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THE LIFE CYCLE AND BEHAVIOR
OF CERCOLEIPUS COELONOTUS
(ACARINA: MESOSTIGMATA)

Including a Survey of Phoretic Mite Associates of
California Scolytidae

BY
D. N. KINN

INTRODUCTION

Bark BEETLES kill more standing timber than any other agent, including fire
(U.8.D.A. Forest Resource Report No. 14, 1958), and thus constitute a major
threat to one of our important natural resources. Since it is often impractical or
undesirable to treat infestations chemieally (Carson, 1962; Rudd, 1964), more
attention is now being given to the study of natural control agents (Beal, 1965).
MecGugan (1962) urged support of research dealing with natural enemies of
forest pests and stressed their importance in the overall population dynamies of
pest species. Also, Voiite (1964) has pointed out the necessity of studying noxious
insects under endemie as well as epidemic conditions.

Mites are an important group of natural control agents which have been largely
overlooked (Rust, 1933). Samsifidk (1966) stated that the use of parasitic mites,
such as Pyemotes spp., to control forest pests appears less dangerous than the use
of some chemical substances. Therefore, the accumulation of basic ecological in-
formation on forest acarines may have future application in the augmentation of
these natural control agents.

Of the numerous mites associated with Ips confusus (LeConte) several belong
to the Trigynaspida of the suborder Mesostigmata. Because of the scant knowledge
of most species and because of the possible importance of mites on the population
dynamiecs of bark beetles, one species, Cercoleipus coelonotus Kinn, was selected
for this investigation (Kinn, 1970).

FOREST ACARINES

Perhaps the most thoroughly studied of the forest acari have been soil mites.
Mites are the most numerous of all soil metazoans (Eaton and Chandler, 1942),
being most abundant in the upper 7 to 10 em of humus and leaf litter (Wallwork,
1958). Soil oribatids feed upon dead collembola and earthworms, fungi, and
fallen leaves and twigs (Birch and Clark, 1953), thus reducing these materials
into crude mineral and organic matter (Jacot, 1932; Crossley and Witkamp,
1964). The high density and feeding habits of these organisms are therefore of
considerable importance to soil fertility (Hartenstein, 1962).
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The importance of these organisms to the forest economy extends far beyond
soil fertility. Some mites, such as those of the families Eriophyidae and Tetranych-
idae, cause direct damage to trees and others may vector pathogens. Jacot (1934,
1936) suggested that tyroglyphid mites found associated with Scolytus multistri-
atus Marsh may carry spores of Ceratocystis ulmi (Buis.) Moreau and thus may
be a contributing factor in the spread of Dutch elm disease. Deutonymphs of
Histiogaster fungivorax Jacot, Monieziella arborea Jacot, and Tyroglyphus sp.
carry the spores of Ceratocystis ips (Rumbold) on their legs and setae. Micr
scopic examination of mites removed from bark beetles of the genus Ips, anil
cultures made from them, proved that spores of C. ips can be disseminated by ll_-_i_’.'_:-g
(Leach, Orr, and Christensen, 1934).

On the other hand, mites, along with insect parasitoids, have been implicated
in the termination of an outbreak of Dendroctonus frontalis Zimm. in Texas
(Beal, 1965). In laboratory rearings up to 62 percent of the first brood cmerging
from logs carried mites (Hetrick, 1940). Fronk (1947) found six species of mites
associated with D. frontalis. Of these, Histiogaster carpio (Kramer) and a Pura
situs sp. were observed to feed upon the beetle larvae. Moser (1965, pursonal eom-
munication) has found over sixty mite species associated with trees infested with
D. frontalis and Ips spp.

The value of mites in the control of forest pests has never been fully determined
(Samsinidk, 1967). Rust (1933) found numerous individuals of four species of
mites associated with Ips pini (Say). Of these, a species of Parasitus |[ponemis
truncatus (Ewing) according to Lindquist (1969)] was observed to devioir from
10 to 85 percent of the eggs of this beetle. Rust (1933) suggested that an wverag
of 50 percent of some bark beetle broods may be destroyed by mites. Up to 33 i
cent of the larvae of Dendroctonus pseudotsugae Hopk. were destroyed by
complex of mites consisting of Calvolia sp., Digamasellus quadrisetus (Berl.!
Lasiosetus sp., Parasitus sp., and Uropoda sp. (Walters and Campbell, 1955 ).
Since the parent adults are relatively free of mites after establishing the firsi
brood, predation was found to be considerably less on the second brood.

Not all of the mites associated with bark beetles are predaceous on the beetles,
In the past these have been divided into three categories (Wichmann, 1927; liile:
1952): (1) those using the insect only as a means of dispersal, (2) those which are
predatory on other mites associated with the insect, and (8) true parasitic specics,
The last category should also contain mites predaceous upon the insect, Mites
which feed upon predaceous, parasitie, or inquiline organisms present in 1k
beetle galleries may contribute to a higher survival of the beetle brood. Myeeta-
phagous mites may aid bark beetles of the genus Ips vl other polvgamous genery
by preventing fungi from blocking the galleries. Some mites, such as /“weniotis
ventricosus (Newp.), attack both the beetle larvae and the larvae of hymenop
terous parasites (Schvester, 1957), and the trombidiid, Atomus rhopalicus Vi
cammen-Grandjean and Popp, destroys the chaleid, Rhopalicus tutela Walker, «
parasite of Ips typographus Linn, (Vercammen-Grandjean and Popp, 1%i7)
Other mites feed on parasitic nematodes. Massey (1962) noted that Ips oo/ isus
(LeConte) infested with Contortylenchus elongatus (Massey) had reduced i
productivity, and Beal (1965) claimed nematodes were largely responsible ior
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terminating an outbreak of Scolytus ventralis LeConte in New Mexico. However,
nematodes and mites have not been shown to be effective controlling agents of
Dendroctonus terebrans (Oliv.) (Smith and Le¢, 1957). In some situations nema-
todes which feed upon fungi disappear when competing with fungus-feeding
mites (Baker, Brown, and James, 1954). Gossard (1913) concluded that the many
mites found in the galleries and clinging to Phloeotribus liminaris (Harris) are
not parasitic but feed on exerement.

Dendroctonus frontalis adults have been laden with as many as forty uropodid
mites and as a result were unable to fly (Fronk, 1947). Atkins (1959, 1961) found
that mites of the genera Digamasellus, Vidia, and Uropoda had no effect on the
duration of flight of D. pseudotsugae. However, they did have an effect on wing-
beat frequency when clustered at the tips of the elytra (Atkins, 1960). It was
suggested that the mites acted as a loading mechanism reducing the wing-beat
frequency and thus may affect the distance of flight.

Mites have long been known to vector diseases of man, various animals and
plants (Green, 1957). However, until recently, they were not known to vector
pathogens of insects. Sam#ifidk (1964) suggested that anoetid and acarid mites,
which often feed on the bodies of dead insects, come in contact with spores of
insect disease organisms. He showed that Tyrophagus pulrescentiae (Schrank)
transmitted Beaveria bassiana (Bals.-Criv.) Vuill, from Galleria mellonella Linn.
killed by this fungus to healthy insects of the same species. The mites are not
harmed by the fungus. A similar role may be played by some of the Acaridei as-
sociated with bark beetles.

MrTE-BARK BEETLE ASSOCIATES

As early as 1880, Haller noted that of all the insect orders, the Coleoptera are
the most heavily infested with mites. Low (1867) and Lucus (1867) reported
finding a small gamasid mite associated with Hylesinus fraxini Fab, Haller (1880)
mentioned that a Uropoda sp. was found in association with dead scolytid larvae
and pupae. Mites of the genera Seius and Bdella have been reported from the
galleries of D. pseudotsugae (Chamberlin, 1918), and Swaine (1918) observed that
some bark beetles in Canada are heavily parasitized by mites. Mites of the genus
Seius attack all stages of Pityogenes hopkinsi Swaine (Blackman, 1915).

Much of the literature dealing with mites associated with bark beetles consists
of taxonomie deseriptions and synoptie lists (Vitzthum, 1923, 1926; Kleine, 1944;
Cooreman, 1963; Thatcher, 1960). Others only mention that mites are associated
with a given species (Kabir and Giese, 1966; Chodjai, 1963). However, from such
observations it is apparent that mites from diverse families are associated with
bark beetles. Hunter and Davis (1963) found six mite species associated with
eight species of Ips. These belong to the mesostigmatid families Digamasellidae
and Uropodidae, the trombidiform families Tarsonemidae, Pyemotidae, and
Ereynetidae, and the sarcoptiform family Anoetidae. Stark and Borden (1965)
collected mites of the families Uropodidae, Ascidae, Tarsonemidae, Pyemotidae,
Ereynetidae, and several Oribatei from the galleries of S. ventralis. It has been
reported that fifteen species of mites are associated with Dendroctonus ponderosae

Hopk. (Anonymous, 1965).
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MESOSTIGMATA

Asgcidae (= Blattisocidae = Aceosejidae)

Many species of Proctolaclaps are associated with bark beetles. The feeding
habits of these mites have been little studied, but their relationship with the insect
host must vary considerably since several species may coexist with one beetle
species (Linquist and Hunter, 1965). Proctolaelaps xyloteri Sams. is found on
Trypodendron lineatum Oliv. (Novak, 1960; Samsitiak, 1960). Up to one-third of
T. lineatum overwintering in the soil had mites attached to them, most of which
were P, zyloteri, and it has been suggested that this mite may be responsible for
part of the observed 30 to 50 percent brood mortality (Novak, 1960). Proctolaelaps
eccoptogasteris (Vitz.) has been observed to destroy completely all the eggs of
Phloeotribus scarabaeoides (Bern.) deposited in a single gallery (Russo, 1938).

Lastosetus ometes (Oudemans) has been found associated with Scolytus laevis
Chapius, 8. mali Bechst., and Hylesinus fraxint (Vitzthum, 1923; Kielezewski
and Michalski, 1962). Vitzthum (1926) observed L. ometes consume a protonymph
of Dendrolaelaps cornutus (Kramer). Lastoseius hystriz Vitzthum has been found
associated with Dendroctonus micans (Kugelann), Hylastes ater Park, and Dryo-
coetes autographus Ratz. (Willmann, 1956). Hirschmann and Riihm (1954) claim
L. hystriz and L. rotundas Hirsch. live on beetle exerement, fungi, and nema-
todes in the galleries of Ips typographus.

Digamasellidae (= Ascaidae)

The genus Digamasellus is widely distributed, but their principal habitat is
the galleries of bark beetles attacking both deciduous and coniferous trees
(Hirschmann, 1954a). Thalenhorst (1958) reported that D. quadrisetus (Berl.)
is an egg predator of Ips typographus, but Hirschmann and Riithm (1955) indi-
cated that it is omnivorous, acting as a sanitizer in the gallery system by feeding
on fungi, excrement, and nematodes. Womersley (1954) described two species
associated with Ips in Australia but did not indicate the nature of the association.
Quaschik (1953) and Kielezewski and Balazy (1966) found digamasellids feed-
ing on the eggs of I. typographus and I. amitinus Eichh. and Boss (1967) observed
digamasellids feeding on I. pilifrons Swaine. Digamasellus quadrisetus nymphs
and adults feed on the eggs and larvae of I. confusus (Kinn, 1967¢). Parasitid
and veigaiaid mites have been reported preying upon digamasellids (Hirsechmann,
1954b).

Parasitidae

Hse (1964) found that a Eugamasus sp. associated with Dendroctonus frontalis,
Ips calligraphus (Germ.) and I. avulsus (Eichh.) will feed upon nemutodes ol
most of the other mite species found in the gallery system. Others (Fronk, 1947;
Rust, 1933; Walters and Campbell, 1955) have observed mites of the genus Para-
situs preying upon bark beetles.
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Macrochelidae

Macrocheles boudreauxi Krantz is found in the galleries of Dendroctonus fron-
talis, D. terebrans, Ips avulsus, I. calligraphus and I. grandicolis (Eichh.) where
it feeds upon digamasellids, cheyletids, and nematodes (Krantz, 1965).

Uropodidae

This family contains some of the most frequently encountered species phoretic
on adult bark beetles. Ewing (1920) observed Uropoda longisetosa Ewing in the
galleries of Monarthrum scutellare (LeConte) in Quercus agrifolia Née in Cali-
fornia. Species in the genera Uropoda (Fronk, 1947; Atkins, 1959; Walters and
Campbell, 1955; Vitzthum, 1923, 1926; Kaston, 1939), Pseudouropoda (Novak,
1960; Hirschmann and Rithm, 1953) and Leiodinychus (Hse, 1964) have been
reported from bark beetle galleries. It is commonly thought that most of these
mites feed upon the fungi growing in the beetle galleries.

Laelapidae and Dermanyssidae

Hadorn (1933) found Laelaps agilis Koch, which normally lives on rodents,
phoretic on adult Trypodendron lineatum hibernating in the soil. He believes
this species may suck the hemolymph of the insect. Hypoaspis kranizi Hunter is
associated with Dendroctonus frontalis and Ips calligraphus (Hunter, 1967),
but the nature of its association is unknown. Boss (1967) observed Hypoaspis sp.
feeding on Histiogaster arborsignum Woodring.

Celaenopsidae

Pleuronectocelaeno austriace Vitz. occurs in the galleries of Pifyogenes sp.
(Trigardh, 1941) and Scolytus laevis (Vitzthum, 1926). Celaenopsis cuspidata
(Kramer) is also associated with S. laevis (Vitathum, 1926). Pleuronectocelaeno
drymoecetes Kinn has been recently deseribed from the galleries of several species
of Ips and Dendroctonus frontalis in North and Central America (Kinn, 1968).

Cercomegistidae and Schizogyniidae

In addition to Cercoleipus coelonotus, Cercomegistus evonicus Kinn has been
taken from the galleries of Ips confusus (Kinn, 1967b). Choriarchus reginus Kinn
is found in the galleries of Phloeosinus punctatus LeConte, P. sequotae Hopk.
and Pseudohylesinus grandis Swaine (Kinn, 1966).

ELEUTHERENGONA AND TARSONEMINI
Cheyletidae

Speiser (1913) noted that many insects not only transport parasitic mites, but
also acarine predators of these mites. Mexecheles virginiensis (Baker) associated
with Dendroctonus frontalis (Baker, 1949) and Chelacheles michalskii SamSinak
with Scolytus multistriatus and 8. pygmaeus Fab. (Samsitidk, 1962) are examples
of such predaceous mites. Unlike these Nodele coccineae Thewke and Enns is
predaceous on the larvae of Pseudopityophthorus minutissimus (Zimm.) (Thewke

and Enns, 1968).
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Ereynetidae

Ereynetoides scutulis Hunter was described from specimens found in the galler-
ies of Ips calligraphus in Pinus teede Linn. (Hunter, 1964). It has also been
found on I. confusus, I. plastographus (LeConte), I. pini, I. amiskweinsis .
Hopp., I. latidens LeConte and Dendroctonus brevicomis LeConte, all from the
western United States (Kinn, unpublished data).

Tarsonemidae

In his study of Ips typographus and I. amitinus, Gabler (1947) found up
90 percent of the beetle eggs consumed by Iponemus gaeblers |Sehanrselimids
Bombosch (1954) working with I. fypographus, found only 2 percent of 11+ cuus
consumed by I. gaebleri and Thalenhorst (1958) never observed high egg '
tality caused by this mite. Hirschmann and Rithm (1954) also support this vi®®
Kielezewski (1965) and Balazy and Kielezewski (1966) found up to 10 pereent
of I. typographus eggs destroyed by I. gaebleri.

Lindquist and Bedard (1961) attributed Iponemus confusus (Lindquist il
Bedard) with destroying up to 50 percent of the eggs of Ips confusus. [punenis
spp. are almost always present in host galleries and egg niches (Lindquist, 1104
and at times the phoretic females are also quite abundant. As many as '
Iponemus plastographus (Lindquist and Bedard) females have been taken from
a single Ips plastographus (LeConte) adult (Lindquist and Bedard, 1961). Fuss
(1967) listed the Iponemus spp. associated with Ips spp. in the Rocky Mountauin
states and Lindquist (1969) reviewed all the Holaretic tarsonemid mites [+
sitizing eggs of ipine bark beetles. Pseudotarsonemoides spinitarsus Hirst Is fonnd
on Scolytus destructor Oliv. (Hirst, 1923), P. innumerabilis Vitz. In the gallerics
of Pityogenes bistridentatus Bichh. (Vitzthum, 1923), and P. cccoplogustors
Vitz. from Scolytus pygmaeus Fab. and 8. multistriatus (Vitzthum, 1926). [ar
sonemus moseri Smiley and Heterotarsonemus lindquisti Smiley have been "
lected from the galleries of Dendroctonus frontalis (Smiley, 1967, 1969).

Pyemotidae

Pyemotes ventricosus is the most ubiquitous mite species associated with btk
beetles. However, many of the cases of parasitism by P. ventricosus probubl]
should be attributed to P. scolyti Oudemans, since the two are difficult to (1=t
guish (Schvester, 1957). These mites inject a toxin into their prey which friliibils
neuromuscular activity but preserves metabolic activity (Weiser and =lam
1964), thus preserving the food source.

Hensel (1875) noted Pyemotes ventricosus killing the larvae of a bark bectly
probably a species of Scolytus. P. ventricosus has also been reported 1itacking tl
larvae of Dendroctonus pseudotsugae (Chamberlin, 1939) and all stages "
Scolytus ventralis (Struble, 1937, 1957; Stevens, 1956). Russo (1931) report U
that larvae of 8. amygdali (Guerr.) are killed by P. veniricosus and Pritio
(1934) found this mite parasitizing 8. destructor, but he did not believe ih;
exerted a strong controlling force on the beetle population. Russo (1938) al
served both P. ventricosus and P. scolyti attacking Phloeotribus svnrhucaites, and
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Schvester (1957) found both species in the galleries and on the adults of Scolytus
rugulosus Ratz. Previously, Voukassovitch (1947) reported finding Pyemotes
ventricosus attacking 8. rugulosus. Although whole populations of S. rugulosus
reared in the laboratory were at times destroyed by P. veniricosus, Schvester
(1957) thought its value as a natural control agent in the field was extremely lim-
ited. P. ventricosus also attacks Chaetoptelius vestitus (Muls. and Rey) and a
Hypoborus sp. (Russo, 1926; Picard, 1919). Unlike P. scolyti, P. ventricosus will
also attack the larvae of hymenopterous parasitoids (Schvester, 1957). Struble
(1942) observed P. ventricosus killing larvae of the ostomatid Temnochila vire-
scens chlorodia (Fab.). An unidentified species of Pyemotes is reported to be a
parasite of the larvae and pupae of S. mali and 8. rugulosus (Sémal, 1931), and
Beal and Massey (1945) found an unidentified pyemotid associated with Ips
grandicollis (Eichh.). Pyemotes dryas Vitz. feeds on the larvae and eggs of
Hylurgopinus rufipes (Bichh.) (Kaston, 1939).

Weiser (1963) discussed mass rearing Pyemotes scolyti as a possible biological
control agent, and Beaver (1967) stated that P. scolyti would be a promising bio-
logical control agent for Scolytus scolytus (Fab.) and 8. multistriatus providing
a means of increasing its dispersal could be found. Kielezewski and Michalski
(1962) found P. scolyti on numerous species of Scolytus and suggested intro-
ducing sterile bark beetles carrying phoretic mites into threatened forested areas.
Pyemotes anobii Krezal has been mentioned as a possible biological control agent
for 8. multistriatus (Stryker and Stone, 1966).

Hunter and Davis (1963) found a Pygmephorus species associated with Ips
avulsus, I. calligraphus, and I. grandicollis. Reid (1957) found as many as 33
percent of the eggs of I. pini and I. perroti Sw. with mites he identified as Pyg-
mephorus attached to them. However, Lindquist (1969) believes these were ac-
tually 1. truncatus.

In Russia, Redikorzev (1947) described Paracarophoenax tpidarius from I.
typographus and suspected it of being a parasite of this beetle. A species of Para-
carophoenax has also been found on I. confusus in California (Kinn, unpublished
data).

Vitzthum (1923, 1926) reported that Pediculopsis wichmanni Vitz. feeds upon
fungi in the galleries of Polygraphus polygraphus Linn. and Francke-Grosmann
(1952) suspected that it also fed upon fungi in the galleries of Ips acuminatus
Gyll. In contrast to these reports, Redikorzev (1947) reported heavy parasitiza-
tion of Ips duplicatus Sahlb. by this mite.

Haliburton (1943) found an unidenified mite, possibly a pyemotid, causing
considerable egg mortality to Ips grandicollis.

ACARIDEI AND ORIBATEI

Acaridae

Histiogaster arborsignum occurs in the galleries of Dendroctonus frontalis,
where it may feed on fungal mycelia, frass, and dead arthropods (Woodring,
1963a). H. carpio has also been found associated with D. fronfalis (Fronk, 1947)
and Xyleborus monographus Fab. (Schedl, 1964); H. oudemansi E. and F. Tiirk
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also occurs with X. monographus (Schedl, 1964). Jacot (1936) suspected H.
fungivorax, Monteziella arborea, and Tyroglyphus sp., all found with Scolytus
maultistriatus, of transporting blue-stain fungi.

Russo (1938) observed Tyroglyphus siro (Linn.) and Rhizoglyphus sp. attack-
ing various instars of Phloeotribus scarabaeoides. Winterschmidtia crassisetosa
Willmann is also associated with larvae and pupae of P. scarabaeoides (Willmann,
1939). A small gray mite identified as a tyroglyphid is reported to be an important
enemy of Ips plastographus and I. mexicanus (Hopk.) (Trimble, 1915, 1924;
Struble, 1961). Immature tyroglyphids suck the contents from Ips eggs and young
larvae. Many eggs, larvae, and pupae of Dendroctonus frontalis are reported
destroyed by nymphs and adults of a Thyreophagus sp. (Anonymous, 1962),

Acarids are preyed upon by Laelapidae, Parasitidae, Ereynetidae, and Macro-
chelidae which also occur in bark beetle galleries (Woodring, 1963a).

Saproglyphidae

Calvolia kneissli Krausse deutonymphs are found on Orthotomicus laricis Fab.
(Krausse, 1917), and a Calvolia species was found associated with Dendroctonus
pseudotsugae (Walters and Campbell, 1955). Vitzthum (1920) described C.
circumspectans from Ips stebbingi (Strohmeyer) in Tibet and Wolff (1920) re-
ported finding numerous mites of this genus living parasitically on Orthotomicus
laricis and Blastophagus piniperde (Linn.). Individual beetles were observed
carrying more than twenty-five mites.

Adults of Vidia sp. have been taken from beneath the elytra of I'vniroctomnus
pseudotsugae (Atkins, 1959).

Anoetidae
Deutonymphs of Histiostoma ovalis (Muller) are abundant on adult Ips

dentatus Born (Samsinak, 1958) and Histiostomae gordius Hunter and Dav1s
found associated with Ips avulsus, I. calligraphus, and I. grandicollis in {1rory
I. chagnoni Sw., I. perturbatus (Eichh.) and I. pini in Minnesota, and I, co!li
graphus and I. emarginatus (LeConte) in Colorado (Hunter and Davis, |"' d
Histiostoma gordius is believed to be a fungus feeder (Hunter and Daws D6
H. piceae Scheucher occurs in the galleries of I. typographus (1lirsclunapn and
Riihm, 1954).

Woodring (1963b) believes that acarids and anocetids are not primarily e

tors.

Oribatei

A number of mites belonging to the Oribatei are occasionally found in f!
galleries of bark beetles (Fronk, 1947; Stark and Borden, 1965). Those tsually
encountered are Oribatulidae and Haplozetidae, although other families are «
represented. On elm, a number of oribatids occur on the bark and in the galleries
of Scolytus multistriatus where they feed upon fungi, algae, and other nrzamnis
matter (Jacot, 1934). The Oribatei found with other bark beetles probably pluy
a similar role.
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PuoreTIC HABITS OF MITES ASSOCIATED WITH BARK BEETLES
Mesostigmata

All the mesostigmatid mites associated with bark beetles are phoretic at one
stage in their life eyecles. The deutonymph in the Uropedidae, Digamasellidae, and
Parasitidae and the adult in the Ascidae, Macrochelidae, Celaenopsidae, Cercome-
gistidae, and Schizogyniidae are the phoretic forms. With the exception of the
Uropodidae, they all attach to the bark beetles by means of the ambulacra, but
some also clamp their chelicerae onto setae (Hirschmann and Riithm, 1953). Di-
gamasellids and ascids may be found almost anywhere on the beetle’s body. The
strong dorsoventral flattening of their bodies enables them to erawl beneath the
elytra. Parasitid deutonymphs and trigynaspid adults are usually found on the
outer surface of the elytra. The most highly specialized of the mesostigmatid mites
for a phoretic existence are the Uropodidae. These mites fasten themselves to the
host by means of anal secretions which harden into long, flexible filaments. Sellnick
(1939) points out that many species are known only from the stage taken from the
insect host. Unfortunately, this is still true, although Michael (1881) stressed the
need for observing all stages of a mite species, its life history, and habits in order
to avert synonymies.

The behavior of mesostigmatid mites is largely unknown. Cummins (1898) noted
that Uropoda ovalis Koch, could detect the presence of bacteria from some distance,
but no such studies of the Uropodidae found in bark beetle galleries have been un-
dertaken. Olfaction has been found to be an important stimulus affecting phoresy
of Cosmolaelaps on passalid beetles (Mollin and Hunter, 1964), Macrocheles mus-
caedomesticae (Scopoli) on house flies (Farish and Axtell, 1966), and Parasitus
coleoptratorum Linn. on geotrupid beetles (Rapp, 1959). Moist environments in-
hibit and dry environments promote phoresy of P. coleopiratorum (Rapp, 1959).

Eleutherengona and Tarsonemini

Adult female cheyletids and erynetids may be found clinging by means of the
ambulacra to almost any part of the bark beetles. However, the dorsal surface and
declivity seem to be preferred sites. Hunter and Davis (1963) found Ereynetoides
sp. rarely phoretic on Ips calligraphus, but in California they are ocasionally
abundant on I. confusus (Kinn, unpublished data).

Pyemotid adults eling by means of the large claws on legs I to the setae located
near the coxal region or at the junction of the pro- and mesothorax (Redikorzev,
1947). Female tarsonemid mites are found predominately on the elytral declivity
of emerging Ips, and occasionally on the pronotum, elytra, venter of the abdomen,
and between the coxae (Lindquist and Bedard, 1961). They are often found also
under the elytra of Dendroctonus spp. (Kinn, unpublished data). Lindquist and
Bedard (1961) noted that Iponemus spp. were most abundant on Ips early in the
emergence cycle.

Acaridei and Oribatei
The Acaridei are the most highly specialized for phoresy of all mites associated
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with bark beetles. The phoretic stage is a highly specialized, non-feeding deu
nymph, called a hypopus, which is characterized by a dorsoventral flattening
the body, n heavily selerotized integument, a reduction of the mouth parts and 1
presence of a series of suckers on the venter of the opisthosoma surrounding |
anus. The hypopi of all these species adhere to the beetle by means of these sucke

Most acarologists believe that nutrition is the major foctor initinting nnd ter
nating the hypopal stage of the Acaridae (Woodring, 1963b) However, the an
tid hypopal stage can be initiated and terminated by altering the hum1d1ty '
of the environment (Wallace, 1960). Hypopi are formed when the media |
to desiccate, and when a moist media is again available most hypopi molt
tritonymph (Woodring, 1963b). Hunter and Davis (1963) suggest that &
hypopi leave the beetle in response to a chemical attractant associated with i
and yeast growth.

Occasionally oribatids are found on various insects but they lack special nils
tations for phoresy (Tridgérdh, 1943). They are transported by bll‘dS in nesti
material or are washed off trees by rain and reascend under more

tions (Jacot, 1934). Co
NCLUSION

As early as 1880 Haller referred to the great dlﬁ‘iculty encountered ir iiflemn]
.""--I i orid references to inscet-tite rels Il*-l||-|'| Lhe nTernilt
Kleine (1944) relterated this problem which ha.s become compounded with 1
and an increasing interest in these arthropods. In "5, Hseherich stated that o
knowledge of this subject is far from being exhausted and this situation remii

unchanged today.
A SURVEY OF MITES ASSOCIATED WITH CALIFORNIA =COLYTINA

More species of Scolytldae occur in California than in any other state They
found || varie] o et P BaT ._,||||| ani ..,| e b1 TR L 1 [
tions, ranging from the low coastal fog belt through dry deserthke footh111
to the alpine habitats of the high Sierra Nevada. Because a knowledge of the il
fauna is almost nonexistent, a survey was undertaken which included as 1
different species of bark beetles occupying as many geographical areas and !

trees as possible.
MATERIALS AND METHODS

Mites associated with various species of bark beetles found in California
collected from: (1) burk heetle spocimens in the California Inseet Survey colleetio
of the University of Cahforma Berkeley, (2) living beetles collected in the fio
(8) beetles emerging from caged log bolts and bark samples, and (4) [rasy sumypl
seraped from galleries. Most specimens were cleared in Nesbitt’s solution «ui
mounted in Hoyer’s medium. Others were collected in aleohol and examined i
a dissecting microscope.

ResuLTts

Mites were collected from thirty-seven species of bark beetles found in !
fornia. Only those mites which were known to have a phoretic stage in !
cycle are included, and those which were rarely encountered in scolytid pzalleria
i.e., Laelapidae, Uropodellidae, Caeculidae, Raphignathidae, and o T"uphiladramu
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sp. are omitted. Species of Oribatei belonging to the families Haplozetidae, Cam-
isiidae, and Oribatulidae, which are occasionally found in scolytid galleries, are
also omitted because they are not phoretic on adult beetles. The incidence of these
mites on trees not under attack by seolytids is probably as great as on those killed
by bark beetles.

The three lists which follow summarize the records obtained. Doubtful records
are preceded by a question mark.

PHORETIC STAGES AND TROPHIC HABITS OF MITE ASSOCIATES

FAMILY AND SPECIES PHORETIC STAGE TROPHIC HABIT

Parasitidae

Eugamasus sp. Deutonymph Predaceous
Digamasellidae

Digamasellus nr. disetus Deutonymph Predaceous

Digamasellus quadrisetus Deutonymph Predaceous

Digamasellus neocornutus Deutonymph Predaceous
Ascidae

Proctolaelaps spp. Adult @ Predaceous

Lasiosetus sp. Adult @ Predaceous
Uropodidae

Undetermined spp. Deutonymph Myecetophagous
Cercomegistidae

Cercoleipus coelonotus Adults Predaceous

Cercomegistus evonicus $Adults $Predaceous
Celaenopsidae

Undescribed genus $Adults $Predaceous

Pleuronectocelaeno drymoecetes Adults $Predaceous
Schizogyniidae

Choriarchus reginus Adults fPredaceous
Tarsonemidae

Tarsonemus sp. Adult @ Myecetophagous

Iponemus spp. Adult @ Parasitic
Pyemotidae

Pyemotes nr. scolyti AdultQ Parasitic

Pygmephorus sp. AdultQ Mycetophagous

Paracarophoenax ur. ipidarius Adult Q Parasitic
Cheyletidae

Cheletophyes sp. Adult @ Predaceous
Ereynetidae

Ereynetoides nr. scutulis Adults Predaceous
Acaridae

Tyroglyphus sp. Deutonymph Mycetophagous

Histiogaster nr. arborsignum Deutonymph Mycetophagous
Saproglyphidae

Calvolia sp. Deutonymph Myecetophagous
Anoetidae

Histiostoma sp. Deutonymph Mycetophagous

Undetermined sp. Deutonymph Myecetophagous
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MITE-BARK BEETLE ASSOCIATES

PARASITIDAE
Eugamasus sp.
Dendroctonus brevicomis LeConte—Pinus ponderosa Laws. and Pinus coulter:
D. Don.
Dendroctonus ponderosae Hopkins—Pinus lambertiana Dougl.
Dendroctonus valens LeConte—Pinus jeffreys Grev. & Balf.
Ips concinnus (Mannerheim)—Picea sitchensis (Bong.) Carr.
Ips confusus (LeConte)—Pinus ponderosa Laws. and Pinus monophylla Torr.
& Frém.
Ips emarginatus (LeConte)—Pinus jeffreys Grev. & Balf.
Ips latidens LeConte—Pinus jeffreyi Grev. & Balf. and Pinus lambertiana
Dougl.
DI1GAMASELLIDAE
Digamasellus nr. disetus
Dendroctonus brevicomis LeConte—Pinus ponderosa Laws.
Dendroctonus valens LeConte—Pinus jeffreys Grev. & Balf.
Ips latidens LeConte—Pinus jeffreyi Grev. & Balf.
Digamasellus neocornutus Hurlbutt
Dendroctonus brevicomis LeConte—Pinus ponderosa Laws.
Digamasellus quadrisetus (Berlese)
Dendroctonus brevicomis LeConte—Pinus ponderosa Laws.
Ips calligraphus (Germar)—Pinus ponderosa Laws.
Ips confusus (LeConte)—Pinus ponderosa Laws., Pinus monophylla Torr. &
Frém., Pinus lambertiane Dougl. and Pinus attenuata Lemm.
Ips latidens (LeConte)—Pinus jeffreyi Grev. & Balf. and Pinus lambertiang
Dougl. : :
Ips pini (Say)—Pinus jeffreyi Grev. & Balf.
Ips plastographus (LeConte)—Pinus contorta Dougl.
Ips sabinianae Hopping—Pinus sabiniana Dougl.
Phloeosinus punctatus LeConte—Libocedrus decurrens Torr.
Phloeosinus sequoiae Hopkins—Sequoia sempervirens (D. Don) Endl

ASCIDAE

Proctolaelaps spp.
Alniphagus aspericollis (LeConte)—Alnus sp.
Conophthorus lambertianae Hopkins—Pinus lambertiana Dougl.
Dendroctonus brevicomis LeConte—Pinus ponderosa Laws.
Dendroctonus jeffreyi Hopkins—Pinus jeffreyt Grev. & Balf.
Dendroctonus ponderosae Hopkins—Pinus ponderose Laws.
Dendroctonus valens LeConte—Pinus jeffreyt Grev. & Balf.
Ips confusus (LeConte)—Pinus ponderosa Laws. and Pinus monophylla Torr. &
Frém. '
Ips latidens LeConte—Pinus jeffreyi Grev. & Balf.



Kinn: Life Cycle and Behavior of Cercoleipus coelonotus 13

Ips mexicanus (Hopkins)—Pinus radiata D. Don.

Phloeosinus sequoiae Hopkins—=Sequotia sempervirens (D. Don) Endl.

Pityophthorus carmelia Swaine—Pinus torreyana Parry.

Pseudohylesinus grandis Swaine—Pseudotsuga menziesis {(Mirh.) Franco.

Scolytus ventralis LeConte—Abies concolor (Gord. & Glend.) Lindl.
Lasiosetus sp.

Ips mexicanus (Hopking)—Pinus muricata D. Don.

Ips plastographus (LeConte)—Pinus muricata D. Don.

UROPODIDAE

Undetermined spp.

Dendroctonus brevicomis LeConte—Pinus ponderosa Laws. and Pinus coulters
D. Don.

Hylastes longicollis Swaine—

Hylastes nitidus Swaine—

Hylurgops porosus (LeConte)—

Ips calligraphus (Germar)-—Pinus ponderosa Laws.

Ips concinnus (Mannerheim)—Picea sitchensis (Bong.) Carr.

Ips confusus (LeConte)—Pinus ponderosa Laws., Pinus monophylla Torr. &
Frém. and Pinus lambertiana Dougl.

Ips emarginatus (LeConte)—Pinus jeffreyi Grev. & Balf.

Ips latidens LeConte—Pinus lambertiana Dougl.

Ips mexicanus (Hopkins)—Pinus radiata D. Don and Pinus muricata D Don.

Ips plastographus (LeConte)—

Ips sabinianae Hopping—Pinus sabiniana Dougl.

Phlocosinus cristatus (LeConte)—Cupressus sdrgenti J epson

Phloeosinus punctatus LeConte—Libocedrus decurrens Torr.

Phloeosinus variolatus Br.—Cupressus sdrgenti Jepson.

Phloeosinus sp.—Cupressus marcrocarpa Hartw.

Pityokteines sp.—Abies concolor (Gord. & Glend.) Lindl.

Pityophthorus sp.—Pinus jeffreyt Grev. & Balf.

Pseudohylesinus dispar Blackman—Abies concolor (Gord. & Glend.) Lindl.

Scolytus dentatus Bright—Abies bracteata D. Don.

Scolytus robustus Blackman—Abies bracteate D. Don.

Scolytus ventralis LeConte—Abies concolor (Gord. & Glend.) Lindl

CERCOMEGISTIDARE

Cercoletpus coelonotus Kinn
?Dendroctonus brevicomis LeConte—Pinus ponderosa Laws.
Ips confusus (LeConte)—Pinus ponderosa Laws., Pinus monophylla Torr. &
Frém., Pinus jeffreyi Grev. & Balf. and Pinus lambertiana Dougl.
Ips montanus (Eichhoff)—Pinus monticola Dougl.
2Ips emarginatus (LeConte)—Pinus jeffreyi Grev. & Balf.
Cercomegistus evonicus Kinn
Ips confusus (LeConte)—Pinus monophylla Torr. & Frém.
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CELAENOPSIDAE
Undescribed genus
Ips confusus (LeConte)—Pinus monophylla Torr. & Frém.
Pleuronectocelaeno drymoecetes Kinn
Ips confusus (LeConte)—Pinus ponderosa Laws. and Pinus monophylla Torr. &
Frém.
Ips sabinianae Hopping—Pinus sabiniana Dougl.

SCHIZOGYNIIDAE
Choriarchus reginus Kinn
Phloeosinus punctatus LeConte—Libocedrus decurrens Torr.
Phloeosinus sequoiae Hopkins—Sequota sempervirens (D. Don) Endl.
Pseudohylesinus grandis Swaine—Pseudotsuga menagiesit (Mirb.) Franco.

T ARSONEMIDAE
Tarsonemus Sp.
Dendroctonus brevicomis LeConte—Pinus ponderosa Laws.
Ips concinnus (Mannerheim)—Picea sitchensts (Bong.) Carr.
Ips confusus (LeConte)—Pinus ponderosa Liaws. and Pinus lambertiana Dougl.
Ips latidens LeConte—Pinus lambertiana Dougl.
Ips mexicanus (Hopkins)—Pinus radiate D. Don.
Ips pini (Say)—Pinus jeffreyi Grev. & Balf.
Ips sabinianae Hopping—Pinus sabiniana Dougl.
Pseudohylesinus grandis Swaine—Pseudotsuga menziestt (Mirb.) Franco.
Scolytus dentatus Bright—Abies bracteata D. Don.
Scolytus praeceps LeConte—
Scolytus robustus Blackman—Abies bracteata D. Don.
Scolytus unispinosus LeConte—Pseudotsuga menziesit (Mirb.) Franco.
Scolytus ventralis LeConte—Abies concolor (Gord. & Glend.) Lindl.
Iponemusspp. -
Dendroctonus brevicomis LeConte—Pinus ponderosa Laws.
Dendroctonus ponderosae Hopkins—Pinus ponderose Laws.
Ips confusus (LeConte)—Pinus ponderosa Laws., Pinus radiate D. Don ¢1d
Pinus lambertiana Dougl.
Ips pini (Say)—DPinus jeffreyi Grev. & Balf.
Ips plastographus (LeConte) —Pinus contorta Dougl.

PYEMOTIDAE
Pyemotes ur. scolyti
Conophthorus lambertianae Hopkins—Pinus lambertiana Dougl.
Ips confusus (LeConte)—Pinus radiate D. Don.
Ips mexicanus (Hopkins)—Pinus radiata D. Don.
Ips sabinianae Hopping—Pinus sebiniana Dougl.
Phloeosinus cristatus (LeConte) —Cupressus sdrgentt Jepson.
Phloeosinus punctatus LeConte—Libocedrus decurrens Torr.
Phloeosinus sequoiae Hopkins—Sequoia sempervirens (D.Don).
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Phloeosinus rubicundulus Swaine—Sequoia gigantea (Lindl.) Decne.
Pithyophthorus sp.—

Pseudohylesinus grandis Swaine—Pseudotsuga menziesti (Mirb.) Franco.
Pseudohylesinus nebulosus (LeConte)—Pseudotsugae menziesic (Mirb.) Franco.
Scolytus dentatus Bright—Abies bracteata D. Don.

Scolytus praeceps LeConte—

Scolytus robustus Blackman—Abies bracteata D. Don.

Scolytus ventralis LeConte—Abies concolor (Gord. & Glend.) Lindl.
Taenoglyptes pubescens (Hopkins)—

Pygmephorus sp.
Dendroctonus brevicomis LeConte—Pinus ponderosa Laws.
Ips calligraphus (Germar)—Pinus ponderosa Laws.
Paracarophoenax ur. tpidarius
Dendroctonus brevicomis LeConte—Pinus ponderosa Laws,
Ips confusus (LeConte)—Pinus ponderosa Liaws.
Ips plastographus (LeConte)—Pinus contorta Dougl.

CHEYLETIDAE
Cheletophyes sp.
Dendroctonus brevicomis LeConte—Pinus ponderosa Laws.
Dendroctonus ponderosae Hopkins—Pinus ponderosa Laws.
Ips confusus (LeConte)—Pinus ponderose Laws.
Ips latidens LeConte—Pinus lambertiana Dougl.
Scolytus dentatus Bright—Abies bracteata D. Don.

EREYNETIDAE
Ereynetoides nr. scutulis ‘
Almiphagus aspericollis (LeConte)—Alnus sp.
Dendroctonus brevicomis LeConte—Pinus ponderosa Liaws.
Dendroctonus ponderosae Hopking—Pinus ponderosa Laws.
Ips confusus (LeConte)—Pinus ponderosa Laws., Pinus monophylla Torr. &
Frém. and Pinus attenuete Lemm.
Ips lotidens LeConte—Pinus jeffreys Grev. & Balf.
Ips pini (Say)—Pinus jeffreyi Grev. & Balf.
Ips plastographus (LeConte)—
Scolytus dentatus Bright—Abies bracteate D. Don.
Scolytus robustus Blackman—Abies bracteata D. Don.
Scolytus ventralis LeConte—Abies concolor (Gord. & Glend.) Lindl.

ACARIDAE
Histiogaster nr. arborsignum
Dendroctonus brevicomis LeConte—Pinus ponderosa Liaws.
Dendroctonus ponderosae Hopkins—Pinus ponderosa Laws.
Ips calligraphus (Germar)—Pinus ponderose Laws.
Ips confusus (LeConte)—Pinus ponderosa Laws.
Ips latidens LeConte—Pinus jeffreyi Grev. & Balf.
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Ips pini (Say)—Pinus ponderosa Laws.
Ips sabinianae Hopping—Pinus sabiniana Dougl.
Tyroglyphus sp.
Ips confusus (LeConte)—Pinus ponderosa Laws.
Phloeosinus sequoiae Hopkins—=Sequoia sempervirens (D. Don).
Pityophthorus sp.—Pinus jeffreyi Grev. & Balf.

SAPROGLYPHIDAE

Calvolia sp.
Dendroctonus brevicomis LeConte—Pinus ponderosa Liaws.
Ips concinnus (Mannerheim)—Picea sitchensis (Bong.) Carr.
Ips latidens LeConte—Pinus ponderosa Laws. and Pinus lambertiana Dougl.
Ips sabinianae Hopping—Pinus sabiniana Dougl. and Pinus attenuata Lemm.
Pityophthorus sp.—
Pityophthorus carmeli Swaine—Pinus torreyana Parry.
Pityophthorus setosus Blackman—
Pseudohylesinus nebulosus (LeConte)—Pseudotsuga menziesii (Mirb.) Frane
Scolytus dentatus Bright—Abies bracteate D. Don.
Scolytus robustus Blackman—Abies bracteata D. Don.
Scolytus unispinosus LeConte—Pseudotsuga manziesii (Mirb.) Franco.

ANOETIDAE

Histiostoma sp.
Ips calligraphus (Germar)—Pinus ponderosa Laws.
Ips confusus (LeConte)—Pinus ponderosa Laws.
Ips latidens LeConte—
Ips mexicanus (Hopkins)—Pinus radiate D. Don.
Ips pini (Say)—Pinus contorta Dougl.
Ips plastographus (LeConte)—Pinus contorta Dougl.
Ips sabinianae Hopping—Pinus sabiniana Dougl.
Pityophthorus carmeli Swaine—Pinus torreyana Parry.
Pseudohylesinus nebulosus (LeConte) —Pseudotsuga menziesii (Mirb.) Franeo
Scolytus dentatus Bright—Abies bracteata D. Don.
Scolytus robustus Blackman—Abies bracteata D. Don.
Scolytus veniralis LeConte—Abies concolor (Gord. & Glend.) Lindl.

Undetermined sp.
Dendroctonus brevicomis LeConte—Pinus ponderosa Laws.

BARK BEETLE-MITE ASSOCIATES

Alniphagus aspericollis (LeConte)

Dendroctonus brevicomis LeConte
Proctolaelaps sp.

. . Eugamasus sp.
Ereynetoides nr. scutulis Digamasellus nr. disetus
Conophthorus lambertianae Hopkins Digamasellus neocornutus Hurlbutt
Proctolaclaps sp. Digamasellus quadrisetus Berlese

Pyemotes nr. scolyti Proctolaelaps sp.
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Uropodidae—undetermined spp.

Cercoleipus coelonotus Kinn
Tarsonemus sp.

Iponemus sp.

Pygmephorus sp.
Paracarophoenax nr. ipidarius
Cheletophyes sp.

Ereynetoides nr. scutulis
Histiogaster nr. arborsignum
Calvolia sp.
Anoetidae—undetermined sp.

Dendroctonus jeffreyi Hopkins
Proctolaelaps sp.

Dendroctonus ponderosae Hopkins
Eugamasus sp.
Proctolaelaps sp.
Iponemus sp.
Cheletophyes sp.
Ereynetoides nr. scutulis
Histiogaster nr. arborsignum

Dendroctonus valens LeConte
Eugamasus sp.
Digamasellus nr. disetus
Proctolaelaps sp.

Hylastes longicollis Swaine

Uropodidae—undetermined spp.

Hylastes nitidus Swaine
Uropodidae—undetermined sp.

Hylurgops porosus (LieConte)

Uropodidae—undetermined spp.

Ips calligraphus (Germar)

Digamasellus quadrisetus Berlese
Uropodidae—undetermined spp.

Pygmephorus sp.
Histiogaster nr. arborsignum
Histiostoma sp.

Ips concinnus (Mannerheim)
Eugamasus sp.
Uropodidae—undetermined sp.
Tarsonemus sp.

Calvolia sp.

Ips confusus (LeConte)

Eugamasus sp.

Digamasellus quadrisetus Berlese
Proctolaelaps sp.
Uropodidae—undetermined spp.
Cercomegistus evonicus Kinn
Cercoleipus coelonotus Kinn
Celaenopsidae—undescribed genus

17

Pleuronectocelaeno drymoecetes Kinn

Tarsonemus sp.

Iponemus sp.

Pyemotes nr. scolyti
Paracarophoenax nr. ipidarius
Cheletophyes sp.

Ereynetoides nr. scutulis
Histiogaster nr. arborsignum
Tyroglyphus sp.

Histiostoma sp.

Ips emarginatus (LeConte)

Eugamasus sp.
Uropodidae—undetermined sp.
? Cercoleipus coelonotus Kinn

Ips latidens LieConte

Eugamasus sp.

Digamasellus nr. disetus
Digamasellus quadrisetus Berlese
Proctolaelaps sp.
Uropodidae—undetermined sp.
Tarsonemus sp.

Cheletophyes sp.

Ereynetoides nr. scutulis
Histiogaster nr. arborsignum
Calvolia sp.

Histiostoma sp.

Ips mexicanus Hopkins

Proctolaelaps sp.

Lasioseius sp.
Uropodidae—undetermined spp.
Tarsonemus sp.

Pyemotes nr. scolyti
Histiostoma sp.

Ips montanus (Bichhoff)

Cercoleipus coelonotus Kinn

Ips pimi (Say)

Digamasellus quadrisetus Berlese
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Tarsonemus sp.

Iponemus sp.

Ereynetoides nr, scululis
Histiogaster nr. arborsignum
Histiostoma sp.

Ips plastographus (LeConte)
Eugamasus sp.
Digamasellus quadrisetus Berlese
Lasioseius sp.
Uropodidae—undetermined sp.
Iponemus sp.
Paracarophoenex nr. ipidarius
Ereynetoides nr. scutulis
Histiostoma sp.

Ips sabintanae Hopping
Digamasellus quadrisetus Berlese
Uropodidae—undetermined sp.

Pleuronectocelaeno drymoecetes Kinn

Tarsonemus sp.

Pyemotes nr. scolyti
Histiogaster nr. arborsignum
Calvolia sp.

Histiostoma sp.

Phloeosinus cristatus (LieConte)
Uropodidae—undetermined sp.
Pyemotes nr. scolyti

Phloeosinus punctatus LeConte
Digamasellus quadrisetus Berlese
Uropodidae—undetermined sp.
Choriarchus reginus Kinn
Pyemotes nr. scolyti

Phloeosinus sequotae Hopkins
Digamasellus quadrisetus Berlese
Proctolaelaps sp.

Choriarchus reginus Kinn
Pyemotes nr. scolyti
Tyroglyphus sp.

Phloeosinus rubicundulus Swaine
Pyemotes nr. scolyts

Phloeosinus variolatus Br.
Uropodidae—undetermined sp.

Phloeosinus sp.
Pyemotes nr. scolyti

Pityokteines sp.
Uropodidae—undetermined sp.

Pityophthorus carmeli Swaine
Proctolaelaps sp.
Calvolia sp.
Histiostoma sp.

Pityophthorus setosus Blackman
Calvolia sp.

Pityophthorus sp.
Uropodidae—undetermined sp.
Pyemotes nr. scolyti
Tyroglyphus sp.

Calvolia sp.

Pseudohylesinus dispar Blackman
Uropodidae—undetermined sp.

Pseudohylesinus grandis Swaine
Proctolaelaps sp.
Choriarchus reginus Kinn
Tarsonemus sp.
Pyemotes nr. scolyti

Pseudohylesinus nebulosus (LeConte)
Pyemotes nr. scolyti
Calvolia sp.
Histiostoma sp.

i Scolytus dentatus Bright

Uropodidae—undetermined sp.
Tarsonemus sp.

Pyemotes nr. scolyti
Cheletophyes sp.

Ereynetoides nr. scutulis
Calvolia sp.

Histiostoma sp.

5

Scolytus praeceps LieConte
Tarsonemus sp.
Pyemotes nr. scolyti

Scolytus robustus Blackman
Uropodidae—undetermined sp.
Tarsonemus sp.

Pyemotes nr. scolyti
Ereynetotdes nr. scutulis
Calvolia sp.

Histiostoma sp.
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Scolytus unispinosus LeConte Tarsonemus sp.
Tarsonemus sp. Pyemotes nr. scolyti
Calvolia sp. Ereynetoides nr. scutulis
Scolytus ventralis LeConte Histiostoma sp.
Proctolaelaps sp. Taenoglyptes pubescens (Hopkins)
Uropodidae—undetermined sp. Pyemotes nr. scolyti
DiscussioN

Species of the family Uropodidae are the most widely distributed mesostigmatid
mites. Although they are not predaceous on any stage of the bark beetle, they are
frequently found in great numbers on the elytral declivity. Trigynaspid mites are
most commonly encountered with bark beetles attacking trees in the coastal fog
belt. Representatives of the Tarsonemini, many of which parasitize bark beetles,
are also frequently encountered. Pyemotes nr. scolyti has a wide host range and
perhaps, because of its large numbers, is an important natural enemy of bark
beetles. Ereynetoides nr. scutulis is the most frequently collected member of the
Eleutherengona and may also be an important controlling agent.

PHORESY OF CERCOLEIPUS COELONOTUS AND ITS
EFFECT ON BEETLE FLIGHT

The factors affecting phoresy of mites have been studied in only a few species
of Mesostigmata (Farish and Axtell, 1966; Rapp, 1959). Our knowledge of the
phoretic behavior of trigynaspid mites is confined almost entirely to collection
records. These records reveal that dispersal is generally accomplished by adult
males and females. Hunter and Davis (1965) studied the life cycle of Euzercon
latus (Banks) in some detail and found only the adults to be phoretie on passalid
beetles. Collection records of Pleuronectocelaeno drymoecetes (Kinn, 1968) and
Choriarchus reginus (Kinn, 1966) also show that the adults are phoretic. With
the exception of the work by Atkins (1961), nothing is known of the effect of
phoresy on bark beetle flight.

MATERIALS AND METHODS

Frequency of phoretic mites—Ips confusus adults emerging from caged bolts
of Pinus monophylla were collected individually in gelatin capsules and examined
for Cercoleipus coelonotus adults. The bolts from which these beetles emerged
were collected at monthly intervals at Lake of the Woods, Kern County, Cali-
fornia. The sex of some of the beetles carrying C. coelonotus was determined by
the presence of the pars stridens on the head of the female (Wood, 1961). When
more than one C. coelonotus was present per beetle, their sex was also determined.

Host specificity.—A survey of the bark beetles in California revealed Cercoleipus
coelonotus adults to be phoretic on Ips confusus and I. montanus (Eichh.), both
of which belong to Hopping’s Taxonomie Group IX (Hopping, 1963). In addition,
there were questionable records from Dendroctonus brevicomis and I. emargina-
tus. To determine the host specificity of C. coelonotus, five males and five females
each of ten species of bark beetles were confined in petri dishes on filter paper
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with ten C. coelonotus adults for two hours. The beetle species tested were: I
latidens (Group O, Lanier, 1967) from Pinus ponderosa, I. mexicanus (Group L
Hopping, 1963) from P. muricata, I. emarginatus (Group 1I, Hopping, 1963)
from P. jeffreyi, I. plastographus (Group III, Hopping, 1963) from P. muricat,
I. pini (Group IV, Hopping, 1963) from P. contorta, I. confusus (Group X,
Hopping, 1963) from both P. ponderosa and P. monophylla, I. montanus ' iroup
IX, Hopping, 1963) from P. monticole, Dendroctonus brevicomis from P, pin
derosa, D. jeffreyi Hopk. from P. jeffreyi, and Scolytus ventralis from Abics
concolor. Counts of the number of phoretic mites were made every 30 minules
and each test was replicated five times.

All tests were conducted in a dry atmosphere, under illumination of 500 luxis
(measured with a Weston Illumination Meter—Model 756) and at a femperatine
of 31+ 0.5° C. The mites used in these and all subsequent tests, tinless stiied other-
wise, were collected from Ips confusus in Pinus monophylle at Liake of the Wonds,
Kern County, California, and were held for 24 or more hours on & moist substrate

at 3-5° C prior to testing. Eight additional host specificity tests were conducted:
(1) Ten Cercoleipus coelonotus adults were confined with ten I. confusus un
ten Dendroctonus brevicomis adults for 30 minutes; (2) Ten I. confusus cicl
marked with a dot of paint on the pronotum and ten I. mexivanis were coniined
with ten C. coelonotus; (3) Ten I. confusus reared from P. ponderosa and el
1. confusus reared from pifion pine (marked with paint) were exposed to ten .
coelonotus collected from I. confusus galleries in pifion pine; (4) Test 3 was
replicated five times using ten C. coelonotus collected from I. confusus zalleries in
ponderosa pine; (5) Ten I. montanus (marked with paint) and ten I. confisis
reared from pifion pine were confined with ten C. coelonotus removed from 1.
confusus galleries in ponderosa pine; (6) Test 5 was replicated using ten [
coelonotus removed from I. montanus galleries; (7) Ten I. confusus reared It
ponderosa pine and ten I. confusus reared from pifion pine (marked with paint)
were exposed to ten C. coelonotus collected from I. montanus galleries in weslern
white pine; and (8) Ten C. coelonotus adults were given a choice among Twenty
I. confusus, ten of which were marked with paint.

Initiation of phoresy.—Effect of humidity: Maturation of bark beetle brouds
is accompanied by marked physical changes in the environment. Most notable vl
these is a rise in temperature and a lowering of the moisture content of th
phloem. Since Cercoleipus coelonotus adults attach to Ips confusus under a Wit
range of temperatures (3-32° C), phoresy may be initiated primarily in respons:
to changes in the relative humidity. This was tested by confining ten mites 1]
ten I. confusus adults in the bottom section of plastic petri dishes (100 mm i
diam. x 15 mm) the tops of which were covered with nylon cloth. These units were
inverted and taped to bottom sections of petri dishes of the same size, which ron:
tained filter paper saturated with various concentrations of KOH {[I"etersal
1953). The relative humidities used ranged from 11 to 100 percent. All fesis wirs
conducted at 24° C under an illumination of 500 luxes and replicated fomr times
Mites used for the first three replications were held at 3° C on a saturated sub:
strate for 24 hours prior to testing. Those used in the fourth replicate were licld
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at 22° C and 50 percent R. H. for one hour prior to testing. Counts were made at
30-, 60-, and 120-minute intervals.

In a similar manner the effect of the moisture level of the substrate on the
initiation of phoresy was tested. Fifty Cercoleipus coelonotus adults and twenty-
five Ips confusus were placed together in each of two petri dishes, one of which
contained a dry and the other a moist piece of filter paper. Every 30 minutes the
mites were counted, removed from the beetles and placed in the other petri dish.
Each group of fifty mites was tested four times, twice on a moist substrate and
twice on a dry substrate.

Sensory receptor sites: The role of sensory reeceptors in phoresy was studied
using methods similar to those of Farish and Axtell (1966). Adult Cercoleipus
coelonotus and Ips confusus were placed together in a dry environment, and
those mites which mounted the beetles were removed and anesthetized with ether.
Some of the mites were left intact and the palps or tarsus from one or more legs
were removed from others under a magnification of 60x using a 6 mm Zeigler,
Needle-type eye knife. Tarsi I, a single tarsus I, tarsi III, or the palps were am-
putated. The five groups of mites were held at 3-4° C on moist tissue paper for 24
hours prior to testing. Ten mites from each group were placed with adult beetles
in a dry atmosphere (40-50 percent R. H.) at 22° C, and the number of phoretic
mites in each group observed after 30 minutes. After testing, the mites were re-
turned to a moist substrate and held at 3-4° C for 24 hours before being tested
again. In this manner mites were tested on each of three suecessive days.

Reactions of amputee and intact mites to an insect repellent were studied using
an olfactometer which consisted of a glass tube (1 em in diam. and 25 em long)
inserted into the side of a one-half pint cardboard carton. The ends of the tube
were covered with cloth sereening after the mites were introduced. The carton
enclosed a small petri dish containing filter paper saturated with 20 drops of
water or a solution of 80 percent ethylhexanediol (612 insect repellent). Twenty-
five mites were introduced into the tube and knocked to the proximal end where
they were first exposed to water and then to the repellent. Before being exposed
to the repellent, the mites were again knocked to the proximal end of the tube.
After 30 minutes exposure to each substance, the number of mites located in the
distal 1 centimeter of the tube were counted. This test was replicated three times
using mites which had been held for 24 hours on a moist substrate at 3-4° C. Each
group of twenty-five mites was tested only once.

Termination of phoresy—To test whether volatile components of fresh phloem
stimulate termination of phoresy, beetles and mites were placed together in a
bowl containing dry paper toweling. After one hour beetles carrying mites
were removed and divided into two groups and placed in chambers like those
used in the humidity tests. The lower section of one unit eontained moist filter
paper and the other ground phloem from sugar pine., The number of mites still
attached was determined after one hour.

A similar test was conducted to determine the effect of odors emanating from
fresh frass on the termination of phoresy. In this test the bottom section of the
control units contained dry filter paper.
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The same units were also used to study the effect of relative humidity on the
termination of phoresy. Mites and beetles were placed together for two hours
after which ten beetles each carrying one phoretic adult Cercoleipus coelonotus
were transferred to each of three test chambers with relative humidities of 100
80, and 61 percent. Relative humidity was controlled by means of filter paper
saturated with KOH of different concentrations (Peterson, 1953). These tests
were conducted at 24° C under an illumination of 500 luxes. Counts were taken af
15-, 30-, and 60-minute intervals.

Other groups of mites were placed with beetles for 1 to 2 or 3 to 4 hour intervals
on dry filter paper before the beetles carrying them were transferred to either
dry or saturated filter paper. Two hundred mites were used for each substrate
and period of confinement. Counts of the number of mites remaining on the
beetles were made after one hour.

Phloem sandwiches constructed from petri dishes (Beanlands, 1966) were used
to observe when the mites dismounted. Female Ips confusus carrying mites were
introduced into petri dishes containing the phloem and bark dises in which nuptial
chambers had been exeavated by males.

Phoresy and flight initiation.—To determine whether the presence of mites on
adult beetles inhibits flexing of the elytra and flight initiation, 150 male Ips
confusus carrying no mites on their elytra, 150 carrying 1 or 2, and 140 carrying
3 to 5, were divided into groups of ten and placed on dry paper toweling in a
petri dish (15 x 2.5 em) at 500 luxes and 32 + 1° C. Counts were made of the
number of wing flexes occurring within a two-minute period. The beetles used in
these tests were collected from ponderosa pine cut at Challenge, Yuba County,
California, in January, 1967. Newly emerged beetles were held on wet toweling
at 3—4° C for 24 hours prior to testing.

Phoresy and sustained flight—The effect of the added mass of phoretic mites
on beetle flight was studied using a flight mill similar to that used by Chapman
(1954) and Atkins (1961). The mill arm was constructed of 1.6 mm aluminum
tubing and counterbalanced with solder. Tubing of the same diameter pivoting on
wire approximately 0.8 mm in diameter served as a bearing. The radius of the
mill arm was 15.9 em and the circumference of the flight path equaled 1 meter,
Beetles were fastened to the end of the arm with a mixture of bees wax and rosin
applied to the pronotum (Krough and Weis-Fogh, 1951). Flight mill studies were
condueted in a constant temperature cabinet at 30-32° C, 40 percent R. H. and a
light intensity of 500 luxes from a 15 watt fluorescent tube and a 40 watt in-
candescent bulb. The temperature range selected has been found to be the
optimum for flight initiation (Borden, 1967).

The beetles used in these tests were collected from ponderosa pine cut at Chal-
lenge, Yuba County, California, in January, 1967. Newly emerged beetles were
held at 3-4° C on wet filter paper for 24 hours and then allowed to warm to room
temperature for 2 to 3 hours in a dry atmosphere prior to testing. Only those
beetles which exhibited a strong positive response were selected. Beetles were
classified as poor fliers (0-5 minute flights), weak fliers (6-15 minute flights), or
strong fliers (flights of over 15 minutes). All mites found clinging to the elytra
declivity, coxal joints, or elsewhere on the beetle were removed with a fine forceps.
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TABLE 1

SEASONAL OCCURRENCE OF CERCOLEIPUS COELONOTUS PHORETIC ON IPS CONFUSUS
CoLLECTED AT LARE oF THE Woops, KErN CouNnty, CALIFORNIA, 1967

Date Number beetles | Number mites | X Bumber mites i%a%gm E?:ﬁeegffé:

122 1,139 373 0.33 1.20 27.1
303 ' 90 029 | 121 '

475 T 0.49 1.26

1,427 | 899 063 | 1.5

4,207 1,319 10.31 1.37

621 141 0.2 1.29

6,937 1,395 0.20 1.36

24,337 4,012 0.16 1.15

2,907 1,164 040 | 145

2,563 289 0.11 1.14

4,008 1,025 0.21 1.20

Yearly totals

and means 50,062 10,934 0.22 1.27 17.2

Mites which may have been beneath the elytra could not be removed without
injuring the beetle. However, earlier observations revealed that these were few
in number and small in size. Beetles were placed in stender dishes with Cer-
coleipus coelonotus adults and only those with the desired number of phoretic
mites were fastened to the mill arm. Twenty male beetles free of mites, twenty
male beetles carrying 1 or 2 and twenty carrying 3 to 5 mites were tested. The
starting and stopping times were noted for each beetle.

. . ResuLts

Frequency of phoretic mites—Adult Cercoleipus coelonotus are phoretic on
beetles of both sexes. MoBt beetles carry only one mite but up to eight have been
observed. The mites may be all of one sex or mixed. They cling to the beetle by
means of the ambulacra of legs II-IV and by the chelicerae, which they clamp
onto a seta. They usually attach dorsolaterally on the pronotum and elytra with
the elytra being the usual location.

More beetles were found to carry Cercoleipus coelonotus between January and
June than between July and December (table 1). A highly significant (P < 0.01)
positive correlation was found between the mean number of mites per beetle and
percentage of beetles with mites. Therefore, an increase in the number of beetles
carrying mites is accompanied by an increase in the number of mites per beetle.
Hypothetical frequencies caleulated for a Poisson distribution show that selec-
tion of beetles was not entirely random (fig. 1). Of the 50,062 beetles examined,
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Fig. 1. Expected and observed frequencies of Cercoleipus coelonotus phoretic on Ips confusus
expressed as percent of the entire collection.

8,619 carried C. coelonotus distributed as follows: 80 percent only one, L1 prrcen
two, 4 percent three, and 1 percent four.

Host specificity —The number of phoretic mites was lowest on Ips latidens anid
highest on I. confusus and I. montanus (table 2). When nonphoretic mites in he
1. mezicanus test were placed with I. confusus from pifion pine, all Lerame
phoretic. Phoresy of Cercoleipus coelonotus on Dendroctonus ponderosae amnil
Scolytus ventralis was extremely low. The number of phoretic mites remamed
relatively constant on all host species during the two hour tests.

When permitted to choose between equal numbers of Ips confusus and I)en
droctonus brevicomis, and I. confusus and I. mexicanus, Cercoleipus coelonolis
consistently selected I. confusus (fig. 2). O. coelonotus removed from I, confusis
galleries in Pinus monophylla selected beetles which had emerged from P, maio-
phylla in preference to the same species emerging from P. ponderosa, However,
C. coelonotus removed from I. confusus galleries in P. ponderosa showed no prii-
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erence for beetles reared from that host. C. coelonotus removed from I. montanus
galleries in western white pine and from I. confusus galleries in ponderosa pine
showed a definite preference for I. montanus over I. confusus. C. coelonotus re-
moved from I. montanus galleries and present with equal numbers of I. confusus
removed from ponderosa and pifion pine preferred I. confusus reared from pifion
pine. Marked beetles were less preferred by C. coelonotus than unmarked beetles
of the same species (table 8). In the preference studies marked beetles were pre-
ferred over unmarked beetles by C. coelonotus; therefore these data are con-
servative estimates of preference except when there were no differences.

TABLE 3

NUMBER OF ApULT CERCOLEIPUS COELONOTUS ATTACHING TO UNMARKED AND
MARkED Irs coNFUSUS* FROM PINUS MONOPHYLLA

Replicate Number mites Number attached to ‘ Number attached to
P tested unmarked beetles | marked beetles
1 ; 10 ‘ 8 2

Percentage phoretic

* Ten marked and ten unmarked beetles used per test.

Initiation of phoresy—Bffect of humidity: Relative humidity did not influence
the rate of phoresy (table 4). However, the rate of phoresy on a dry substrate was
higher (90.5 percent) than on a wet substrate (67.5 percent) (X' = 31.6**).

Sensory receptor sites: With the exception of those lacking tarsus I, the per-
centage of intact and amputee Cercoleipus coelonotus attaching to Ips confusus
on the third day was similar to that obtained on the first day (table 5). Phoresy
by intact mites ranged from 60 to 100 percent for the 15 replicates; that of palp-
less mites between 10 and 50 percent for eight replicates, while mites lacking
tarsi I did not exhibit phoretic behavior. Mites lacking tarsus I or tarsi III ex-
hibited reduced phoresy. C. coelonotus lacking tarsi III did not move as rapidly
as intact mites and those lacking tarsus I, and like palpless mites, died earlier.
Since mites lacking these appendages became phoretie, yet received injuries com-
parable to those lacking tarsi I, the lack of phoretic behavior in the latter group
cannot be attributed to shock.

Mites with tarsi I or the palps removed were much less repelled by ethyl-
hexanediol than intact mites (table 6).

Termination of phoresy.—Mites did not abandon the beetles in response to the
volatile components of fresh sugar pine phloem or beetle frass (table 7) or to an
increase in relative humidity (table 8). When the substrate was moist, 49 percent
and 81 percent of the mites terminated phoresy after 2 and 4 hours respectively,
while on a drv substrate only 16 percent and 30 percent terminated phoresy after



TABLE 4

Pemizvy or Cercolsmrrue costoNorrs Paorero ox Irs cosrtsus rRoM PINTS MONGEETLLA
ar Vamovs R. H. Levess arrer Two Hooss

-| Helstive humldities
o 11 | a 1 8 it & A ¥t 100
1 53 o0 923 1] 0 T T0 a7 110 43
2 101 o7 100 100 o7 o7 o 10 97 a3
a &0 &4 83 100 100 o7 &7 il 50 G0
4 83 a0 ] Hi) 3 87 87 100 ) 93
Mean number mites
por observation S8 .0 91,4 {00 93,2 D41 833 B, 6 1.6 B0
TABLE 5
Pronesy or Anvir CEROOLEDUS CORLONOTES BN Irs coNFusUs arTeER REsmovan oF Tarsus I, Tarsi 1, Tamst L1, or Tue Paips
Clontrol Trsiis I rommeoved Tarni T eernoved Twrni 1T removnd Palps memoved
Daye altor surgecy Tereantage roontage
Repili- P Perren : Peroantigs Rapli- .
oalas* m ﬂt phuﬂ“r ‘;‘lﬂd‘ phorotia e ® frhoretie E{tu‘ P:-hm:r
1 5 Ry 8 62 a 0 3 R b 22
2 5 78 (i3] b i [T 30
3 il 2} a8 5 0 1 4

* Ten mitos per meplicata,
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TABLE &
Nospel oF INTact AND AMPOTER CERCOLEIPUR cOELONOTUS HEPELLED BY ETHYLHEXANEDIOL

Tntnat Tural T mumoved Palpa removed
Tephionte®
Water Tlepallont Waler Repellant Water Hapmllent
1 7 18 4 T fh [i]
2 1] 16 | i a 4 b
3 1 12 ] 2 2 | 1

* Twenty-five mites used por replicsto per treatmant,

TABLE 7
Numper or OBacoLErUE coptoxoTus REmaNivg Prooreric o¥ Irs coxrusoa
1w TuE Presgxce oF Fresa Pooes asno Maie Frass

Number phoretic Nutnher romaining Number muiﬁl_
Matorial tewind al siart phorstio phiretlo in oow
Phloem 57 18 51
Fress a0 44 45

* Suime number of mite phoretic st otart ne in the treatiment.

TABLE 8

NusieER oF CERCOLEIPUS CortoxoTrs REMarsiye Pronemo o [rs coxFUsUS
AT Vamous Revarve Hosiorries

Number pliaretlo alter)
. 1. T === Mean rate of phoresy
18 muun.® I A0 mink | & min,
100 15 ! 42 | 41 85
80 45 ‘ 46 # 0%,
il 43 : 11 41 857,

» Flity plonitic miles nt stard,
b Farty~olght phorwtio mites at start,
« Foriy-ninn pluretic miles gt start,

these time intervals, Most mites in a dry atmosphere move rapidly in a tight eir-
cular pattern and readily remount the beetles. A few remain motionless beside
the beetles, remounting them only when they move. In contrast, mites leaving the
beetle and encountering a moist substrate move more slowly and wander away
from the host.

Phoretie (. coclonotus in phloem sandwiches dismount ss the beetle passes
through the entranee hole. Only rarely did a mite remain on the beetle entering
the nuptial chamber.

Phoresy and flight initiation.—The presence of 3 to 5 adult Cercoleipus coslono-
tus on the elytra of Ips confusus significantly reduced the number of wing flexes

(table 9).
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Phoresy and sustained flight.—Because the elytra of bark beetles are vibrati
during flight, it was suspected that the inereased mass due to phoretie mites coul
produce fatigue, which would reduce flight velocity and distance traveled. T'h
average mass of an Ips confusus elytron (X of 40 male elytra) is 240ug and tha:
of an adult Cercoleipus coelonotus about 90ug (X of 42). No signifieant liffer
ences were found between the flight velocities of beetles carrying 1 to 2 mites
those carrying 3 to 5, but the velocity of both groups was significantly less {1
those free of mites (table 10).

TABLE 9

NUMBER oF WiNe FLEXES OF MALE TIPS CONFUSUS CARRYING VARIOUS
NuMBERS oF CERCOLEIPUS COELONTUS

Number of ‘ Number
phoretic mites | tested
0 [ 150 i)
1. 14
140 T L]

D1scussroN AND CONCLUSIONS

Adult Cercoleipus coelonotus exhibit a definite preference for Ips mominnus
and I. confusus over other speecies of Ips, or specics of Dendroctonus and Seoluty

that were tested, This findine ig eons Lwith the collection date for this species

except for the questionable record of C. coelonotus from D. brevicomss. LBieans
I. confusus and D. brevicomis often infest the same tree, C. coelonotus may b
come phoretic on the latter species if I. confusus is unavailable, The two =ililins

specles now known as I. confusus from ponderosa and pifion pine are e [ually pr
ferred by C. coelonotus when only one is present. The host preference xhilited
by this mite in decreasing order was: I. confusus and I. montanus (Group X
I. plastographus (Group IIT), I. pini (Group IV), I. mezicanus (Group I), !
emarginatus (Group II), and I. latidens (Group O). Within Group IX the orde
of preference appears to be I. montanus > I. confusus, ex. P, monophylla >
I. confusus, ex. P. ponderosa.

When dislodged from a suitable host, Cercoleipus coelonotus moves in a tight
circle which usually brings it back close to the beetle., At a distance of scvir
millimeters it moves directly towards and remounts the beetle, Such hehavior
together with the definite preferences exhibited suggesty that olfaction is in
portant in host recognition by C. coelonotus.

As Cercoleipus coelonotus walks, the forelegs are waved back and forth nhove
the substrate while the tips of the palps tap the substrate. This behavior is smmilas
to that of Macrocheles muscaedomesticae (Farish and Axtell, 1966) andl Parasitus
coleoptratorum (Rapp, 1959). Like most trigynaspid mites, C. coslonofus lncks
caruncles and claws on tarsi I, but numerous setae occur distally on tlig segment
and the palps.

The mean phoretic rate of 55 percent for mites lacking tarsus I and the alsene



TABLE 10

Fuicar Tme, Merers Fuows asp VEwooomy or Mawk Tes conevsos Cannyving Vamovs Nousers oF CERCOLEIFUS COELONOTDS

Nunber of Nig.l:l hri& Metars Oown Flight time (min.) Velosity
'.rmnit-e-el"l y Husipe Mean Rangs Mean Hauge Mpan
1] H) 1071-12547 45,2 21.39-255. 14 B6:72 30.5-65.6 5048
1-2 20 1076-10583 5120.95 2112230 654 115,88 . 6-57.3 44.72
35 20 TH-10573 3419, 55 20.20-218 .27 T0.58 #7_6-51.1 4130

* Bignificantly different nt 0,00 bovol [Duncan's mulliple range tesd),
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of phoresy for mites lacking tarsi I, as compared to 83 percent for intact mitee,
suggest that Cercoleipus coelonotus I .,'rj'j_-.;.,!_-i_r'.' orients by odor intensity diserimina-
tion. Mites lacking palps do not respond to repellents and the rate of phovesy
initiation is reduced. Sensory receptors which respond to a repellent reside on
both the palps and tarsi I, whereas those stimuli which govern the initiation of
phoresy are received primarily by tarsi I. However, the reduced rate of phores;
by mites lacking palps suggests that sense receptors on these appendages are als
involved in the host perception. A phoretic rate of 50 percent by mites lucking
tarsi III is probably due to interference with normal locomotion.,

Initiation of phoresy is not influenced by relative humidity or temperature
and is reduced by only 20 percent on a moist substrate. Adult mites remain =t-
tached even in the presence of fresh phloem and beetle frass and do not terminate
phoresy in response to an increase in relative humidity, They remount the hestles
immediately on a dry substrate, but phoresy is inhibited on a moist subsirate,
The termination of phoresy is, in part, a response to contact with moisture, The

intensity of this response increases as the length of phoretic association nereases,
probably as a result of increasing desiceation. Mites phoretic on beetles introduesd
into phloem sandwiches almast always dismounted as the heetles entered the nup
tial chamber and remained on the hark surface for some time hefore also ntering

the nuptial chamber. Trees under attack by bark beetles probably have more
surface moisture than trees from which the beetles are emerging.

Wing flexing by beetles carrying 8 to 5 Cercoleipus coelonotus is inhibited and
flight velocity of beetles with phoretic mites is reduced. These findings indicate
that phoretic C. coelonotus may decrease the dispersal and host finding capacity
of their bark beetle host.

BEHAVIOR OF ADULT CERCOLEIPUS COELONOTUS

The behavior of only a few mesostigmatid mite species has been investigated,
i.e., Ophionyssus natricis (Camin, 1953), Parasitus coleoptratorum (Rapp, 1959),
Macrocheles muscaedomesticae (Farish and Axtell, 1966), and Uroobovella mar-
ginata and Uropoda orbicularis (Faasch and Schaller, 1966). The only behavioral
study of a trigynaspid mite was performed with Euzercon latus (Hunter and
Davis, 1965).

MATERIALS AND METHODS

Response to temperature.—Reactions of Cercoleipus coelonotus to a linear
temperature gradient were observed using an apparatus similar to that used by
Camin (19538). A trough, approximately 100 cm long, 5 em wide, 5 em deep and
constructed of sheet iron was supported at one end by a tripod and the other
end was inserted into a canister. The trough was filled with sand, and a glass tube
(90 em long, 1 em in diam.), sealed at each end, was half buried in the sand. This
tube was provided with five vertical tubes 1 em high and of the same diameter,
located in the center and at 10 and 27.5 em from each end. The sand was saturated
with water, and the flame from a bunsen burner was applied to the end of the
trough supported by the tripod. The canister supporting the other end was filled
with ice and water and the system allowed to stabilize for about 20 minutes be-
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fore introducing the mites. A temperature gradient ranging from about 8° C to
52° C was thus established. Temperatures were measured with a thermocouple in-
serted into the sand next to the outer surface of the glass tube.

Four mites were introduced into each vertical tube and allowed to walk along
the horizontal tube for 15 minutes before making an observation. Bach test was
replicated five times. All mites used in this and subsequent tests were kept on
moist filter paper and held at 3-5° C prior to testing.

In addition adult Cercoleipus coelonotus were exposed simultaneously to two
temperatures in a choice chamber. Water of two different temperatures was
placed in each side of a plastic sandwich box (11.4 x 10.3 x 3.3 em deep), which
was divided by a plastic partition cemented to the hottom section. Fifty mites of
both sexes were placed on the lid of the box, and the bottom section of a 10 em
petri dish was inverted over the arena. The temperature on each side of the
partition was measured with a thermocouple. Observations were made 10 minutes
after introducing the mites.

The walking rate and number of turns made by each mite was measured using
similar equipment, except the bottom section lacked a partition and graph paper
was cemented to the underside of the arena. The walking rate and number of
turns of ten male and ten female mites exposed individually to 16° C, 23° C, and
31.5-35° C was recorded.

Response to humidity.—Cercoleipus coelonotus adults were placed in cells con-
structed from the bottom sections of 9 em plastic petri dishes. One section was
covered with organdy cloth and two holes were drilled in the plastic surface. This
section was inverted and taped to another dish which was divided by a plastie
partition. Filter paper saturated with KOH solutions of different concentrations
(Peterson, 1953) was placed on each side of the partition, and fifty mites were
introduced through the holes. The following humidity gradients were used:
21-39, 39-50, 50-69, 69-80, 80-90, and 90-100 percent. The mites were held on
moist tissue paper for 24 hours at 3° C prior to testing and all tests were con-
ducted at 24° C. Each group of mites was exposed for 7 hours and observed at
80-minute intervals,

The locomotion and turning rate of female mites in uniform environments of
90 and 21 percent R. H. were determined. A square of graph paper was placed
on the organdy floor of the above deseribed chamber and the partition excluded.

Thirty palpless mites, thirty mites lacking tarsi I, and thirty intact mites were
exposed for 60 minutes on three different days to a humidity gradient of 21-90
percent R. H. Amputations were done on mites anesthetized with ether, after
which they were held at 3° C on moist filter paper for 24 hours before testing.
Intact mites were also anesthetized and held under the same conditions. Each
group consisted of both male and female mites. Amputations were performed
with a 6 mm Zeigler, Needle-type eye knife.

Response to light—Fifty adults were placed in a 9 em plastie petri dish having
half the top section painted black. This unit was illuminated from above by direct
and diffuse light of various intensities from a microscope illuminator. Diffuse
light was produced by placing a piece of opaque plastic between the illuminator
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TABLE 11

PERCENTAGE OF CERCOLEIPUS COELONOTUS AGGREGATING IN A GLASS-TUBE
THERMOGRADIENT AT 20-26° C*

Test o Minimum temperature
55 10° 32°
2
5
4
N 13.5°

* Twenty mites exposed per test.

TABLE 12

PERCENTAGE OF CERCOLEIPUS COELONOTUS AGGREGATING AT VARIOUS
TeEMPERATURES IN Two CHoiceE TesTs*

Temperature combinations tested (C)

26° s, 32° 23 va 29 20 vs, 22 ] vs. 20 va. 30°

78 22 68 32 42 58 14 86 24 76

* Fifty mites exposed per test.

and petri dish, and the heat was removed with a water bath. All tests were econ-
ducted at 22-23° C and 52 percent R. H. Light intensities were measured with a
Weston Illumination Meter (Model 756).

To test the effect of light intensity on rate of locomotion, twenty adults were
exposed at 1, 4, and 48 footcandles. These tests were conducted in diffuse light at
22-24° C and 55 percent R. H. The effect of colored light on rate of locomotion was
determined by exposing ten mites to red (Wratten A), yellow (Wratten G) and
green (Wratten XI) filtered light at 50 footcandles.

The response of adult mites to a horizontal beam of light from a mieroscope
illuminator was also determined. Light intensity varied between 56 and 860 foot-
candles in the arena. Twenty-five mites were released at the point receiving 480
footcandles, and their paths were traced on graph paper. Heat effects were mini-
mized by beaming the light through a water bath. All tests were conducted in a
darkened room at 21-22° C and 55 percent R. H.

Olfactory response—Fifty adults were placed in choice chambers similar to
those used in the humidity tests, but the bottom section was divided into quarters.
Fresh Ips confusus frass produced by both male and female beetles boring in
Pinus ponderosa, freshly ground phloem from P. ponderosa, wet and dry filter
paper and a total of twenty live male and female I. confusus were placed in the
bottom section in various combinations. The positions of the mites on the organdy
floor were noted at half hour intervals for three hours. These tests were con-
ducted at 20° C and again at 30° C. The turning rate of mites exposed at 30° C to
each of these odor sources was also measured.
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The olfactory response of mites lacking tarsi I or palps and intact individuals
were observed. Thirty mites from each group were exposed simultaneously to
ground ponderosa pine phloem and moist filter paper. Each material was pre-
sented in 3.5 em petri dishes and placed in the bottom section of the above cham-
ber, These tests were repeated on three different days and counts were made at
30- and 60-minute intervals. All tests were conducted at 30° C and between tests
the mites were held on moist filter paper at 3° C.

Response to contact.—Twenty-five adults were introduced into a sandwich box
half of which contained pieces of clear plastic about 14 inch square. After 30
minutes a count was made of the number of immobile mites beneath the pieces of
plastic. This test was replicated three times each at 22 and 32° C at 55 per-
cent R. H.

TABLE 13

MzeaN TurNiNG RATE oF CERCOLEIPUS COELONOTUS
AT DIFFERENT TEMPERATURES*

Temperature ) X number turns/sec.
31.5-35° C 1.009*
23°C
16° C

* Twenty-five mites exposed at each temperature
= Significant from other treatments at 0.01 level (Duncan s multiple range test).

Response to gravity.—A total of twenty-five adult mites of both sexes were
placed in the center of a 9-sq in. section of graph paper taped to an inclined draw-
ing board. The direction of their movement was recorded twice at an angle of
30° and once at 70°. Each test was replicated five times. Mites used in the
70° test and in one of the 30° tests were held on moist filter paper for 24 hours
prior to testing at 3° C. Mites used in the other 30° test were held on a dry
substrate for 1.5 hours at the same temperature prior to testing. All tests were
conducted at 22° C and 55 percent R. H.

REesuLTs

Response to temperature.—Fifty percent or more of the mites placed in the
thermal gradient selected a region between 20 and 26° C (table 11). The preference
for temperatures in this range was again exhibited in the two-choice tests (table
12). As mites approached areas having a temperature below 20° C they would tend
to stop and become akinetie or move back into the favorable zone. Mites are most
active at temperatures between 30 and 35° C (fig. 3). In this range the average
rate of locomotion of females and males was 4.6 mm and 7.3 mm per second,
respectively. Both sexes become akinetic at 11° C, increased in rate of locomotion
up to about 36° C, and decreased abruptly between 36 and 42° C. Several seconds
exposure to 50° C resulted in death. Males moved at a faster rate than females, pos-
sibly as a result of their greater size. The rate of turning also increased with an
increase in temperature (table 13).
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Male

-------- Female

8.0
7.0 (‘/'

6.0 /

5.0 /

Rate of loccmaoion (mm, Aec.)

3.0 4

T
30 50

Temperature (°C.)

Fig. 3. Rate of locomotion of Cercoleipus coelonotus males and females at various omperntu

Response to humidity.—When permitted to select between two areas ut diffcrent
R. H., Cercoleipus coelonotus consistently selected the area of higher liumidity
and this number tended to inerease as humidity increased (table 14). Ninety per-
cent of the mites selected an area at 100 percent R. H. over one at 90 percent R. H,,
but only 61 percent selected an area of 50 percent R. H. over one at 39 pereent
R. H. Rate of locomotion was not affected by humidity. In an atmosphere 0l 1l
percent R. H. adults moved at a rate of 3.5 mm/sec and at 21 percent R. H. ut =
rate of 3.8 mm/see. The turning rate at the higher and lower R. H, were signill
cantly different (table 15). Intact, tarsiless, and palpless mites responded simi-
larly in humidity gradients ranging from 21 to 90 percent R. H. (table 16).

Response to light—In direct light of 170-400 [ooteandles signifleantly greater
numbers of mites aggregated in the dark area (table 17). However, no significant
differences were found among the three light intensities tested. Mites moved freely
between light and dark areas without exhibiting klinokinetic behavior (Fraenkel
and Gunn, 1961).

The mean rate of locomotion at 48 footcandles was significantly greater than
that at 1 or 4 footcandles (table 18). Rate of locomotion within & horizontal heam
of direct filtered light was random.
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TABLE 15
Trusme Ras or CEROOLEIPOS COELOROTUE 1N [EsroNss T
21 axp W Precext I, H,

Huenidity Mumber tested X number turnoese.
21 - x 0.1064
£ i 0.49%
=520, -
TABLFE 16

HRearonse o Invact ann Asrores CERCOLEIPUS COELONOTUR TO A
Guaprenr oF 21 o B0 Percexr H, H.*

| Intuut inites Falplea miles I Tzl lesww 13l b
Dhay Fime !
(i o, )
T 0% A% [ % (1)
a0 i 2% | i 26 11 10
1 |
il i} 4 1 20 4 26
T 2 2 3 a7 B 2
o ——. | A h
B0 2 28 2 28 ] 24
30 | 4 20 10 20 12 18
3 l —
i) | 1 20 2 5 9 21
Mepn number mites
per obaeryation T 20.3 3.7 268 8.0 22.0

* Thirty mites cxpusod por test,

Olfactory response.—Adults exposed in a choiee chamber to adult Tps confusus,
male and female {rass, moist paper, and phloem preferred I. confusus adulis at
207 C, but at 307 € ground phloem was most preferred (table 19). The turning rats
over phloem was significantly reduced rom that over the other test substances
(table 20), Mites selected wet filter paper over adult 1. confusus but selected
I, comfusus adults over dry filter paper {(table 21),

Intaet and palpless mites seleeted cround phloem over moist filter paper,
whereas tarsiless mites displayed no preference (table 22), The response of palp-
less mites to phloem was consistently less than that of intaet mites and was eon-
siderably reduced on the fourth day.

Responge to contect.—Adult Cercoletpus coelonotus tend to become arvested
when both their dorsum and venter are in contact with solid objeets. Many become
immobile with only the anterior edpe of the podonotum in contaet with a piece of
plastie, At 22° €, 42 percent of the mites were arrested while at 32% C, only 8 per-
cent exhibited this behavior (table 23).

Response to grovity—Cercoleipus coelonotus preconditioned on both moist and
dry substrates did not exhibit a geotactie response on an inelined surfaee (table
24).
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TABLE 17
RESPONSE OF ADULT CERCOLEIPUS COELONOTUS TO LiGHT AND DARK AREAs*

|
Time Number in Mean number in

Light source (in min.) dark area dark area x?
| " N o ‘
Diffuse ‘ 60 ; 31
T -~ i 28.0 2.88
26 footcandles i 2
120 26
30 9
— _
Direct 60 34
* | - 32.25 16.82**
170 footcandles 90 34 1 ‘
‘ ”7 7?\ B -
Direct 60 22
*’ - 31.50 13.52%*
400 footcandles 90 34

| 120 32

* Fifty mites exposed per test.

TABLE 18

RATE oF LocoMoTION OF CERCOLEIPUS COELONOTUS AT
INCREASING LiGHT INTENSITIES*

Lighe intensity ‘ Rango \ X rate
(footcandles) (mm/sec.) (mm/sec.)
1 | 1.1-4.4 | 1.8
0.84.6
* T'wenty mites e:

per test.
» Significant from other treatments at 0.01 level (Duncan’s multiple range test).

DiscussioN AND CONCLUSIONS

Adult Cercoleipus coelonotus select a temperature zone of 20 to 26° C by a com-
bination of ortho- and klinokinetic responses. Above 26° C the rate of locomotion
and turning increases while below 20° C the turning rate decreases and movement
becomes linear. Increased locomotion and turning at high temperatures tend to
return the mites to a lower, more favorable temperature. This behavior is similar
to that of Ophionyssus natricis at high temperatures (Camin, 1953) but unlike
0. natricis, C. coelonotus does not display increased klinokinesis at temperatures
below the preferred zone. The slower rate of locomotion and more linear movement
at temperatures below 20° C could trap the mites in cooler regions. However, when
exposed to two temperatures, one within and one below the favorable zone, C.
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TABLE 19
Resronss oF CRRCOLEIFUS COBLONGTUS 70 BEvEmiL Opor Bovnces
1% A CHowE Coadben
X numbier® responding in two tests o
e e ek, Wt (il Adult 7 i Clround
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an 11.5 14.5 5.5 15.56
(1] 10,5 1556 12:10 12:0
1] 11.56 13.5 19.0 6.0
me = — LI LA
1210 0.0 180 11.5 10.5
1500 13.0 2.0 9.6 .0
180 10.5 22.0 11.40 fh, &
X number
responding 11.0 I7. 35" 118 .35
A 2.0 4.0 1.5 42.5
i 1.0 .0 1.0 42.5
i 0.5 6.0 1:0 42.5
0 C = —
120 5.0 9.5 2.0 oa. 8
153 3.0 11.0 1.0 B 1THY
150 4.0 6.5 4.0 3.6
X number
responding | 2.6 7.1 1.75 38,550

* Filty mitea pxposed por toat,
= Bignificant fram othor trestmenta at 0,00 jevel Eﬂlu.nm'u multiple range teat),

b Bignifieant from other trestmmonts st 0.01 level

Turnine Hate or Concoleirns cormoNotts v RESPONSE T Fimoss,
Waren, anp Irs conrusus Frass anp Apuvwrs

TABLE 20

Dhuncan's multiple tange teat},

Bubstanie Number testod E number turnssee.
Phloem 10 0.54*
Chers combrinad 10 0. 08

* § == 306

coolonotus did not heeome trapped at the lower temperature, Avoidance of tem-
peratures below 20° C is aceomplished by abrupt turning moevements observed in
the transition zone,

When given a choice hetween two relative humidity regimes, Cercoleipus
coelonotus always seleets the higher of the two. Since mites lacking palps or tarsi I
react similarly to intaet mites in a humidity gradient, the hygroreceptors prob-
ably are located on other portions of the body. Several speeies of Macrocheles
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TABLE 21

Resronse or Cercorerpus CoeLonorus 1o Irs conFusus ApuLts AND WET OR
Dry FiLteR PAPER IN A Four-crOICE CHAMBER

} Number responding to:
Time \ - B T
Number tested (in min.) ; Wet Dry Empty seo- | Empty se Ips
‘ paper paper tion No. 1 tion I\u. :; confusus
— I — - - —— —— ‘,, -
50 30 43 . 5 ‘ 0 2
60 6 0 3
| |
Bt 1
X number ‘ | ] 1
responding . 1 43.58 ‘ 5.5 0
50 30 L l 2 27
60 16 8 } i
90 8 8 3
— ! - -
| 9 | 1
! i
|
X number . o i
responding 13.25¢ 5.5 | 3.0 28.25b

s Significant from other treatments at 0.01 level (Duncan’s multiple range test).
b Bignificant from other treatments at 0.01 level (Duncan's multiple range test).

exhibit similar responses in a humidity gradient (Singh, McEllistrem, and Rodri-
quez, 1967) but the location of their hygroreceptors is also unknown.

The behavior of adult Cercoleipus coelonotus to temperatures above 26° C and
below 20° C and at low relative humidities is consistent with the physical environ-
ment of this mite, The preferred temperature range and high humidity are prob-
ably typical of Ips bark beetle gallery systems, Thus, C. coelonotus will remain
in a favorable environment until the developing beetles open the inner bark to
desiceation and higher temperatures.

Examination of Cercoleipus coelonotus did not reveal any structures which
could be interpreted as light receptors, such as those found in Ophionyssus natri-
cis (Camin, 1953). C. coelonotus exhibited an orthokinetic response to a direct
beam of light. Such behavior could contribute to the aggregation of mites in
shaded areas such as beetle galleries or under bark flakes. However, their response
to temperature and humidity appears to be more significant in habitat selection.

The olfactory receptors of Cercoleipus coelonotus are located primarily on tarsi
I as has also been demonstrated in Ophionyssus natricis (Camin, 1953), Parasitus
coleoptratorum (Rapp, 1959), Cosmolaelaps passali (Mollin and Hunter, 1964)
and Macrocheles muscaedomesticae (Farish and Axtell, 1966). The lower response
of palpless mites to phloem tissue indicates that these appendages may also bear
olfactory receptors as Rapp (1959) concluded for P. coleopiratorum. Mites lack-
ing a single tarsus I exhibit a reduced phoretic rate, which again indicates that
the olfactory receptors are located primarily on tarsi I. Once phoresy has been
terminated the response of C. coelonotus to phloem volatiles would direct it to an
area of high humidity. High humidity tends to inhibit phoresy and maintain
mites within the beetle galleries.
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TABLE 23

AnnesTMEsT 0F CERCOLEIFUS COELONOTUS IX NESPONSE T
Cosract witn Bowip Prasmio onIecTs

Tt poratun Mumber tested | Peroentage nerested ] X
2gs 0 76 L R [
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TABLE 24

Respoxse oF Apvly CERCOLEINUS COELONOTUS 0% AN INoLINED Svnrace®
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responding 11.2 9.6 9.0 12.5 1.8 10.0
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LIFE HISTORY OF CERCOLEIPUS COELONOTUS

From a survey of the mite fauna associated with Ips confusus breeding in
Pinus ponderosa and P. monophylla, both male and female Cercoleipus coslonotus
were diseovered to be phoretic on adult beetles. Immature mites were found only
within the beetle galleries. Large size, rapid movements and morphologieal char-
acteristies of the chelicera suggested that this species was a predator, possibly
on some stage of the bestle,

MaTERIALS AND METIIODS

The behavior and development of mites within bark beetle galleries were ob-
served directly using a modification (Bushing, 1967) of the phloem sandwich
technique (Bedard, 1933; Kaston and Riggs, 1937; Reid, 1958, 1962; Hopping,
1961), A uniform picee of phloem tissue from Pinus ponderosa, P. jeffreyi, P
lambertiana, or P. monophylla was confined between a plate of glass and a block
of wood. The edges of the unit were sealed with paraffin to prevent rapid desicea-
tion. Adult Ips confusus, carrying Cercoleipus coelonotus adults, were introduced
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into the phloem through a hole in the center of the wooden block, which was then
covered with one end of a gelatin capsule. All units were kept at 20 to 24° C.

Additional observations were made by placing mites individually in plastic
boxes (19 x 23 x 47 mm) on moist blotter paper. Two nylon-covered holes in the
covers provided ventilation. The blotter paper was kept moist for 24 hours by
placing these units in a plastic box (90 x 167 x 320 mm) and covering them with
wet paper toweling. All units were maintained at 23 + 1° C and examined daily
at approximately the same time.

Longevity in a dry atmosphere was determined by placmg twenty-five female
and twenty-five male Cercoleipus coelonotus individually in plastic boxes on dry
blotter paper. The boxes were taped and held at 22° C and 58 percent. R. H. Obser-
vations were made at hourly intervals. Mites used for this test were collected from
the elytra of Ips confusus and held for at least 24 hours on moist filter paper.

The acceptability of Ips confusus eggs and larvae as prey was determined
by confining individual mites in plastic rearing boxes with beetle eggs. The number
of collapsed chorions or dead larvae, when ecolsion occurred, was determined
by microscopic examination after 24 hours. The mite was then transferred to
a new box containing five fresh eggs. One box containing five eggs but lacking
a mite was used as a control. Mites used in replicate I were held on moist blotter
paper for at least 24 hours before testing and those used in replicate IT were tested
immediately after removal from the beetles.

Nematodes of the family Diplogasteridae are associated with Ips confusus and
were suspected as potential prey for C. coelonotus. A colony of these nematodes
was maintained on a yeast-phloem substrate. Pieces of phloem with nematodes
on the surface were added periodically to plastic rearing boxes containing indi-
vidual mites.

An attempt was made to establish the incidence of endoparasitic and phoretie
nematodes on Ips confusus adults. Several hundred beetles from each month’s
collection were placed in 70 percent aleohol and the undersurface of the elytra
examined microscopically for free-living nematode larvae. The abdominal cavity
was dissected and examined for the presence of internal parasitic nematodes.

Cytological examinations of squashed testicular and ovarian tissue stained with
lactopropionic orcein (Dyar, 1963) were made in attempts to ascertain the sex-
determining mechanism of C. coelonotus.

REsuLTs

Life cycle and longevity.—The life eycle of Cercoleipus coelonotus is completed
between 18 and 58 days at 23 + 1° C and 100 percent R. H. (table 25). The average
developmental period for both sexes is about 31 days. Since only the adult males
and females are phoretie, C. coelonotus must complete its development before the
beetles emerge. Under similar conditions Ips confusus was observed to complete
its life eycle within 30 to 40 days. Under natural conditions I. confusus requires
from 45 to 60 days to complete its life eycle (Struble and Hall, 1955). Of the
102 C. coelonotus larvae isolated in the rearing boxes only two survived to the
adult stage. One of these remained a protonymph for 21 days and then com-
pleted the deutonymphal instar in 6 days. The other individual required 10 days
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for each of the two nymphal instars. Although rearing individual mites from egg
to adult was unsuccessful, observations of individual mites in phloem sandwiches
confirmed the total length of the life cycle recorded in the rearing boxes.
Adult C. coelonotus carried by attacking bark beetles will become phoretic again
as these parent adults emerge to attack another host tree. Parent adult emergence
occurs about 20 to 30 days following the initial attack (Struble, 1955). Adult C.
coelonotus provided with food will live an average of 16 to 19 days and one female
survived as long as 86 days. However, even without food male and female C.

TABLE 25
LongEviTY OF IMMATURE AND ADULT CERCOLEIPUS COELONOTUS
- Range (days)
X duration . S e
Stage Number* (days)
i Minimum Maximum

Egg | 7 8
Larva l (] 7
Protonymph 9 9
Deutonymph 13
Total: egg to adult 31
Male 3
Female

* Number observed completing an individual stage.

coelonotus will live for about 15 days. All stages of C. coelonotus may survive
the winter but only adults and deutonymphs have been collected from the com-
munal overwintering galleries of adult I. confusus.

Behavior within beetle galleries—Adult C. coelonotus wander throughout the
parent galleries, tapping the surface with their palps and waving the forelegs.
If a mite contacts a female beetle, it will retreat rapidly to the nuptial chamber.
The mite may also retreat to the nuptial chamber and enter another gallery or
appress its convex ventral surface to the gallery wall and allow the beetle to pass.
When not searching the galleries, C. coelonotus will preen itself, cleaning the
palps with the forelegs and rubbing the chelicerae together.

Adult mites are confined to the parent galleries due to their large size, but larvae
and the nymphal instars can sometimes escape the parent galleries as the phloem
desiccates and pulls away from the xylem. Molting of the deutonymph to adults
may oceur in the parent galleries or in the feeding galleries of the teneral adults.
When the latter occurs, the mites are in a position to mount the beetles before they
bore to the bark surface.

Mating and oviposition behavior.—Young female C. coelonotus are often mated
prior to becoming phoretic. However, mating also occurs in recently excavated
galleries. As many as four attempts have been observed within a 15 minute period.
The male apparently senses the presence of a female at a distance of several milli-
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Fig. 4. Mating behavior of Cercoleipus coclonotus. 1, Male (anterior view) perceives female.
2-3, Male mounts dorsum of female. 4, Male moves up and down rapidly. 5, Male turns toward
posterior of female. 6-7, Male moves over female’s opisthosoma onto her venter. 7, Male inserts
chelicerae into female’s genital orifice.
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meters because he moves rapidly towards her and mounts her dorsum (fig. 4:1-3).
This is followed by a rapid up-and-down motion by the male (fig. 4:4), after
which he turns towards the caudal end of the female (fig. 4:5), and moves
rapidly over her opisthosoma onto her venter (fig. 4:6-7). He grasps the edge
of her dorsum with legs II to IV and inserts his chelicerae into the female’s
genital orifice (fig. 4:7). However, no spermatophore was ever observed. Transfer
of the spermatophore from the male’s genital orifice, which is between legs III
and IV, to the chelicerae probably occurs while on the female’s dorsum. The male
lacks a spermatodactyl; the cheliceral appendages of both sexes appear to be simi-
lar. Mating is sometimes interupted by beetle movement within the galleries.

TABLE 26

Sex RaTio oF LABoRATORY REARED AND FiELD COLLECTED CERCOLEIPUS COELONOTUS FROM
IPs cONFUSUS GALLERIES IN PINUs MONOPHYLLA, LAKE oF THE WOODS,

Kern County, CALIFORNIA

Sample Date Number examined Percentage females
Laboratory rearings 206* 49
2 VI-20-1967 1,343 ! 57
3  X-12-1967 700 | 55
4 | XTI-7-1967 130 49
Total 2,379 55

* Deutonymphs molting to adults.

Eggs are laid along the wall of the beetle egg galleries, usually in the vicinity
of egg niches (pl. 1). The female mite usually covers the eggs with beetle frass
and fecal pellets, or when it oviposits on blotter paper, it pulls fibers over the
eggs. Eggs were observed in phloem sandwiches 6 to 9 days after introduction
of mites. However, some females are ecapable of ovipositing immediately upon
entering the beetle galleries, as young females removed from brood logs and con-
fined in plastic boxes often oviposited during the first day of isolation. Of twenty-
nine unfed female mites ovipositing on moist blotter paper, twenty-five deposited
1 egg in 24 hours, three deposited 2 eggs, and one deposited 4 eggs. The number
of eggs laid by any unfed mite never exceeded 5, although some survived for
30 days. Fecundity of mites in phloem sandwiches was greater; one female C.
coelontus deposited at least 11 eggs during a 16 day period.

The white, finely sculptured eggs are about 288u long and 226x wide. From
both dorsal and lateral aspects the egg appears elliptical, but in a lateral view
the anterior end is more broadly rounded. As incubation progresses, the egg be-
comes darker and 48 hours prior to eclosion the larva can be seen through the
chorion. The setae on the opisthosoma and the legs folded against the ventral
surface are visible. The long vertical setae of the opisthonotum are appressed
against the body anterlorly Prior to eclosion the larva cuts the chorion with its
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TABLE 27

- Number infested with:
Bampla Dute Location hh:::l;n:r ﬁﬂ? Percan
= s pled nemstodes | Froe living Gonborty- ntosted
only anly Bath

Lake of the Woods,

1 XII-T-1967 Kern Co., Calif. 203 3 132 0 it 5.5
Lake of the Waoaods,

2 1I-10-1968 Kern Co., Calif. €47 3 &0 1 213 5.8
Lake of the Woads,

3 IV-12-1488 Kern Co., Calif, 227 0 10K 0 127 100
12 mi. W Chuchupate
Banger Sta., Ventura

4 IV-12-19658 Co., Calif. 214 x2 39 22 13 Bo.7
Mill Potrera Hd.,

& VI-26-1063 Eem Co., Calif. A0 1 12 1 186 99,5
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chelicerae ventrally and posteriorly and escapes by backing out of the chorion.
The entire process takes about 25 minutes.

Sex ratio data (table 26) and rearing evidence suggest that the sex-determining
mechanism for C. coelonotus is not a haplodiploid type. In arrhenotoky the sex
ratio would probably fluctuate, exceeding at times a 40-60 ratio. From a total
of 2,379 mites examined 55 percent were females. Female mites reared from
deutonymphs and isolated from males did not oviposit whereas females dissected
from beetle galleries laid eggs. Chromosome counts of tissue from the gonads
of male and female mites revealed the 2n number to be 26 in both sexes (pl. 2).

TABLE 28

Averaage DaLy ConsuMPTION OF IPs coNFUsus Eaas AND/oR
LARVAE BY CERCOLEIPUS COELONOTUS OVER TEN DaAvs

X number of eggs* and/or larvae consumed/day for each of 5 mites

Sex

1 I I v
1.4 0.7 1.1 0.6
Female  — —_
2 0.2 0.9
1 0.1
Male — —_—

* Each mite was offered five eggs daily.
1 Survived less than ten days.

At mitotic metaphase the chromosomes range in size from about 1.5x to 3.0pu.
The similarity of the chromosomes in size and shape at mitotic metaphase did
not permit identification of the sex chromosome.

Feeding habits—Numerous nematode species occur in the galleries of Ips con-
fusus, but members of the families Rhabditidae, Allantonematidae, and Diplo-
gasteridae were most eommonly encountered. All stages of C. coelonotus were ob-
served to feed on free-living diplogasterids and adult mites will also devour
the free-living stages of the allantonematid, Contortylenchus elongatus (Massey).
The incidence of C. elongatus and diplogasterids phoretie on I. confusus is given
in table 27.

Other mites inhabiting Ips galleries, such as Macrocheles boudreauzi (Krantz,
1965) and Digamasellus quadrisetus (Kinn, 1967a) are also known to feed upon
nematodes. However, M. boudreauxi captures and feeds on other mites and D.
quadrisetus feeds primarily on immature bark beetles. In eontrast, Cercoleipus
coelonotus appears to prefer nematodes over other prey. In the absence of nema-
todes, C. coelonotus was observed to attack, kill and feed upon D. quadrisetus.
On several occasions adult females were observed fighting for and feeding upon
the body of a dead male C. coelonotus. However, it is not known whether this
species actually kills individuals of its own species. Immature C. coelonotus have
been observed to feed upon fungal myecelia.

Individually confined C. coelonotus adults occasionally feed upon Ips eggs or
larvae but seldom take more than one individual per day (table 28). While feed-
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Fig. 5. Food chain relationships among some of the mite species, fungi, and nematodes found ir
the galleries of Ips confusus. Broken lines indicate possible food relationships.

ing the palps are appressed against the egg or larvae and the chelicerae move
alternately back and forth. The mite supports itself by legs IIT and IV and grasps
the prey with legs IT while the forelegs are raised above the body. Although com-
pletely flacid larvae have been found, mites were never observed to suck the entire
contents from an egg, although they returned several times to feed. One mite
was observed feeding for 15 minutes upon a larva before it was abandoned.

Cercoleipus coelonotus will walk over nematodes without feeding unless one
is contacted with the palps, which are alternately tapped on the substrate. When
this occurs the chelicerae are rapidly extended and the nematode is grasped with
the chelae and drawn into the oral eavity. This is a rapid process and is easily
overlooked by the observer. Dissection confirmed that the nematodes are ingested
intact.

Many mites appeared to die of starvation in the rearing boxes although nema-
todes were plentiful. The searching area may have been too large for the mites
to encounter prey. Turnbull (1965) showed that confining prey in a spider’s im-
mediate environment did not insure that the prey would be captured. After
feeding upon a nematode the mite walks in widening circles tapping the sub-
strate rapidly with the palps. If nematodes are not encounter, it wanders away.
Adult C. coelonotus often cluster around the caudal region of female Ips and
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feed upon the numerous immature Contortylenchus elongatus that are eliminated
by the beetles. The fourth instar larval nematodes are eliminated by the beetle
and molt to adults in the beetle galleries (Massey, 1962; Nickle, 1963a).

Other mite assoctates.—Cercoleipus coelonotus phoretic on Ips in turn serve
as transport hosts for anoetid hypopi. The beetle host is shared with numerous
other mite species most of which are not intimately associated with C. coelonotus.
Cercoleipus coelonotus preys upon D. quadrisetus while a parasitid of the genus
Eugamasus appears to be a general predator (Hse, 1964) which was observed
to attack, kill, and feed upon adult C. coelonotus as well as immature members
of their own species. The deutonymphs of this genus are phoretic not only on
Ips but also on tenebrionids which enter the beetle galleries.

Adult Proctolaelaps sp. feed upon beetle eggs, and immature uropodids were
seen to feed upon both nematodes and fungal mycelia. Cercoleipus coelonotus
was not seen preying upon either of these species or the acariform mites present
in the galleries. Likewise, predaceous Cheletophyes, which often share the same
beetle with adult C. coelonotus, have not been observed as a predator or prey of
C. coelonotus.

Some of the known relationships among the various mite inquilines, parasites,
and predators found in Ips galleries are illustrated in fig. 5. The solid lines repre-
sent food chains observed during this investigation and those reported in the litera-
ture. The species toward which the arrow points is killed, with the exception of
I. confusus infested with nematodes. In these fecundity is reduced.

CoNCLUSIONS

The ability of adult Cercoleipus coelonotus to survive about 15 days without
food indicates that some individuals will survive the phoretic period until new
galleries are established by the emerging beetles in a new host. Female C. coelonotus
are probably inseminated prior to becoming phoretiec.

Although bark beetle eggs and larvae are destroyed by C. coelonotus when con-
fined together in the laboratory, this mite preys primarily on nematodes belonging
to the Diplogasteridae and Allantonematidae in the galleries of Ips confusus. A
single adult I. confusus may contain as many as 7,500 larvae and eggs of Con-
tortylenchus elongatus (Nickle, 1963a) and within an Ips population the infesta-
tion level may be 50 percent (Nickle, 1963b) or higher as observed during this
study. Massey (1960, 1962) attributed a 58 to 70 percent reduction in the size
of I. confusus broods to C. elongatus. The consumption of endoparasitic nematodes
by C. coelonotus and its ability to destroy other mites, especially predaceous species
such as Digamasellus quaerisetus, may reduce mortality of beetle broods.

SUMMARY

Male and female Cercoleipus coelonotus are phoretiec on Ips confusus and I,
montanus in preference to other bark beetle species, but they do not usually prey
upon any stage of the beetle, Phoresy is slightly inhibited when the substrate is
moist. As the phloem moisture decreases and temperature increases within the
galleries, the mites become more active and readily mount beetles. The increase
in temperature which accompanies the drying of the phloem results in greater
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locomotor activity of the mite which increases the possibility of contact with
beetles. Mites mount the beetles before they emerge, or as the beetles move over
the bark surface prior to flight. They grip the beetles with the ambulacra of legs
II-IV and fasten the chelicerae on a seta. Usually only one or two mites are
found per beetle. Flight initiation of beetles ecarrying one or two adult C. coelonotus
is not affected, but flight velocity is decreased.

Once the beetles alight on the host tree the mites dismount and wander over
the bark surface before entering the gallery. They walk along the galleries tap-
ping the substrate with the palps and feeding upon nematodes when they are
encountered. Mated females oviposit on the gallery walls, often near a beetle egg
niche. The eggs are covered with particles of boring dust and broken fecal pellets
from the beetle. Adult mites prefer temperatures between 20 and 26° C, aggregate
in areas of highest relative humidity, are positively thigmotactic and are attracted
to adult Ips spp. by olfactory stimuli. Adults are attracted to the odor of fresh
phloem and probably enter beetle galleries in response to this odor. Once within
the galleries rate of locomotion decreases in response to lower temperatures. A
positive taxis to phloem brings the mite into a region of high humidity and the
latter inhibits phoresy. They exhibit an orthokinetic response to clear light but
do not respond to color or gravity.

The life cycle of C. coelonotus is completed in 18 to 58 days at 23 + 1° C and 100
percent relative humidity. The average time required from oviposition to molting
to the adults is 31 days. Average durations of each stage are: egg incubation, 7
days; larva, 6 days; protonymph, 9 days; deutonymph, 9 days. Nutrition appears
to be the primary factor influencing the length of each stage. Virgin females
in the absence of males will not oviposit and the 2n chromosome number is 26 for
both sexes which indicates that the sex-determining mechanism is not a haplo-
diploid type.

Adults prefer to feed upon the free-living instars of Contortylenchus elongatus,
an important endoparasitic nematode of Ips confusus, and all stages will feed
upon nematodes belonging to the Diplogasteridae. Adult C. coelonotus will also
feed upon an important mite predator of I. confusus eggs and larvae, Digamasellus
quadrisetus.
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