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Abstract

The subfossil remains of 14 cimicids (Hemiptera: Cimicidae) were recovered during archaeological investigations

of the Paisley Five Mile Point Cave site (35LK3400), an exceptionally well-dated (n¼229 radiocarbon dates) late

Pleistocene–early Holocene rock shelter site in south-central Oregon. Nine of the specimens have been assigned to

three modern species of Nearctic Cimicidae—Cimex antennatus Usinger & Ueshima, Cimex latipennis Usinger &

Ueshima, and Cimex pilosellus (Horv�ath)—whereas the remaining five individuals were too fragmentary to posi-

tively identify. The chronology of the insect assemblage puts one specimen at circa 5,100 calibrated years before

present (cal. yr BP), and the remaining 13 range in age from 9,400 to almost 11,000 cal. yr BP. Although fossil and

subfossil cimicid remains have been recovered at other archaeological sites, the fossil record for bed bugs is

largely undocumented. The Paisley Caves specimens thus far represent the oldest remains of the genus in proba-

ble contact with humans on record.
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The sparse record of fossil and subfossil Cimicidae (Hemiptera:

Heteroptera) leaves a serious gap in our knowledge of these notori-

ous parasites of bats, birds, and humans (Grimaldi and Engel

2005). The most comprehensive treatment of cimicid taxonomy

(Usinger 1966) is >50 yr old, and though there are 16 recognized

species of the genus Cimex L. worldwide (Usinger 1966, Schuh and

Slater 1995), much of the spotlight of modern cimicid research fo-

cuses on the common bed bug Cimex lectularius L. and how to

best control or eradicate it from human-occupied spaces. It is

hoped, then, that the recovery of non-lectularius subfossils might

enhance our knowledge of this otherwise poorly understood family

of ectoparasites.

We report here the recovery, description, and identification of

14 subfossil remains of the genus Cimex from a late Pleistocene–

early Holocene rock shelter site in southern Oregon during the

course of archaeological investigations (Jenkins et al. 2012). With

the exception of one specimen dated to 5,100 calibrated years before

present (cal. yr BP), the chronology of these insect remains spans

from 9,500 to almost 11,000 cal. yr BP,* making these insects the

oldest known identification of the genus Cimex to date.

Materials and Methods

The Paisley Five Mile Point Caves (35LK3400), hereafter referred to

as Paisley Caves, are pre-Clovis (>13,500 yr old) rock shelters lo-

cated in a west-facing ridge of Miocene-aged basalt and rhyolite in

Lake County, OR, within the northern Great Basin (Fig. 1). The site

consists of a series of eight caves, of which Cave 2 has been one of

the most extensively excavated, and from which thousands of insect

remains have been recovered. Investigations of the site began in the

late-1930s with the excavations of Luther Cressman, who reported

finding evidence of human occupations contemporaneous with the

remains of late-Pleistocene megafauna, including extinct camels and

horses (Cressman 1940). However, Cressman’s work was insuffi-

ciently documented, and as it predated the use of radiocarbon dat-

ing, his conclusions about the site, the nature of the occupation, and

its age were dismissed. Thus, the site languished for decades and

was looted by artifact collectors (Jenkins et al. 2016).

Beginning in 2002, the University of Oregon reinvestigated the site

in efforts to preserve the cultural resources remaining and test

Cressman’s hypotheses about human and late-Pleistocene use of the

site. Jenkins conducted excavations in the 2000s, and in 2009 two

cimicids were manually recovered from screens. Nine cimicids

were recovered in 2010 from soil samples intended for a palyno-

logical study of past environments at the site (Saban 2015), and

an additional three cimicids were recovered by manual collection

during the 2011 field season. All 14 of the cimicid remains were

* Ages presented throughout this study will be listed as calibrated (cal-

endar) years before present (cal. yr BP). Should the radiocarbon date

(14C) be presented, the calibrated date will follow.
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collected from four excavation units (2/6A, 2/6B, 2/7A, and 2/7B)

in Cave 2 (Fig. 2; Table 1).

Geochronology of Cave 2
The Paisley Caves were formed by wave action of pluvial Lake

Chewaucan. At the end of the Late Glacial Maximum (ca. 21,000 cal.

yr BP), the lake fell below the level of the cave floors and sediment be-

gan building up shortly thereafter. Basal Lithostratigraphic Unit 1

(LU1) is a gray, culturally sterile, sandy gravel surrounding wave-

rounded boulders and cobbles on the cave floor above the basalt bed-

rock (Fig. 3). It represents the floor of the cave at the time Lake

Chewaucan subsided (ca. 19,000–18,000 cal. yr BP) and consequently

is very low in organic content. LU2 is a slightly more organic, brown,

gravelly sand as much as 30 cm thick overlying LU1. Twigs and mam-

mal bones provide 15 well-ordered dates for this stratum ranging from

12,425 6 25 14C yr BP (UCIAMS-90594; 14,356–14,986 cal. yr BP) to

11,560 6 40 14C yr BP (UCIAMS-68047; 13,339–13,557 cal. yr BP).

LU2 is partially capped by a thin water-lain silt lens left by an intense

storm dated shortly after 10,980 6 20 14C yr BP (UCIAMS-76191;

12,803–12,989 cal. yr BP). This silt lens sealed off portions of the full

Pleistocene age LU2 cave floor from the highly distinctive LU3 deposits

overlying them. LU3 is a very compact and highly organic,>100-cm-

thick deposit of nearly pure bat guano sporadically mixed with wood

rat (Neotoma sp.) feces and nesting materials (Artemisia sp. and

Atriplex sp. twigs). A 5–8-cm-thick deposit of Artemisia and Atriplex

twigs, pronghorn hair, bones, fur, feathers, feces, and other organics

mixed with stone, bone, and perishable artifacts within this stratum

has been labeled the “Botanical Lens.” It directly overlays the silt lens

separating LU3 from LU2. LU3 is dated by 26 radiocarbon

determinations ranging from 10,585 6 35 14C yr BP (UCIAMS-

102112; 12,457–12,680 cal. yr BP) to 6,790 6 15 14C yr BP

(UCIAMS-68046; 7,621–7,658 cal. yr BP). The majority of the Cimex

remains were recovered in LU3. This layer is overlain by up to 35 cm of

laminated wind-blown Mount Mazama tephra deposited roughly at

7,640 cal. yr BP. Radiocarbon dating indicates LU3 accumulated at a

mean rate of 1 cm per roughly 60 yr.

Identification
Cimicid remains were identified using classification keys for

Nearctic cimicids (Horv�ath 1910, 1912; Usinger and Ueshima 1965;

Usinger 1966), as well as comparisons with 518 cimicid specimens

from the Essig Museum of Entomology at the University of

California, Berkeley. Terminology for the descriptions follows

Usinger (1966). Voucher specimens are curated at the Oregon

Museum of Natural and Cultural History archaeological research

lab at the University of Oregon, Eugene.

Measurements closely follow the techniques of Usinger (1966).

The following terms are used: BL—body length, from apex of the

clypeus to the posterior of the last abdominal segment; HL—head

length, from apex of the clypeus to posterior margin; HW—head

width at widest point, including the eyes; PL—pronotum length

along the median line; PW—pronotum width at the widest point;

AL—abdomen length along median line; AW—abdomen width at

the widest point; HPL—length of the hemelytral pads, measured

from the longest portions from the anterior to posterior margins,

Fig. 1. Map of Oregon, showing the location of Cave 2 at the Paisley Five Mile Point Cave Site.
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not necessarily parallel to the median line; HPW—width of the

hemelytral pads measured at the widest points, perpendicular to

the median line. Measurements of the rostrum, antennae, and leg

segments are often also used in distinguishing the species, but

none of these elements are present in the Paisley Caves specimens.

Results

The family Cimicidae is unique in its appearance, the characteristics

of which include a flat, broadly oval body shape, and a lack of

wings. In addition, females possess interspecific variations in shape

of the paragenital sinus, an intersegmental fold specific to those in-

sects with “traumatic insemination” (Usinger 1966; Fig. 4). All 14

specimens recovered possessed these characteristics or otherwise re-

sembled representatives of the family.

Cimex L. 1758
Five specimens in this assemblage were identified to the genus

Cimex based on comparisons with the Essig Museum collection,

but were otherwise too fragmented to be determined to the level

Fig. 2. Plan map of the 1- by 1-m excavation units of Cave 2 at Paisley Caves. The shaded units (6A, 6B, 7A, and 7B) are the units from which the cimicids in this

study were recovered.

Table 1. Spatial and temporal context of cimicid specimens recovered from Cave 2

Specimen Depth (cmbd) Taxon Gender Approx. age

1829-PC-2/6A-26-2A 97.15–97.10 Cimex antennatus Female 5,075 cal. BPa

1829-PC-2/6A-49-5A 96.00–95.95 Cimex pilosellus Female 10,825 cal. BP

1896-PC-2/6B-10-3A 96.20–96.17 Cimex sp. Indet. 10,300 cal. BP

1896-PC-2/6B-11-3A 96.15–96.12 Cimex latipennis Female 10,600 cal. BP

1896-PC-2/6B-11-3B 96.15–96.12 Cimex pilosellus Female 10,600 cal. BP

1896-PC-2/6B-11-3C 96.15–96.12 Cimex pilosellus Female 10,600 cal. BP

1896-PC-2/6B-11-3D 96.15–96.12 Cimex sp. Female 10,600 cal. BP

1896-PC-2/6B-11-3E 96.15–96.12 Cimex latipennis Female 10,600 cal. BP

1896-PC-2/6B-11-3F 96.15–96.12 Cimex sp. Female 10,600 cal. BP

1896-PC-2/6B-11-3G 96.15–96.12 Cimex pilosellus Female 10,600 cal. BP

1896-PC-2/6B-11-3H 96.15–96.12 Cimex sp. Indet. 10,600 cal. BP

1961-PC-2/7A-14-19A 96.10–96.05 Cimex sp. Indet. 10,900 cal. BP

1961-PC-2/7B-11-4A 96.25–96.20 Cimex pilosellus Female 9,400 cal. BP

1961-PC-2/7B-12-12A 96.20–96.15 Cimex latipennis Female 9,700 cal. BP

Units excavated in increments of 3–5 cm, and depth expressed in centimeters below datum (cmbd). Age represented in calibrated years before present (cal. BP).
a Inclined strata and other factors suggest this is an unreliable date, though the specimen is definitely post-Mt. Mazama (ca. 7,640 cal. yr BP).
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of species, and in some cases the gender could not be determined.

They are described below, itemized in order of their accession

numbers.

1896-PC-2/6B-10-3A. This specimen consisted of an anterior

abdomen fragment. The ventral abdominal segments did not extend

to segment V, where the paragenital sinus could be observed, and

the gender of the specimen could not be identified. No hemelytral

pads were present.

1896-PC-2/6B-11-3D. This individual was represented by a

posterior abdominal fragment that was complete enough to identify

Fig. 3. Stratigraphic profiles of Paisley Caves units: (A) South wall profiles of excavation unit 2/4 (adjacent to 2/7B), (B) West wall profiles of excavation unit 2/6A

and 2/6B. (After Jenkins et al. 2012: 227).
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as a female. While abdominal segments IV–IX were present on the

specimen, the majority of the ventral portion of this specimen was

missing such that only the margins of the abdominal segments were

present, and thus the paragenital sinus was missing from the

specimen.

1896-PC-2/6B-11-3F. This specimen consisted of a very frag-

mented dorsal abdominal element. No paragenital sinus was visible,

as the ventral portion of this element was mostly missing. Enough of

the posterior end of the fragment was present to identify the gona-

pophyses and other aspects of the external female genitalia that it

was classified as such.

1896-PC-2/6B-11-3H. These items represent two parts. An ar-

ticulated head and pronotum with portions of the mesothorax at-

tached, and, separately, a left-hand fragment of the abdomen.

While the head is wholly present, the pronotum is missing the left

margin and neither of the hemelytral pads are present. The abdo-

men of this specimen is not complete enough to contain any indica-

tion of gender in the posterior segments, and the paragenital sinus

is not present.

1961-PC-2/7A-14-19A. This last specimen consists of an ante-

rior abdominal fragment with only the lateral margins of segments

II through V. Articulated to that is the pronotum, mostly complete

but approximately a fifth of the anterior length is missing.

Hemelytral pads are not present, nor is the paragenital sinus, and

the gender is indeterminate.

Cimex pilosellus (Horv�ath 1910)

(Fig. 5)
Diagnosis

Species within the Pilosellus Group, of which there are six, are generally

grouped together due to a rounded paragenital sinus (without a cleft)

with bristles. Additionally, the hind femora are less than 2.6 times as

long as wide. Two of the species, Cimex pilosellus and Cimex latipennis

Usinger and Ueshima, have a paragenital sinus that is both broad and

shallow, more so than any species in the Pilosellus Group (Fig. 4).

Cimex pilosellus can be distinguished from Cimex latipennis by having

a slightly larger body size, and by longer and narrower hemelytral pads.

Description

Five specimens recovered, paragenital sinus for all five broad and

shallow, consistent with Cimex pilosellus. Measurements for four

of the specimens are as follows: AL¼2.72–2.95 mm; AW¼2.43–

2.57 mm; AW/AL¼0.87–0.90; HPW/HPL¼1.4–1.6. The fifth

specimen (1896-PC-2/6B-11-3G) could not be measured and identifica-

tion was made solely by an examination of the paragenital sinus.

Material

Five females, Oregon: Lake County, five miles north of the town of

Paisley.†

C.  lectularius

IV

V

VI

VII

PS

C.  pilosellus

IV

V

VI

VII

PS

IV

V

VI

C.  latipennis

VII
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PS
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V

VI

VII

C.  adjunctus

IV

V

VI

C.  brevis

VII
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IV

V

VI

VII

C.  antennatus

IV

V

VI

C.  incrassatus

VII

PS

PS

IV

V

VI

VII

C.  hemipterus

Fig. 4. Interspecific variation in the paragenital sinus of North American Cimex females, including the cosmopolitan species, Cimex lectularius L. and Cimex hemi-

pterus (F.). Roman numerals denote abdominal segments; PS, paragenital sinus. (After Usinger 1966).

† Given that the Paisley Caves site has been frequently looted, the ex-

act location (latitude and longitude) cannot be provided.
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Preservation

All five specimens are represented solely by abdominal structures,

though two of the specimens could not be measured. 1896-PC-2/6B-

11-3C was generally in such poor condition that an accurate mea-

surement of abdominal length and width was not possible, and

1896-PC-2/6B-11-3G was represented only by the posterior half of

the abdomen (ventral segments IV through IX). Heads, pronota, and

all appendages were missing from these individuals. In all specimens,

even 1896-PC-2/6B-11-3G, the paragenital sinus was present. Only

two of the specimens possessed hemelytral pads (both pads present

for 1829-PC-2/6A-49-5A; complete left and partial right pad present

for 1896-PC-2/6B-11-3B).

sg ev

hp

cx2
cx2

cx3 cx3

ms st

mt st

I

I

II
II

III III

IV

V ps

VI

VII

VIII

IX IX
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III
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III
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V
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VI
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VII
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IXIX

hphp
sg ev

I

sct

msn

mt n

Fig. 5. Photograph (top) and graphical interpretation (bottom) of the dorsal (left) and ventral (right) views of Cimex pilosellus specimen 1896-PC-2/6B-11-3B.

Abbreviations: cx2, second coxa; cx3, third coxa; hp, hemelytral pad; msn, mesonotum; ms st, mesothoracic sternum; mt n, metathoracic notum; mt st, metatho-

racic sternum; ps, paragenital sinus; sct, scutellum; sg ev, scent gland evaporating area. Roman numerals (I–IX) refer to abdominal segments. Scale bar¼ 1 mm.
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Distribution

Of the western species in the Pilosellus Group, Cimex pilosellus is

the most widely distributed. First described from a female from

Okanagan Landing, British Columbia, in 1903 (Horv�ath 1910), this

species has since been collected in several other locations in southern

British Columbia, including Lytton, Salmon Arms, and Anarchist

Mountain, and further north into the province at Burns Lake

(Spencer 1934, 1939; Canada Department of Agriculture [CDA]

1964b, 1965; Usinger 1966; Chilton et al. 2000). Cimex pilosellus

also has been found in Alberta (Banfield 1948), Saskatchewan (CDA

1964c), and Manitoba (Wilson and Galloway 2002). Several reports

also record specimens in Ontario (Stirritt 1936; Dymond 1938; Judd

1950; MacNay 1953; CDA 1964a) and Quebec (MacNay 1953),

but these are beyond the distribution of Cimex pilosellus. Wilson

and Galloway (2002) suggest these specimens are more likely Cimex

adjunctus Barber or Cimex brevis Usinger and Ueshima.

In the United States, its distribution is as follows:

CALIFORNIA: Pioneer (Amador Co.); Wilbur Springs (Colusa

Co.); Moraga Valley (Contra Costa Co.); Sequoia National Park

(Fresno Co.); Bishop (Inyo Co.); Kernville, and Walker Basin (Kern

Co.); Yosemite Valley (Mariposa Co.); Tahoe City (Placer Co.);

Agua Caliente Springs (San Diego Co.); Stanford University (Santa

Clara Co.); Waddel Creek (Santa Cruz Co.); La Grange (Stanislaus

Co.); SE Porterville (Tulare Co.); and 5 miles of Woodland (Yolo

Co.). IDAHO: Hope (Bonner Co.). MONTANA: Centennial Valley

(Beaverhead Co.); Chinook (Blaine Co.); Hamilton (Ravalli Co.);

and an unspecified location in Gallatin Co. NEVADA: Reno

(Washoe Co.). WASHINGTON: Toppenish and Yakima (Yakima

Co.) (Usinger 1966). Froeschner (1988) notes that Cimex pilosellus

has been collected in Arizona, Colorado, and Nebraska, though no

details or sources are given.

Cimex latipennis Usinger & Ueshima 1965

(Fig. 6)
Diagnosis

Cimex latipennis has a much shallower and broader paragenital si-

nus than any other Nearctic cimicids (Fig. 4), and is dwarfed in size

only by Cimex brevis. Additionally, the hemelytral pads are 1.85

times as wide as long, pronotum width to length ratio is 36:14, and

the pronotum width to head width ratio is 36:23.

Description

Three individuals recovered, paragenital sinus broad and shallow,

consistent with Cimex latipennis. One specimen (1896-PC-2/6B-11-

3A) is complete, sans appendages: Body length 3.81 mm;

HL¼0.35 mm; HW¼0.85 mm; PL¼0.51 mm; PW¼1.32 mm;

AL¼2.91 mm; AW¼2.58 mm; PW/PL¼2.6; PW/HW¼1.6.

Fragmented hemelytral pads, unable to measure. Specimen 1961-

PC-2/7B-12-12A: AL¼3.40 mm; AW¼2.76 mm; HPL¼0.59 mm;

HPW¼1.10 mm. The third specimen (1896-PC-2/6B-11-3E) could

not be measured, but identification was made by comparison of the

paragenital sinus.

Material

Three females, Oregon: Lake County, five miles north of the town

of Paisley.

Preservation

Specimen 1896-PC-2/6B-11-3A is one of only two relatively whole

specimens recovered from the site. The head, pronotum, and

abdomen are still articulated for this specimen but no appendages

(legs, rostrum, antennae) are present, and the hemelytral pads are

fragmented. Specimen 1961-PC-2/7B-12-12A consists only of the

abdomen, though the hemelytral pads are present. The third speci-

men (1896-PC-2/6B-11-3E) is represented only by posterior abdomi-

nal fragment. Ventral segments V through IX are present, enough to

view the paragenital sinus. All specimens are glabrous, most likely a

taphonomic factor, though specimens 1896-PC-2/6B-11-3A and

1961-PC-2/7B-12-12A both possess some setae around the coxae

and mesothoracic and metathoracic sternae.

Distribution

In their original description of the species, Usinger and Ueshima

(1965) noted the original type specimens were collected from

Klamath Lake (Klamath Co.), Oregon. Other specimens were col-

lected from French Glen (Harney Co.) and Vale (Malheur Co.),

Oregon; and the Miami Ranger Station (Mariposa Co.), California.

Usinger (1966) notes an additional collection at Coalinga (Fresno

Co.), California. Froeschner (1988) states that the distribution in-

cludes Idaho and Montana, and Maw et al. (2000) indicate that the

distribution has extended into British Columbia, though no details

or sources are given for any of these records.

Cimex antennatus Usinger & Ueshima 1965

(Fig. 7)
Diagnosis

All Nearctic Cimex are distinguishable from Old World species, in

part, by having a roundly emarginated paragenital sinus on the right

side, and the paragenital sinus of Cimex antennatus is much nar-

rower and more asymmetrical than that of Cimex latipennis and

Cimex pilosellus (Fig. 4). Cimex antennatus is also distinguishable

from Cimex adjunctus Barber and Cimex pilosellus by having a nar-

rower pronotum, and is also the largest of the Nearctic cimicids in

terms of body length (Usinger and Ueshima 1965; Usinger 1966).

The hemelytral pad width to length ratio is 37:20. Other distinguish-

ing features include length and placement of bristles and setae, and

measurements of appendages, particularly the hind femur.

However, none of these features survived taphonomic processes, so

size measurements and interspecies comparisons of the paragenital

sinus were primarily used for the identification of this specimen.

Description

Body length is the largest of all the Paisley Caves specimens at

5.86 mm; PW¼1.61 mm; PL¼0.64 mm; HW¼0.94 mm;

HL¼0.71 mm. Only one hemelytral pad present, HPW¼1.37 mm;

HPL¼0.71 mm.

Material

One female, Oregon: Lake County, five miles north of the town of

Paisley.

Preservation

This specimen (1896-PC-2/6A-26-2A) is the only other “whole”

specimen where the three major body segments are still articulated.

Like the other specimens, no appendages of any kind survived. Only

the left hemelytral pad is present. Although this specimen is the

youngest recovered at �5,100 cal. BP, it is poorly preserved with re-

spect to the others, and desiccation of this specimen made identifica-

tion of the gender difficult to determine.
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Fig. 6. Photograph (top) and graphical interpretation (bottom) of the dorsal (left) and ventral (right) views of Cimex latipennis specimen 1961-PC-2/6B-11-3A.

Abbreviations: cly, clypeus; cx1, first coxa; cx2, second coxa; cx3, third coxa; hp, hemelytral pad; lbr, labrum; msn, mesonotum; ms st, mesothoracic sternum; mt

n, metathoracic notum; mt st, metathoracic sternum; prn, pronotum; ps, paragenital sinus; rst, rostrum; sct, scutellum; sg ev, scent gland evaporating area.

Roman numerals (I–IX) refer to abdominal segments. Scale bar¼1 mm.

Journal of Medical Entomology, 2017, Vol. 54, No. 4 941



prn head

lbr

eye eye

rst

cx1 cx1
hp

cx2 cx2

cx3 cx3

ms st

mt st

I I

IIII

III
III

IV

V ps

VI

VII VIII

IX IX

cly

VIII

VII

VI

V

IV

IIII

III

IV

III

IV

V V

VIVI

VII VII

VIII VIII
IXIX

eyeeye head

prn

mt n

hp
hp

sct

cly

msn

Fig. 7. Photograph (top) and graphical interpretation (bottom) of the dorsal (left) and ventral (right) views of Cimex antennatus specimen 1829-PC-2/6A-26-2A.

Abbreviations: cly, clypeus; cx1, first coxa; cx2, second coxa; cx3, third coxa; hp, hemelytral pad; lbr, labrum; msn, mesonotum; ms st, mesothoracic sternum; mt

n, metathoracic notum; mt st, metathoracic sternum; prn, pronotum; ps, paragenital sinus; rst, rostrum; sct, scutellum. Roman numerals (I–IX) refer to abdominal

segments. Scale bar¼1 mm.
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Distribution

The single female holotype, allotype male, and 19 slide-mounted

paratypes of Cimex antennatus were collected from Pope Valley

(Napa County), California (Ueshima 1963). Usinger (1966) notes

additional California specimens have been collected in Alameda

County, as well as in Murphys (Calaveras Co.), Happy Valley

(Contra Costa Co.), Gualala River (Mendocino Co.), San Jose

(Santa Clara Co.), and Little Shasta Road (Siskiyou Co.). An addi-

tional specimen is recorded from Carson City, Nevada. Unlike

Cimex latipennis and Cimex pilosellus, there is no indication this

species has been collected in Canada (Maw et al. 2000).

Discussion

All Nearctic cimicids are obligate ectoparasites of vespertilionid bats

(Usinger 1966), and the presence of bats in Cave 2 at the Paisley

Caves site spans roughly 11,000 years. Skeletal remains of bats, yet

to be formally identified as of this writing, as well as layers of guano

throughout the assemblage, place bats in Cave 2 from at least

12,600 cal. BP until �2,000 cal. BP, when the roof of Cave 2 col-

lapsed, exposing the interior to more sunlight and reducing its at-

tractiveness to bats. Artifacts and features of human occupation in

Cave 2 extends continuously from 13,500 cal. BP to 2,000 yr ago.

Human use of Cave 2 over the last 2,000 years appears to be spo-

radic. The archaeological record suggests that bats and humans co-

habited in Cave 2 for over 11,000 yr and human occupants may

have acted as opportunistic hosts. It has long been speculated that

the origin of the relationship between humans and Cimex began

thousands of years ago when Old World human populations cohabi-

tated caves with cimicid-infested bats (Sailer 1952, Usinger 1966,

Usinger and Povoln�y 1966, Busvine 1976). Recent molecular re-

search on Cimex lectularius supports this notion, and it suggested

there are both human- and bat-associated lineages within the same

species (Booth et al. 2015). As there are many instances where non-

lectularius cimicids have fed on humans when the opportunity pre-

sented itself (e.g., Myers 1928, Wong et al. 2007), it is probable that

similar occurrences befell the human occupants of Paisley Caves.

Cimex is rare in the archaeological record. Panagiotakopulu and

Buckland (1999) reported the 3,550-yr-old remains of Cimex lectu-

larius from Tell el-Amarna in Egypt, the oldest known association

between humans and bedbugs in existence and the hitherto oldest re-

mains of Cimex ever found. Osborne (1971) reported a solitary pro-

notum of Cimex sp. from a second century AD Roman settlement in

Warwickshire, England. Though he felt it was indistinguishable

from the pronotum of Cimex lectularius, he recognized the difficulty

in identifying the species based solely on the pronotum, and ac-

knowledged that it also bore similarities to other cimicids, including

Cimex columbarius Jenyns. Anglo-Scandinavian deposits in York,

late-tenth- to early-eleventh-century Norwich, and eighteenth-cen-

tury London have all yielded Old World Cimex remains as well

(Girling 1984, Allison and Kenward 1994, Kenward and Allison

1994).

In the New World, archaeological specimens of Cimex cf. lectu-

larius were recovered from several different locations in eastern

North America. They were recovered from well samples in colonial

Jamestown, Virginia (King et al 2010), and Bain et al. (2009) re-

corded the presence of Cimex lectularius in a latrine in eighteenth-

century Quebec. Cimex lectularius was also used, along with other

ectoparasites, as an indicator of personal hygiene when insect re-

mains were used to track the changes in municipal sanitation laws in

Quebec City during the latter half of the nineteenth century (Bain

1999, 2004). Similarly, the recovery of Cimex cf. lectularius remains

from privy deposits at a nineteenth century school for African

American children might speak to the reduced socioeconomic status

of the students and their families (Bain 1998).

Cimicidae is almost unknown in the fossil record—only a stem-

group member of the modern Cimicidae, Quasicimex eilapinastes

Engel, recovered from a mid-Cretaceous amber deposit in

Myanmar, is representative of the family (Engel 2008). Even if no

intersection between man and bug occurred, this assemblage is im-

portant, for it serves as the earliest record of the genus Cimex re-

corded to date. The Paisley Caves specimens not only have the

potential to shed light on past cimicid distributions in the Pacific

Northwest but also, with finer chronological resolution and wider

spatial sampling, allow us to examine changes in the cimicid popula-

tions as both bat populations and environments at Paisley and sur-

rounding rock shelter complexes changed over time.
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