 

shade at 1400 feet elevation and were checked periodically until the 

end of November, 1963. 

Overwintering. Twenty -one adult clerids were marked with red 

nail polish on November 27, 1963, and placed in outdoor cages in the 

Watershed to determine whether adult clerids could overwinter in 

western Oregon. Logs, loose bark, and litter were placed in the 

cages to provide shelter. The contents of the cages were inspected 

for live clerids on December 11, on January 5, and again on March 

19, 1964. 

Another group of clerids were fed varying amounts of Douglas - 

fir beetles and were then placed in a refrigerator set at 40° F. where 

they remained for six months. Some clerids were placed in the re- 

frigerator without food immediately following eclosion, while others 

were previously fed from one to five Douglas -fir. beetles. Record 

was kept of clerid survival in relation to the quantity of food eaten. 

Feeding. Eighteen adult clerids were given a continual supply 

of live Douglas -fir beetles for 30 days to determine maximum daily 

feeding potential. The clerids were kept individually in plastic petri 

dishes at 75° F.. Pieces of blotting paper cut to fit the bottom of the 

petri dishes provided a foothold for the insects. A minimum of five 
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live Douglas -fir beetle adults were supplied daily to each clerid. 

Since many of the bark beetles eaten were indistinguishable, as only 

fragments of the exoskeleton remained in the petri dish, the number 

killed was determined by subtracting the number of surviving or dead 

untouched Douglas -fir beetles from the number given the previous day. 

Dead beetles were not considered killed by clerids unless the ventral 

seam between the meso- and metathoracic coxae was torn open. The 

petri dishes were checked two or three times a day, and enough bee- 

tles were added when needed to maintain a nearly constant supply of 

five Douglas -fir beetles with each clerid, regardless of the number 

destroyed. Beetles used for feeding were collected in the field and 

stored at 40°F. in petri dishes filled with moistened frass from the 

galleries of infested trees. 

Mating and Oviposition. The longevity and fecundity of 30 re- 

cently eclosed adult clerids was followed in the laboratory. The 

clerids were maintained without food at 40° F. from November to 

March. During the remainder of the year they were kept at 70° to 

75°F. and provided with one Douglas -fir beetle adult per day. Each 

predator was confined in a plastic petri dish with blotting paper cov- 

ering the bottom. 

Clerids were mated at various intervals to determine the length 

of time fertile eggs could be laid after a single copulation. Mating 
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was no problem, as pairs usually copulated immediately when placed. 

together. As soon as a pair finished mating, the female was separated 

from the male until she laid nothing but infertile eggs for three days, 

after which she was again mated and the process was repeated. 

Female clerids were supplied with a triangular piece of paper 

rolled into a spiral to serve as an oviposition site, but most females 

preferred to lay their eggs on the bottom and sides of the petri dish, 

usually under the blotting paper. Since some difficulty was encoun- 

tered removing eggs adhering to the dish, most of the eggs were left 

untouched until they hatched, while the adults were transferred to a 

clean petri dish. 

Fertile eggs could be detected three or four days after oviposi- 

tion by the appearance of white streaks in the eggs; infertile eggs re- 

mained a clear, orange color and eventually shriveled. Fertile eggs 

were often detected the day they were laid, as the fertile eggs tended 

to appear in neat clusters or rows on the bottom of the petri dish, 

while infertile eggs were often scattered indiscriminately around the 

sides of the dish or on the lid, indicating that egg fertility somehow 

affected oviposition behavior of the females. Proof of egg fertility 

was obtained by incubating the eggs at 75° F. until they hatched. 

Clerid Density Observations. Methods of observation were 

developed to: 1) obtain densities of active adult Cleridae on defined 
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areas of bark surface; 2) estimate the relative seasonal abundance of 

clerids on fallen timber; and 3) relate predator abundance to densities 

of Douglas -fir beetle adults and beetle attacks. Two windthrown trees 

were marked for observation into numbered sections six feet long. 

The order in which sections were observed was determined randomly. 

The observer seated himself as quietly as possible on the ground 

about three feet from a section and determined the area of bark sur- 

face visible to him within the section by measuring the visible circum- 

ference with a ruler held at arm's length, and multiplying the visible 

circumference times the length of the section. Next, the number of 

Douglas -fir beetle attacks on the visible area was counted by the piles 

of boring dust surrounding the entrance holes. The observer then 

made note of all insects which appeared in the measured visible area 

within a five minute period. Nearly eight hours were spent observing 

sections from April 28 to August 5, 1964, on warm afternoons when 

the clerids or Douglas -fir beetles were most active and easily seen. 

Lincoln Index. A more practical and less time -consuming 

method than clerid density observations was needed to estimate the 

total number of adult clerids on a tree. A procedure similar to that 

described by Lincoln (1930) made it possible to include in the final 

estimate motionless clerids which were undoubtedly overlooked in the 

observations. By marking clerids on the pronotum with red nail 
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polish, releasing them on a windthrown tree, and later making a series 

of observations on the tree, a ratio of unmarked to marked clerids 

was obtained. The ratio of unmarked to marked individuals established' 

the index, which applied to the number of marked releases, gave an 

estimate of the total population (Graham, 1963). 

The formula for the Lincoln Index is as follows: 

where 

Mr Mr + Uc 
Mt P 

P = total population being sampled; 

Mt = total number of marked clerids released; 

Mr = number of marked clerids observed later; 

Uc = number of unmarked clerids observed later. 

Since Graham (1963) stated: "The use of this principle must pre- 

suppose knowledge of the dispersal range of the released insects in a 

given time . . . , ' sampling was done as soon as the insects were ac- 

tive on the day following release in order to minimize the number of 

marked clerids which might disperse to other trees before a ratio 

could be obtained. Twenty -seven clerids were released on the tree, 

and of those released, 25 apparently remained on the tree overnight. 

The number of marked releases applied to the formula, then, was 25. 

Studies of Larval Development 

The larvae of five species of Cleridae were reared in the 

r 

_ 



30 

laboratory to determine the number of instars for each species, to 

study feeding behavior, and to follow their development at different 

temperatures. Results of laboratory rearings were correlated as 

much as possible with observations and collections of clerid larvae in 

the field. All larvae and pupae collected were recorded, and those 

which were not readily identified were reared to the adult stage. 

Instar Determination and Growth Rates. Larvae which hatched 

from eggs laid by adult clerids in the laboratory were placed indi- 

vidually in 0. 75- by 0. 75- by 0. 75- inch clear plastic boxes and as- 

signed permanent numbers. A small piece of blotting paper was 

placed in each box to provide material on which the larva could crawl 

and obtain a purchase on its prey. Eggs were incubated at 75°F. and 

the larvae were reared in growth chambers set at 50, 70, 80 and 90° 

F. , and in a growth chamber which fluctuated between 60° and 80° F. 

every 12 hours. The larvae were first reared on different feeding 

schedules, but since they would eat only for certain periods of time 

during each instar, these schedules were abandoned and the clerids 

were fed one bark beetle larva per day until they refused to eat for 

five consecutive days. They were then provided with one Douglas -fir 

beetle larva a week, unless they resumed feeding, in which case they 

were again given one Douglas -fir beetle larva per day. 

The containers were checked daily for evidence of molting, 



31 

which was easily detected by the presence of a cast skin, the lighter 

color of a newly molted larva, or an obvious increase in the size of 

the head capsule. The number of days between molts was recorded 

and all changes in behavior and appearance were noted throughout the 

development of each insect. The widths of the head capsule, the pro - 

thoracic shield, and the basal plate were measured. However, the 

widths of the prothoracic shield and basal plate were not as consistent 

for a given instar as the head capsule, since the former structures 

flattened as the larva grew, and their widths expanded. 

Measurements were taken with a dissecting scope having a cali- 

brated micrometer eyepiece. Live clerid larvae were difficult to 

measure as they moved about almost constantly while under observa- 

tion. Their movements were slowed considerably by placing the lar- 

vae on a small block of ice under the scope; none were etherized for 

fear that ether would upset their physiology and hinder normal devel- 

opment. 

Rearing was first attempted with 200 clerid larvae, but a large 

percentage of them died before reaching maturity. Mortality was 

partly attributed to lack of moisture and the fact that the Douglas -fir 

beetle larvae supplied for feeding dried in the containers within three 

to four hours. Later broods of clerid larvae were reared more suc- 

cessfully when the paper in the container was replaced with wood - 

shavings and several grams of moistened bark beetle frass. Addition 
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of two drops of distilled water every two or three days provided suf- 

ficient moisture to allow the Douglas -fir beetle larvae to survive for 

24 hours, and apparently gave the clerid larvae a more natural en- 

vironment with a longer -lasting food supply. 

Larval Migration. A screen collar was fastened around the base 

of a standing Douglas -fir beetle -infested snag in August, 1962, to de- 

termine if mature clerid larvae migrated to pupate as reported by 

Böving and Champlain (1920). The edge of the collar was turned up 

and gummed with tanglefoot to prevent larvae from escaping, and the 

collar was partially filled with litter and chunks of old bark. The con- 

tents were removed from the collar in May, 1963, and were broken 

open and inspected for clerid larvae or pupae. 

Bark Samples. More than 1, 000 square -foot bark samples were 

taken from 19 windthrown Douglas -fir trees in the Watershed through- 

out 1963 and 1964 to follow the development of clerid larvae in the 

field, to compare Douglas -fir beetle and predator larval densities, 

and to estimate the reduction of bark beetle broods by predators. 

Trees for sampling were chosen to give a thorough coverage of three 

sizes, degrees of infestation, elevation, and exposure within the areas 

of windthrow. Each tree was marked into three equal sections from 

the base to the top. Sampling was done every two or three weeks 

throughout the spring, summer, and early fall, and once during the 
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winter. Samples were taken from the top, sides, and occasionally 

from the bottom of each section. Bark was removed by first sawing 

two rings around the circumference of the tree with a hand saw, and 

then making longitudinal cuts by striking the head of an ax with a 

sledge hammer. Safety goggles were worn to protect the eyes from 

small metal chips which were occasionally dislodged from the ax head. 

When the sample was completely cut it was removed by prying it from 

the tree with a screwdriver. 

As soon as the sample was removed, all stages and instars of 

Douglas -fir beetles and predators which could be seen were counted. 

The sample was then numbered, placed in a plastic bag, and taken to 

the laboratory where Douglas -fir beetle galleries were counted and 

measured. Samples in which some Douglas -fir beetle larvae had 

reached the fourth instar or more were scraped with a chisel to locate 

those which had tunneled into the bark and were hidden from view. 

Statistical Computations. Data from bark samples were ana- 

lyzed to make numerical evaluations of the ecological relationship be- 

tween Douglas -fir beetle and clerid larvae. A linear regression line 

was drawn to compare densities of E. sphegeus larvae per square 

foot of bark with the number of inches of Douglas -fir beetle parent 

gallery per square foot. The formula for the regression line is as 

follows: 



with the slope computed as: 

y=a+bx 

b =xy 
SSx2 

and the point of intersect computed as: 

a=ÿ- bx 

where 
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b = slope; 

a = point of intersect; 

X = E. sphegeus larvae per square foot; 

x = mean E. sphegeus larvae per sample; 

Y = inches of Douglas -fir beetle parent gallery per square foot; 

ÿ = mean inches of Douglas -fir beetle parent gallery per sample; 

n = number of samples, each sample consisting of a given 
density of E. sphegeus larvae; 

Exy = EXY (EX)(EY) 
n ' 

SSx2 = 2 - (EX)2 
n 

SSy2 = EY2 - (EY)2 
n 

The significance of the regression was then determined by the follow- 

ing: 

- 
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b 

SSy2 (Exy)2 

ssx2 
n - 2 

with the same interpretation of symbols as given on the preceding 

page. 

A single classification analysis of variance for samples of un- 

equal sizes, as described by Li (1961), was used to interpret Douglas - 

fir beetle brood survival related to different densities of E. sphegeus 

larvae. The formula is as follows: 

F 

where 

(T2) G2 -- 
n En 

k-1 
2 Ey2 -E(T 1 

n 
- k 

y = Douglas -fir beetle brood per inch of parent gallery in each 
observation consisting of one square foot of bark; 

n = number of square -foot observations per sample; 

k = number of samples, each sample representing a given 
density of E. sphegeus larvae; 

T = Ey for any sample; 

G = ET. 

LSD (least significant difference) of Douglas -fir beetle brood 

survival per inch of parent gallery from samples with and without E. 

t = 1 

\ SSx2 

l 

, 
£n 



sphegeus larvae was derived from the following: 

where 

LSD = 
2 

P 

1 

n1 
+ 1 

n2 

n1 = number of samples containing a given density of E. 
sphegeus larvae; 

n2 = number of samples with no E. sphegeus larvae; 

2 

2 
E( n ) 

s2 pooled variance = 
p n - k 
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A "t" value for the significance of the sample difference was obtained 

dividing the sample- mean -difference by the LSD as follows: 

yl - y2 
t = 

LSD 

s 

DY2 - 
= 



RESULTS AND DISCUSSION 

The life histories of Enoclerus sphegeus, E. lecontei, and 
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Thanasimus undatulus in western Oregon were found to be similar to 

those reported by various authors (Bedard, 1933; Kline and Rudinsky, 

1964; Person, 1940; Reid, 1957; Struble, 1942a). Some new informa- 

tion was gained regarding the seasonal emergence and life span of 

adult clerids, the development of immature stages, and the effective- 

ness of clerids as predators of the Douglas -fir beetle. 

Four adults of a new species of Enoclerus were collected on or 

near Douglas -fir trees, and a larva and pupa of the species were 

found in Douglas -fir beetle -infested bark. Adults of the species, re- 

ferred to as Enoclerus sp. , were seven or eight millimeters long, 

black with a red abdomen, and had two pink, triangular markings on 

the medial margins of the elytra (Plate 1, figure C). Barr (1964) 

stated: "I am now of the opinion that it represents an undescribed 

species or subspecies, most closely related to E. eximius. " 

E. sphegeus emerged in cages containing logs infested with the 

Douglas -fir beetle, while other species of clerids emerged more com- 

monly from Douglas -fir branches infested with Scolytus un__spinosus 

(Table 1). Larvae of E. sphegeus were the only clerid predators of 

sufficient abundance in Douglas -fir beetle galleries to be of any im- 

portance. The numbers of immature forms of different species 
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collected in more than 1, 000 square feet of bark in 1963 and 1964 were 

as follows: 

Species Number collected 

E. sphegeus 602 

E. lecontei 21 

T. undatulus 4 

Enoclerus sp. 2 

E. schaefferi 0 

E. eximius 0 

Larvae of E. lecontei, although occasionally found in Douglas -fir bee- 

tle galleries, were more often associated with the larvae of a bupres- 

t i d, Melanophila drummondi Kirby. 

Results of a 30 -day feeding test with adults showed that of the 

different species of Cleridae, E. sphegeus adults consumed the great- 

est number of Douglas -fir beetle adults per predator per day, with 

T. undatulus next (Table 2). Other species apparently had some dif- 

ficulty attacking Douglas -fir beetle adults, and showed a decided pref- 

erence for Scolytus unispinosus and Trypodendron spp. when these 

smaller scolytids were supplied for food along with Douglas -fir bee- 

tles. The greater part of this discussion will be devoted to E. 

sphegeus, the primary clerid predator of the Douglas -fir beetle. 
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Table 1. Emergence of different species of Cleridae 
from logs containing Douglas -fir beetle broods and 
material containing Scolytus unispinosus broods in 1963. 

Number emerged 

Species 

Material with Douglas- 

fir beetle broods 
Material with Scolytus 
unl5pineeus broods 

E. sphegeus 61 0 

E. lecontei 1 38 

T. undatulus 2 6 

E. schaefferi 0 7 

Table 2. Douglas -fir beetle adults killed or eaten per predator 
per day at 75 °F. by adult Cleridae continually supplied 
with living prey for 30 days. 

Species Number Mean Standard error Range 

E. sphegeus 8 1.67 + 0.47 0- 14 

T. undatulus 6 1,02' + 0,32 0 - 6 

E. lecontei 1 0.56 - 0 - 1 

Enoclerus sp. 1 0.38 - 0 - 1 

E. schaefferi 1 0.33 - 0 - 1 

E. eximius 1 0.16 - 0 1 
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Studies of Adult Cleridae 

Sex Determination. The curvature of the fifth abdominal sternite 

in male Cleridae, as described by Struble and Carpelan (1941), was 

very difficult to observe, and necessitated a more accurate method of 

sex determination for detailed studies of mating and oviposition. Close 

observations of specimens under a 15X magnification revealed that the 

sixth abdominal sternite of females extended to the apex of the abdo- 

men, while the sixth sternite of males was slightly shorter and ex- 

posed the tip of the copulatory organ, which could be seen moving 

against a fleshy pad (Plate 2). For viewing under a dissecting scope, 

the clerids were held upside down between the thumb and first finger, 

and the abdomen was pointed toward the light. The character was con- 

sistent, although somewhat difficult to see on the smaller species, and 

its reliability was proven by the mating behavior and /or oviposition 

records of more than 60 clerids sexed by this method. 

Emergence. Although E. sphegeus and T. undatulus adults were 

most abundant on windthrown trees in May and June 1963, none ap- 

peared in emergence cages until August, except for two individuals of 

T. undatulus found in a cage on April 28. E. sphegeus prepupal lar- 

vae were found in the outer bark of infested trees throughout the 

spring of 1963, but no pupae were discovered until July 9, in the bark 



PLATE 2. Ventral view of the abdomen of E. sphegeus, showing 

external sex differences: A, male; B, female. 
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of a windthrow which had been infested with Do-.glas -fir beetles in the 

spring of 1962. E. sphegeus adults began emerging in cages on Au- 

gust 2, about three weeks after the first pupae were discovered, and 

continued to emerge until October 18, with the peak of emergence 

around August 20 (Figure 2). E. sphegeus gave no evidence of emer- 

gence in the spring, as reported by Kline and Rudinsky (1964). E. 

lecontei and E. schaefferi began emerging in June, 1963, while T. 

undatulus showed two periods of emergence, one toward the end of 

April, and the other from the latter part of August to the end of Sep- 

tember (Figure 2). 

Adult Seasonal History. E. sphegeus adults remained inactive 

in their pupal cells for about four days following eclosion. They 

emerged on the fifth day, fully colored, and were ready to begin feed- 

ing and mating. Adults were rarely found on trees infested with 

Douglas -fir beetles during late summer and early fall, and since few 

Douglas -fir beetle adults were available at this time the newly emerged 

clerids probably fed on a variety of other insects (Table 3). 

E. sphegeus adults found during April, May, and June in 1963 

and 1964, had apparently emerged the previous August or September, 

and had overwintered as adults. Evidence of overwintering was ob- 

tained when 16 young E. sphegeus adults were marked with red nail 

polish and left in two cages in the Watershed from November, 1963, 
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Figure 2. Emergence of adult Cleridae in 1963, from logs infested with Douglas -'fir beetles 
and Scolytus unispino6ds. 
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Table 3. Adult insects eaten, attacked, or ignored by adult 
E. sphegeus in the field and/or laboratory. 

List of insects Observation 
* 

FamilY Species Field Laboratory 

Scolytidae Dendroctonus pseudotsugae E E 

Pseudohylesinus spp. E E 

Trypodendron lineatum E E 

Gnathotrichus sulcatus E 

" retusus E 
Scolytus unispinosus E E 

Cerambycidae E 

Coccinellidae E 

Chrysomelidae E 

Bruchidae Bruchus brachialis E 

Curculionidae Pissodes spp. E A 

Cicadellidae E 

Muscidae Musca domestica E 

Dolichopodidae Medetera aldrichii E 

Ichneumonidae E 

Trogositidae Temnochila virescens . A 

Cantharidae A 

Vespidae A A 

Tenebrionidae Tribolium castaneum I 

Forficulidae I 

Formicidae I I 

# E. Eaten 
A- Attacked,, but not eaten 
I- Ignored 

. 

. 

- 

. 

- 
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to Marc}-,, 1964. The cages were checked in December and again in 

January and on both occasions marked E. sphegeus were found hidden 

under the edge of a removable top of one cage and near the door hinge 

of the other. The clerids in the first cage were moved inside the cage 

each time to avoid crushing them when replacing the top. Four of the 

clerids appeared again under the removable top on March 19, indi- 

cating that E. sphegeus adults probably hibernate in protected places 

above the ground, most likely in bark crevices as reported by Struble 

(1942a). Logs, loose bark, and litter placed in the cages to provide 

shelter were carefully inspected, but no clerids were found in any of 

this material. 

Approximately 90 percent of E. sphegeus and T. undatulus 

adults kept in a refrigerator for six months at 40°F. survived when 

previously fed five or more Douglas -fir beetle adults. Survival was 

only about ten percent in those which had been fed one Douglas -fir 

beetle, and zero when the clerids were given no food. Some E. 

sphegeus and T. undatulus adults survived up to 17 and 13 months re- 

spectively in the laboratory, six months overwintering at 40°F., and 

the remainder at 70° to 75° F.. Both species appeared to live about 

12 months as adults in the field (Figure 3). Adults of E. lecontei, on 

the other hand, survived a maximum of two months in the laboratory, 

and were found in the field only from June 15 to the end of September 

(Figure 3). E. lecontei gave no evidence of overwintering in the adult 



E. sphegeus 

E. lecontei 

T. undatulus 

June July August Sept, October -April May June July August 

Figure 3. Adult life span of three species of Cleridae in the field. 
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stage, as they survived no more than three weeks in a refrigerator at 

40°F. and were not found in the field during the spring. E. lecontei 

adults were limited in their value as predators of Douglas -fir beetle 

adults since they occurred several weeks after the main Douglas -fir 

beetle flight (Figures 2, 3, and 4). 

Seven adults of E. schaefferi (Table 1), four of Enoclerus sp. , 

and two of E. eximius were seen during the summers of 1963 and 1964 

Due to the scarcity of these species little was learned concerning their 

seasonal histories, with the exception of the emergence of E. schaef- 

feri (Figure 2). One pupa of Enoclerus sp. was found on August 24, 

1963, in the outer bark of a windthrown tree infested with Douglas -fir 

beetles in 1963, indicating that the individual had matured during its 

first summer of development. A mature larva of Enoclerus sp. found 

in April, 1963, in the outer bark of a windthrow infested the previous 

spring, showed that this species also overwintered in the larval stage. 

Adults of Enoclerus sp. were found from May 11 to July 27, and sur- 

vived up to 12 months in the laboratory. 

E. sphegeus adults appeared on attacked trees toward the end of 

April, 1964, simultaneously with the Douglas -fir beetles, and were 

found on the attacked trees until the end of July, nearly a month after 

most Douglas -fir beetle adults had disappeared into the bark (Figure 

4). E. sphegeus seemed to be attracted to the trees by oleoresin 

fumes released through attack holes (Harwood, 1964), and appeared 
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in greatest numbers on the bark surface where the Douglas -fir beetle 

attack densities were high (Table 4). 

Four of 25 marked E. sphegeus released on a windthrown tree 

on June 12, 1964, were observed on the tree the next day, along with 

other E. sphegeus, in a ratio of six unmarked to one marked clerid. 

The total number of E. sphegeus adults on the tree was estimated to 

be 175 using the Lincoln Index formula (Graham, 1963): 

4 4 + 24 
25 u 175 

where 

175 = total population being sampled; 

25 = total number of marked clerids released; 

24 = number of unmarked clerids observed later; 

4 = number of marked clerids observed later. 

Another observation on the same tree on June 29, 1964, revealed a 

ratio of five unmarked to one marked clerid, indicating there had been 

little influx of clerids during the two -week interval. Although E. 

sphegeus adults were often seen flying on and off infested trees during 

the early part of the season, they were seldom observed in flight after 

June 1. E. sphegeus adults began to disappear from infested trees by 

the end of July (Figure 4), probably due to: 1) lack of Douglas -fir 

beetle adults on which to feed; 2) mortality resulting from cannibalism 



Table 4. Densities of E. sphegeus adults, observed on the bark 

surface of two windthrown trees, related to Douglas -fir 

beetle attack densities, from May 10 to June 30, 1964. 

Douglas -fir beetle Number E. sphegeus observed 

attacks of per 

per 10 square feet observations 10 square feet 

51 

Mean 
Standard 
error Range 

0 2 0.00 + 0.00 0.00 - 0.00 

1 - 10 13 0.12 + 0.03 0.00 0.82 

11 - 20 10 0.91 + 1.15 0.00 - 3.30 

21 - 30 18 '0.92 + 1.01 0.00 - 2.60 

31 - 40 5 1.38 + 0.99 0.00 - 2.50 

41 - 50 3 1.73 + 0.02 1.60 - 2.00 

51 -60 0 - - - 

61 - 70 3 2.16 + 0.99 1.60 - 3.30 

' 
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or other insect predators; or 3) the possibility that the infested trees 

no longer attracted clerids. Some adults, especially gravid females, 

may have dropped off the tree and were unable to fly back. 

Mating and Oviposition. E. sphegeus adults were observed 

mating in the laboratory five days after eclosion (as soon as they be- 

came active), although they did not begin to oviposit for about 30 days. 

The discovery of two newly hatched first instar larvae in the field in 

October, 1964, inferred that eggs had been laid by E. sphegeus in the 

early fall before overwintering, although the majority of eggs were 

laid after overwintering in the laboratory (Table 5). Fecundity of dif- 

ferent E. sphegeus females in the laboratory was extremely variable; 

the number of eggs laid ranged from 0 to 289 in a period of six months 

following overwintering. 

T. undatulus was the most prolific of the clerids in the labora- 

tory, laying as many as 395 eggs in seven months (Table 6). E le- _ _ 
contei females laid up to 115 eggs during a comparatively short life 

span of two months, with oviposition beginning about 21 days after 

eclosion. The relatively few eggs laid by Enoclerus sp. (Table 6) 

probably accounts for the scarcity of the species, which, in turn, re- 

duces the reproductive capacity of the species owing to reduced 

chances of adults coming in contact and mating (Andrewartha and 

Birch, 1954). 



Table 5. Average number of eggs laid by E. sphegeus in the 

laboratory at 750F. throughout each month of 

active adult life span. 

Month 
Equivalent 
in field 

Number of 
females Eggs laid 

Mean Standard error 

1 August 6 1 + 2.00 

2 September 5 9 ` 7.45 

3-8. Oct. - March (Overwintering) 

9 April 16 6 ± 8.64 

10 May 11 23 # 32.70 

11 June 9 23 t 27.40 

12 July 9 16 4 21.00 

13 August 9 6 ± 8.44 

14 September 8 6 ± 8.08 

15 October 5 0 - 

Table 6. Maximum number of eggs laid by one female predator in the 
laboratory at 75 °F.. 

Months 
Species active Number of eggs laid 
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T. undatulus 7 

6 

2 

2 

4 

Mean per month 
Standard 
Deviation Total 

56.42 
48.16 

57.50 
5.00 
1.25 

+ 38.95 
-7 32.86 

f 4.53 

* 5.00 
7 2.17 

395 
289 
115 
10 
5 

É. sphegeus 
,É. lecontei 
E. schaefferi 
Enoclerus sp. 

J 

' . 

' 
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Both male and female clerids mated frequently throughout their 

life span. A pair usually copulated immediately when placed together 

in a petri dish or when meeting on the bark surface of a tree. The 

male approached and mounted the female posteriorly, curved the tip 

of the abdomen ventrally, and inserted the aedeagus into the vagina of 

the female (Figure 5). Pairs remained motionless in this position 

from one to five minutes, and the males, after withdrawing the aede- 

agus, often clung to the elytra of the females with their front two pair 

of legs for several minutes, moving with the females as they ran over 

the bark surface. 

Fighting between adult clerids occurred mainly when two males 

of the same species met and attempted to mate with each other. Fe- 

males or mixed sexes did not often fight unless starved, in which case 

the larger of two clerids usually killed and ate the smaller. One pair 

of E. sphegeus were kept together for a year, after which the male 

killed the female. Three adult female clerids, each of a different 

species, E. sphegeus, E. lecontei, and T. undatulus, lived together 

in a petri dish for more than 30 days and were even seen feeding to- 

gether on the same Douglas -fir beetle. The E. lecontei adult finally died 

and the T. undatulus was eaten by the E. sphegeus adult a few days later. 

T. undatulus males placed in petri dishes with E. sphegeus 

females showed little tendency to mate except when both insects were 

placed together in a petri dish recently occupied by a T. undatulus 

female, in which case they usually mated immediately. This 
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observation indicated that a certain type of attractant produced by T. 

undatulus females in the petri dish had stimulated T. undatulus males 

sufficiently to cause them to mate with a different species. The effect 

of the stimulus was observed to an even greater degree after placing 

T. undatulus males and Douglas -fir beetle adults in a petri dish which 

had recently contained a T. undatulus female; the T. undatulus males 

were then observed attempting to copulate with the Douglas -fir bee- 

tles! E. sphegeus males and T. undatulus females were similarly 

placed together in petri dishes which had been occupied by E. sphegeus 

females, but were not observed to mate, since E. sphegeus males 

were not able to catch the faster -moving T. undatulus females. Inter- 

specific mating of clerids was not observed in the field, although . . 

normal mating may have been influenced by species- specific phere- 

mones produced by females of all the species of Cleridae. 

Reid (1957) observed oviposition of E. sphegeus on a lodgepole 

pine four to five minutes after copulation had taken place. Mating, 

however, did not appear to influence the rate or time of oviposition of 

E. sphegeus females in the laboratory. Fertile eggs were laid by nine 

females for an average of 30 days, with a standard error of 15. 3 days . 

following each mating, after which infertile eggs were laid until the 

clerids were remated. Eggs laid by one E. sphegeus female, which 

was repeatedly mated with T. undatulus males, were incubated, but 

none showed evidence of fertility. 

. 
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Gravid E. sphegeus females were often observed in the field run- 

ning over the bark surface of windthrown trees, stopping every few 

inches and inserting the ovipositor under a bark scale as though search- 

ing for a suitable oviposition site. Although E. sphegeus adults occur- 

red most frequently where Douglas -fir beetle attack density was high 

(Table 4), female clerids were not observed to pay particular attention 

to Douglas -fir beetle attack holes when searching for oviposition sites. 

Only once was oviposition of E. sphegeus actually observed in the field, 

when six eggs were laid in a cluster under a bark scale, about 0. 2 

inch beneath the surface, and six inches from the nearest Douglas -fir 

beetle attack hole. 

Studies of Larval Development 

E. sphegeus and other species of Cleridae were reared from 

egg to adult in the laboratory and checked daily for evidence of molt- 

ing. The following is a summation of the number of larval instars re- 

quired for development of the different species, as taken from tables 

8, 9, 10, and 11. 

Species Number of instars 
E. sphegeus 2 (Occasionally three) 

E. lecontei 3 

E. schaefferi 4 (All fourth instars died) 

T. undatulus 3 

Enoclerus sp. 3 
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E. sphegeus larvae normally pupated after the second instar, 

developing into normal -sized adults which mated and laid fertile eggs, 

even though E. sphegeus had been described as having three and four 

instars (Kline and Rudinsky, 1964; Reid, 1957; Struble, 1942a). E. 

sphegeus larvae showed no overlap of head capsule size in the first 

and second instar (Table 7), but the head capsules of most second in- 

star larvae were as large as those of the third instar as described by 

Kline and Rudinsky (1964). Large, mature first instar larvae (Plate 

3, figure C) collected in the field molted into second instar larvae 

with a head capsule width up to 1. 80 millimeters, slightly greater 

than that of any larvae reared in the laboratory. Third instar E. 

sphegeus larvae occasionally developed from small second instar lar- 

vae, which were undersized as a result of starvation during the first 

instar, and all but one of these third instar larvae died. 

The immature stages of E. sphegeus, E. lecontei, and T. un- 

datulus developed more rapidly as the temperature increased from 

50° to 80°F. (Tables 9 to 12). No larvae completed development at 

50° and none survived at 90°F.. The optimum temperatures for sur- 

vival were 70°F. for E. sphegeus, and a fluctuating 60° to 80° F. for 

E. lecontei and T. undatulus. Larvae and pupae of all three species 

and the eggs of E. lecontei developed faster at temperatures fluctuat- 

ing between 60° and 80° F. than at a constant temperature of 70° F. , 

although eggs of E. sphegeus and T. undatulus hatched sooner at 70 °F. 
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Table 7. Head capsule widths of the larval instare of Cleridae 

in millimeters. 

Number Mean Standard 

Species Instar measured width error 

1 42 0.74 + 0.055 

E. sphegeus - 
2 82 1.45 ± 0.212 

1 9 0.26 0.000 

E. lecontei 2 19 0.43 + 0.061 

3 11 0.75 + 0.052 

1 4 0.30 0.000 

E. schaefferi 2 6 0.47 + 0.041 

3 4 0.82 + 0.055 

1 2 0.42 4 0.070 

Enoclerus sp. 2 1 0.77 - 

3 1 1.00 - 

1 20 0.35 + 0.010 

T. undatulus 2 17 0.55 + 0.045 

3 25 1.08 a 0.028 

- 

' 

. 
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Table 8. Development of five species of CLeridae at 70°F.. 

Species 

Stage or 
instar Number 

Mean 
days 

Standard, 
error 

Percentage 

Egg 14 10 1.75 

mortality, 

E. sphegeus First 15 22 + 3.20 6 

Second 9 115 j32.10 22 

Pupal 8 22 ± 1.18 12 ' 

Egg 11 12 + 0.32 * 
First 13 25 I 4.76. 30 

E. lecontei Second 8 15 0.41 12 
Third 7 176 + 6.14 

L 

55 
Pupal 1 17 - 0 

Egg 9 12 + 0.61 * 
First 8 12 + 0.89 25 

E. schaefferi Second 6 12 t 1.00 0 

Third 6 12 + 7.80 67 

Fourth 2 - - 100 

Egg 28 9 4. 0.84 * 

First 16 29 + 2.68 25 

T. undatulus Second 11 22 t 3.56 0 

Third 8 323 + 1.81 37 

Pupal 5 17 ± 2.58 0 

Egg 1 16 o 
First 1 28 0 

Enoclerus sp. Second 1 21 0 
Third 1 166 0 
Pupal 1 31 0 

* No count was made 

± ' 

' 

- 
- 
- 
- 

- 

* 

, 

- 

i 
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Table y, Development of sphegaus at different temperatures. 

Mean Standard Percentage 
Stage , 

Temperature°F. Number days error mortality, 

Egg 

50 4 8: 0.00 # 
70 14 10 + 1.75 # 
80 35 7 _ 0.37 _ # 
90 1 6 
60-80 8 12 + 0.29 

5o 4 83 + 24.20 25 
First 70 15 22 + 3.20 6 

instar 80 14 14 + 4.05 14 
larva 90 5 9 0,00 40 

60-80 6 15 + 2.4 16 

50 7 * - 4o 
Second 70 9 115 ± 32.10 22 

instar 80 117 58 + 14.46 61 
larva 90 11 - - 1100 

60-80 7 103 18.00 28 

Pupa 

50 1 109 - . 0 
70 8 22 + 1.18 12 
80 16 12 f 0.84 6 

90 1 - - 100 
60-80 7 17 + 1.18 14 

* No count was made 

** None pupated or molted 

S. 

' 

- * 
* 

- 

. 

' 

, 

- 

- 
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Table 10. Development of E. lecontei at different temperatures. 

Mean Standard Percentage 

Stage Temperature°F. Number days error mortality 

70 11 12 + 0032 * 
Egg 80 15 6 - 0.00 * 

90 8 5 0.00 * 

60-80 12 9 + 0.42 * 

First 70 13 25 + 4.76 30 

instar 80 11 14 + 1052 63 

larva 90 8 16 _+ 1.58 62 

60-80 12 23 + 7.05 16 

Second 70 8 15 + 4.10 12 

instar 80 4 10 + 0.81 0 

larva 90 3 8 + 1.00 3i 

60-80 9 13 + 2.12 0 

Third 70 7 176 f 6.14 55 

instar 80 4 26 - 75 

larva 90 1 - - 100 

60-80 10 64 + 1.73 67 

Pupa 70 1 17 - 0 

60-80 3 11 0.00 0 

* No count was made 

- 
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Table 11. 

Stage 

Development of T. undatulug at different temperatures. 

Mean Standard Percentage 

Temperature °F. Number days error mortality 

50 9 85 + 26.00 * 

70 28 9 + 0.84 * 
Egg 80 13 7 - 0.00 * 

90 18 6 + 0.51 * 
60-80 20 11 t 0.52 * 

50 11 106 + 11.10 27 

First 70 16 29 ± 2.68 25 

instar 80 14 23 f 5.00 36 

larva 90 18 - 100 

60-80 15 18 ± 3e29 0 

5o 9 215 + 50.50 11 

Second 70 11 22 + 3.56 0 

instar 80 7 43 + 35.30 0 

larva 60-80 13 20 ± 4.00 0 

Third 50 7 ** - 30 

instar 70 8 323 j 1.81 '37 

larva 80 8 23 - 87 

60-80 10 177 4101.70 40 

?0 5 * - 20 

Pupa 80 1 13 - 0 

60-80 5 17 ± 2.58 0 

* No count was made 

** None pupated or molted 

. 

- 
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Table 12. Development of Cleridae from egg to adult at 
different temperatures, from Tables $, 9, 

10, and 11. 

Average number of days 
Species Temperature °F. for complete development 

50 * 
70 169 

E. sphegeus 80 91 
90 * 
60-80 147 

70 245 
E. lecontei 80 66** 

* 
60-80 120 

50 * 

70 39$** 
T. undatulus 80 109 

90 * 
60-80 243 

Enoclerus sp. 70 262 

E. schaefferi 70 * 

* None completed development 

** Approximate number 

, _ 
90 
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The greatest effects of temperature fluctuation were observed in the 

third instar larvae of E. lecontei, where development took nearly 

three times as long at 70° as at 60° to 80° F. (Table 10), and the third 

instars of T. undatulus, in which the average time for development 

was almost twice as long at a constant 70°F. (Table 11). Tempera- 

ture fluctuation apparently caused much greater variation in the rate 

of development of third instar T. undatulus larvae (Table 11), proba- 

bly allowing some larvae to complete development during the first 

summer, as reported by Bedard (1933). 

Seasonal History and Development. E. sphegeus eggs hatched in 

from six days to two and a half months in the laboratory, depending 

on the temperature (Table 9). First instar larvae were bright orange, 

becoming paler as they grew. Although newly hatched first instar lar- 

vae (Plate 3, figure B) were thought to enter bark beetle galleries 

through bark beetle entrance holes (Kline and Rudinsky, 1964; Reid, 

1957), most larvae had great difficulty penetrating through the boring 

dust when placed in or near an entrance hole, and usually crawled or 

tumbled out along with loose particles of boring dust. Only 26 of 110 

first instar E. sphegeus larvae placed on seven logs, each log con- 

taining two Douglas -fir beetle attacks per square foot, were later re- 

covered underneath the bark. One first instar larva was found in a 

tunnel it had apparently made itself, which extended from the bark 



PLATE 3. Immature development of Enoclerus sphegeus: A, eggs; 

B, first instar larva newly hatched; C, first instar larva 

in pre -molt form; D, second instar larva as orange, feed- 

ing form; E, mature lilac - colored second instar larva; 

F, pupa. 
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surface to the cambium. The larva was found in good condition, three 

weeks after being released on the bark surface, and appeared to be 

waiting for bark beetle galleries to spread under the bark and reach it. 

First instar E. sphegeus larvae were found in Douglas -fir beetle 

galleries from about June 15 to the first week of October (Figure 6), 

while first instars of E. lecontei did not appear until August 12 (Fig- 

ure 7). The duration of the first instar was fairly consistent for E. 

spegeus at each of several different temperatures in the laboratory (Table 

9), and lasted at least a month in the field, developing most rapidly where 

the bark surface was exposed to the sun for several hours during the 

day. First instar E. sphegeus larvae tripled their length after feed- 

ing on an undetermined number of Douglas -fir beetle eggs or larvae, 

and then remained dormant for about three days (Plate 3, figure C) 

before molting. The second instar head capsule could be seen form- 

ing within the prothorax of the first instar larva, leaving only the 

mouthparts and clypeus contained within the first instar head capsule. 

Reid (1957) described a similar condition, which, he said, took place 

in mature second instar larvae before molting to the third instar. 

First instar larvae in this pre -molt condition were very helpless, un- 

able to crawl or defend themselves, and were readily preyed upon by 

other clerid larvae and mites. 

Young, orange- colored second instar E. sphegeus larvae (Plate 

3, figure D) began feeding one day after molting, and consumed 



Figure 6. Seasonal history of immature development of E. sphegeus 

collected during 1963 and 1964. 
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approximately ten Douglas -fir beetles, mostly consisting of third and 

fourth instar larvae, pupae, or callow adults (Figure 8). Five days 

to several months after molting, depending on the temperature, the 

second instar larvae acquired their full size and their color changed 

from orange to a deep lilac (Plate 3, figure E); from then on they sel- 

dom fed but became more active, attempting to pry their way out of 

the plastic containers. Gradually they assumed a state of relative in- 

activity and began secreting exudatium for lining their pupal cells. 

Mature, lilac -colored second instar larvae in the field began leaving 

Douglas -fir beetle galleries after August 15 (Figure 9) and tunneled 

from the surface of the bark back into a depth of O. 50 inch in trees 

where the bark thickness was at least O. 75 inch, where they later pu- 

pated. Clerid larvae had disappeared almost entirely by November 

from windthrows where the bark was less than O. 75 inch thick, and 

had probably dropped to the ground. Prepupal E. sphegeus larvae, 

from a standing, infested snag, were found in May, inside chunks of 

partly decayed bark placed in a collar at the base of the snag the pre- 

vious August. E. sphegeus evidently spent nearly a year as prepupal 

second instar larvae before pupating in July or August (Figure 6), ex- 

cept for a few which overwintered as orange second instar larvae un- 

der the bark. 

The rate of development of second instar E. sphegeus larvae in 

the laboratory varied from one to five months, and could theoretically 



Figure 8. Seasonal history of immature development of E. sphegeus 

and Douglas -fir beetle during the summer of 1964. 
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have been completed by some individuals in the field by the end of their 

first summer, as reported by Furniss (1957) and Struble (1942a); how- 

ever, no evidence of E. sphegeus pupating in the field during their 

first summer in western Oregon was found. 

An ectoparasite of the family Ichneumonidae was reared from 

pupal cells of E. sphegeus during July and August, 1963, about the 

time E. sphegeus began pupating. Three or four parasite larvae or 

cocoons were occasionally found together in a single cell along with 

the head capsule and part of the integument of the prepupal clerid lar- 

va. The adult parasites were small black wasps, possibly Apistephi- 

altes dentatus, as described by Townes and Townes (1960). 

Larval Feeding. Both first and second instar E. sphegeus lar- 

vae were observed feeding on all larval instars, pupae, and callow 

adults of the Douglas -fir beetle. First instar E. sphegeus larvae 

were seen feeding on Douglas -fir beetle eggs, and occurred mainly 

with Douglas -fir beetle brood ranging from the egg to the second in- 

star, while second instar clerids were associated with Douglas -fir 

beetle brood from the third instar to callow adult (Figure 8). 

E. sphegeus larvae in the laboratory fed on the larvae of a 

parasite, Coeloides brunneri, and on parasitized Douglas -fir beetle 

larvae. E. sphegeus readily attacked the larvae of E. lecontei and 

T. undatulus, and occasionally ate larvae of Medetera aldrichii when 
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supplied with no other food, but were usually killed when placed with 

the more aggressive larvae of Temnochila virescens. One E. sphe- 

geus larva survived six months and grew to the third instar when fed 

dead, dry Douglas -fir beetle larvae moistened with a drop of water; 

another was reared to an adult on buprestid and cerambycid larvae. 

No clerid larvae grew or survived, however, when supplied only mois- 

tened frass or moistened dog food pellets. 

Studies of Predator Effectiveness 

The Douglas -fir beetle population in 1963 occupied approximate- 

ly 50 percent of the bark area sampled on infested windthrown trees. 

Due to extremely low densities of both adults and larvae of E. sphe- 

geus on fallen timber in 1963, the effect of predation by clerids on the 

Douglas -fir beetle population could not have been great; adult clerids 

were rarely seen on trees, and clerid larvae were found in only ten 

percent of the bark area sampled which contained Douglas -fir beetle 

galleries (Table 13). Blowdown in 1964 was less extensive, contained 

Douglas -fir beetles in 88 percent of the bark area sampled, E. sphe- 

geus larvae in 35 percent of the bark samples containing Douglas -fir 

beetle galleries, and had considerably higher densities of E. sphegeus 

larvae per square foot (Table 13). Since adult clerids concentrated 

within a smaller number of windthrows in 1964, many more of the 

predators were found on the bark of individual windthrown trees in 



Table ]3 . Square -foot bark samples containing different densities 

of E. s he eus larvae from July to September, in 

1963 and 19 . 

E. sphegeus per 

square foot 1963 _ 1964 

Number of 
samples Percentage 

Number of 
samples Percentage 

0 137 90.8 182 65,0 

1 12 8.0 42 14.9 

2 1 0.6 26 9.2 

3 1 0.6 7 2.5 

4 0 0.0 9 3.2 

5 0 0,0 6 2.1 

6 0 0.0 3 1.0 

7 0 0.0 4 1.4 

8 0 0.0 2 0.7 

.r. w 
Total 151 100.0 

WINNOWro 

281 100.0 

78 
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1964 than in 1963. It was not known whether the total clerid population 

increased or decreased in 1964. 

The number of Douglas -fir beetle adults eaten in one day by each 

of eight E. sphegeus adults in the laboratory ranged essentially be- 

tween zero and three, although as many as 14 were killed in a day by 

one individual (Table 2). An E. sphegeus adult, surviving eight months 

after overwintering, and eating an average of 1. 67 Douglas -fir beetle 

adults per day (Table 2), could theoretically consume 400 Douglas -fir 

beetles in its lifetime. Availability of Douglas -fir beetle adults in the 

field, however, was limited to about two months in 1964 (Figure 4) on 

occasional warm afternoons. Densities of Douglas -fir beetle adults 

on the bark surface at any given time were never much above those of 

the clerids, even at the peak of attack, and were exceeded by clerid 

densities after the first week of June (Figure 4). Since the field of 

effective vision of clerids is limited to three to five centimeters 

(Gauss, 1954), the chance of a clerid contacting one Douglas -fir bee- 

tle on 10 square feet of bark surface would be small (Figure 4). E. 

sphegeus adults on several occasions were observed passing within an 

inch or two of Douglas -fir beetle adults, which apparently had sensed 

the presence of the clerids and became motionless, and none of these 

clerids were able to locate their prey. The actual number of Douglas- 

fir beetles eaten per adult clerid in the field, then, is evidently much 

smaller than the potential number which could be destroyed in the 



PLATE 4. Enoclerus sphegeus adult attacking a Douglas -fir beetle. 
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laboratory. 

The effect of E. sphegeus larvae on Douglas -fir beetle brood 

populations in 1964 was determined from numerical comparisons of 

Douglas -fir beetle brood in square -foot samples containing various 

densities of E. sphegeus larvae. The number of Douglas -fir beetle 

brood per inch of parent gallery in each sample was used as the unit 

of measurement. Clerid counts were not taken from samples later 

than August 15, since the average number of clerid larvae per square 

foot began to decrease after August 15 due to larval migration (Figure 

9). Samples were taken in three two -week periods between July 1 and 

August 15, 1964. Each sample was only compared with other samples 

taken within the same two -week period to minimize differences of 

Douglas -fir beetle brood development. Samples in each two -week 

period were grouped according to E. sphegeus larval densities of zero, 

one to two, and three to seven per square foot. A single classifica- 

tion analysis of variance showed no significant differences in Douglas - 

fir beetle brood survival (F = O. 70, 1. 86, 2. 76; Table 14), except 

between samples containing from three to seven E. sphegeus larvae 

and samples with no E. sphegeus larvae (t = 1. 93, 2. 25; Table 15). 

These differences were most significant during the two -week period 

from August 1 to August 15 (t = 2. 25: Sig. at 2. 5 percent level; Table 

15). However, since the number of E. sphegeus larvae per square 

foot increased significantly with the number of inches of Douglas -fir 



Table 14. Douglas 
larvae 

Date 

-fir beetle 
during the summer 

E. snhegeus per 

brood survival related to different densities of 
of 1964. 

Douglas -fir beetle 
Number of brood per inch Standard Pooled 
sarples of parent gallery error variance 

E. seus 

D.F. F Sisgnificance foot 

July 1 to 

__square 

0 59 11.16 + 2.20 + 4.90 2/69 0.70 N.S. 

July 15 
1 -2 11 3050 + 2.41 

3 -7 2 2.83 + 1.17 

July 16 to 0 26 3.27 + 300J4 + 6.30 2/53 1.86 N.S. 

July 31 
1 -2 19 2.63 + 2.24 

3-7 11 1.54 ± 1.07 

August 1 to 0 30 2.11 + 2.17 + 2.75 2/59 2.76 N.S. 

August 15 
1-2 19 1.43 + 1.01 

3-7 13 0.88 + 0.73 



Table 15. Difference of Douglas -fir beetle brood survival in samples containing 3 -7 

larvae and samples containing no E. sphegeus (Table 14). 

Douglas -fir beetle 
brood 

survival difference Pooled variance 

E. sspheseus 

Date (Table 114) (Table 111) LSD "t" value D.F. Significance 

July 1 to 1,33 + 490 1.59 0.83 71 N.S. 

July 15 

July 16 to 1.73 + 6.3o 0.89 1,93 55 s. at 5% 
July 31 

August 1 to 1.23 + 2.75 o.54 2.25 61 S. at 2.5% 

August 15 
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Table 16. E. sphegeus larval densities related to inches 
of Douglas -fir beetle parent gallery per square 
foot of bark from July 1 to September 5, 1964. 

E. sphegeus per 
square foot 

Number of 
samples 

Inches of Douglas -fir beetle 
parent gallery 

0 

1 

154 

41 

Mean Standard error 

18.83 

24.02 

+ 14.12 

± 16.42 

2 26 23.80, j 12.04 

3 6 29.13 j 18.85 

4 9 23.72 + 15.93 

5 6 27.83 + 12.16 

6 3 35.16 + 18.60 

7 4 26.00 ± 2.71 

8 2 54.00 ± 28.28 

Regression has a slope of 2.20 with the 
point of intersect 19.33. The "t" value 
of the regression is 4.00, significant 
at 0.5 percent. 



Figure 10. Line of regression for E. sphegeus larval densities, 

related to inches of Douglas -fir beetle parent gallery per 

square foot, from July 1 to September 5, 1964. 
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beetle gallery per square foot (t = 4. 00: Sig. at O. 5 percent level; 

Table 16; Figure 10), the differences of brood survival could have 

been related to gallery density rather than predation. Reid (1963) 

similarly observed that the survival of mountain pine beetle brood per 

inch of parent gallery decreased with increasing gallery density as a 

result of competition. The result of comparing two groups of 12 

Douglas -fir bark samples, which were paired according to gallery 

density and length (Table 17), showed that the averages of all vari- 

ables in the samples, other than the number of E. sphegeus larvae, 

were nearly equal, including the average number of Douglas -fir bee- 

tle brood per inch of parent gallery. The conclusion, then is that 

Douglas -fir beetle brood survival depended, to a large extent, on gal- 

lery and brood density, and was relatively unaffected by the presence 

of E. sphegeus larvae. 



Table 17. Survival of Douglas -fir beetle brood from August 1 to August 15, 1964, in 12 samples 
with three to seven E. sphegeus larvae and 12 samples with no E. sphegeus, where 
samples were paired according to Douglas -fir beetle parent gallery length and density. 

Variable per square foot 
12 samples with 12 samples with 

three to seven E. sphegeus no E. sphegeus larvae 

Mean 
Standard 
error Mean 

Standard 
error 

Number of parent galleries per sample 6.00 + 2.71 6.33 + 3.96 

Inches of parent gallery per sample 28.30 + 14.85 29.60 + 12.22 

Medetera aldrichii larvae per sample 3.50 ± 3.03 3.30 + 3.03 

Douglas -fir beetle brood per inch of 
parent gallery 

0.95 ± 0.73 0.96 ± 0.73 
- 
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SUMMARY 

Enoclerus sphegeus was the only clerid of the six species studied 

which was primarily associated with the Douglas -fir beetle. A new 

species of Enoclerus was found on Douglas -fir, but was not abundant 

enough to be of any importance as a predator. Adults of E. lecontei 

appeared in the field after the main Douglas -fir beetle flight, which 

undoubtedly reduced their value as predators, while E. lecontei larvae 

occurred mainly with Scolytus unispinosus broods and buprestid lar- 

vae. Adults of Thanasimus undatulus were found on windthrown trees 

during the time Douglas -fir beetles were attacking, but T. undatulus 

larvae were very scarce in Douglas -fir beetle galleries. 

E. sphegeus and T. undatulus each had a life span of two years, 

the first year of which was spent in the immature stages. E. spegeus and 

T. undatulus adults emerged during the latter part of the summer, ap- 

parently overwintered in bark crevices, and appeared on Douglas -fir 

beetle- infested trees the following spring. Both species survived as 

adults approximately a year in the field, and E. sphegeus lived up to 

nearly a year and a half in the laboratory. E. lecontei adults emerged 

throughout the summer, survived no more than two months in the 

laboratory, and gave no indication of overwintering in the adult stage. 

Little was learned concerning the seasonal histories of other species 

of Cleridae. 
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Clerids mated frequently throughout their adult life. Mating in 

T. undatulus appeared to be stimulated by a pheromone produced by 

the females, with which males of T. undatulus could be enticed to 

mate or attempt to copulate with other species of Ceridae and even 

with Douglas -fir beetle adults merely by placing the insects in a petri 

dish recently occupied by a T. undatulus female. 

E. sphegeus evidently began oviposition in the early fall approx- 

imately a month after eclosion, although they laid most of their eggs 

after overwintering, reaching the peak of oviposition in May or June. 

E. sphegeus adults occurred in greatest numbers where Douglas -fir 

beetle attack density was high, laid eggs under bark scales, and did 

not seem to pay particular attention to bark beetle entrance holes when 

searching for oviposition sites. First instar E. sphegeus larvae had 

difficulty penetrating through the boring dust at bark beetle entrance 

holes and showed evidence of burrowing through the bark to reach the 

cambial zone. 

Two larval instars were found in E. sphegeus, three in T. un- 

datulus, E. lecontei, and Enoclerus sp. , and four in E. schaefferi, 

although none of the E. schaefferi larvae pupated. Developmental 

rate of clerid larvae increased as the temperature increased to 80° F., 

although survival was optimum at 70° F. . 

E. sphegeus larvae fed on all stages of. Douglas -fir beetle brood 

during the first instar, and fed mostly on third and fourth instars, 
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pupae, and callow adults in the early part of the second instar. After 

the first few weeks, most second instar larvae did not feed, but left 

the Douglas -fir beetle galleries and remained relatively inactive 

throughout the winter and spring in pupal cells constructed in the outer 

bark of infested trees or in chunks of partly decayed bark on the 

ground, until the following July or August when they pupated. A few 

prepupal larvae in the outer bark were parasitized by a species of 

Ichneumonidae. 

E. sphegeus adults apparently did not consume their potential of 

Douglas -fir beetles in the field due to lack of available Douglas -fir 

beetle adults throughout most of the year. The fact that densities of 

Douglas -fir beetle adults on the bark surface of windthrown trees at 

any given time seldom increased much above one Douglas -fir beetle 

per 10 square feet of bark surface provided E. sphegeus with relative- 

ly few chances of contacting Douglas -fir beetle adults, even during the 

peak of attack. E. sphegeus larvae were rather ineffective as preda- 

tors, since they occurred mainly where Douglas -fir beetle gallery 

density was high, and merely reduced competition of Douglas -fir bee- 

tle brood rather than causing a decrease in the population. 
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