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192", Abdomen with 6 or more pairs of pleurites (fig. 150); mesal surface of
mandibular base usually with articulated, pubescent process, as well as brush
of hairs (fig. 67); stemmata forming tight cluster; cardo distinct and
sclerotized. On rocks, submerged wood, debris in streams, sometimes in lakes

OF POOLS oottt et et et s st ere s s e s s s one s sese et be s b se sttt b e n et areesratan Elmidae p. 404
193(115"). Median endocarina absent or coincident with epicranial stem (fig. 19) ............ trtir st e et et n s s st santerseron 194
193", Median endocarina Y-shaped, coincident with epicranial stem and frontal arms

(fig. 23) (See 3rd and dth ChOICES) ..........cccociiviririe ettt et ee e st ssen st saa s s s s e e seaeeeeen 231
1932, Median endocarina extending anterad of epicranial stem (fig. 20) ......ccocoivevirerveiniecnneerestieeesseesees e seeseseass 232
1933, Median endocarina located between frontal arms (fig. 22); epicranial stem

BDSEIIL ...ttt e et et sttt b s as s s s e s s s Ao es et st e et set se ot s et e ket et e s esennen et saesararatn 238
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3

median endocarina long epicranial stem
coincident with or \/ (endocarina beneath)
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$94(193).  Abdominal apex Without HiNEed OPETCUMIIN .....ccovuiveuiiececeesc ettt vas b tonaesse s s st seesoenin
194', Abdominal apex with ventrally hinged operculum (fig. 187) ...ccceiiieeriiecicrmrineneennscrrrrsriorssestersas e seserasessnaseenes
195(194).  Mesal surface of mandibular base simple or slightly expanded (figs. 44, 46, 47)
195'. Mesal surface of mandibular base with brush of hairs (penicillus) (fig. 53) (see
NEXE 4 CHOICES) c..voivreiicet e s 208
1952, Mesal surface of mandibular base with articulated, pubescent process (fig. 67);

paired ventral abdominal gill tufts (fig. 151) on segments A1-7. In debris or

soil on river or stream bottoms. California ... Eulichadidae p. 390
7953, Mesal surface of mandibular base with fixed, rigid, hyaline process, sometimes

partly sclerotized (figs. 58, 61, 82) ..ottt sra st ettt et b eas st et enareeae s 209
1954, Mesal surface of mandibular base with 2 to 5 hyaline processes, sometimes

joined basally (figs. 59, 60) .ottt ettt see etk e st sbe st sbe ek eeraeatasasn 216
1955, Mesal surface of mandibular base with membranous lobe (fig. 64) .......ccccecveviiveevenirvrvrienenres e 226

apex trindentate

chisel-like
apex
open of partly
closed groove incisor area
concave
masal surface mesal surface mesal surface of
of base = of mandibular mandibular base
base simple simple
Figure 44 Figure 46 Figure 47
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———nbidentate apex
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Figure 53 Figure 58 Figure 59
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196(195).  Apex of mala or galea rounded or truncate (figs. 88, 109, 110) ceoovrerrerreeiieieeceee oo 197
196'. Apex of mala or galea falciform (figs. 89, 105, 11 1) or stylet-like (fig. 104);

urogomphi usually articulated at base (figs. 162, 163) (see 3rd Choice) ..........cervrreecce e, .. 205
1962, Apex of mala trilobed (fig. 107); urogomphi articulated at base (fig. 162);

labrum more or less fused to clypeus, but with vague indication of

clypeolabral suture (fig. 14). In rotten mushrooms ............... (Oxyporus) (Oxyporinae) Staphylinidae p. 341
197(196).  Antennal segments 1 or 2; body clongate and subcylindrical, lightly sclerotized;

head moderately to strongly declined (hypognathous) (A 10) oot 198
197" ANtennal SEEMENtS 3 (S6€ 31d CHOICE) ......ouuruuuummererrrrsreesssessesssssoeeeeeereeeeeeeessessse oo oo eeoeeoeeoeseeeeeeeeseseeeenn 199
1972 Antennal segments 4; urogomphi articulated at base (fig. 162). In leaf litter,

rotten wood, carrion, dung, UNAer BArk ............o.ooeeevevoneerveersooeooeoeeoeeeoosoosoon (part) Staphylinidae p. 341

198(197).  Segments in T2 leg 3 or 4, the segments indistinctly separated (fig. 128);
ventral epicranial ridges absent; antennal sensorium not or only slightly
longer than terminal antennal segment. In rotten wood, stems, fungus
FRUIING DOGICS ©..vvvvciceernceee st oeeeeses oo (part) Mordellidae p. 508

terminal seta
clypeolabral suture
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stipes maxillary
articulating area
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diverging and diverging
hypostomal rods

Mouthparts Retracted
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articulating area

stipes

postmentum connate
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. with stipites
ridge ventral epicranial
hypostomal rod ridge

T cardines fused to
/ form single plate

gular sutures fused

Mouthparts Retracted Mouthparts Retracted
Figure 90 Figure 93
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198" Segments in T2 leg 5 including tarsungulus (fig. 126); ventral epicranial ridges

present (figs. 90, 93); antennal sensorium much longer than terminal (2nd)
antennal segment (fig. 32). In fungus fruiting bodies ............ooevvverrrerrereorso (Ciinae part) Ciidae p. 502
fi”(l97’)‘ Maxilla with single mala (figs. 88, 89) .......c.uoevivuiivueriernceeoereereseeeeeeeeeeeeeee et eeeeeeeeseeeeesese oo 200
199", Maxilla with separate galea and lacinia (figs. 109, T11) .....evoeevoeemmoeeeeeeeeeoeeoeoeeeeoeoeoeoeeeoeeeoeoeeeoeoeeee oo 204

Yo(199).

Apex of mandible truncate and lined with rows of spines (fig. 55); body

somewhat flattened and lightly sclerotized; urogomphi fixed at base. On

FUNGUS COVETEA 10BS .....eevvvvcemceeirnmitciaeneiestsee oo ereesseeeseeeseesseesses e st eeeeeeee s Dasyceridae p. 335
200, Apex of mandible not truncate or lined With FOWS Of SPINES ..........vveevveereeesereresesesseeeeeeeoooooooooooe oo 201
o
3
‘. falciform
¥ mala articutated
styliform or 2 ) 9alea with
stylet-like palpifer dense brush
mala of hairs
1 i .
stipes trilobed fixed lacinia
mala
maxillary
articulating
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e
cardo
Figure 104 Figure 105 Figure 107 Figure 109
fixed, fimbriate
7 galea
fixed lacinia N coxa
trochanter
femur ’ indistinctly
segmented
(s ) o9
tibia v
—tarsungulus no claw-like
segment
Figure 111 Figure 126 Figure 128
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and lined with
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segmented
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[

Figure 55

Figure 162

/

|

anal hook
Figure 183
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Apex of antennal segment 2 oblique, so that sensorium arises proximad of

segment 3 (fig. 30); frontoclypeal suture absent; hypostomal rods absent;
segment A10 distinct and usually visible from above (fig. 162); urogomphi
often articulated at base (fig. 162); abdominal terga usually bearing distinct
plates, which are set off from those on sterna and are never asperate. In leaf

litter, rotten wood, carrion, dung, under bark

Apex of antennal segment 2 truncate, so that sensorium and segment 3 arise

together (fig. 29); frontoclypeal suture (figs. 13, 19) and hypostomal rods
(fig. 89) present, OR abdominal terga with patches or rows of asperities;
segment A 10 reduced, not visible from-above; urogomphi fixed at base;

abdominal terga and sterna not forming distinct plates

...............................................................................

Head moderately to strongly declined (hypognathous) (fig. 10); gular region

absent (labium contiguous with thoracic membrane) (fig. 96); segments in T2
leg 3 or 4, the segments indistinctly separated (fig. 128); body elongate and

cylindrical, lightly sclerotized. In rotten wood, stems, fungus fruiting bodies .........

clypeolabral
suture

frontoclypepl
suture 3/

v-shaped
frontal arms

long epicranial

_

frontoclypeal

201(200).
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Figure 29
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Figure 39

frontoclypeal
suture incomplete

frontal arm divided
(inner arm lyriform)
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Head prognathous or slightly declined; gular region present (separating labium
from thorax) (fig. 85); segments in T2 leg 5, including tarsungulus (fig. 126) .......ccoovuvireerrrerererreernvesernnens 203

Frontoclypeal suture present (figs. 13, 19); hypostomal rods almost always

present (fig. 89); mesocoxae almost always separated by more than 2 coxal

diameters; dorsal surfaces very lightly pigmented and without asperities. In

rotten wood, fungus fruiting bodies ........ccceovviiccirenincnnnnicrenenne (Melandryinae part) Melandryidae p. 505
Frontoclypeal suture absent (fig. 18); hypostomal rods absent; mesocoxae

separated by 1 to 2 coxal diameters; dorsal surfaces with pigmented maculae

and rows or patches of asperities. Under bark, in soft fungi ........ceeevrivernennnes

........................ G oessssessenee(PeHthe part) (Penthinae) Tetratomidae p. 504
Epicranial stem absent or very short; mandibles broad at base, not falcate;

labrum not subdivided; abdominal segments without lateral plates or spine-

like processes; galea without large, dense brush of hairs, but often fimbriate

(with fringe of setae) (fig. 111). In leaf litter, carrion, fungi ........c.cecereevrerrrrcrcecreccnne (part) Leiodidae p. 327
Epicranial stem moderately long (fig. 14); mandibles narrow and falcate (fig.

44); labrum subdivided into 3 or more sclerites (fig. 39); abdominal segments

produced laterally forming tergal plates or spine-like processes; galea with

large, dense brush of hairs (fig. 109). In carrion, decaying vegetation ..........cccoeeerrrrerrneerns Silphidae p. 339
Epicranial stem absent or very short; maxilla with separate galea and lacinia

(BB, T11) ittt et e e se s e s s et et s e e e e ke e sen R R e Re s R e R e e e TR aRes 206
Epicranial stem moderately long (fig. 14); maxilla with single mala (fig. 105) ..c..ccooevivirrirerreceecre e 207

Head prognathous or slightly declined; segments in T2 leg 5 including

tarsungulus (fig. 126); urogomphi articulated at base (fig. 162); dorsal

surfaces generally smooth; thoracic and abdominal segments without lateral

tergal processes; mandible without subapical pseudomola. In leaf litter,

Carrion, fUNGL ....cceciimiieeireiccii e et eeereereetenenere st er e aea e resesenes (part) Leiodidae p. 327
Head moderately to strongly declined (hypognathous) (fig. 10); segments in T2

leg 3 or 4; urogomphi fixed at base; dorsal surfaces generally spinose or

complexly sculptured; thoracic and abdominal segments each with 1 or 2

pairs of lateral tergal processes; mandible with subapical pseudomola

consisting of several spines or teeth (fig. 54). In decaying vegetation ...........cccocvvvunee. Micropeplidae p. 334

coxa
labral apex with
crenulate emargination trochanter
lyriform frontal arms
femur
paired endocarinae
mesad of frontal arms tibia
—tarsungulus

subapical -
pseudomola
open or partly consisting ' indistinctly
closed groove of teeth segmented
(3 ) 109
} mesal surface v

Figure 25 Figure 37

Figure 126

of base no claw-like
segment

Figure 44 Figure 54 Figure 128
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207(205"). Labrum with crenulate emargination (fig. 37). On surfaces of fungi and bark,

TN JEAT TIELET oottt re et st s s s e s remsse s s oot et seeeset st e e eeen Scaphidiidae p. 337
207", Labrum without crenulate emargination. In leaf litter, rotten wood, carrion,
AUNG, UNAET DATK ..ottt st et s e e s e (part) Staphylinidae p. 341

208(195"). Mentum or postmentum not divided longitudinally; paired endocarinae located

mesad of frontal arms (fig. 25); maxilla with single mala (fig. 88); segments

in maxillary palp 3; ventral epicranial ridges absent; maxillary articulating

area exposed (fig. 85); anal region without hooks or papillae. Under bark, in

FOLUNE SLEIMS ououiiiecreecrencirererecnre s see et s et et ee s ene et ststseesenaeses s e seemene (part) Monommidae p. 514
208'. Mentum or postmentum divided longitudinally into 3 parts (fig. 98); paired

endocarinae absent; maxilla with separate galea and lacinia (fig. 98);

segments in maxillary palp 4; ventral epicranial ridges present (fig. 93);

maxillary articulating area concealed behind expanded mentum (fig. 98);

anal region with several pairs of hooks and 1 or more papillae (fig. 189). In

plant debris in Or NEAr SIrEAMS ...vvecevvireereeeeereeeeeee s eresenens (Anchytarsinae part) Prilodactylidae p. 391

anal papillae
(or gills)

tergum 9

hypagnathous

A

- Figure 4 Figure 8 Pygopod anal
with hooks papillae
Figure 10 Figure 189
labial palps narrowly lobe-like uncus

separated; ligula absent

rounded mala

stipes

maxillary articulating short, converging
area hypostomal rods
long, subparaliel
hypostomal rods

Mouthparts Retracted

Figure 86 Figure 87
mala stipes

rz-segmented labial palp

ﬁ\ truncate mala

stipes

cardo membranous
or absent

long, diverging
hypostomal rods

elongate gula

gula

subparallel and
diverging q
hypostomal rods Ventral Mouthparts
Strongly Protracted
Figure 88 Figure 92
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210'.
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rounded,

fixed galea
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ANTENNA] SEZIMENES 2 .eovveeirieiioniiteiieienteieeee et et seses s s easeseebesmessesss s asesbasssnsstentsbaeterssanrasssansastersnsesmsssantaseesennsrnsns
Antennal segments 3
Head prognathous or slightly declined (fig. 8); epicranial stem absent; labial

palps separated by more than width of first palpal segment; ventral epicranial

ridges absent; body with enlarged abdomen (physogastric). Usually in

tunnels of woodboring inSECts (SCLOPATASILIC) «....c.ceviereuernrncecrirscrrarcresicesrssessnsresaeseerstsasssemsneserestsanesmassosssns 211
Head moderately to strongly declined (hypognathous) (fig. 10); epicranial stem

moderately long; labial palps contiguous or separated by less than width of

first palpal segment; ventral epicranial ridges present (fig. 93); body

subcylindrical or slightly flattened, without enlarged abdomen. In fungus

FTUILING BOGIES vovviriieeiieeiiire ettt seccres s ee e ssese e s b e s tns (Ciinae part) Ciidae p. 502
Ventral mouthparts strongly protracted (fig. 92); hypostomal rods distinct,

diverging (fig. 92) ..covieoriiirriertireiecrrsese s et s s sa b e e se s (Passandrinae part) Cucujidae p. 463
Ventral mouthparts retracted (fig. 87); hypostomal rods absent ..........cocccorrvvernne.

............................................................................................................. (Bothriderinae part) Bothrideridae p. 477
Head prognathous or slightly declined (fig. 8); maxilla with single mala (figs.

86, 92, 104); SEMMALA PIESENL ...iivvirreriiiiiiiiitite ettt e ie e bbb siec e s be b aesssnecsh s ks bebsseasssensasssbsseens 213

Head moderately to strongly declined (hypognathous) (fig. 10); maxilla with
separate galea and lacinia (fig. 215); stemmata absent. In leaf litter, stored
ProdUCLS, ANE TESES ...eeecvivecriverrrnesiriesireniaereeraessassorassrseessrssssnssensaressessessensesnnns (Thorictinae) Dermestidae p. 434

spine-like,
fixed lacinia

styliform or

stylet-like
postmentum connate mala

with stipites
ventral epicranial
ridge

cardines fused to
form single plate
guiar sutures fused

—stipes

maxillary
palp

Mouthparts Retracted
Figure 93 Figure 104

Figure 216 articulated galea fixed lacinia

stipes

maxiliary
articulating
area

ligula broad, labial
truncate mala palps widely separated

maxilla and
mandible removed

cardo

hypopharyngeal

bracon

short hypostomal

rod
mabxillary articulating postmentum divided
area concealed behind longitudinally into 3 parts

expanded postmentum
Figure 85 Figure 98
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213(212).

213",

214(213").

214,

215(214').

215"

216(1959).

216'.
217(216).

217,

218(217).

218"
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Urogomphi articulated at base (fig. 162); mala stylet-like (fig. 104); vestiture
including frayed setae (fig. 4); stemmata on each side 3 or 6. In leaf

LEEET ©oveniciiceninertestsienee et e st eascrae b eveseesesaas s e s e s e tesbetssaebetabassenseraassonasransaraasren (Proteininae) Staphylinidae p. 341
Urogomphi fixed at base; mala rounded or truncate (figs. 86, 92); vestiture
CONSISting Of SIMPIE SELAC ......ooveiiiiiciicie ettt s bbb n b 214

Epicranial stem absent and frontal arms lyriform (fig. 22); posterior edge of

head capsule distinctly emarginate dorsally; body strongly flattened. Under

DArk, in TOLEN WOOA ...covvireviiririenrieirieisresierenisesieesssssirssseessesasersessvssssansressaransassssnessns (part) Inopeplidae p. 551
Epicranial stem moderately long and frontal arms V- or U-shaped (fig. 20);

posterior edge of head capsule not or slightly emarginate dorsally; body not

or Only Slghtly flAttENEd .....cooriiiiirieeiee ettt et sb st a et st e sas bt 215
Hypostomal rods well-developed and extending almost to posterior edge of head

(fig. 86); stemmata on each side 6; paired dorsal abdominal glands absent. In

sand dunes. Exotic (Australia, New Zealand, New Caledonia) .........cccevvvevvcrveverenvcennens Phycosecidae p. 452
Hypostomal rods absent; stemmata on each side 5 or fewer; abdominal

segments with 1 or more pairs of dorsal glands (fig. 140). In leaf litter, soil,

on ground, under bark, in stems Melyridae p. 453
Epicranial stem absent .......ccccooivvrnceninniicecnr e Oy 217
Epicranial stem moderately 1ong (fig. 18) ..ot s e b 224
Ventral mouthparts strongly protracted; stipes wider than long (fig. 92); frontal

arms distant at base (fig. 16); terga A1-8 never with sclerotized plates ..........cccmininncincniinnnncnnininnnn 218
Ventral mouthparts retracted; stipes longer than wide (fig. 89); if frontal arms

distant at base, terga A1-8 each With a sclerotized PIate ...........cccoereeriieriiecserseniesesisnre s eesssisessssasssesens 219

Tergum A9 forming articulated plate (fig. 165); paired endocarinae located

beneath frontal arms; body elongate and strongly flattened, without

sclerotized plates on thoracic terga. Under bark, on surfaces of wood or

fungi, in stored Products .......ccccoveeeriicinineniecineseeiesneensesssessressssscarssnsns (Laemophloeinae) Cucujidae p. 463
Tergum A9 not forming articulated plate; paired endocarinae absent; body not

strongly flattened; sclerotized plate present on protergum and paired plates

usually present on meso- and metaterga. Under bark, in leaf litter or rotten

WOOd ..oeiiriiieiice e esseetiibisreat et re e e e ettt rn e be b se e e R b e testbsaterenss (Phyllobaeninae part) Cleridae p. 450

nasale (labrum
fused to clypeus
and frons)

frontoclypeal
suture incomplete

lyriform frontat L
arms frontal arm divided

(inner arm lyriform)

frontal arms
distant at base

(frons reaches epicranial stem
posterior edge moderately long
Figure 16 ot head) Figure 18
labrum frontoclypeal suture
absent
3
frontoclypeal suture H
/ R . connecting membrane
median endocarina in antennal fossa
extending anterad
of epicranial stem
fr i
frontal arms v-shaped ontal arms lyriform
median endocarina
long epicranial stem extending between
\J (endocarina beneath) frontal arms
(epicranial stem
Figure 20 Figure 22 absent)

Fina A AR A7 Q2 104



219(217).

219

220(219").

220"
221(220).

221,

222(221).
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Paired endocarinae absent; frontal arms distant at base; mesal surface of
mandibular base with 2 hyaline processes, one acute and the other rounded
and pubescent; thoracic terga and abdominal terga A1-9 each with a
distinct, pigmented plate. In bird nests. Exotic (South temperate regions) ......... (part) Cavognrathidae p. 469

Paired endocarinae present and frontal arms contiguous at base (figs. 24, 25);
basal mandibular processes different; without pigmented plates on all

thoracic and abAOMINA] LETEA ...covu.eerreciimctrerirnsrers st sestssese st s s basdsaR s RS s 220
Paired endocarinae coincident with frontal arms (fig. 24); abdominal spiracles

ATIMULAT ovveveseetseveerseesenesecssatosasesessssassssenssaseseatebabesssssssessbentasetasassssessssssshonssbrtarstabetinessusesasatsbabsbatisrastsmasareasssasss 221
Paired endocarinae located mesad of frontal arms (fig. 25); abdominal spiracles

ANNUIAT-DIfOTOUS (B, 197) .veeereurmrrceremirsisertstansbesessrss s st s SRS s st 223
Labial palps contiguous or separated by less than width of first palpal segment;

hypostomal rods present (figs. 86, 89); spiracles not on sclerotized PlAtes .........ccoovvrviemenenescniiiiioeiienienssnns 222

Labial palps separated by more than width of first palpal segment; hypostomal

rods absent; spiracles located on sclerotized plates. In cracks on intertidal

rocks (western North AmMerica) .....ooceovvencnmcisnineninninenissacennees (Aegialites) (Aegialitinae) Salpingidae p. 549
Ratio of antennal length to head width less than .15; hypostomal rods diverging

and moderately long (fig. 89); urogomphi simple (fig. 170). In rotten wood,

fungus fruiting BOIes ....oiivreeerenreei ettt (Melandryinae part) Melandryidae p. 505

frontoclypeal suture
absent

Y frontal arms lyriform

paired endocarinae
lyriform frontal arms coincident with

bases of frontal arms

paired endocarinae bases of frontal

mesad of frontal arms arms contiguous
posterior edge of head capsule

distinctly emarginate

Figure 25 _
Figure 24
falciform mala
labium free to
base of mentum
articulated, )
segmented maxillary
urogomphus articulating area
mentum
hypostomal rods
moderately long
Dorsal and diverging
Figure 162 Figure 170

—

Mouthparts Retracted

igure 89
sternum 8 sternum 9 Flaure

and

segment 10

——————Aaccessory
tergum 9 chambers
hinged

0

o
K

L

tergum 9

-

orsal gland (urogomphal

plate)

|
1

Ventral Annular Biforous

Figure 140 Figure 165 Figure 197
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222" Ratio of antennal length to head width .15 to .5; hypostomal rods subparallel

and extending almost to posterior edge of head (fig. 86); urogomphi bifurcate

(fig. 184). Under bark, in rotten stems, leaf litter ..ol (Salpinginae part) Salpingidae p. 549
223(220").  Frontal arms lyriform (fig. 25); ratio of antennal length to head width .15 to .5;

labial palps separated by more than width of first palpal segment;

hypostomal rods converging posteriorly (fig. 87); abdominal terga with paired

rows of asperities forming open or closed rings (fig. 145); urogomphi simple

with pit between them (fig. 173). Under bark, in TOting Stems ........ccccevvvevvnvnnnene, (part) Monommidae p. 514
223, Frontal arms V- or U-shaped (fig. 12); ratio of antennal length to head width

less than .15; labial palps contiguous or separated by less than width of first

palpal segment; hypostomal rods subparallel (fig. 86); dorsal surfaces without

asperities; urogomphi complex, with accessory processes (fig. 169) and

without pit between them. In fungus fruiting bodies ..................... (Thymalus) (Peltinae) Trogossitidae p. 448
224(216').  Ratio of antennal length to head width .15 to .5; spiracles annular-biforous (fig.

197); S€1a€ 0N tArSUNZULUS 2 +.....oooovvioieeeeeese e ee oo ee oo oo eeeseeeseeeeeeee e 225
224'. Ratio of antennal length to head width more than .5; spiracles annular; setae on

tarsungulus 1; urogomphi with accessory processes (fig. 181). In tufts of

tussock grass. Exotic (South temperate T€gions) ...........co.covwmvvvoooooooeoooooeooeooooooeooo Perimylopidae p. 520

225(224).  Hypostomal rods absent; apex of mandible with single lobe or tooth; mesocoxae

separated by 1 to 2 basal coxal diameters; body more or less cylindrical and

lightly sclerotized, with enlarged thorax; urogomphi simple. In rotten wood,

UNET DATK .ottt et ses et eese s (part) Colydiidae p. 512
225, Hypostomal rods present (fig. 89)7apex of mandible bilobed or bidentate;

mesocoxae separated by less than 1 basal coxal diameter; body slightly

flattened without enlarged thorax; urogomphi with accessory processes (fig.

169). In fungus fruiting bodies .........co.couveeereeereemrseeeoeeeeeoeeeoeeooooo (Tetratominae) Tetratomidae p. 504
226(195%).  Urogomphi articulated at base (fig. 162); segment A 10 distinct and visible from

above (fig. 162); spiracles annular; antennal segment 2 oblique at apex so

that sensorium arises proximad of segment 3 (B8 30) ettt 227
frontoclypeal
suture

Y

l - membranous
lobe fringed
hypognathous with hairs

median endocarina
coincident with or
replacing epicranial

Figure 10 Figure 19 stem Figure 64

clypeolabral suture incomplete;
labrum partly fused to clypeus

segment 3 (note seta)

segment 3 (note seta) sensorium proximad
sensorium side by of segment 3 (apex
side with segment 3 of segment 2 oblique)
\ frontoclypeal (apex of segment 2
suture absent truncate)

2
v-shaped
frontal arms
short epicrania antennal fossa antennal fossa
stem
Figure 12 Figure 29 Figure 30

Flos. 25, BD. 182. 107
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226'. Urogomphi fixed at base; segment A10 concealed from above; spiracles annular-
biforous (fig. 19) or dorsal surfaces granulate or spinose; antennal segment 2
truncate at apex, so that sensorium and segment 3 arise together (fig. 29) .o 228

227(226).  Maxillary articulating area absent; frontal arms absent; labium consisting of a
single plate; head strongly transverse; urogomphi unsegmented. In beaver

nests, on beaver pelts .....coceiiciinniniiir s (Platypsyllus) (Platypsyllinae) Leptinidae p. 330
227, Maxillary articulating area present (fig. 85); frontal arms present; labium

consisting of prementum, mentum, and submentum; head only slightly

transverse; urogomphi segmented (fig. 162). In leaf litter, rotten wood, fungi ............ (part) Leiodidae p. 327

228(226'). Head moderately to strongly declined (hypognathous) (fig. 10); apex of mala
usually cleft (fig. 106); mandible usually tridentate at apex (fig. 64); if
spiracles annular-biforous, labial palps separated by more than width of first
palpal segment. In or on surfaces of fungus fruiting bodies .........ccoveveevnennciniin (part) Erotylidae p. 473

labial palps narrowly lobe-like uncus
separated; ligula absent

rounded mala
stipes

maxillary articulating
area

short, converging
hypostomal rods

long, subparailel
hypostomal rods

Mouthparts Retracted
Figure 86 Figure 87

PR
PRI Padd e
.

.
« . .. . .
ey wer ¥ vewwe st pit

.,
Ve,
»

-

mesal tooth
at base of

Y urogomphus

accessory processes

Dorsal Dorsal
Figure 145 Figure 169 Figure 173
cleft
3 broadly interrupted
1 row of basal asperities

mala truncate, basal
2 . .

cleft apex with asperity

2 teeth at inner

angle ‘
palpifer a sternum 9

sternum 9
i tergum 9
stipes tergum 9
maxillary
articulating 7
accessory
urogomphus
area — L\[ processes gomp
cardo Ventrai Ventral
Figure 106 Figure 181 Figure 184

Fia. 85: See p. 252.
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228'. Head prognathous or slightly declined; apex of mala not cleft; mandible
bidentate at apex (fig. 62 (may have serrate edge below apex as in fig. 59));

spiracles annular-biforous (fig. 197); labial palps separated by less than width
Of first palpal SEEMEN ..o 229

229(228'). Hypostomal rods present (2 pairs) (fig. 88); epicranial stem absent; ratio of

antennal length to head width .15 to .5; abdominal terga without asperities.

In fungus fruiting bodies, in rotten wWood .......ccecviveiriciienneeieniens (Eustrophinae part) Melandryidae p. 505
229, Hypostomal rods absent; epicranial stem moderately long (fig. 18); ratio of

antennal length to head width less than .15; abdominal terga with patches

(fig. 142) or rows (fig. 144) of asperities. Under bark, in soft fungi .................

...................................................................................................... (Penthe part) (Penthinae) Tetratomidae p. 504
230(194'). Epicranial stem absent or very short; maxilla with separate galea and lacinia

(fig. 100); cardines separated from each other by labium; posterior edge of

head capsule distinctly emarginate dorsally; ratio of antennal length to head

width .15 to .5; spiracles A1-7 small and non-functional, partly surrounded

by large plastron plates (fig. 213). In soil or gravel at edges of streams

(western North America) .......ccooeevveviecviceeneccenecreennenes (Araeopidius) (Araeopidiinae) Ptilodactylidae p. 391

clypeolabral suture
vaguely indicated frontoclypeal

o suture incomplete
u-shaped frontal
arms

frontal arm divided
(inner arm lyriform)

long epicranial
stem

epicranial stem
moderately long

_/

Figure 14 Figure 18

A l—2-segmented labial palp

frontoclypeal suture

truncate mala
median endocarina
extending anterad
of epicranial stem

frontal arms v-shaped

subparallel and
diverging
hypostomal rods

long epicranial stem
\/ (endocarina beneath)

Figure 20 R Figure 88

_—————nbidentate apex

/—bidentate apex
serrate incisor ——————accessory
edge chambers
2 to 5 hyaline
processes, fixed, hyaline
sometimes process with
ioi brush of hairs .
ioined at base at apex ' Annular Biforous

Figure 59 Figure 62 Figure 197
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230", Epicranial stem moderately long (fig. 20); maxilla with single mala (fig. 99);

cardines completely fused forming single plate (fig. 97); posterior edge of

head capsule not or only slightly emarginate dorsally; ratio of antennal

length to head width less than .15; spiracles A1-7 undulate, placed at the

ends of short lateral processes (fig. 209); plastron plates absent. In leaf litter,

flood debris, ant 1efUSe REAPS .ccovverirevrirerererrcitceenr i e s e (part) Chelonariidae p. 394
231(193'). Epicranial stem moderately long (fig. 14); apex of mala falciform (fig. 105);

urogomphi articulated at base (fig. 162); posterior edge of head capsule not

or only slightly emarginate dorsally; ratio of antennal length to head width

more than .5. In leaf litter, rotten wood, carrion, dung, under bark ...................... (part) Staphylinidae p. 341

ligula forming sclerotized,
wedge-like 4-dentate plate

,——2-segmented labial palp articulated mala

4-segmented maxillary palp

2-segmented, palpiform
galea and blade-like
lacinia

postmentum
almost
completely

fused to maxillae
(sutures
incomplete)

labium almost -
completely fused to/

maxillae N\ 1 -/

cardines closely approximate,

cardines fused, forming separated by membranous area

single plate
Figure 97 Figure 99

lacinia fixed
galea articulated

3
falciform
2 mala postmentum
palpifer completely
connate
1 stipes with stipites
maxillary articulated, stipes
articulating segmented
area urogomphus
cardines
cardo contiguous
Figure 105 Figure 162 Figure 100

plastron plate

P L addd o] P TLald (T2 I
vy

Figure 142 Figure 144 Figure 209 Figure 213

gpiracle
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231", Epicranial stem absent or very short; apex of mala rounded or truncate;
urogomphi fixed at base; posterior edge of head capsule distinctly emarginate
dorsally; ratio of antennal length to head width less than .15. In fungus

frUILING DOGIES ..evvieececnctiecireeer e sr bbb sea s (Peltinae part) Trogossitidae p. 448
232(193%). Legs more or less reduced with 4 segments or fewer; head strongly retracted

(BB, 9] et et et bttt e s ben b esebe st e et e bt ete s et erssnensaenssesesaes 233
232, Legs not reduced, with 5 segments including tarsungulus (fig. 126); head

protracted or slightly retracted (fiZ. 8) ..occvveiririeieececceecciee ettt eecens e eener st ssaessesassssssesnas 235

233(232).  Head distinctly longer than wide, narrower posteriorly; epicranial stem not
located in broad furrow; cardines completely fused with labium. Under bark,
in living or dead WOOd ........cccoveviieieireiieiceete e (Lamiinae part) Cerambycidae p. 556

coxa

head retracted

trochanter
l femur

hypognathous tibia

prognathous tarsungulus
Figure 6 Figure 8 Figure 9 Figure 10 Figure 126
rounded, spine-like,
cleft fixed galea fixed lacinia
3
2 mala truncate,
cleft apex with
dentate rigge of 1 2 teeth at inner 3
frons projecting angle
over clypeus palpifer 2
median endocarina "
extending anterad ma’x ary
of epicranial stem ) paip
(and bletween stipes palpifer
frontal arms) maxillary
epicranial stem articulating
in furrow area
cardo
Figure 17 Figure 106
truncate mala Figure 215

maxilla and

divided tergal
mandible removed

plate

stipes

maxillary
articulating
area
e hypopharyngeal
cardo bracon

_ median process
short hypostomal . between
rod urogomphi

’ X Dorsal
Mouthparts Retracted Figure 172
Figure 85



233"
234(233").
234'.

235(232).

235"

236(235).

236'.
237(235').

237

238(193%).
238"
239(238).
239",

240(239).

Ventral Mouthparts
Strongly Protracted

Figure 92 Figure 95

ORDER COLEOPTERA 253

Head not or only slightly longer than wide, not narrowed posteriorly; epicranial
stem located in broad furrow for attachment of retractor muscles (fig. 17);
cardines separated from each other by labium (fig. 95) ..o 234

Occipital foramen not divided; apex of mandible parallel or oblique to plane of

movement, its cutting edge straight and not gouge-like. In living or dead

COMIFET WOO .eveeereeecreeieiitieniseestesarrsneseeeseetsssisassbentasansnesseaas s letsaeeriontinnnrnaasass (Aseminae) Cerambycidae p. 556
Occipital foramen divided into 2 parts by tentorial bridge (fig. 95); apex of

mandible perpendicular to plane of movement, its cutting edge rounded and

gouge-like (fig. 48). Under bark, in living or dead wood .voveeciinne (Cerambycinae part) Cerambycidae p. 556
Head prognathous or slightly declined (fig. 8); ventral mouthparts protracted

(fig. 92) or only slightly retracted; stipes wider than long; gula longer than

wide (fig. 92); apex of mandible with single lobe or tooth; body surfaces

smooth and vestiture consisting of simple 5etae Or hairs ...ccociiiii 236
Head moderately to strongly declined (hypognathous) (fig. 10); ventral

mouthparts retracted (fig. 85); gula wider than long (fig. 85); apex of

mandible trilobed or tridentate; dorsal surfaces of body granulate or

tuberculate or vestiture including barbed hairs (spicisetae, fig. 6) ..o 237
Hypostomal rods extending to posterior edge of head. In galleries of wood-

boring insects. Exotic (New Zealand, Madagascar) .......ccoooiumisimseiseiescnsiinninisnins Chaetosomatidae p. 450
Hypostomal rods, if present, not extending to posterior edge of head ....ccoecenviiiiiciininenns (part) Cleridae p. 450

Maxilla with single mala, sometimes cleft or with 1 or more teeth at inner

apical angle (fig. 106); segments in maxillary palp 3; segment A10 concealed

from above; vestiture consisting of fifle hairs or setae only; anal region

posteroventrally oriented; dorsal surfaces usually granulate or tuberculate. In

fungus fruiting BOGIES .....ocvirvivrmmivsrisisie e (part) Erotylidae p. 473
Maxilla with separate galea and spine-like lacinia (as in fig. 215); segments in

maxillary palp 4; segment A 10 distinct and visible from above; vestiture

including barbed hairs (spicisetae, fig. 6); anal region posteriorly or

terminally oriented; dorsal surfaces smooth. On a variety of animal and plant

products, inCluding CAITION ..veevecerineeerineriniiinsi st (Dermestinae) Dermestidae p. 434
Stipes longer than wide; ventral mouthparts retracted (fig. 87) oo 239
Stipes wider than long; ventral mouthparts strongly protracted (fIZ. 92) et 246
Tergum A9 without divided plate or median process between UTOZOMPHI ...vviiiiinerireeieir s 240

Tergum A9 with transversely divided plate and median process between

urogomphi (fig. 172); sclerotized plate on tergum A9 transversely divided

(fig. 172). Under bark, in rotten wood, fungus fruiting bodies, stored

PIOGUCES ©vvrerereiiisiitseesntsss ettt st s bbb b s (Lophocaterinae) Trogossitidae p. 448
Gular region absent (labium contiguous with thoracic membrane) (fig. 96);

antennae very short, with sensorium on segment 2 much longer than reduced

3rd segment; apex of mandible multilobed or multidentate; stemmata on

€ACH SIAE 1 .eiiceirreieiie e cteeesrre s ee e bi et e e s n st s e a s s (Orsodacninae) Chrysomelidae p. 568

mala stipes

cardo membranous cardo
or absent

gula

long, diverging
hypostomal rods

tentoriai
bridge

occipital foramen

elongate gula (divided into 2 parts)

Eine 4R R7 QR .
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240'. Gular region present (separating labium from thorax) (fig. 85); antennae

longer, with segment 3 longer than sensorium; apex of mandible usually

bidentate; stemmata on €ach SIAE 4 OF MOTE ...cccvveiieicirereieieecieeicae e e e s s eseresssenessnetssessssansnessrosases 241
241(240"). Mesal surface of mandibular base with pubescent, membranous area (fig. 64); 2

pairs of hypostomal rods present, one subparallel and the other diverging (fig.

88); terga T1-3 and terga A1-9 each with distinct pigmented plate. In

fungus fruiting Bodies .........cccoevverrrrvnvcrenrer s (Eustrophinae part) Melandryidae p. 505
241", Mesal surface of mandibular base with 1 or more hyaline processes (figs. 58—

61); single pair of hypostomal rods present (fig. 89); thorax and abdomen

with tergal plates on some segments only, and these usually paired ..........c.ccocecvereveieseneeieeeiesssenseeeserenesens 242
242(241°).  Gula wider than 10ng (fig. 85) ..ovocoeieirerircrcnr et reresersesaestsese st st ssse st nt st s sts e sassasseasbasssassbassssnssssassnsstasons 243
242, Gula longer than Wide (fig. 92) c.cocvvvvvreiivrrccesrrrrcrer et saes e e r et bbb e s e se e as b s b assssababanebenssesnes 245

243(242). Labial palps 1-segmented; mesal surface of mandibular base with single, acute,
hyaline process (fig. 58); urogomphi approximate, arising from elevated

common base. In leaf litter. Exotic (South temperate regions) ................... (Rentoniinae) Trogossitidae p. 448
lobe-like uncus ’ l———z-segmented labial palp

A

truncate mala
W
stipes g\
stipes

gula

subparallel and
diverging
hypostomal rods

short, converging
hypostomal rods

Figure 88

Mouthparts Retracted
Figure 87

falciform mala
maxillary palp

maxillary articulating
area absent

labium

labium free to
base of mentum

gular region absent
(labium contiguous
with thorax)

maxillary
articulating area

hypostomal rods
moderately long
and diverging

thoracic membrane

occipital foramen

Mouthparts Retracted

Figure 89 Figure 96
/—bidentale apex
—— apex of mandible o
truncate with serrate incisor
gouge-like cutting edge
edge fixed, rigid
hyaline process 2 to 5 hyaline
processes,
sometimes

joined at base

Figure 48 Figure 58 Figure 59




243",

244(243").

244'.

245(242").

245'.

- 246(238").

246'.

247(246").

247",

Figure 60

ORDER COLEOPTERA 255

Labial palps 2-segmented; mesal surface of mandibular base with 3 acute,
hyaline processes (fig. 59); urogomphi distant at base, strongly curved, with
apices SHZhtly CONVETZING ....ooiviiimiieisirensrsrirssi sttt bbb 244

Frontal arms distinctly lyriform, each with an acute angle at middle (fig. 25);

terga A6-8 without paired sclerotized plates. Under bark or in fungus

fruiting bodies. EX0tic (EUTOPE) ..ec.vviivireriimiicsimsss st esss e sses Phloiophilidae p. 447
Frontal arms only slightly, obtusely angulate at middle; terga A6-8 with paired,

sclerotized plates. Under bark or in fungus fruiting bodies. Exotic (New

Zealand) ...ccvveeireeie e s e e (Protopeltinae) Trogossitidae p. 448

Urogomphi with accessory processes (fig. 169); head transverse; tergal sclerites

of mesothorax indistinct and separated by more than their width; sclerotized

plate on tergum A9 with raised rim. Under bark, in rotten wood, fungus

FIUItING DOGIES ©.veveveerrreremrreirisi ittt (Calitys) (Calitinae) Trogossitidae p. 448
Urogomphi without accessory processes; head subquadrate or longer than wide;

tergal sclerites of mesothorax distinct and separated by much less than their

width; sclerotized plate on tergum A9 without raised rim. Under bark, in

rotten wood, fungus fruiting bodies, stored products ...........ccoooeineiiiinnies (Trogossitinae) Trogossitidae p. 448

Sternum A9 completely concealed beneath sternum A8 (fig. 164); hypostomal
rods long and diverging (fig. 92); apex of mandible tridentate (fig. 60); mesal
surface of mandibular base with 1 or more hyaline processes (fig. 60); A8
spiracles located at posterior end of segment and facing posteriorly (fig. 168).
In flower heads, rotting wood, funggs fruiting bodies ........cccevnminiiniinnininnnrnene (part) Phalacridae p. 466

Sternum A9 partly or entirely exposed; hypostomal rods, if present, short or
subparallel; apex of mandible with fewer than 3 tecth or lobes; A8 spiracles
laterally placed and OTIENLEA ........ccooivimiiiiuiesrimsrs st st 247

Apex of mandible with single lobe or tooth; gula longer than wide (fig. 92);
maxillary articulating area absent. Under bark, in dead wood, leaf litter,
101 174 TP O OO T U PO TSIV IO (part) Cleridae p. 450

Apex of mandible bilobed or bidentate; gula wider than long (fig. 85); maxillary
articulating area present (fig. 85). Under bark, in living or dead wood ..........
.................................................. ereresrereseeeresseseesensstsorsssesssnsnsenssennnseneess(L@pturinae part) Cerambycidae p. 556

membranous
lobe fringed

2 to 5 hyaline with hairs

processes, —fixed hyaline
sometimes process, bifid
joined at base and fringed

Figure 61 Figure 64

sternum 8 sternum 9 and

segment 10
concealed tergum 8

tergum 9 .
hinged 0 p——spiracular
tube

tergum 9 N
(urogomphal pregomphus

plate) bifid accessory processes

Ventral Dorsal urogomphus Dorsal
Figure 164 Figure 168 Figure 169
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248(3").
248",
249(248).
249",
2492,
2493,
250(249).

250"

251(250).

251",

252(251").

252",

253(249").

ORDER COLEOPTERA

Tergum A9 without paired processes (UFOZOMPRI) ......oooiiiiiiiiiiinirrri it 249
Tergum A9 with paired processes (urogomphi) (figs. 162, 166—185, 217) .o e, in
ANEENNAL SEEMENLS | oovovirvrureiiirereceeeerrcrt sttt cseae e et ebe e ase s b e s ot s mabebe b e b s e bbb s b et bn i 250
Antennal segments 2 (See 3rd and dth CROICES) ..........cccovviiimmicciiiinincce e sreere st araes 253
Antennal segments 3 (minute antennae may appear only 2-segmented) ... 261
Antennal segments 4 or more

Abdominal terga without patches of asperities; frontal arms present (figs. 20,
22); segment A10 without oval lobes separated by longitudinal Sroove .......cocecoiiiiiniinicnencninienn 251

Abdominal terga with patches of asperities on 1 or more segments (fig. 142);
frontal arms absent; segment A10 with pair of oval lobes separated by
longitudinal groove (fig. 193). In fungus fruiting bodies, rotting wood, stems,

Legs distinctly 5-segmented (fig. 126); frontal arms lyriform (figs. 22, 25);
molar surface with numerous, fine ridges (fig. 74); ratio of antennal length to
head width greater than .15; body relatively straight or slightly curved
ventrally, flattened, ovate, and heavily pigmented dorsally. On bark or rock
surfaces, in moss. Exotic (Old World) ........cccvvecrnmiiennicniinsiveninnineiienne (Leiochrini) Tenebrionidae p. 520

Legs with 4 segments or fewer (possibly with an additional coxal lobe); frontal

arms, if present, V- or U-shaped (fig. 20); molar surface simple (fig. 69);

ratio of antennal length to head width less than .15; body strongly curved

ventrally (C-shaped), more or less elongate and lightly pigmented ..., 252
Legs 4-segmented; mandible with aggessory ventral process (fig. 75). In flowers

of Delphinium (Ranunculaceae). Exotic (Eurasia and northern

ATTICA) cooviriireieieie et sttt n e s e se e saessan et s et sb e b barenn b e s nean (Nemonyx) Nemonychidae p. 585
Legs with 2 segments or fewer; mandible without accessory ventral process. In

fungus fruiting bodies, dead wood, stems, VINES, €LC. ....ccorervererreininrnrnieriree st (part) Anthribidae p. 586
Segments of T2 leg 6 including single claw (fig. 125); head with median

endocarina extending anteriorly almost to edge of clypeus (fig. 21); ligula

sclerotized and wedge-like (fig. 117). Probably in rotten wood ...........ccccovueuenns

labrum

frontoclypeal suture

/ median endocarina
extending anterad median endocarina
of epicranial stem extending
anteriorly almost
to frontoclypeal
suture

frontal arms v-shaped

long epicranial stem
\_/ (endocarina beneath)

Figure 20 Figure 21

frantoclypeal suture
absent

“N e

connecting membrane
in antennal fossa

frontal arms tyriform lyriform frontal arms

median endocarina paired endocarinae

extending between mesad of frontal arms
frontai arms

(epicranial stem

Figure 22 absent) Figure 25

Flags. 1B88-1AK- Caa nanae 240 AEE ASE AYPE
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253", Segments of T2 leg 5 including tarsungulus (fig. 126); median endocarina, if

present, not extending far anteriorly; ligula not forming wedge-like sclerome ..........cocoevvvecerverevresireenenn. 254
254(253'). Spiracular gills (transparent vesicles, gill tufts, or segmented, spiracle-bearing

processes) present on abdomen or thorax and abdomen (figs. 152, 211, 212);

length less than 3mm (2mm in North American forms); AQUALIC ...ovveviveeieeineieicticceece et eeec e reees e 255
254", Spiracular gills absent; length usually more than 2mm; terreStrial .o.vvveiuieirieiseesieceeeecesneeeeeeeeeeeeseeeseesneees 256
255(254).  Segmented spiracular gills (fig. 152) on segments A1-8; ratio of antennal

length to head width more than .2. On rocks in streams or near waterfalls.

Exotic (Brazil, South Africa, Madagascar) .........ceeceeiveeeencriniirceereeeeeereesseeenen (part) Torridincolidae p. 302
255", Vesicular spiracular gills (fig. 211) on raised spiracular tubes on A1-8; ratio of

antennal length to head width more than .2. In sand, gravel, or mud at edges

of streams (5ee 3rd ChOICE) ..........ovcvvruiierriictiieie et aann

premolar lobe

or tooth

molar surface
transversely ridged

rows of
microtrichia:;{

molae strongly asymmetrical

serrate incisor edge

prostheca a fixed,
hyaline, serrate
process

tuberculate
mola

accessory ventral process

Figure 74 Figure 75
articulated, /
segmented
urogomphus .
ad PR
molar surface ’ )
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Figure 162
Figure 69 coxa , \
, Figure 142
coxa
ligular trochanter
: sclerome
\ / 1-segmented
labial palp femur trochanter
prementum
tibia femur
tarsus
tibia
Figure 152

Figure 117
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single claw

Figure 125

anal
opening

0

Figure 211

oval lobes and
longitudinal groove

Figure 193

—-tarsungulus

—
Figure 126 _~ /,_.\A
e _— .
Z N\
7\
E \\\
urogomphi
Figure 212 Figure 217
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2552, Vesicular (fig. 211) or rarely tufted (fig. 212) gills present on raised spiracular

tubes on T1, Al and A8; spiracular tubes on segment A8 long and

posteriorly projecting (fig. 161); ratio of antennal length to head width less

than .15. On alga-covered rocks or in sand and mud in streams, pools, or hot

SPIINES vrecreueeseriee ettt et bt bbb as b bR A RS s b (part) Hydroscaphidae p. 303
256(254'). Body broadly ovate, strongly flattened, and disc-like (as in fig. 2); head

concealed from above by T1; segments in maxillary palp 2. Under bark, in

fungus fruiting bodies, in leaf litter. Exotic (Neotropical and Old World);

possibly in southern United States ..........cccoovvviiririeninmnieren e .... Discolomidae p. 481
256", Body more or less elongate; head not concealed from aboOVe ......covvimeemeiiieicnicii e 257
257(256’). T3 leg reduced and 1-segmented (fig. 131); spiracles cribriform (fig. 208). In
POTEEIT WOOM .eveievirieiiiesiiosiineseeesesrasrsatenssssseesaranntesasitansesasineessensesessnsatssntanssashesnsnsavsnossesrestsestssss Passalidae p. 375
257, T3 leg not reduced; spiracles not CHBIIfONI ........voiviviiiiiimiiii e bbbt 258
concealed
head
hypognathous
Figqrve‘4 Figure 8
Figure 2 Figure 10
clypeolabral
suture

nasale (labrum
fused to clypeus

and frons)
frontoclypeal
suture
v-shaped lyriform frontal

frontal arms arms

frontal arms
distant at base
(frons reaches
posterior edge
of head)

long epicranial

J stem

Figure 13 Figure 16

frontoclypeal suture reduced.metathoracic
,7 absent leg forming plectrum

frontal arms lyriform

paired endocarinae
coincident with
bases of frontal arms

~

bases of frontal ‘
arms contiguous

posterior edge of head capsule '
distinctly emarginate

Figure 24 Figure 131 Figure 138

——Figs. 75, 211, 212
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258(257'). Head strongly declined (hypognathous) (fig. 10), globular; prothorax enlarged
and swollen dorsally, forming a hood-like structure over head; ratio of
antennal length to head width less than .15; body elongate and cylindrical.

Tunneling in WOOd ......cceceeiiiimiiiici ettt ene (part) Lymexylidae p. 446
258, Head prognathous or slightly declined (fig. 8); prothorax not enlarged and

hood-like; ratio of antennal length to head width more than .15 ... 259
259(258'). Frontoclypeal suture present (fig. 13); hypostomal rods absent. In rotten wood,

fungus fruiting bodies, leaf ltter ... (part) Tenebrionidae p. 520
259", Frontoclypeal suture absent (fig. 24); hypostomal rods long and diverging (figs.

89, 92) ettt et e a e e s et E sk s bR SRR LR AR R LR e R e R e R e R A e RS R et b s R ke R e R e s 260

260(259'). Frontal arms separated at base (fig. 16); mala rounded or truncate (fig. 92);

large paired gland openings on terga Al and A8 (fig. 138); body more or less

oblong, fusiform, vestiture including expanded or clavate setae (fig. 4). In

leaf litter, on surfaces of fungi and molds .........cooeccrvvvviiiniiniii (part) Corylophidae p. 495
260'. Frontal arms contiguous at base (fig. 24); mala falciform (fig. 89); abdomen

without paired gland openings; body elongate and more or less parallel-sided;

vestiture consisting of simple setae. Under bark, in leaf litter, in stored

PLOAUCES cevveeeriuireaceemeeroeerietrimtisse sttt sb et s s e b bt e nrs drasseas b e b banssassnsbninbaes (Silvanini part) Cucujidae p. 463
261(2492).  ProSTRECA ADSENT ....vvoeeiireiiecieieieiee sttt b ettt sae st s r e Rn s bbb d s b a bbb R b e R AR 262

gr:::‘gfeca prostheca a

membrar;ous fixed, hyaline

lobe process, narrow
at base and

—— mola acute at apex

(pseudomota)
J: \ 3 —— molar surface

\—- penicillus or o\ asperate
brush of hairs .

serrate incisor edge

prostheca a fixed,
hyaline, serrate
process

tuberculate
mola

accessory ventral process A- accessory ventral process
Figure 72 Figure 75 Figure 78

sieve plate
prostheca \\\‘
o a brush of ecdysial \\\\
comb-hairs scar D

molar surface

transversely fringed, bulla
ridged membranous
prostheca
accessory ventral process Cribriform
Figure 80 Figure 84 Figure 208

falciform mala

labium free to
base of mentum

cardo membranous
or absent

maxillary
articulating area

long, diverging
hypostomal rods
hypostomal rods
moderately long
angd diverging

elongate gula

Ventral Mouthparts
Mouthparts Retracted Strongly Protracted

Figure 89 Figure 92




260

261,
2612,

2613

2614,
2615.
262(261).
262’
2622,
2623,

263(262%).

263'.

264(263").

264'.

265(262).
265'.

rounded mala

maxillary articulating

area

long, subparallel
hypostomal rods

ORDER COLEOPTERA

Prostheca a brush of simple or complex hairs (fig. 80) (see 3rd thru 6th choices) ..........ococvieeiniiniciinnninns 286
Prostheca a fixed, rigid, hyaline process (figs. 75, 78) sometimes partly

sclerotized and sometimes appearing artiCulated ..o 287
Prostheca consisting of 2 hyaline processes; length less than 2.5mm; paired

gland openings (fig. 139) on terga Al-7. In leaf litter, on surfaces of fungi .......... (part) Corylophidae p. 495
Prostheca a simple, membranous lobe (fig. 72) w..viiieriiniiiiinn sttt 303
Prostheca a membranous lobe fringed with simple or complex hairs (fig. 84) ..o 306
TErBUIN AD SIMPIE ..rvvrecrriiisiiieiniiire s siressssbsenssebs st R oSS
Tergum A9 with median process (figs. 158, 159) (see 3rd and 4th choices)
Tergum A9 with concave, terminal disc (fig. 160) ....ccvvrimmmiminieiiieinniciie s

Tergum A9 complex, with several sclerotized processes (fig. 180) ....ovruurimuiriniicimnmmmiinscnmsimisnsinseiens
Sternum A9 simple; frontoclypeal suture present (fig. 13). In rotten wood

Sternum A9 with asperities at base (figs. 180, 182); frontoclypeal suture absent

(IB. 24) 1tvervuruereeseemeeme e eetb e bbb es SRR R RS S LR R 264
Hypostomal rods present (fig. 85); sternum A9 with 2 basal asperities on each
side. Exotic (Old WOrld) ....cccccorninieinieie e (Trogocryptinae part) Othniidae p. 547
Hypostomal rods absent; sternum A9 with doubly curved row of basal asperities
(fig. 180). In rOtten WOOL .....ccooeriiremiivnniscsnieenn st (Pythinae part) Pythidae p. 539
Maxilla with single mala (figs. 86, 106) .....ocurieiiersiiemiiereeriei it 266
Maxilla with galea and lacinia (figsa100, 111) vt s 276
labial palps narrowly lobe-like uncus

separated; ligula absent

stipes

short, converging
hypostomal rods

Mouthparts Retracted

Figure 86 Figure 87
truncate mala
lacinia fixed
galea articulated
ligula
stipes maxilia and postmentum
mandible removed completely
maxillary connate
articulating with stipites
area h h |
ypopharyngeal .
cerdo bracc‘:n Y stipes
short hypostomal
guia rod
o cardines
conti
Mouthparts Retracted ntiguous

Figure 85 Figure 100

Claun B 44 A AS A =, =ma am as =a co-



ORDER COLEOPTERA 261
266(265).  Head moderately to strongly declined (hypognathous) (fig. 10), globular; T1
enlarged and swollen dorsally (hump-like); body very elongate, with abdomen
more than 5 times as long as thorax; patches of asperities on lateral portions
of all thoracic segments and on apex of tergum A9, which is blunt and
rounded. TUNNElNE iN WOOM ...vovmiuirimiiimniieieissiserst et (part) Lymexylidae p. 446
266'. Head prognathous or slightly declined (fig. 8); body not as elongate; without
other Characters in COMBINAION .uvvevieerirrreemeireseresiieeni sttt e e se s R n LSt 267
267(266').  Ventral mouthparts strongly protracted (fig. 92); gular sutures long, subparallel,
with heavily sclerotized internal ridges; large paired gland openings almost
always present on terga Al and A8 (fig. 138), A2 and A8, or A1-7; vestiture
always including some modified setae (barbed, frayed, star-shaped). In leaf
litter, on surfaces of molds and other fUngi ..o (part) Corylophidae p. 495
267'. Ventral mouthparts retracted (fig. 86); gular sutures shorter and without
obvious internal ridges; dorsal glands absent or inconspicuous; vestiture
almost always consisting Of SIMPIE SELAE ..uwvuuirmucruriimitiinirnr s 268
cleft .
fixed, fimbriate
3 y
galea
2 mala truncate,
cleft apex with fixed lacinia
1 2 teeth at inner
angle
palpifer .
stipes
maxillary
articulating Figure 139
area
cardo
Figure 106 Figure 111 /
concave disc
or pygidium tergum 8
acute, spine-like
median process
spiracular
tube
= anal hooks on
segment 10
vesicular
Figure 159 Figure 160 spiracular gill
doubly curved row basal Figure 161
of basal asperities asperities

sternum 9

sternum 9 anal region

tergum 9 (usually detached

at this point)

deciduous median
process

accessory

processes%

Ventral
Figure 180

process
Ventral

Figure 182

Figure 158




262

268(267").

268'.

269(268).

269'.

270(269).

270",

ORDER COLEOPTERA

Hypostomal rods absent; frontoclypeal suture present or head asymmetrical,
with long epicranial stem and Y-shaped endocarina (fig. 23), and mandibular
molae strongly asymmetrical with transverse ridges (fig. 74); length usually

MOTE LhAN 10 ML cotevciiiiieniieeienieniise it ssse e e sseesbassaseeaes b esitesabasassentssenssentsretsessbeesstensssestaessanerberersesonsersass

Hypostomal rods present (figs. 86, 87); frontoclypeal suture absent; head
symmetrical, without or with very short epicranial stem and lyriform frontal
arms; mandibular molae occasionally asymmetrical but without transverse

ridges; length usually less than 10 MM .....ocoeoiriecrrccrr e e st reereesessrese e bestesassnesssntones 272

Epicranial suture with a Y-shaped endocarina located beneath the stem and
bases of the frontal arms (fig. 23); frontoclypeal suture absent (sometimes
weakly impressed); spiracles annular-biforous (fig. 197); head usually
asymmetrical (if not, paired ventral prolegs present on abdominal sterna

23, 38 OF 2o8) eoooveveveeeeoeeeoeeeseseseeeeseeseeeseesemssemsmess e eee et reesremsioee s ses e eres e seseresessmeaesresesessresine 270

Epicranial suture without Y-shaped endocarina; frontoclypeal suture distinct
(fig. 13); spiracles annular (figs. 194, 195) or annular-multiforous (fig. 200);

VENLral PrOlEES MEVET PIESEIIL ...ovicirierireirireereniereerracrsecseesneeesnestsaeasesssssesnenesanssretosastsnassnestsstsssabsesssosstssesssasssss 271

Frontoclypeal suture absent or vaguely indicated; hypopharyngeal region with a
columnar prehypopharynx located just in front of sclerome; paired ventral
prolegs (asperity-bearing ampullae) (fig. 149) usually present on sterna A2
and A3, A3-4 or A2-4; spiracles annular (figs. 194-195) or annular-

multiforous (fig. 200). In rotten Wood .......ccccecnenieseiennienienesine e reeee e sn e

Frontoclypeal suture present (fig. 13); hypopharyngeal region without
prehypopharynx; paired ventral pr,olegs absent; spiracles annular-biforous

.... (part)

Oedemeridae p. 534

(fig. 197). In rotten wood ..........lliciiiiee (Nematoplus) (Nematoplinae) Cephaloidae p. 529

clypeolabral
suture

frontoclypeal
suture

v-shaped
frontal arms

long epicranial

\/ Figure 23
stem

«~— Figs. 86, 87

frontoclypeal suture

endocarina y-shaped,
coincident with
epicranial stem

and frontal arms

Figure 13 {{ .5, L ,}}
/ bidentate apex < : ; :
‘ .
% iy ciy
mola reduced, N o
transverse ecdysial sub-basal, with 14 .
line connecting few asperities X
frontal arms Figure 70 Figure 134
apicranial stem b or
J bent to left Figure 149
Figure 15



271(269).

271",

272(268").

272
273(272).

273",

ORDER COLEOPTERA 263

Abdominal terga with rows of asperities (fig. 144); head heavily sclerotized
with 5 well-developed stemmata on each side; frontoclypeal region produced
on each side to form a plate; frontal arms joined anteriorly by transverse
ecdysial line (fig. 15). On lichens and mosses. Exotic (New Zealand,
AUSETALIA) 1vvovverssesesremserocenssiantssanesasssses s sebss s s AR e Chalcodryidae p. 520

Abdominal terga without rows of asperities; without other characters in

combination. Under bark, in rotten wood, soil, leaf litter
Segments in labial PaIP 1 (fig. 91) wrrereruimuinmimmisisssssestnnnmens s e 273
Segments in labial palp 2 (figs. 88, 94, 97); spiracles annular (fig. 194) oo 274
Mandibles asymmetrical; mola well-developed, with tubercles or asperities

extending onto ventral surface (fig. 73); setae on tarsungulus 2; spiracles
annular. On fungus fruiting bodies ....evveiiiiniicen (Thrimolus) Mycetophagidae p. 498
Mandibles symmetrical; mola reduced, bearing a few tubercles which do not

extend onto ventral surface; setae on tarsungulus 1; spiracles annular-
biforous (fig. 197). In fIOWETS ceeivmrrieiicencniinnisnriimssi sttt (Cateretinae) Nitidulidae p. 456

surface tuberculate

premolar lobe
or tooth
i molar surface
o transversely ridged

tubercles or
asperities
extending onto
ventral surface

rows of
microtrichia

molae slightly asymmetrical molae strongly asymmetrical

Figure 73 Figure 74

2-segmented labial palp
) A rounded mala

truncate mala

1-segmented

labial palp
stipes
cardines
strongly oblique
subparallel and or longitudinal
diverging
hypostomal rods
Figure 88 Figure 91
P ] :w,vv—vw.,
_—— ——accessory
chambers accessory
chambers
Annufar Annular Annular Biforous Annular Multiforous
Figure 144 Figure 194 Figure 195 Figure 197 Figure 200

Figs. 94, 97: See page 225.
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274(272'). Stemmata on each side 1, each stemma with a well-developed lens; antennal

segment 2 more than 2.5 times as long as segment 1; sensorium dome-like

and partly surrounding segment 3; mola sub-basal, reduced, usually with a

hyaline lobe or brush of hairs at base; tarsungular setae 2 (1 long and 1 very

short); dorsal body surfaces smooth, with vestiture of scattered, long, simple

SELAL uiiiiiiiiiiiiiiitiietite sttt s e e ree e s rae s e s ne e b e et a s b e et e et b e bt e nte st s senesantesatesentsrntesmneranraans (part) Aathicidae p. 552
274, Stemmata on each side 3 or 0; antennal segment 2 less than 2.5 times as long as

segment 1; sensorium conical, often longer than segment 3; mola well-

developed and extending to base of mandible; tarsungular setae 1; dorsal

body surfaces more complex, usually with transverse rows of protuberances

bearing groups of setae or simple or branched ProCeSSES ........ooevreevreeeiieiieeiiceeeieererreseesesne s setsresssorsrocanons 275
275(274").  Cardo and stipes fused; mola reduced, sub-basal, and simple or asperate (fig.

70); dorsal surfaces of abdominal segments usually with transverse row of 6

protuberances, which may bear setose or branched processes (fig. 134); tibiae

enlarged with group of spatulate setae at apex. On plant surfaces ............cooveee.... (part) Coccinellidae p. 485

275", Cardo and stipes distinct; mola well-developed, tuberculate, and extending to
base of mandible; dorsal body surfaces smooth, without protuberances of any
kind, clothed with scattered, simple setae; tibiae not enlarged, without
spatulate setae. In soft fungi, under bark, in leaf litter ..........ccccoveervvrrerereernenn.
.......................................................................................... (Merophysiinae and Leiestinae) Endomychidae p. 482

276(265'). Mandibular apex multidentate; spiracles annular; dorsal body surfaces covered

with elongate, setiferous tubercles (fig. 3). Under bark of rotten logs ...................... (part) Eucinetidae p. 364
276'. Mandibular apex unidentate to tridentate; spiracles cribriform (figs. 205-208),

or occasionally biforous (fig. 202); dorsal body surfaces without setiferous

BUBETCIES ottt ser e b bbbt e st et st s st s e e e e neeneensnenene 2m

277(276"). Stemmata on each side 5; stemmata large, each with well-developed lens;
segments in maxillary palp 3; head prognathous or slightly declined; ratio of
antennal length to head width less than .15; body relatively straight or
slightly curved ventrally, heavily pigmented dorsally; ventral epicranial ridges
present (fig. 93); labium almost completely connate with maxillae (fig. 100).
In sand or mud along StrEAMS ....coceeervveririireriiierieeee ettt eae e eaeasaes (part) Heteroceridae p. 402

el

transverse plicae

anai opening

anal lobes

l

Figure 192
hypognathous
Figure 3
Figure 10 lacinia fixed
mala setose sternal lobes galea articulated
Figure 136
postmentum
stipes completely
postmentum connate connate
with stipites with stipites
ventral epicranial
ridge stipes
] cardines fused to
/ form single plate
gular sutures fused i
cardines
contiguous
Mouthparts Retracted
Figure 93 Figure 100

—— Figs. 70, 134
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277", Stemmata absent or consisting of single reduced pair; segments in maxillary
palp 4; head moderately to strongly declined (hypognathous) (fig. 10); ratio
of antennal length to head width greater than .15; body strongly curved
ventrally (C-shaped), lightly pigmented; ventral epicranial ridges absent;

labjum completely free or only basally connate with maxillae (fig. 89) oo 278
278(277"). Tormae of epipharynx not united mesally (fig. 41); last abdominal segment
without fleshy lobes around anus; tergum A3 with 4 transverse plicae bearing
patches of short, stout setae. In soil (North America, West Coast) .......... (Pleocominae) Scarabaeidae p. 377
278", Tormae of epipharynx united mesally (fig. 40); last abdominal segment usually
with fleshy lobes around anus (fig. 192); tergum A3 with fewer than 4
279

transverse plicae (fig. 136), with or without patches of StOUL SE1AE ..covciccinerciiis e
279(278').  Anterior edge of labrum with 3 truncate lobes (fig. 35); 3rd antennal segment

almost as long as 2nd, and bearing a sensorium and apical process

representing fused 4th segment (fig. 34); stridulatory organs formed from

pro- and mesothoracic legs. In 80il, QUNE ....oevveveieniiiiiiiiieeeene
279’ Anterior edge of labrum without 3 truncate lobes; 3rd antennal segment much

shorter than 2nd, which bears 1 or more sensoria (as in fig. 29); stridulatory

organs, if present, formed from T2 and T3 legs ......ccovrvenierirennenns eeeeesetr ettt bt st bR b oS sa s s R e R s R R Rane

(Hybosorinae) Scarabaeidae p. 377

tormae not

united mesally
tormae united
mesally

labral apex with
3 truncate lobes

/ A\

Figure 35

Figure 40

sensorium and apns:al falcitorm mala
process representing
segment 4

labium free to
base of mentum

i maxillary
paired articulating area
openings
) hypostomal rods
connecting membrane moderately long
of antennal fossa and diverging
_—— ecdysial scar
Biforous Mouthparts Retracted
Figure 34 Figure 202 Figure 89
sieve plate

sieve plate :2233

sieve plate

ecdysial scar

r___
bulla \§

- ecdysial
scar
Cribriform Cribriform Cribriform Cribriform
Figure 205 Figure 206 Figure 207 Figure 208

Fig. 29 ——
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280(279"). Tergum A3 with 3 distinct transverse plicae (fig. 136), each bearing one or

more rows of short, stiff setae; T2 and T3 legs not forming stridulatory

organs; head much more darkly pigmented than body (except for T1 shield);

spiracles cribriform (fig. 205) or biforous (fig. 202). In carcasses ................... (Troginae) Scarabaeidae p. 377
280'. Tergum A3 with 2 transverse plicae which do not bear rows or patches of stiff

setae or asperities; head and body very lightly pigmented; legs often with

fewer than 5 segments, T3 legs sometimes greatly reduced; T2 and T3 legs

usually forming stridulatory organs. In burrows in ground (see 3rd

choice) ........... e re e e E e s L R st e eeseeat e st aee e ee b e e s r e bt raeshb et e st sabesbeabeentene (Geotrupinae) Scarabaeidae p. 377
2802. Tergum A3 without distinct transverse plicae; T2 and T3 legs always forming

stridulatory organs (asperities on mesocoxa (fig. 129) and plectrum on

metatrochanter (fig. 130)); head not much darker than body; spiracles

always cribriform (fig. 208); abdominal terga usually with patches of

asperities (fig. 141). In rotten WOOd ......cocvueureeeeierireeieeieceeeeseecereess et ssessresesesesnans (part) Lucanidae p. 372
281(262'). Segments in T2 leg 5 or less including tarsungulus (fig. 126); segments in labial

palp 2; frontal arms present; ligula without wedge-like sclerome; maxilla with

SINEIE MAlA (fIB. B6) ..ceveireriiceirieecee ettt eee e ceas e e reess e sas s e s s s e ras e essesesomne e renasenesses 282

281", Segments in T2 leg 6 including paired claws (fig. 124); segments in labial palp

1; frontal arms absent; ligula with wedge-like sclerome (fig. 117); maxilla

with galea and lacinia (fig. 100); length less than 2mm. In rotten wood ..........

................................................................................................................ (caraboid larva) Micromalthidae p. 300
282(281).  Abdominal terga without rows of asperities; ratio of antennal length to head

width .15 to .5; head prognathous ¢r slightly declined; ventral epicranial

ridges absent; thoracic terga without patches of ASPErities ............coov.vveeeresreussesesseesesseesseessesssseessessoos 283
282", Abdominal terga with rows of asperities on 1 or more segments (fig. 144); ratio

of antennal length to head width less than .15; head moderately to strongly

declined (hypognathous) (fig. 10); ventral epicranial ridges present (fig. 93);

protergum with patch(es) of asperities. Tunneling in wood .........eceoeuerrerrecvreennee. (part) Lymexylidae p. 446

labial palps narrowly
separated; ligula absent

rounded mala &
frontoclypeal /y
suture

clypeolabral
suture

v-shaped maxillary articulating
frontal arms area
long epicranial long, subparallel ‘
J stem hypostomal rods
Figure 13 Figure 86
fabrum frontoclypeal suture
absent
23 segment 3 (note seta)
! connecting membrane S@nsorium side by ligular
in antennal fossa side with segment 3 sclerome
(apex of segment 2
truncate) 1-segmented
frontal arms lyriform 2 labial palp
prementum
median endocarina
extending between
frontal arms
(epicranial stem antennal fossa
Figure 22 absent) Figure 29 Figure 117

~——Figs. 10, 89, 93, 100, 136, 202, 205, 208



283(282).
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Frontal arms lyriform (fig. 22); posterior edge of head capsule distinctly

emarginate dorsally; process on tergum A9 lightly pigmented, rounded, and
deciduous (fig. 158) OR hypostomal rods present (fig. 89), frontoclypeal
suture absent, and spiracles annular-biforous (fig. 197) .o 284

283", Frontal arms V- or U-shaped (fig. 13); posterior edge of head capsule not or
only slightly emarginate dorsally; process on tergum A9 not rounded or
deciduous; hypostomal rods absent; frontoclypeal suture distinct (fig. 13);
spiracles annular or annular-muitiforous (fig. 200) oot (part) Tenebrionidae p. 520

284(283).

Paired endocarinae absent; frontoclypeal suture distinct (fig. 13); apex of mala

cleft (fig. 106); hypostomal rods absent; abdominal spiracles annular. Median

process on tergum A9 lightly sclerotized, rounded apically, pubescent, and

deciduous (fig. 158). In leaf Htter .....ocoiiiimenmcnciiii e (Scraptiinae) Scraptiidae p. 555
284" Paired endocarinae present (fig. 24); frontoclypeal suture absent or vaguely

indicated; apex of mala simple; hypostomal rods present (fig. 89); abdominal

spiracles annular-biforous (fig. 197); median process on tergum A9

sclerotized and more or less acute (fig. 159). Under bark, in rotten wood ................ (part) Colydiidae p. 512
mala
coxa
coxa
stipes trochanter
postmentum,‘}sonnate .
/ with stipites trochanter
ventral epicranial temur
[ ridge
T cardin_es fused to tibia femur
/ form single plate
gular sutures fused tarsus
tibia
pretarsus

Mouthparts Retracted
Figure 93

mesocoxal
stridulitrum
{rows of asperities)

connection

trochanter

tarsungulus

Figure 129

consisting of —tarsungulus

paired claws

Figure 124 Figure 126

membranous
connection

metatrochanter
with plectrum
(stridulatory
ridges) (usually detached
at this point)
femur i
deciduous median

process
tibia

tarsungulus

Figure 158

Figure 130

I e aic Raatdidddadd
M

accessory

chambers accessory

chambers

_1
y

Figure 141

Figure 144

Annular Multiforous
Figure 200

Annular Biforous
Figure 197

Figs. 24, 106, 159 ——
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285(262%). Head prognathous or slightly declined (fig. 8); ratio of antennal length to head
width .15 to .5; mandibles asymmetrical; thoracic terga without patches of

asperities; apex of mala simple. Under bark, in rotten wood and fungus
frUIting BOGIES ....oovceeiirireeecrcces et srr e s rnansssrstsaesebosaresesesrsresane (part) Tenebrionidae p. 520

285'. Head moderately to strongly declined (hypognathous) (fig. 10); ratio of

antennal length to head width less than .15; mandibles symmetrical;

protergum with patch(es) of asperities; apex of mala cleft (fig. 106).

Tunneling in Wood ..o et (part) Lymexylidae p. 446
286(261'). Body circular in cross-section; ventral epicranial ridges present (fig. 90);

spiracles on A8 located at ends of spiracular tubes; prostheca consisting of a

brush of comb-hairs (fig. 80); accessory ventral process of mandible present

(fig. 80); molar surface with numerous fine ridges (fig. 80). Under bark or in

FOLUNE WOOM .viieriiiiiiiiciieicri ettt ettt esesse st e st sae e e s e eanene e nesaenssseasenesents (part) Biphyllidae p. 475
286'. Body slightly flattened; ventral epicranial ridges absent; abdominal spiracles not

located at ends of spiracular tubes; prostheca consisting of brush of simple

hairs or several hyaline processes; accessory ventral process of mandible

absent; molar surface tuberculate or asperate (fig. 81). In oak catkins

(western North AmMerica) .....ccooeeeeerircencriiiiiei ettt res (Byturellus) Byturidae p. 476
287(2612). Tergum A9 forming articulated plate bearing median, forked process; sternum

A9 almost completely concealed by sternum A8 (fig. 164); body elongate,

more or less parallel-sided and strongly flattened. Under bark ................... (Cucujinae part) Cucujidae p. 463
287", Tergum A9 not forming articulated plate and without forked ProCess ........coeeeeeereeereiciesreererercernveeseerenenes 288
288(287'). Maxilla with articulated galea and fi%ed lacinia (fig. 100); cardines .

approximate, not separated by labium (fig. 100); maxillary articulating area

absent; labium and maxillae almost completely connate (fig. 100);

mandibular mola concave, not tuberculate or asperate; spiracles cribriform

(fig. 207); body clothed with dark, stiff hairs. In sand and mud along

STTEAIIS Liiiiiiiiicitieiiinntieetbee e rs v rr et e e e et e r e e s b a e s e a s s s esesabentsnantsssssannssenssrassnansens

frontoclypeal suture talciform mala
/9 absent
frontal érms lyriform
labium free to
3 A base of mentum
paired endocarinae
coincident with maxillary
bases of frontal arms articulating area
bases of frontal hypostomal rods
arms contiguous moderately long
and diverging

posterior edge of head capsule .
distinctly emarginate Mouthparts Retracted

Figure 24 Figure 89

cleft
3 4
2 mala truncate,

fixed, fimbriate
galea

cleft apex with - fixed lacinia
1 2 teeth at inner
angle

palpifer

stipes 1

maxillary

articulating hypognathous
area *

prognathous
cardo

Figure 106 Figure 111 Figure 8 Figure 10

—— Figs. 86, 197



288’
2882,

289(288").

289
290(289).

290",

maxillary
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Maxilla with fixed galea and lacinia (fig. 111) (see 3rd ChOICE) ....o.ocoomvercccrieiii e 289
Maxilla with single fixed mala (fig. 86) ....ccooomvrervireiiiiiincnec
Segments in labial palp 2; stemmata on each side 5 or 6
Segments in labial palp 1; stemmata on each side 4 OF fEWET ... 291
Antennal segment 2 about 3 times as long as segment 3; head strongly

narrowed anteriorly; spiracles annular; mandibular mola well-developed (fig.

78); stemmata on each side 5. In fruiting bodies of slime molds

(Myxomycetes), in leaf litter, under bark ......cccoeiinieccnn (part) Eucinetidae p. 364
Antennal segment 2 less than twice as long as segment 3; head not strongly

narrowed anteriorly; spiracles annular-biforous (fig. 197); mola somewhat

reduced, not extending to base of mandible (fig. 70); stemmata on each side

6. On bark surfaces feeding on woolly aphids (Adelgidae) ........cccooerviecnennnne

lacinia fixed

articulating area

ventral epicranial

ridge

hypostomal rod

galea articulated

postmentum
' completely
connate
with stipites
Mouthparts Retracted stipes
Figure 90
acute, spine-like
median process cardines
contiguous
Figure 100
Figure 159
prostheca a
bidentate apex fixed, hyaline prostheca

a brush of
comb-hairs

4

process, narrow
at base and
acute at apex

molar surface
transversely

mola reduced, ridged
sub-basal, with

few asperities p- accessory ventral process accessory ventral process
Figure 70 Figure 78 Figure 80
prostheca a sternum 8 sternum 9 and
fixed, hyaline segment 10
process, broad concealed
at base and sieve plate
angulate at apex tergum 9
hinged
tuberculate
mola tergum 9
(urogomphal .
————ecdysial
/ Jate -
accessory plate) scar
ventral process Ventral Cribriform

Figure 81

Figure 164 Figure 207
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291(289’).  Ratio of antennal length to head width less than .2: antennal segment 2 only

slightly longer than segment 3; segments in maxillary palp 2; thoracic and

abdominal segments with lateral tergal processes; dorsal surfaces covered

with setiferous tubercles (fig. 3). In leaf litter, hay stacks, fungi. Exotic

{(Neotropical and Old World) ..........oeeoeeereerrrorrann, (Acalyptomerus) (Calyptomerinae) Clambidae p. 365
291", Ratio of antennal length to head width more than .5; antennal segment 2 much

longer than segment 3; segments in maxillary palp 3; thoracic and abdominal

segments without lateral tergal processes; dorsal surfaces clothed with simple

setae. On molds .......cccoveviviiieneennneenreee e, (Eufallia) (Lathridiinae) Lathridiidae p. 497
292(288%). Segment A10 with pair of hooks (fig. 163); body minute (length less than 1.2

mm), elongate and cylindrical; head moderately to strongly declined

(hypognathous) (fig. 10); stemmata absent. In pore tubes of bracket

FUNGI oottt b es s et ettt esses (Nanosellinae) Ptiliidae p. 322
292, Segment A10 without hooks; without other characters in combination ... 293
293(292').  Body broadly ovate, strongly flattened and disc-like (as in fig. 2), its edges lined

with complex setae; head completely concealed from above BY Prothorax .........eoeeeeeeeceeirceincereeeressaseans 294
293, Body not broadly ovate and strongly flattened; head not concealed from above ................ooooooooooooooooooooo 295

294(293).  Edges of body lined with barbed setae (fig. 6); head with median endocarina
(fig. 19); prostheca simple and acute at apex (fig. 78); antennal segment 1
longer than segment 2. In leaf litter, rotting vegetation, stored
PIOAUCES ...ttt ettt st eeseeesreseneese s e (Murmidius) (Murmidiinae) Cerylonidae p. 480

294" Edges of bedy lined with forked setae; head without median endocarina;

prostheca forked at apex (fig. 83)i/antennal segment 1 shorter than segment

2. On fungus-covered, debarked surfaces of trees .........oooevrvvevenn... (Agaricophilus) Endomychidae p. 482
295(293").  Prostheca broad and obtusely angulate (fig. 81) or somewhat rounded: apex of

mandible often reduced and hyaline; outer edge of mandible usually with

pair of long setae; ventral mouthparts often more or less protracted with

hypostomal rods situated laterally. In leaf litter, stored products, associated

with molds and Other FURET ......co.ocoevvuiriiuiiectiiee s ee e oo (part) Lathridiidae p. 497
295, Prostheca narrow with apex acute (fig. 78) or bifid (fig. 83), sometimes with

serrate buccal edge (fig. 82); mandibles different than above, and hypostomal

rods, if present, VENtrally SIUALEA ........c..corvevueriruesiveesiemeeeeceeceseeeseeseeses s sesesesseessess st s s ee oo eeesee oo 296
296(295).  Mala mOre or less trUNCALE (fIZ. BB) ..ecurvvvommvuereeiresiseeeeeeeeesemesseessessessssesssses e s oo oeeeeee e eeeeeeeeeeeseseseee 297
296'. Mala falCiform (fig. 89) ...t e se st stees s es e e eee e oo ee 299

concealed

head
frontoclypeal
suture

median endocarina
coincident with or
replacing epicranial
stem

Figure 3
Figure 19

bifid
prostheca

serrate
prostheca

Figure 82 . Figure 6 Figure 83

—Figs. 8, 10, 78, 81



297(296).

297

298(297").

298’

299(29¢6").

299'.

300(299").

300'.

301(300').

3or'.

302(301").

302",
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Head strongly narrowed anteriorly; stemmata on each side 4; head moderately

to strongly declined (hypognathous) (fig. 10); segment A10 ventrally oriented

and not visible from above. Under bark, on wood surfaces, associated with

FUNBL coveiiniiicni ettt ereas e e s e mas et sesnnasnnerene (Eumorphinae) Endomychidae p. 482
Head not strongly narrowed anteriorly; stemmata on each side 6, occasionally

weak or absent; head prognathous or slightly declined (fig. 8); segment A10

posteriorly or terminally oriented and more or less visible from above ............ccccvrrvemrivierirnrecneneieeensens 298
Antennal segment 3 much longer than 2; tarsungulus with single seta. In leaf

litter, hay stacks, fruiting bodies of slime molds (Myxomycetes) ..................... (Clambinae) Clambidae p. 365
Antennal segment 2 much longer than segment 3; tarsungulus with 2 setae. In

fruiting bodies of slime molds (MyXOMYCELES) ....cccoeeviierererirerereereiiienesveereeseeeeeees (part) Sphindidae p. 455

Body more or less ovate; thoracic and abdominal terga produced laterally; body
densely clothed with long, fine hairs; accessory ventral process of mandible
absent. In leaf litter, rotten wood, fungi ..........ccoceevevieenrrerccnnnens (Mychotheninae part) Endomychidae p. 482

Body elongate and more or less parallel-sided or somewhat narrowed
posteriorly; thoracic and abdominal terga not produced laterally; accessory
ventral process of mandible present (fig. 78); body not densely clothed with
LONE NAITS 11evierireiiriiiecitree ettt st et e s e b e e b et s essas b esesbese s easehestetessenessanebeneerenereesensebensorensebererrin 300

Segment A9 reduced, its sternum usually concealed and its tergum much
shorter than that of segment A8 or A10 (fig. 167); antennal segment 3

highly reduced. Under bark, in leaf litter, stored products ..........cooreerrrererenens (Silvanini part) Cucujidae p. 463
Segment A9 not reduced, its sternumwwell-developed and exposed; antennal

segment 3 not reduced .................. et e et b s e bbb s st en e 301
Antennal segment 3 shorter than sensorium; stemmata on each side 5. In leaf

litter, hay StACKS .....cccvvvrevrerivernrenreneiesisreessessrseesesesenns (Calyptomerus) (Calyptomerinae) Clambidae p. 365
Antennal segment 3 much longer than sensorium; stemmata on each side 1 .........occoveiireiiienreccnrreeeeieeereens 302
Prostheca simple at apex; labial palps 1-segmented; spiracles annular-biforous

(fig. 197). In flowers .....ccccvveeieiiieciecciee e, (Telmatophilus) (Cryptophaginae) Cryptophagidae p. 469
Prostheca bifid at apex (fig. 83); labial palps 2-segmented; spiracles annular. In

leaf litter, Erass Piles ........ccccoveerrenennrirneer e sseseeeeens (Atomariinae part) Cryptophagidae p. 469

FZ-segmented labial palp falciform mala

truncate mala

labium free to
base of mentum

stipes maxillary
articulating area

hypostomal rods
moderately long

subparallel and : Y
and diverging

diverging
hypostomal rods

Mouthparts Retracted
Figure 88 Figure 89

articulated,

segmented
urogomphus
\— tergum 9 ——————aCccessory
l chambers

| °
| 7
anal hook Annular Biforous

Figure 163 ' Figure 167 Figure 197
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303(2614).

303,

304(303).

304,

305(304").
305"

prognathous
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Body relatively straight or only slightly curved ventrally; segment A10 without

oval lobes separated by longitudinal groove; maxilla with single mala (fig.

86); head prognathous or slightly declined and protracted or slightly

retracted (fig. 8). On leaf surfaces, mildew, in leaf litter, stored products .............. (part) Lathridiidae p. 497
Body strongly curved ventrally (C-shaped); segment A10 with oval lobes

separated by longitudinal groove (fig. 193); maxilla with galea and lacinia

(fig. 215); head either hypognathous (fig. 10) or strongly retracted (fig. 9) ...oovveerverreveemeeereeererereeeesseressronns 304
Head moderately to strongly declined (hypognathous) (fig. 10) and protracted

or slightly retracted; segments in maxillary palp 4. In fungus fruiting

BOGIES ..ttt (Endecatomus) (Endecatominae) Bostrichidae p. 439
Head prognathous or slightly declined and strongly retracted (fig. 9); segments

in maxillary palp 3. In dead WOOd .....cccoviiieiiececcees et st sttsbee s e e s s e s eesssesensseeenasesseens 305
Spiracles on segment A8 much larger than those on Al=7 .....oeccvvvvueerrnnne. (Lyctinae part) Bostrichidae p. 439
Spiracles on segment A8 about same size as those on

AL=T e et (Dinoderinae, Dysidinae, Lyctinae part) Bostrichidae p. 439

head retracted

acute, spine-like
median process

hypognathous

Figure 8 Figure 9 Figure 10 Figure 159

clypeolabral

suture

nasale (labrum
fused to clypeus
and frons)

frontoclypeal
suture lyriform frontal

arms

v-shaped
frontat arms

frontal arms

distant at base
(frons reaches
long epicranial posterior edge

\/ stem Figure 16 of head)

Figure 13
frontoclypeal suture
,? absent
frontal arms lyriform
:’xe":'nad"ine"dc’ca”"a paired endocarinae
anteriorlgalmo t coincident with
Y S bases of frontal arms
to frontoclypeal
suture
bases of frontal
arms contiguous
posterior edge of head capsule
distinctly emarginate
Figure 21 Figure 24
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306(261%). Tergum A8 without special armature; bases of frontal arms contiguous (fig.
24); head moderately to strongly declined (hypognathous) (fig. 10);
frontoclypeal suture absent or vaguely indicated; hypostomal rods present
(fig. 89); stemmata on each side 4 or fewer; tergum A9 dorsal, extending
onto ventral surface. Under bark, in fungus fruiting bodies, on bark
SUTTACES weovisreersesriereesseseessertarsessassesstosssssessnenriscssssstenss sasesssatsnsessesaresresnesssssmestassisses (part) Endomychidae p. 482

306’ Tergum A8 forming tapered process bearing spiracles at apex; bases of frontal

arms distinctly separated (fig. 16); head prognathous or slightly declined (fig.

8); frontoclypeal suture distinct (fig. 13); hypostomal rods absent; stemmata

on each side 5; tergum A9 completely ventral. In slime fluxes of fermenting

AP wvverrresrerssenesreresetseneent s s e s S eS e S e Ee BR e ee Nosodendridae p. 432
307(249%). Tergum A9 without median process; segments in T2 leg 5 or fewer including

tarsungulus (fig. 126); segments in maxillary palp 4 (the last occasionally

vestigal); prosternum without armature; posterior edge of head capsule not or

only slightly emarginate dorsally; median endocarina, if present, not

extending to frontoclypeal suture; ligula not SCIETOHZEd ...vvvrerceireimiiiiii e 308
307'. Tergum A9 with median process (fig. 159); segments in T2 leg 6 including

single claw or paired claws (figs. 124, 125); segments in maxillary palp 3;

prosternum with 2 patches of asperities; posterior edge of head capsule

distinctly emarginate dorsally; median endocarina extending anteriorly

almost to edge of clypeus (fig. 21); ligula forming sclerotized wedge (fig.

117); antennal segments 4 or 5. In rotten Wood ........cceveininscnnmencneniis s (part) Cupedidae p. 298

coxa coxa
coxa
trochahter
trochanter
trochanter
femur
femur
femur
tibia ' tibia
tarsus tarsus tibia
pretarsus —tarsungulus

consisting of pretarsus a
paired claws single claw Figure 126

Figure 124 Figure 125 labral apex multidentate
(or strongly serrate)

anal
opemn.g rounded, spine-like,
oval lobes and labial palps parrowly fixed galea fixed lacinia
longitudinal groove separated; ligula absent
Figure 193 / \

Figure 36

maxillary v Ilg:Jlar
palp sclerome

\ / 1-segmented

prostheca
a comb-like
process

moia
transversely

2 ridged
l———accessory
ventral process

Figure 77

rounded mala

-~—palpifer .
maxillary articulating labial palp
area prementum
long, subparallel —————
hypostomal rods

Figure 86 Figure 215 Figure 117
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308(307). Antennal segments 6 or more (usually many); body relatively straight or only
slightly curved ventrally; visible abdominal segments 8 or 9; abdominal apex
with a respiratory chamber (pocket formed by 8th and 9th terga and
enclosing enlarged A8 spiracles); prostheca complex, with sclerotized, comb-
like process and brush of hairs (fig. 77). In ponds, lakes, tree holes, wet

TOLEEIL WOOH ..eviiiieireciitnrrcen i cetesesenneatsroessestenesesesessesesinsesessesesssanssssessenssesssassasessensstssssnssarnerens Helodidae p. 366
308'. Antennal segments 4 or 5; body strongly curved ventrally (C-shaped); visible

abdominal segments 10; abdominal apex without respiratory chamber;

PIOSERECA ADSENL . ooviiveeiecriciineireieieriiieeieeiiees et et e see s s e s saesba s s s abaessesestestssestensssaensasessentesserasstonsasansasstsantons 309

309(308'). Labrum with multidentate or strongly serrate apex (fig. 36); segments in labial
palp 1; length usually less than 10mm. Under bark, in rotten wood, termite

TIESES .eeneiiuieieniecte st et e aeat et e steete s e s e s b e e st e rasnsseeesaesae s et asararanabanseeneerenarnn (Ceratocanthinae) Scarabaeidae p. 377
309'. Labrum rounded, truncate, or weakly trilobed (fig. 40); segments in labial
palp 2; length usually more than 10 MML ...cccciiiieiieicece ettt e see e s e s e eas st e st et assssesnssansbensesnen 310

310(309").  Stridulatory organs (patches or rows of asperities) present on T2 (fig. 129) and

T3 (fig. 130) legs; tergum A3 without distinct transverse plicae (sometimes

weakly divided into 2 parts); anterior abdominal terga with patches of

asperities (fig. 142) or short, stout setae; galea and lacinia distinct (fig. 112);

tormae united mesally (fig. 40); anal slit more or less vertical, bordered by 2

or 3 fleshy lobes (fig. 192). In rotten WoOd ..........cccoeuvmrericvrenrreernnnrneceressesersnsnsssanees (part) Lucanidae p. 372
310, Stridulatory organs absent on T2 and T3 legs; tergum A3 with 3 distinct,

transverse plicae (fig. 136); if anterior abdominal terga have patches of

asperities, then galea and laciniaifused into single mala and tormae not

united mesally; anal slit transverse or Y-shaped. In soil, roots, dung, rotten

WOOd, ANIMAL NESLS ...ccovrreieecrcireeree et eareceresesrsaeresersssessassesssesssbesssensssnssens (part) Scarabaeidae p. 377
311(248').  Sternum A9 SIMPIe OF ADSENE ..c..vcviieeiccrirceeverer e vre e es s ss et e et sbe st s sassbestsss e s stssassbentssnasnssssssosentas 312
311 Sternum A9 with row of apical asperities (fig. 176); body strongly flattened and !

lightly pigmented, with simple urogomphi; head wider than thorax; stemmata
absent; mandibles asymmetrical with well-developed molae bearing numerous
transverse ridges (fig. 74). In rotten wood (see next 6 choices) ............cocevrervrevriceirvrereverenne Prostomidae p. 515

tormae united
mesally

premolar lobe

or tooth

molar surface
transversely ridged

rows of
microtrichia

\1

\ molae strongly asymmetrical
Figure 40 Figure 142 Figure 74

mesocoxal
stridulitrum

articulated,
falciform galea

(rows of asperities) membranous
connection
fixed falciform coxa
lacinia
membranous metatrochanter
connection ‘-i with plectrum
alpiter H (stridulatory
paip trochanter % ridges)
stipes
femur femur
maxillary
articulating - L
area tibia tibia
cardo tarsungulus tarsungulus
Figure 112 Figure 129 Figure 130

—Flgse. 36, 77
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3112, Sternum A9 with 2 apicomesal asperities (fig. 177); body slightly flattened,
lightly pigmented; urogomphi each with an accessory mesal process near base
(fig. 177); stemmata absent; mandibular mola with only 2 or 3 ridges. In soil,

LEASE JIEEET oeevieeereeerecieteie et et evesbe s er s ae st sane b e s e eeaesae s sas b e et e oh b b s noaesreresnas (Eurygeniinae) Pedilidae p. 544
3118, Sternum A9 with 1 basal asperity on each side (fig. 183) ...ococoireiiniiiiiinnnnne 383
3114 Sternum A9 with 2 to 6 basal asperities on each side (fig. 182) 386
3115, Sternum A9 with more than 6 basal asperities on each side, forming row (figs.

T7B=181) worereromerereeeeieseriee s e reeae et ste bbb s ebsam st s a s s s R R s A b AR AR b PSR LREeeheeeas 389
3118, Sternum A9 with 1 basal asperity on each side, 2 apicomesal asperities, and 2

more mesal asperities near the center; body strongly flattened; hypostomal

rods absent; urogomphi diverging, each with several teeth at its base (see

ChoiCe 3117) oo (Catapiestus) Tenebrionidae p. 520

transverse plicae

|

sternum 8
sternum 9

apical row of 4 apicomesal
asperities asperities
segment 10

—

mesal tooth
tergum 9 (anal region) (accessory
process)
at base of
' Venkal Ventral urogomphus
T Figure 176 Figure 177
setose sternal lobes
Figure 136
sternum 9 row of basal doubly curved row
asperities of basal asperities

basal row of
asperities strongly
curved posteriorly

sternum 9

\ 1 sternum 9

at sides plates of '
tergum 9
anal region
tergum 9 tergum 9
urogomphal plate .
accessory ‘%
processes processes
Ventral Ventral Ventral
Figure 178 Figure 179 Figure 180
basal
broadly interrupted asperities
row of basal asperities
sternum 9
' al . basal
anal region asperit
A sternum 9 perity
tergum 9 sternum 9
tergum 9 tergum 9
urogomphus
ha accessory
._r L\l processes accessory
process
Ventral " Ventral Ventral
Figure 181 Figure 182 Figure 183

Fig. 192 ——
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3117, Sternum A9 U-shaped with apicolateral asperities (fig. 185); body strongly

flattened; tergum A9 forming articulated PIALE .............eeovveereereeeeeceeeesoeeeoeeoeeooeeeoeeoeeeeoeeeeoeeees oo 394
312(311).  Segmented spiracular gills (fig. 152) present on A1-8; body broadly ovate. On

rocks in streams or near waterfalls. Exotic (Brazil, South Africa,

Madagascar) (part) Torridincolidae p. 302
312, Segmented spiracular gills absent 313
313(312’). Prostheca absent 314
313, Prostheca a brush of simple or complex hairs (fig. 80) or a series of fringed

membranes (fig. 79) (56e NEXt 4 CROICES) ..........ovvuurvvuniieereeeoireeereeeeeeeesseeeseoe oo eeeeeeeeeeseoeeens 347
3132, Prostheca a fixed, rigid, hyaline process (figs. 78, 81, 82), sometimes partly

sclerotized and sometimes appearing articulated
3133, Prostheca a simple, membranous 10be (fig. 72) ..vvuevuureerreereeeeecreeeeeeeeeeee oo seeeoee
3134, Prostheca a membranous lobe fringed with hairs (fig. 84)
3135, Prostheca consisting of an acute, hyaline process and a rounded, pubescent lobe;

mandibular mola reduced and simple. In bird nests. Exotic (South temperate

TEZIOMIS) -ooorioruiititictete st ss b st et e et sse s e e e s et ee e oo e e s (part) Cavognathidae p. 469
314(313).  Paired ventral prolegs (asperity-bearing AmMPUllae) ABSENL ......locerrieerieeeiteiie e e 315
314" Paired ventral prolegs (asperity-bearing ampullae) (fig. 149) on abdominal

sterna 2-4 or 2--5; urogomphi very short and lightly pigmented. In rotten

WOOM vttt e bttt ettt s ettt e oo e (part) Oedemeridae p. 534
pro.s(heca prostheca a
a simple, i
fixed, hyaline
membranous rocess, narrow
lobe pt base .and ovine o i
a s series of fringed
mola acute at apex

(pseudomola)

\—penicillus or

brush of hairs,

\\k——molar surface
X

asperate

- accessory ventral process

membranes

Figure 72 % Figure 78 Figure 79
prostheca a
prostheca fixed, hyaline
. a brush of process, broad
== comb-hairs at base and
angulate at apex
molar surface tuberculate serrate
transversely mola prostheca
ridged |
L-accessory
accessory ventral process ventral process
Figure 80 Figure 81 Figure 82
surface tuberculate
fringed,
membranous
prostheca
Figure 84 1
tubercles or
asperities hypognathous
extending onto
ventral surface
molae slightly asymmetrical
Figure 73 Figure 149 Figure 10

— Flg. 74
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315
315%

316(315).

316'.

317(315").

317
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ANEENNAL SERIMENTS 2 1covocerueeesimsuesuirssseessresssessseasss ey s a8 LS 316
Antennal segments 3 (See 3rd CHOICE) .......ovururierirs e 317
Antennal segments 4; urogomphi articulated at base (fig. 162). In leaf litter,

FUNGI, CATTION -oeorveieeerraonereecrse st b bR e (part) Leiodidae p. 327

Head prognathous or slightly declined (fig. 8); ratio of antennal length to head
width more than .15; antennae usually setose, with short dome-like
sensorium; frontoclypeal suture distinct (fig. 13); single median endocarina
absent; hypopharyngeal sclerome present (fig. 119). Under bark, in rotten
W0Od, SOI1, 18 TIHEET oevveerereereriiiinitencies sttt (part) Tenebrionidae p. 520

Head moderately to strongly declined (hypognathous) (fig. 10); ratio of
antennal length to head width less than .15; antennal sensorium palpiform,
longer than segment 2 (fig. 32); frontoclypeal suture absent or vaguely
indicated; single median endocarina coincident with epicranial stem (fig. 19);

hypopharyngeal sclerome absent. In fungus fruiting BOAIES ...oeerrerisierirnennenenniaeens (Ciinae part) Ciidae p. 502
Mandibles symmetrical; left and right molae more or less similar in ShAPE oo 318
Mandibles asymmetrical; left mola differing considerably from right one (figs.

73, T4) ceoreeevvsesseesseees e AR R 336

u-shaped
9th sternum
prognathous
apical
asperities
Figure 8
hinged tergal plate
(tergum 9)
Ventral

tridentate

(molar-like) Figure 185 Figure 152
hypopharyngeal

sclerome

Figure 119

\,
anal opening
anal lobes

Figure 192

clypeolabral
suture
Figure 162 Figure 32

frontoclypea!

suture
frontoclypeal
suture

v-shaped

frontal arms

long epicranial median endocarina

[\_/ stem coincident with or

replacing epicranial

terminal seta

articulated,
segmented
urogomphus

sensorium

Figure 13 Figure 19 stem
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318(317).

318"

319(318).

319
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Segments in labial palp 1 (fig. 91)
Segments in labial palp 2 (figs. 88, 94, 97) ..o e 320
Bases of frontal arms contiguous (fig. 24); segments in maxillary palp 3; ratio

of antennal length to head width less than .15; labial palps separated by more

than width of first palpal segment; hypostomal rods very short (fig. 85); body

more or less cylindrical; length more than 3mm. Under bark, in rotten wood ........... (part) Colydiidae p. 512
Bases of frontal arms distinctly separated (fig. 16); segments in maxillary palp

2; ratio of antennal length to head width .15 to .5; labial palps contiguous or

separated by less than width of first palpal segment; hypostomal rods
extending almost to posterior edge of head (fig. 86); body somewhat
flattened; length less than 3mm. In leaf litter, rotting vegetation, under

bark ....cooeeeeinne

............................................................................... (Smicrips) (Smicripinae) Nitidulidae p. 456

frontoclypeal suture
nasaie (labrum absent
fused to clypeus

and frons) frontal arms lyriform

paired endocarinae
coincident with

lyriform frontal bases. of frontal arms
arms

bases of frontal

frontal ar;\}s arms contiguous
distant at base

(frons reaches posterior edge of head capsule
posterior edge distinctly emarginate

of head) Figure 24

rounded mala

1-segmented
labial palp

cardines

cardo membranous
or absent

strongly oblique
or longitudinal

rounded mala

long, diverging
hypostomal rods

elongate gula

Figure 91 Ventral Mouthparts
Strongly Protracted

Figure 92

’——z-segmemed labial palp

labial palps narrowly
separated; ligula absent

truncate mala

maxillary articulating
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long, subparallel
hypostomal rods

Figs. 94, 97: See page 225.
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Ventral mouthparts strongly protracted (fig. 92); stipes wider than long; cardo
absent or membranous (fig. 92); sternum A9 completely concealed or absent
(fig. 164); hypostomal rods long and diverging (fig. 92). In fungus fruiting

BOAIES, SIMULS, ETZOLS .evcvrrerererrracrcreriantiesissiisessisssissnisssssssessssasasnsessassesntsmsassessisssssessaen (part) Phalacridae p. 466
Ventral mouthparts retracted (fig. 85); stipes longer than wide; cardo distinct
and sclerotized; SternUM A9 €XPOSEd ..o vecemiiiiiiiiiiieiiiesiinster st ssr st e bbbk e 321

Segment A10 distinct and visible from above (fig. 162); urogomphi narrow,
straight, and almost always articulated at base (fig. 162); dorsal body
surfaces smooth; mandibular mola without pubescent lobe at base; ratio of
antennal length to head width usually more than .5; apex of antennal
segment 2 oblique, so that palpiform sensorium arises proximad of segment 3
(fig. 30). In leaf litter, carrion, fUNgi ....c.ccoivverivenmnneci e (part) Leiodidae p. 327

Segment A10 not visible from above, OR, if visible from above, dorsal body
surfaces granulate and mandibular mola with pubescent, hyaline lobe at base
(fig. 76); urogomphi usually curved and always fixed at base; ratio of
antennal length to head width less than .5; apex of antennal segment 2
truncate, so that sensorium and segment 3 arise together (fig. 29), or

sensorium dome-lKe (fIZ. 31) civeirerrrccmiiniicitiss ettt st st s et 322
Mandibular mola with hyaline lobe at base (fig. 76) .....cccivuvirieiirmrccncnmenncnisiis i sncesasie 323
Mandibular mola without hyaline 10be at BASE ..........verieeeeeriiiiieniicc s e 325

Stemmata on each side 6; dorsal surfaces granulate; segment A10 more or less
cylindrical; setae on tarsungulus 1; spiracles annular-biforous (fig. 198). In

FLUILS OF DEITIES veveeeveervieeireeirieeineassidysrectnesstsensioseessnsssmsessasssmssssesnasssosssnsssnesssrassassasas (Byturus) Byturidae p. 476
Stemmata on each side 1 or 0; dorsal surfaces smooth or spiracles annular (fig.
194); segment A10 transverse; setae on tarsuUnGUIUS 2 ..o 324

sternum 8 sternum 9 and
segment 10
concealed
ticulated tergum 9
articulated, hinged
::glt:rculate segmented ¢
urogomphus tergum 9
hyali {urogomphal
yatine, plate)
pubescent,
submolar lobe Ventral
Figure 76 Figure 162 Figure 164
pit truncate mala
mesal tooth
at base of
urogomphus
maxilla and

stipes
P mandible removed

maxillary
articulating
hypopharyngeal
bracon

short hypostomal
rod

Annular Bitorous Mouthparts Retracted
Figure 198 Figure 85

Figs. 29, 30, 31 ——
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324(323'). Median endocarina absent; inner apical angle of mala simple or with 1 or 2

small teeth; urogomphi well separated at base and without pit between them;

hypostomal rods absent. In leaf litter, under bark .............ocooovuveereeeeesresrcerernnn (part) Euglenidae p. 554
324, Median endocarina absent; inner apical angle of mala with distinct lobe or

uncus (fig. 87); urogomphi approximate at base and with pit between them

(fig. 173); hypostomal rods short and converging (fig. 87). In leaf litter,

under bark (see 3rd ChoiCe) .........cc.cevcevviiviiiniriiciiceeeeeeeeee et e e s e (Anaspidinae) Scraptiidae p. 555
3242, Median endocarina extending anterad of epicranial stem (fig. 20); inner apical

angle of mala simple or with 1 or 2 small teeth (fig. 106); urogomphi more or

less approximate, with or without pit between them; hypostomal rods usually

moderately long and converging. Under bark, stones, in leaf litter ................... (Anthicinae) Anthicidae p. 552
325(322'). Mandible with accessory ventral process (figs. 78, 80, 81); setae on tarsungulus

1; spiracles usually on long or short tubes (figs. 209, 210) ........c.ccoovrveeveererirereseeseeseeseseeeeeees oo eosesssesseos 326
325, Mandible without accessory ventral process; setae on tarsungulus 2; spiracles

NOL ON TUDES ..ottt eres st sees e r s ittt e s e b et e benns 329
326(325).  Lateral tergal processes present on segments A6-9; urogomphi short, widely

separated and strongly upturned, with 2 pairs of truncate lobes between

them; stemmata absent; vestiture of simple setae. In rotten wood, leaf

JIEEET oottt ettt sttt bt e et (Anommatinae) Cerylonidae p. 480
326" Lateral tergal processes, if present, occurring on segments A1-9; urogomphi

without 2 pairs of truncate lobes between them; vestiture usually including

SOme €Xpanded OF fTAYEA SELAC .......ccooviveiverniresiierieie e s s st ses s sesssos e ss s e sss s es e s esoras 327

Y
segment 3 (note seta)
segment 3 (note seta)— sensorium proximad
sensorium side by ———— of segment 3 (apex
side with segment 3 of segment 2 oblique)
(apex of segment 2 segment 3 (note seta) -
truncate) )
2 sensorium dome-like
2
antennal fossa antennal fossa
Figure 29 Figure 30 Figure 31

lobe-like uncus

falciform mala

stipes
labium free to
base of mentum
maxillary

short, converging articulating area

hypostomal rods
vp hypostomal rods

moderately long
and diverging

Mouthparts Retracted Mouthparts Retracted
Figure 87 Figure 89

~——Figs. 24, 85, 86, 173
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Hypostomal rods absent; stemmata on each side 2 or fewer; urogomphi long and
narrow, straight or slightly curved, usually approximate at base and
diverging apically, with 2 or more accessory processes. In rotten wood, leaf

litter, fungi, ant NEStS, UANO .....ocevvvrvererire ettt st (Euxestinae) Cerylonidae p. 480
Hypostomal rods well-developed, diverging (fig. 89); stemmata on each side 5
or 6; urogomphi widely separated at base and strongly curved at apeX ..ot 328

Mala broadly rounded at apex (fig. 86); tergum A8 with pair of conical

tubercles near midline; spiracular tubes long and tooth-like, dorsally located.

In fungus fruiting bodies. Exotic (EUrope) .....ccoecvomemiciimiimiimnse e Sphaerosomatidae p. 479
Mala narrowly rounded or subfalciform (fig. 89) at apex; tergum A8 without

pair of tubercles (or paired tubercles on several abdominal terga); spiracular

tubes shorter, laterally placed. In tunnels of ambrosia beetles (Platypodidae)

...................................................................................... .. (Teredinae) Bothrideridae p. 477
Abdominal terga without rows of @SPErities ... 330
Abdominal terga with rows of asperities on one or MOTE SEZMENTS ...c.oviiimririiiiveiimmrimi s 334
Maxillary mala falciform (fig. 105); body elongate, cylindrical, and lightly

sclerotized. IN SLEMS ...c.oveeiieeeiiercineciiiii et ssas e e (Languriinae part) Languriidae p. 471
Maxillary mala rounded or truncate (fig. 85) .cocoocoveenneininceiimnii e 331
Frontoclypeal suture present (fig. 13); hypostomal rods absent; frontal arms

always V- or U-shaped (fig. 13); spiracles annular (fig. 194, 195), annular-

multiforous (fig. 200), or occasionally annular-biforous with very short

ACCESSOTY CHAMDETS .ovoiveriieeiiniies gt bbb e 332

r———clen
3
3 mala truncate,
talciform cleft apex .with
mala 1 2 teeth at inner
frontoclypeal suture 2 angle
/ median endocarina palpifer palpifer
extending anterad 1 .
of epicranial stem stipes
frontal arms v-shaped stipes
maxillary
articulating maxillary
area articulating
long epicranial stem area
\_/ (endocarina beneath) cardo cardo
Figure 20 Figure 105 Figure 106

prostheca a

prostheca a
fixed, hyaline
process, narrow
at base and
acute at apex

3 ——molar surface
asperate

accessory ventral process

Figure 78 :
Annular Annular
Figure 194 Figure 195

fixed, hyaline
grg::::coaf process, broad
comb-hairs at base and

angulate at apex

tuberculate
mola

Z——accessory

ventral process

molar surface
transversely
ridged

accessory ventral process
Figure 80 Figure 81

accessory
chambers

TS

Annular Multiforous

Figure 209 Figure 210 Figure 200

Fig. 13 —
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332(331).

332,

333(331").

333,

334(329").

334,

335(334').
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Frontoclypeal suture absent (fig. 24); hypostomal rods present (figs. 85, 89);
frontal arms lyriform (fig. 22); spiracles annular-biforous with well-developed
acCesSOTY Chambers (fig, 198) ...ttt ee st ee e s et ees e st s ssese 333

Maxillary mala cleft (fig. 106); cardo distinctly divided: median endocarina Y-

shaped, coincident with epicranial stem and frontal arms (fig. 23); spiracles

annular-biforous with very short accessory chambers; prosternum with patch

OF ASPETILIES .....cvoeeircierirrietsiee ettt seees e e sse e (Zopherinae) Zopheridae p. 518
Macxillary mala simple (fig. 85); cardo not divided; median endocarina absent;

spiracles annular (figs. 194, 195) or annular-multiforous (fig. 200);

prosternum without patch of asperities .........c.cveiiveiiciiiiieecreee s eseseessenes (part) Tenebrionidae p. 520
Apex of mala cleft (fig. 106); hypostomal rods (fig. 85) present; tergum A9

distinctly tuberculate; urogomphi without pit between them; ligula as long as

or longer than labial palps. Under bark, in fungus fruiting bodies. Exotic

(AUSLFAlA) .ot e et (Meryx) (Ulodinae) Zopheridae p. 518
Apex of mala usually simple as in fig. 85, OR, if cleft, then hypostomal rods

absent; tergum A9 not tuberculate, or urogomphi with pit between them;

ligula much shorter than labial palps. Under bark or in rotten wood ....................... (part) Colydiidae p. 512
Epicranial stem present (fig. 23); frontal arms V- or U-shaped (fig. 23);

hypostomal rods absent; urogomphi small and approximate; transverse rows

of asperities, if present, on 5 or fewer abdominal terga. In rotten wood ...........

................................................................................................................ (Nosoderminae part) Zopheridae p. 518
Epicranial stem absent and frontal arms lyriform (fig. 216); hypostomal rods

present (fig. 85); urogomphi large 4nd well separated; transverse rows of

ASPETities PreSeNnt ON LEIZA AT—6 .....occcorruircerinrerternieeteiaeiees st ereeeeeseserasss et st sssesasmsseeeeseessorsses st seens 335
Length usually more than 10 mm; mala with 1 or 2 teeth at inner apical angle

(fig. 106); ligula well-developed, longer than first palpal segment; labial palps

separated by more than a palpal width; accessory air chambers of spiracles

much shorter than atrium diameter (fig. 197); meso- and metatergum and

terga Al--6 with patches of asperities (fig. 141) in addition to transverse

TOWS. In rotten Wood .....ccoeeeeieeiiiiiiiceee s, (Phellopsis) (Nosoderminae) Zopheridae p. 518
clypeolabral
sutuse labrum frantoclypeal suture
3 absent
2

connecting membrane
in antennal fossa

frontoclypeal frontal arms lyriform
suture

v-shaped median endocarina
frontal arms extending between

frontal arms
(epicranial stem

long epicranial Figure 22 absent)
J stem

Figure 13
\ frontoclypeal suture
frontoclypeal
suture incomplete
frontal arm divided —— endocarina y-shaped,
(inner arm lyriform) coincident with
epicranial stem
and frontal arms
epicranial stem
moderately long
Figure 18 Figure 23

~———Figs. 29, 30, 89, 105, 106, 194, 195, 200



ORDER COLEOPTERA 283

335, Length usually less than 10 mm; mala with inner apical angle simple; ligula
reduced; labial palps separated by less than a palpal width; accessory air
chambers of spiracles at least as long as atrium diameter (fig. 198);
metatergum and terga A1-6 with transverse rows of asperities only (fig.

144). In TOLEN WOO ..oovieeeeeeirecircecrieeeee e st ses st st st e s e sbeaen ... (Usechinae) Zopheridae p. 518
336(317'). Frontoclypeal suture absent or vaguely indicated (figs. 18, 22) .ooveeiiieeiiieriiiieerct e 337
336'. Frontoclypeal suture distinct (fig. 13) ..cocovcrvenriniieiet ittt ettt e e 344
337(336). Hypostomal rods absent .........c.corevenns
337, Hypostomal rods present (fig. 89)
338(337). Urogomphi simple and tergum A9 without additional tubercles or processes;
anal region posteriorly or terminally oriented .........ccooovimireiieeieinisieine e 339
338’ Urogomphi with accessory processes and tergum A9 with several additional
spines or tubercles; anal region posteroventrally oriented. In rotten wood.
Exotic (Southern Hemisphere) .......ccoccovevrvcvrsiiininininneninemeans (Ulodinae part) Zopheridae p. 518
339(338). Maxillary mala more or less falcate (fig. 105), or if maxilla with 2 apical lobes,
then lacinia falcate (fig. 111); antennal segment 2 oblique at apex, so that
sensorium arises proximad of segment 3 (fig. 30); urogomphi almost always
articulated at base (figs. 112-113). In leaf litter, fungi, carrion ........c.coeerervvnvreviirnnnns (part) Leiodidae p. 327
339, - Maxillary mala truncate (figs. 85, 106) or rounded (fig. 86); antennal segment
2 truncate at apex, so that sensorium and segment 3 arise together (fig. 29);
urogomphi fixed at base (figs. 170-171) ..o s 340
fj
fixed, fimbriate .
/ galea faa:l‘(lszlg:rtneglalea 4-segmented
maxillary palp
— fixed lacinia
fixed falciform articulated,
lacinia 2-segmented
galea
palpifer ——articulated,
1-segmented lacinia
stipes
maxillary
articulating Figure 113
area
cardo
Figure 111 Figure 112
vITTY ryvve :.-,vuvv vey
labrum partly fused \
to head capsule
antennal (clypeolabral o
membrane suture incomplete) K
Figure 141 Figure 144
————————accessory
chambers
lyriform accessory
frontal arms chambers
contiguous
at base

Annular Biforous
Figure 197

Figure 216

Annular Biforous
Figure 198

Figs. 24, 85, 86, 170, 171 ——
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340(339). Stemmata on each side 0; mandibular mola with hyaline lobe at base; body
parallel-sided and somewhat flattened; length usually less than 10 mm. In

leaf litter, under bark ..........cocevveicevcvmerecrinnene.

............................................................. (part) Euglenidae p. 554

340 Stemmata on each side 5 or 6; mandibular mola without hyaline lobe at base;
bedy somewhat curved ventrally and narrowing posteriorly; length usually

more than 10 mm ....coovcvivieeiiieeeiteeeeeeeenene

........................ (Cephaloon) (Cephaloinae) Cephaloidae p. 529

341(337"). Epicranial stem long and bent to the left (fig. 15); frontal arms joined anteriorly
by transverse ecdysial line (fig. 15); spiracles on segment A8 much larger
than those on A7. In fungus fruiting bodies. Exotic (Asia, East Indies, New

GUINEAY vttt et srenes

341, Epicranial stem shorter and not bent to the left (fig. 18); frontal arms not
joined anteriorly by transverse line; spiracles on segment A8 not larger than

thOSE ON AT oo e et eas

frontoclypeal suture
/9 absent

frontal arms lyriform

paired endocarinae

coincident with

bases of frontal arms

bases of frqgnal

arms contigGous

posterior edge of head capsule
distinctly emarginate

Figure 24

transverse ecdysial
line connecting
frontal arms

epicranial stem

r j bent to left

Figure 15

truncate mala

stipes

maxillary
articulating
area

cardo

rod

Mouthparts Retracted

Figure 85

~——— Figs. 18, 197, 198

maxilla and
mandible removed

hypopharyngeal
bracon

short hypostomal

rounded mala

1-segmented
labial palp

cardines
strongly oblique
or longitudinal

Figure 91

labial palps narrowly
separated; ligula absent

rgunded mala
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hypostomal rods
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Figurg 86

nasale (labrum
fused to clypeus
and frons)
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frontal arms
distant at base
(frons reaches
posterior edge
of head)

Figure 18
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342(341').  Anal region posteriorly or terminally oriented; spiracles annular, annular-
uniforous (fig. 196), or annular-biforous with short accessory chambers (fig.
197); molae tuberculate, with tubercles extending onto ventral surface (fig.

73). In fungus fruiting bodies, leaf litter, stored products ..............cocoovvreeenen. (part) Mycetophagidae p. 498
342", Anal region posteroventrally or ventrally oriented; spiracles annular-biforous

with long accessory chambers (fig. 198); molae transversely rldgcd without

tUDEICIEs ON VENITAl SUTTACE ....ociiciiicicircirrnrir ettt sttt ee e e nasees s s et 343

343(342).  Urogomphi with accessory processes (fig. 196); epicranial stem moderately long

(fig. 18); mala simple and rounded (fig. 86); abdominal terga without rows or

patches of asperities; tergum A9 with only a few tubercles and without U-

shaped groove. In fungus fruiting bodies ...........coccoeveiiveverviirceeerrrnns (Piseninae part) Tetratomidae p. 504
343 Urogomphi simple; epicranial stem very short or absent (fig. 24); apex of mala

truncate and slightly emarginate, with 3 teeth at inner apical angle;

abdominal terga each with transverse row of asperities followed by a patch of

irregularly distributed asperities; tergum A9 with numerous tubercles and

with a U-shaped, transverse groove. In rotten wood .............cccocoureunene. (Stenotrachelinae) Cephaloidae p. 529
344(336"). Hypostomal rods absent; abdominal spiracles annular (figs. 194, 195) or

annular-multiforous (fig. 200). Under bark, in rotten wood, soil, leaf litter .......... (part) Tenebrionidae p. 520
344", Hypostomal rods present (fig. 89); abdominal spiracles annular-biforous (figs.

FO7, 198) ittt st e bttt ettt et e s e ee et e st seeer et er e tne s et e s et aeaeteseranes 345

345(344').  Epicranial stem very short; urogomphi straight, narrow, acute, lightly
sclerotized and posteriorly oriented, without accessory processes (fig. 170);
hypostomal rods subparallel (fig. 89) ligula absent. In fungus fruiting bodies,

1EAF LHEEBT ..ottt ettt ettt et en Archeocrypticidae p. 500
345, Epicranial stem moderately long; urogomphi with accessory processes (fig. 169);
hypostomal rods diverging posteriorly (fig. 89); igUla PrESENt ........ovoovoruiveeeeerreeereeereeersessseeeeesserssesseseens 346

346(345').  Apex of mala simple; molar surface with numerous fine ridges (fig. 80); dorsal
body surfaces generally smooth. In fungus fruiting bodies, under bark ...........

..................................................................................................................... (Piseninae part) Tetratomidae p. 504
346'. Apex of mala cleft (fig. 106); molar surface simple (fig. 69); dorsal body
surfaces generally granulate or tuberculate. Under bark, in fungus fruiting
bodies. Exotic (Southern Hemisphere) ..........ccocvvvvvieeirininnecneeiieereneeeeens (Ulodinae part) Zopheridae p. 518
347(313').  Segments in labial palp 1; cardo strongly oblique or longitudinal (fig. 91); apex
of mala rounded or truncate (fig. 91); hypostomal rods ADSENE .........coocecevremereereeeeeeeee e eeeereeeresesseeseserenas 348
prostheca
e a brush of
N comb-hairs
molar surface :
simple molar surface
transversely
ridged
accessory processes
accessory ventral process Dorsal
Figure 69 Figure 80 Figure 169
——accessory accessory
chamber chambers
Annular Annular Annuiar Uniforous Annular Multiforous Dorsal Lateral
Figure 194 Figure 195 Figure 196 Figure 200 Figure 170 Figure 171

Figs. 73, 89, 106 ——
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347, Segments in labial palp 2; cardo transverse or slightly oblique; apex of mala

falciform (fig. 89); hypostomal rods present (fig. 89). Under fermenting bark,

in fUNuS frUiting BOIES ......cvvveureeecrveaniniivesieeceeeoeseeesesseessoees oo (part) Biphyllidae p. 475
348(347).  Bases of frontal arms contiguous (fig. 24); paired endocarinae present (fig. 24);

ligula absent. In puffballs .......c..coooeverereerecerereresreer (Pocadius part) (Nitidulinae) Nitidulidae p. 456
348’ Bases of frontal arms distinctly separated (fig. 16); paired endocarinae absent;

ligula shorter than palp. Under bark, in leaf litter, fungus fruiting bodies,

CATTION, FOUNG FTUIL ..oooovivesvveeceeneieers oo eosen (part) Nitidulidae p. 456
349(313%). Urogomphi articulated at base (fig. 162); maxilla with fixed galea and lacinia

(fig. 111), sometimes fused or connate for part of their lengths; galea often

with fringe of setae at apex (fimbriate 8alea) (fig. 111} oo 350
349, Urogomphi fixed at base (fig. 170); maxilla usually with single, fixed mala

(8- TOSY vttt ettt centerss s ssssees s stseeesee e et ee oo eoeeesee oo e eeeeeeseeeseee e 355
350(349). Stemmata on each side 6. In decaying vegetation OF CArTiON .............oo..ooceeeeeoervrevseoseonoooons Agyrtidae p. 324
350", Stemmata on ach SIde 5 OF FEWET .....cc.vccoeeereecmmeerssiseessceesesmeesessessesseees s oo sooeeeesoeeeeeo 351
351(350"). Segment A10 bearing a pair of hooks (fig. 163)
351, Segment AL0 Without & Pair O HOOKS ...u...eccoeeereersssssssrsosreesesssssessesssseeeesssssssssee oo soeoeeseeseeesee oo
352(351).  Urogomphi 2-segmented; stemmata on each side 3 to S; epicranial stem present

(fig. 14). In sand, on rocks, or in vegetation in or near streams and ponds ...c..ccoveerrrvnnann, Hydraenidae p. 320
352'. Urogomphi 1-segmented; stemmata on each side 0 or occasionally 1; epicranial

stem absent. In leaf litter, decaying vegetation, rotten wood, fungi ..o, (part) Ptiliidae p. 322
353(351'). Stemmata present; epicranial stem present (fig. 14); vestiture often including

expanded setae (fig. 4). In leaf littéf, fungi, CArTiON .....oovveoveeeervoeeoeoooo (part) Leiodidae p. 327
353, Stemmata absent; epicranial stem absent; vestiture of SIMPIE SELAC .....ocomerrrrertertirneceeser s oo, 354
354(353').  Urogomphi 2-segmented (fig. 162); body usually more than 1.2 mm in length;

lacinia scoop-like and bidentate. In mammal nests ........oooovvvvroovo (Leptininae) Leptinidae p. 330
354', Urogomphi 1-segmented; body minute, length 1.2 mm or less; lacinia not as

above. In leaf litter, associated With army ants ..............ooooooeeovvovoooovvooossooo Limulodidae p. 324
355(349'). Maxilla with galea and lacinia LT B D U ) SOOI 356
355", Maxilla with single mala (fig. 105) ......c.cccccccerevurmerenerreeescmeceeeesesseseemseeessessseeeeeeesooeoooooeoeoeee oo 358

clypeolabral suture
vaguely indicated
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arms

long epicranial
stem

—/

Figure 14

prostheca a
fixed, hyaline
process, narrow
at base and
acute at apex

asperate

- accessory ventral process

Figure 3 Figure 4 Figure 78

—Figs. 24, 85, 170
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Mouthparts Retracted
Figure 89
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molar surface
transversely
ridged
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Figure 80 Figure 210



356(355). Dorsal body surfaces coarsely granulate or tuberculate, usually with distinct
setiferous processes (fig. 3); stemmata on each side 6; accessory ventral

process of mandible present (figs. 78, 80); abdominal spiracies located at

ends of spiracular tubes (fig. 210). Under fermenting bark, on fungi ...........

356'. Dorsal body surfaces smooth or very finely granulate, without setiferous

processes; stemmata on each side 5 or fewer; accessory ventral process of

mandible absent; abdominal spiracles not located at ends of spiracular tubes

357(356'). Dorsal body surfaces more heavily pigmented than ventral ones; ratio of
antennal length to head width less than .2; apex of antennal segment 2
truncate, so that sensorium and segment 3 arise together (fig. 29); minute

(length usually less then 1.3 mm). Under bark, in rotten wood, leaf litter.

Exotic (Neotropical and Old World) ........cccovevieiinniiiiiisniceiiene
Dorsal and ventral body surfaces similarly pigmented; ratio of antennal length

is7.
to head width more than .2; apex of antennal segment 2 oblique, so that

sensorium arises proximad of segment 3 (fig. 30). In leaf litter, fungi, carrion

—bifid
prostheca

serrate
prostheca

it
iy

Figure 82

3
3 2
falciform
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palpifer
1 stipes
maxillary
articulating
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cardo
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Figure 83

(—Cle"

mala truncate,
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Figure 111
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Figure 73

Figure 215
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................... Jacobsoniidae p. 433

........... (part) Leiodidae p. 327
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Figure 163

Figs. 16, 29, 30 ——
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358(355'). Median endocarina located between frontal arms (fig. 22). In cycad cones,

stored products ....c.occoevcvneinincni e
358, Median endocarina absent ........coeeeceeceereenrencreenne

.................. (Pharaxonotha) (Xenoscelinae) Languriidae p. 471
................................................................................................ 359

359(358"). Prostheca broad, with apex obtusely angulate (fig. 81), or occasionally rounded .........cccoonicniininnniisninnnns 360
359'. Prostheca narrow, with apex acute (fig. 78) or occasionally bifid (fig. 83) or

serrate (fig. 82) .o

360(359). Dorsal surfaces smooth; body more or less cylindrical and lightly sclerotized;
epicranial stem moderately long (fig. 13); accessory ventral process of

mandible absent. In stems .....cec.cceeenvirvinennnen,

....................................... (Languriinae part) Languriidae p. 471

360", Dorsal surfaces granulate or tuberculate; body usually slightly flattened;
epicranial stem very short (fig. 12) or absent (fig. 24); accessory ventral

process of mandible present (figs. 78, 80)

361(360"). Mala more or less truncate and cleft at apex (fig. 106); head moderately to
strongly declined (hypognathous) (fig. 10); hypostomal rods very short (fig.

85). In fruiting bodies of higher fungi ............

.............................................. (Dacninae part) Erotylidae p. 473

361°. Mala falciform and not cleft at apex (fig. 105); head prognathous or slightly

declined (fig. 8); hypostomal rods usually long (fig. 89) ....cccovirciiineiirinicii e 362
362(361'). Ventral epicranial ridges present (figs. 90, 93); frontal arms separated at base

(fig. 16); tarsungulus with 2 subequal setae located side by side. In rotting

vegetation, cycad cones, leaf axils ..................

...................................... (Xenoscelinae part) Languriidae p. 471

362'. Ventral epicranial ridges absent; frontal arms contiguous at base (fig. 24);
tarsungulus with 2 unequal setae, one located distal to the other, or

occasionally with 1 seta only ... e

................................................................................................ 363

363(362'). Thoracic and abdominal terga produced laterally to form flattened processes;
urogomphi acute at apex, posteriorly oriented but upturned at apex; spiracles

biforous (fig. 202). In leaf litter, stored products

...................................... (Cryptophilinae) Languriidae p. 471

363, Thoracic and abdominal terga not or only slightly produced laterally;
urogomphi straight and blunt, posterodorsally oriented; spiracles annular. In

leaf litter, decaying vegetation ...........ccoccevinnene

clypeolabral suture incomplete;
labrum partly fused to clypeus

frontoclypeal
suture absent

v-shaped

frontal arms

short epicranial
stem

Figure 12

nasale (Jabrum
fused to clypeus
and frons)

lyriform frontat
arms

frontal arms
distant at base
(frons reaches
posterior edge
of head)

Figure 16

—— Figs. 4, 78, 80, 81, 82, 83, 89, 105, 106

................................................. (Toraminae) Languriidae p. 471
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-
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frontal arms
(epicranial stem
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364(359'). Mala truncate (fig. 88) or rounded (fig. 1) .oonmrieiirmrimee 365
164'. Mala fAICIFOTIM (FiZ. 105) wvvirirmirrectrerierreeecsisisis s e be bt st e e st 369
365(364).  Ratio of antennal length to head width less than .15; stemmata on each side 4
OF FEWET wvveutreeeteeeeeeetentsessteteseassesssaesronsehessareasasaessenteaseseeneabent e i b e e AR O S A b RO Lo R e s R e SR bR s e e R s an e RS b e ad e e mthe s e b bt bbbt 366
365'. Ratio of antennal length to head width more than .15; stemmata on each side 5
OF 6 eeereeereetestssseeesoseetressessesseessessasesesnsetaestassessaatsensarnassesssomeesaressetiantanseabsatbentiabnabe e ot en s e ae s neaes et s R b n s s b n b e e 367
366(365). Abdominal segments with paired tergal processes; vestiture consisting of simple
; setae only; stemmata on each side 4. In puffballs ........... (Lycoperdina) (Eumorphinae) Endomychidae p. 482
- 366, Abdominal segments without paired processes; vestiture including expanded
setae (fig. 4); stemmata on each side 2. On molds, in stored products .............
................................................................................................. (Mycetaea) (Mycetaeinae) Endomychidae p. 482
frontoclypeal suture 2-segmented labial palp
absent F

truncate mala

frontal arms lyriform

paired endocarinae
coincident with
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bases of frontal
subparallel and
diverging
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posterior edge of head capsule
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Figure 90 Figure 93
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sensorium side by
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1 openings
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Figure 29 Figure 30 Figure 10 Figure 202

Figs. 85,81 —
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367(365’). Labial palps 1-segmented; hypostomal rods long and diverging (fig. 89); dorsal
body surfaces with numerous elongate, setiferous tubercles (fig. 3). In rotting

fungus fruiting bodies. Exotic (Southern Hemisphere) ........cccccoervierveenceverernrinsnerinns (part) Hobartiidae p. 468
367'. Labial palps 2-segmented; hypostomal rods very short (fig. 85); dorsal body

surfaces smooth or granulate-tuberculate, but without elongate, setiferous

BUDEICIES ...ttt e ee st e e e b e se e bt s s e e e a5 e ae s s et e et e e a st e e e benssea s seneen 368

368(367’). Dorsal body surfaces granulate or tuberculate; head moderately to strongly
declined (hypognathous) (fig. 10); spiracles annular-biforous. In fruiting

bodies of higher fUNi ........cccovveirveriremreiinninsiire s e ssss e se e (Dacninae part) Erotylidae p. 473
368'. Dorsal body surfaces smooth; head prognathous or slightly declined (fig. 8);

spiracles annular or occasionally annular-uniforous (fig. 196). In fruiting

bodies of slime molds (Myxomycetes) ..........coocereerrrecernenn. (Odontosphindus) (Sphindinae) Sphindidae p. 455
369(364'). Labial palps 1-segmented 370
369'. Labial palps 2-segmented 372
370(369). Hypostomal rods absent; ventral epicranial ridges present (fig. 93); dorsal body

surfaces granulate or tuberculate; urogomphi not strongly upturned. In leaf

litter, decaying vegetation, under bark, on spore-covered fungal

SUTTACES 1.iiviuirieitiiciietiencr ettt st eterenc et e rre e s bean s essasnsseeaenens e ssennrens (Monotominae) Rhizophagidae p. 460
370", Hypostomal rods long and diverging (fig. 89); ventral epicranial ridges absent;

dorsal body surfaces smooth or with elongate, setiferous tubercles (fig. 3);

urogomphi strongly Upturned (fig. 171) ..ccocoirieriieccerrrerec e rtr e s et sassae s s sre b esssrnassesssansbestonne 371
371(370"). Dorsal body surfaces smooth, withowdjsetiferous tubercles; spiracles not located

at ends of tubes. In leaf litter, rotten wood, fungi, bee nests, stored

PrOQUCES ..eeviiiiiieiieieiei et et eeeaesbeste e veeaeseensenrsemessnssrnennesens (Cryptophaginae part) Cryptophagidae p. 469

nasale (labrum frontoclypeal suture

fused to clypeus absent
and frons)

frontal arms lyriform

. paired endocarinae
lyriform frontal coincident with

arms bases of frontal arms

frontal arms

bases of frontal

(dfnrit::tr:;::esse arms contiguous
p?zter:;r edge posterior edge of head capsule
of hea
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prostheca a
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at base and
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Figure 16

Figure 24
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Figure 210 S ——molar surface
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mandible removed accessory ventral process
maxillary Figure 78
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short hypostomal
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Mouthparts Retracted Annular Uniforous
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— Figs. 8, 10, 16, 24, 90, 93, 171
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372(369).
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373(372).
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374",
375(374).
375",

376(375).

376'.

377(375").
377,
378(377").

378"

379(3133%).

falciform mala

labium free to
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Dorsal body surfaces covered with elongate, setiferous tubercles (fig. 3);
spiracles located at ends of short tubes (fig. 210). In rotting fungus fruiting

bodies. Exotic (Southern Hemisphere) .......cccccoeeiriocnevnrnccirrveeencereee e seesnaees (part) Hobartiidae p. 468
Thoracic and abdominal segments bearing lateral tergal processes; body more

OF 1885 OVALE .vvevrerirerrisneireeisnereseorestsnssoseesssenssestssnssesessesestosesessesentsesssasesnsessesesmssesasssastseesesenssssasssssnosensesansssassons 373
Thoracic and abdominal segments without lateral tergal processes; body

clongate and more or less parallel-Sideqd ............cooerieiieeiieeie et et 374

Abdominal spiracles located at ends of tergal processes; dorsal body surfaces

more or less granulate (often covered with dirt); stemmata on each side 5;

accessory ventral process of mandible present (fig. 78). In leaf litter. Exotic

(Australia and New Zealand) ........cccoevivvirvireinneesineeionseenessenones (Priasilphinae) Phloeostichidae p. 462
Abdominal spiracles not located at ends of tergal processes; dorsal body

surfaces not granulate; stemmata on each side 1 or 0; accessory ventral

process of mandible absent. In fungi, rotten wood, leaf litter ............ccccvunnen.

........................................................................................................ (Mychotheninae part) Endomychidae p. 482
Frontal arms distant at base (fig. 16); ventral epicranial ridges present (fig. 90);

stemmata on each side 4. Under bark of rotten 1085 .....ccocvveerivvininnccvcenenne.

ettt et Rt R et Rt b bt ens (Rhizophagus) (Rhizophaginae) Rhizophagidae p. 460
Frontal arms approximate at base (fig. 24); ventral epicranial ridges absent;

stemmata on €aCh SIAE 5 OF 6 ..covviiiiiiniiiiiiiiii et et st re e a e s sas 375
Tergum A9 (without urogomphi) much shorter than tergum A8 (fig. 166);

segment A 10 posteriorly oriented; bﬁdy more or less flattened .......ccoovviiriinicviinininneneenne e 376
Tergum A9 well-developed, about as l&ng (without urogomphi) as tergum AS;

segment A10 posteroventrally oriented; body usually not flattened ..........c.cccoviniiiiciieiicccc 377

Segment A 10 easily visible from above (fig. 166); body usually lightly

sclerotized; urogomphi approximate and more or less parallel. In leaf litter,

SEOred PrOQUCES c.oeviveeectirrirerrer vt eer s eee e rerrae e rre e se e an e e e raseerenes (Cryptamorphini) Cucujidae p. 463
Segment A10 reduced and not visible from above; body heavily sclerotized

dorsally and ventrally; urogomphi strongly diverging. Under bark ..................

............................................................................................................... (Cucujus) (Cucujinae) Cucujidae p. 463
Stemmata on each side 6; mala articulated at base; segment A10 with 2 long

tubular pygopods. In male cones of cycads. Exotic (Australia) ........cccceueuene (Paracucujus) Boganiidae p. 462
Stemmata on each side 5 or fewer; mala fixed at base; segment A10 without

PAUTEA PYBOPOLS ...eneiiictiietec et et bbb s eae st b m e s et s s e b n et 378
Stemmata on each side 1 or 0; urogomphi simple; spiracles annular. In leaf

litter, grass piles, stored products, under bark ........ccccceeeeenrnece. (Atomariinae part) Cryptophagidae p. 469
Stemmata on each side 5; urogomphi complex, each with 2 tubercles at base;

spiracles annular-biforous (fig. 197). In sooty molds. Exotic (New

Zealand) ......ocvvveveiiveiieeneennre et esee s sae e ssresnssrenseens (Agapytho) (Agapythinae) Phloeostichidae p. 462
Head strongly retracted (fig. 9); body strongly curved ventrally (C-shaped); A8
spiracle much larger than others. In dead woed ................... (first instar) (Lyctinae part) Bostrichidae p. 439

rounded mala

1-segmented

base of mentu

maxillary

m labial palp

articulating area

hypostomal rods
moderately long

and diverging

cardines
strongly oblique
or longitudinal

Mouthparts Retracted
Figure 89 Figure 91

Figs. 9, 166, 187 —
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379, Head protracted or slightly retracted (figs. 8, 10); body not strongly curved

ventrally; A8 spiracle about the SAME SIZ€ @S OLNETS .........v.ec.eeeeeeeeeeeeeeeeeeeeeee oo 380
380(379').  Epicranial stem moderately long (fig. 14); maxillary palps 4-segmented;

hypostomal rods absent; body densely clothed with long, fine hairs. In dead

WOOM oottt ssssn et e b tees e e et en st s sene e (Orphilus) (Orphilinae) Dermestidae p. 434
380'. Epicranial stem very short (fig. 12) or absent; maxillary palps 3-segmented;

hypostomal rods present; body without long, fine hairs; upper surfaces either

granulate-tuberculate or with paired processes near midline on all abdominal

BETBA oottt bbbt e ea et e e e et e et et e bt ee et et s oo esenesees 381
381(380'). Stemmata on each side 4; epicranial stem absent; frontoclypeal suture present;

labial palps 1-segmented (or apparently so); spiracles annular; tarsungular

setae 1; with paired processes near midline on all abdominal terga. In

PURTBALLS ..ottt et (Lycoperdina part) Endomychidae p. 482
381", Stemmata on each side 5 or 6; epicranial stem present; frontoclypeal suture

absent; labial palps 2-segmented; spiracles annular-biforous (fig. 197);

tarsungular setae 2; without paired tergal processes; upper surface usually

granulate or tuberculate. In fungus fruiting bodies (usually Basidiomycetes) ............ (part) Erotylidae p. 473
382(3134).  Bases of frontal arms contiguous (fig. 24). In puffballs .......... (Pocadius part) (Nitidulinae) Nitidulidae p. 456
382", Bases of frontal arms distinctly separated (fig. 16). Under bark, in leaf litter,

fungus fruiting bodies, carrion, rotting frUit ............oecrveeeeoeeereeesssseessssoesesoe oo, (part) Nitidulidae p. 456

383(311%). Abdominal terga with patches of asperities (fig. 141) on most segments;
prothoracic sternum with median tooth (fig. 123); tergum A9 with indistinct

pit between urogomphi. UREr DAtk ............euceieecreeeeeeereeeeees e eeeeoeeoeeeeoees e Synchroidae p. 516
383, Abdominal terga without patches of asperities; prothoracic sternum without

median tooth; tergum A9 without pit or with 2 distinct pits between

UTOZOMIPRT .ottt ettt b s e et e seeeeetae s es s s be b2t et e e e e oo e s e sesn 384
384(383'). Tergum A9 with 2 distinct pits between urogomphi (fig. 175). Under bark or in

TOLEING VEZELATION ..oo..oovvieecceceemirintisereies et eeseesseessssessessse s seeseessesess s (Pedilinae) Pedilidae p. 544

head retracted

tergum 8
tergum 9
urogomphus
A
Y
prognathous l segment 10
hypognathous
Figure 8 Figure 9
Dorsat
clypeolabral suture incomplete; Figure 10 Figure 166

labrum partly fused to clypeus
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suture absent

u-shaped frontal

v-shaped arms

frontal arms

long epicranial
stem

short epicranial
] stem
Figure 12 Figure 14

—— Figs. 16, 24, 85, 89
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384", Tergum A9 without pit between urogomphi (sometimes the appearance of a pit

is caused by the proximity of the 2 small, mesal teeth at the urogomphal

DASES, @S TN fIZ. 177) .oreciririieciriniinreieiieeieiies s esesne e te e sesbe st ste et sanssssabassasosansssssnotebenssanssontsstensssensssassonssn 385
385(384'). Each urogomphus with small, mesal tooth near base; hypostomal rods very

short (fig. 85); epicranial stem absent; paired endocarinae absent; mola well-

developed and tuberculate or asperate (fig. 73). In leaf litter, stored products,

BUBNO .oveeereiereeirnenireeseeiseniosraseesasesnesstesssnestsosstoessssnssssessaesiaesssassassisens (Aglenus) (Agleninae) Othniidae p. 547
385", Urogomphi simple; hypostomal rods moderately long but not extending to

posterior edge of head (fig. 89); epicranial stem moderately long (fig. 18);

paired endocarinae absent; mola well-developed and tuberculate or asperate

(fig. 73). In fungus fruiting bodies (see 3rd choice) .........ccc.cevrvvereeenne. (Hallomeninae) Melandryidae p. 505
3852, Urogomphi bifurcate (fig. 184); hypostomal rods extending almost to posterior

edge of head (fig. 86); epicranial stem absent; paired endocarinae coincident

with frontal arms (fig. 24); mola consisting of a few teeth only (fig. 71).

Under bark, in rotten wood, stems, leaf Litter ......cocvvveiineninveivencinirennes (Salpinginae part) Salpingidae p. 549
386(3114). Paired ventral prolegs (asperity-bearing ampullae) absent; frontoclypeal suture
absent or vaguely indicated; abdominal terga without patches of asperities ............covevcerrreenievneccnnnennns 387

frontoclypeal

suture incomplete
Y\[.)

frontal arm divided

(inner arm lyriform) median, prosternal tooth I \
Figure 123 Figure 141

epicranial stem —————————accessory

moderately long chambers

Figure 18

Annular Biforous
Figure 197

surface tuberculate

premolar lobe

or tooth

molar surface
transversely ridged

tubercles or

asperities rows of. )
extending onto microtrichia
ventral surface
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Figure 73 Figure 74

2 pits between

urogomphi apico:l'n.esal
mola sub-basal, asperities
reduced .tcln row 3% accessory mesal tooth
of asperities process (accessory
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urogomphus at base ?“
Dorsal Ventral urogomphus
Figure 71 Figure 175 Figure 177

Fig. 86: See p. 296. Fig. 184 —
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391'.
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392,
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Paired ventral prolegs (asperity-bearing ampullae) (fig. 149) on sterna A2—4 or

A2-5; frontoclypeal suture distinct (fig. 13); abdominal terga with patches of

asperities (fig. 143) on 1 or more segments. In rotten wWood ...,

...................................................................................................... (Calopus) (Calopodinae) Oedemeridae p. 534
Urogomphi simple, somewhat converging, with 2 distinct pits between them

(fig. 175); stemmata absent; apex of mala cleft (fig. 106); mandibles more or

less symmetrical. In decaying vegetation in dry, sandy areas ..............cruen....... (Cononotinae) Pedilidae p. 544
Urogomphi bifid or with accessory processes (fig. 182), without or with a single

weakly defined pit between them; stemmata present; apex of mala simple and

rounded; mandibles asymmetrical (igs. 73, 7T4) ....o......ovveemeeeremmeeeneeeeeesoeeeeeescoese e eeeoeeoeeeeeoeesesssseseeeooen 388
Stemmata on each side 1; ligula well-developed and labial palps distinctly

separated (fig. 85) ..o e e (Trogocryptinae part) Othkniidae p. 547
Stemmata on each side 2 or 5; ligula absent and labial palps subcontiguous

(BI8: BO) oottt e ettt eee e e eeen e Inopeplidae p. 551
Row of basal asperities on sternum A9 straight or slightly sinuate and only

slightly curved posteriorly at sides (5. 179, 181) wu..vvvueveeemeveeereeseeeeeee oo oo eeeeeesess oo 390

Row of basal asperities on sternum A9 strongly curved posteriorly at sides (fig.

178); body strongly flattened; segment A8 much longer than A7; tergum A9

forming articulated plate bearing simple, posteriorly oriented urogomphi with

2 pits between them (fig. 175). Under bark (see 3rd choice) .......covvveerienniie e, Pyrochroidae p. 541
Row of basal asperities on sternum A9 strongly, doubly curved (fig. 180); body

cylindrical or slightly flattened; segment A8 not much longer than A7,

tergum A9 bearing complex urogoglphi with single pit between them and

6-8 tubercles forming row in front of them (fig. 174). Under bark, in rotten

WOOM oottt ne s et nss st e et eas st s e e s sttt (Pythinae part) Pythidae p. 539
Row of basal asperities on sternum A9 broadly interrupted at middle (fig. 181);

hypostomal rods very short (fig. 85) or long and diverging (fig. 89);

urogomphi without or with single pit BEtween them .................coveeeeeeremossvoeessoeeseeeoooeooooooeooeoeoooeoooo 391
Row of basal asperities on sternum A9 more or less continuous (fig. 179);

hypostomal rods absent or urogomphi with 2 pits between them (fig. 175) et reseseens 392
Hypostomal rods very short (fig. 85); urogomphi with no pit between them and

with row of 6 asperities in fromt of them ........oooeeevevevvoeooeveoeooo (Sphalma) (Pythinae) Pythidae p. 539
Hypostomal rods moderately long (fig. 89); urogomphi with single pit between

them and 4 asperities in front of them .........o.oeoveveeeeeeooeoeesooo, (Elacatis) (Othniinae) Othniidae p. 547

Urogomphi with 2 pits between them (fig. 175); tergum A9 forming sclerotized,

articulated plate; hypostomal rods moderately long (fig. 89); body strongly

flattened. Under bark. Exotic (Southern Hemisphere) ........... (Pilipalpinae = Techmessinae) Pythidae p. 539
Urogomphi complex with single pit between them and 8 or more tubercles in

front of them (fig. 174); hypostomal rods absent; body only slightly flattened.

Under bark (see 3rd choiCe) ..........co.evevreiececreeeeeeseeeeee oo (Pytho) (Pythinae) Pythidae p. 539

clypeolabral
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stipes maxil!a and
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suture maxillary
articulating
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v-shaped hypopharyngeal
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short hypostomal
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——Figs. 73, 74
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3922, Urogomphi without pit between them; hypostomal rods absent. EXOtiC ......cooccoviivimninimncmnmnnciiciciieennens p- 393
393(392%). Urogomphi simple, more or less parallel, upturned at apex; meso- and

metaterga, terga Al-7 and sterna A2-8 with series of longitudinal ridges.

Length of mature larva greater than 100 mm. Exotic (Southeast Asia and

East INAIES) .viveerreerrerieeieeireie et iecesese sttt st bbb s ems s s b s s s be s b s st n Trictenotomidae p. 539
393", Urogomphi diverging, each bearing 5 or more long spines; without longitudinal
ridges on thorax and abdomen. Exotic (Japan) ........ccevvverencncniinnnicinnnns (Istrisia) ?Salpingidae p. 549
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between urogomphi
urogomphi
accessory
tubercles afls process
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Figure 174 Figure 175
Figure 149
s
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Figs, 86, 89, 106 ——
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394(3117).

394’

395(394').

395",
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Ratio of antennal length to head width .15 to .5; cardo strongly oblique (fig.
91); abdominal terga with paired rows of asperities forming incomplete rings
(fig. 147); posterior edge of head capsule distinctly emarginate dorsally.

Under bark, in leaf axils

..................................................... (Mycterinae and Lacconotinae) Mycteridae p. 535

Ratio of antennal length to head width more than .5; cardo transverse or

slightly oblique; abdominal terga without rows of asperities; posterior edge of

head capsule not or only slightly emarginate dorsally .........couceiecmriiieiiecnr et 395
Segments in labial palp 1; mandibles symmetrical; apex of mala simple (as in

fig. 86); tergum A9 without pit between urogomphi; median endocarina

present (fig. 22). At bases of cycad fronds

............................................ (Hemipeplinae) Mycteridae p. 535

Segments in labial palp 2; mandibles asymmetrical; apex of mala cleft (fig.
106); tergum A9 with 2 pits between urogomphi (fig. 175); median
endocarina absent. Under bark
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Thomas 1957 (morphology of larval Scolytidae).

Thorpe and Crisp 1949 (plastron respiration).

Tillyard 1923 (Lepidoptera: Micropterygidae).
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Treherne 1952 (respiration in helodid larvae).
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OMMATIDAE (ARCHOSTEMATA)

{ = OMMADIDAE, INCLUDING
TETRAPHALERIDAE) 2

John F. Lawrence,
Division of Entomology, CSIRO

The family Ommatidae, as delimited by Lawrence and
Newton (1982), includes 3 genera: Omma, with 2 species in
eastern Australia; Tetraphalerus, with 2 species in southern
Brazil, Argentina, and Bolivia; and Crowsoniella, with a single
species, C. relicta Pace, from central Italy. The group belongs
in the Archostemata, along with the Cupedidae and Micro-
malthidae, and fossils attributable to the family are known
from the Lower Jurassic.

Little is known about the biology of ommatids, and no
immature forms have been described. Adults of Omma are
rarely collected from central Queensland to South Australia,
not only in the heavily forested areas adjacent to the coast,
but also in the more open and arid Eucalyptus woodland west
of the Great Divide. Tetraphalerus species often occur in open,
dry areas with little or no tree cover, and adults may be at-
tracted to lights. Crowsoniella relicta was found in rather
dry and granular, calcareous soil at the bases of old chestnut
trees, along with other interstitial beetles, like species of Lep-
totyphlus and Scotonomus (Staphylinidae), and Anom-
matus (Cerylonidae). Larval ommatids may be found
eventually among the root systems of large shrubs or trees,
or possibly in the rotting central cores of old standing trees
or stumps.
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Crowson 1962 (review of Cupedidae and Ommatidae), 1975 (fossil
record), 1976 (Crowsoniella).

Lawrence and Newton 1982.

Monros and Monros 1952 (South American Archostemata).

Neboiss 1960 (Omma distribution).

Pace 1976 (Crowsoniella).

Ponomarenko 1969 (fossil Archostemata).

Vulcano and Pereira 1975 (South American Archostemata).

CUPEDIDAE (ARCHOSTEMATA)
( = CUPESIDAE)

John F. Lawrence,
Division of Entomology, CSIRO

Reticulated Beetles
Figures 34.67a-e

Relationships and Diagnosis: Cupedidae is one of three
families comprising the oldest and most primitive suborder
of beetles, the Archostemata. The formerly included genera
Omma and Tetraphalerus have been placed in a separate
family, Ommatidae, along with the minute, soil-dwelling
Crowsoniella relicta Pace (Crowson, 1976; Lawrence, 1982c;
Lawrence and Newton, 1982).

Cupedid larvae resemble other wood-boring types, like
those of some Cephaloidae, Cerambycidae, Lymexylidae,
Melandryidae, Oedemeridae, and Tenebrionidae, in that they
are lightly sclerotized and more or less cylindrical, with rel-
atively short legs and thoracic and abdominal ampullae. They
differ from all of these, however, in having 6-segmented
legs, a heavily-sclerotized, wedge-like ligula, and usually
4-segmented antennae. A combination of mandibular mola
and separate galea and lacinia separates cupedids from all
but Lymexylidae, which lack an anteriorly projecting median
endocarina and have a hypognathous head without a gular
region. A wedge-like ligula also occurs in Micromalthidae and
Callirhipidae, but larvae of the latter are quite unlike cupe-
dids in most respects. Micromalthus is the only other ar-
chostematan for which the larva is known. It resembles the
cupedid larva in many ways, but is much smaller and may be
distinguished by a sternal process on segment A9, the lack of
legs in the cerambycoid stage, and the long, narrow tarsus
with two moveable claws in the caraboid or triungulin stage.

Biology and Ecology: All known larvae bore through firm
but fungus-infested wood, with the aid of their thoracic and
abdominal ampullae, and apparently feed on wood fibers,
fungal hyphae, and fungal biproducts. Larvae of the Japa-
nese Tenomerga mucida (Chevrolat) are reported to feed in
wood infected with the fungus Stromatoscypha (as Poroth-
elium) (Basidiomycetes: Schizophyllaceae) (Fukuda, 1941).
Some have been found in seasoned timber, but only in those
portions attacked by a dry rot. Pupation occurs within the
wood. Priacma larvae are known only as first instars, which
hatched from eggs laid by a female beaten from a hemlock
tree (Tsuga); it is probable that these larvae also feed on de-
cayed wood (Ross and Pothecary, 1970). Adults are known
to feed on pollen and may fly to lights (Crowson, 1962), while
males of Priacma serrata (LeConte) are known to be at-
tracted to bleach solution (Atkins, 1957); females are rare.

Description: Mature larvae 15 to 35 mm. Body elon-
gate, parallel-sided, straight, subcylindrical, and lightly scle-
rotized, whitish, except for anterior part of head and tip of
terminal process. Surfaces smooth; vestiture of scattered,
simple, fine hairs, moderately dense in places.

Head: Protracted and prognathous, broad, transverse,
slightly flattened, and deeply emarginate posteriorly. Epi-
cranial stem absent; frontal arms usually indistinct or absent,
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Figures 34.67a-e. Cupedidae. Tenomerga concolor (Westwood). East Lansing, Michigan. Length = 34 mm. a. Larva,
dorsal; b. Head, anterior; ¢. Head, anteroventral; d. Left mandible, mesal; e. Abdominal apex, posteroventral.

sometimes V-shaped (lyriform in first instar of Priacma).
Median endocarina extending anteriorly almost to edge of
clypeus. Stemmata usually absent; occasionally 1 or more
small eye spots on each side. Antennae usually well-
developed and 4-segmented; rarely with 5 or 6 segments; 3-
segmented in early instar Cupes; 2-segmented in first instar
Priacma. Frontoclypeal suture present, sometimes indistinct;
labrum free. Mandibles (fig. 34.67d) symmetrical or slightly
asymmetrical, robust, tridentate or bidentate with large, sub-
apical tooth, and without accessory ventral process; mola well-
developed, simple or with a few tubercles or transverse ridges;
prostheca absent. Ventral mouthparts retracted. Maxilla with
transverse cardo, elongate stipes, well-developed articulating
area, 3-segmented palp with large palpifer, articulated,
rounded galea, and fixed, rounded lacinia. Labium with
mentum and submentum fused; ligula forming a wedge-like
sclerome, extending well beyond labial palps, which are usu-
ally 2-segmented (1-segmented in first instar Priacma). Hy-
popharyngeal sclerome well-developed, forming a single unit
with ligular sclerome. Hypostomal rods long and slightly di-
verging at base and converging at apex. Ventral epicranial
ridges absent. Gula transverse.

Thorax and Abdomen: Thorax relatively small, less than
a fourth the length of the abdomen in later instars. Prothorax
slightly larger than meso- or metathorax, with large, paired
patches of asperities on sternum. Legs short, widely sepa-
rated, 6-segmented, including simple or bifurcate claw. Meso-
and metaterga, abdominal terga and sterna 1-7 each with
transverse ampulla. Tergum A9 with median, sclerotized pro-
cess, blunt at apex and with asperities around base, or in
Priacma with median process bearing 2 dorsal and 2 ventral
tubercles. Sternum A9 well-developed, simple. Anal region
bordered laterally by 2 large, rounded lobes.

Spiracles: Annular, longitudinally oval, with more or less
crenulate peritreme.

Comments: The Cupedidae is a small family containing
9 genera and 26 species worldwide, with 4 genera and 4 spe-
cies in N. America. There are two subfamilies: Priacminae
with the monotypic genus Priacma from northwestern N.
America, and Cupedinae containing the rest of the genera.
The Cupedinae have been revised recently (Neboiss, 1984)
and now include: Cupes (1 species; N. America); Tenomerga
(10 species; Holarctic, southeast Asia, New Guinea, South
Africa); Distocupes (1 species; Australia); Adinolepis (4 spe-
cies; Australia); Ascioplaga (2 species; New Caledonia);
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Rhipsideigma (4 species; East Africa and Madagascar);
Prolixocupes (2 species; southwestern N. America and
southern S. America); and Paracupes (1 species; Brazil).
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MICROMALTHIDAE (ARCHOSTEMATA)

John F. Lawrence,
Division of Entomology, CSIRO

ni"‘j
Telephone-pole Beetles

Figures 34.68a-i

Relationships and Diagnosis: Although tentatively
placed in the Cantharoidea by Arnett (1968), the Micro-
malthidae have been shown to be members of the Archo-
stemata on the basis of both adult and larval characters
(Lawrence and Newton, 1982). The larvae are very similar
to those of Cupedidae, and the leg-bearing triungulins (car-
aboid larvae) might be mistaken for first instar cupedids, from
which they differ in having a long, narrow tarsus bearing two
moveable claws, an apical process on abdominal sternum 9,
and a differently formed hypopharyngeal sclerome.

Biology and Ecology: Micromalthid larvae are usually
found in localized colonies in red rotten wood of Quercus and
Castanea, but they are capable of infesting rotten building
materials of various woods, including Pinus, Pseudotsuga,
Acacia, and Eucalyptus, when used in flooring, furniture,
telephone poles, railroad ties, bridge abutments, and mine
timbers. The life cycle is more complex than that found in
any other insect group. The first instar (caraboid larva) is an
active triungulin, which develops into a legless, feeding form
(cerambycoid larva), which may undergo three molts. The
cerambycoid larva may pupate to become an adult diploid
female or may develop into one of three types of larviform
reproductives: (1) a thelytokous paedogenetic female, which,
in turn, produces viviparously a number of triungulins; (2) an
arrhenotokous paedogenetic female, which lays a single egg
destined to be a stump-legged curculionoid larva, which, in
turn, devours the mother and pupates to form an adult hap-
loid male; and (3) an amphitokous paedogenetic female, which
may produce either form. The production of various larval
types is apparently affected by environmental conditions.
(Barber, 1913a, 1913b; Pringle, 1938a; Scott, 1936, 1938,
1941).

Description: Length of mature larva (cerambycoid
stage) 4 to 6 mm. Body elongate, more or less parallel-sided,
straight, slightly flattened, lightly pigmented, except for
buccal region and tips of terminal processes. Surfaces smooth;
vestiture of scattered, simple hairs.

Head.: Protracted and prognathous, broader than thorax,
transverse, slightly flattened. Epicranial suture apparently
absent. Median endocarina extending anteriorly almost to
edge of clypeus. Stemmata usually absent; occasionally with
a single stemma on each side. Antennae well-developed,
3-segmented, with segment 3 more than twice as long as 2
and narrower than antennal sensorium. Frontoclypeal suture
present; labrum free. Mandibles asymmetrical, robust, tri-
dentate, without accessory ventral process; mola well-
developed, transversely ridged; prostheca absent. Ventral
mouthparts retracted. Maxilla with transverse cardo, elon-
gate stipes, well-developed articulating area, 3-segmented
palp, articulated, truncate galea, and fixed, rounded lacinia.
Labium with mentum and submentum fused; ligula forming
a wedge-like sclerome, extending well beyond labial palps,
which are 1-segmented. Hypopharyngeal sclerome well-
developed, subtriangular, transversely ridged. Hypostomal
rods long and subparallel. Ventral epicranial ridges absent.
Gula transverse.

Thorax and Abdomen: Thorax reduced, less than a fifth
the length of the abdomen. Legs absent. Meso- and meta-
terga, abdominal terga and sterna 1-7 each with transverse
ampulla. Tergum A9 with median appendage, which curves
ventrally and has several teeth at apex, and which almost
meets a similar appendage extending from the apex of sternum
A9. Anal region with a large, rounded lobe on each side.

Spiracles: Annular, very small.

Triungulin (caraboid Larva): Length 1.3 to 2 mm.
Similar to cerambycoid larva, but with well-developed,
6-segmented legs, each with a very long and narrow tarsus
and with 2 moveable claws with pair of spatulate appendages
beneath them.

Curculionoid Larva: More or less grub-like, with nar-
rower head, short, stump-like legs, and no terminal abdom-
inal processes.

Reproductive Forms: More or less similar to legless cer-
ambycoid larva, but with narrower head and no terminal ab-
dominal processes. Developing eggs or viviparous larvae
usually can be seen within abdomen.

Comments: This family includes the single species Mi-
cromalthus debilis LeConte, whose natural range includes
the northeastern part of the United States, from Kentucky to
Michigan and east to the Atlantic. The total range of the spe-
cies is far greater, with records from British Columbia; New
Mexico; Florida; Oahu, Hawaii; Cuba; the states of Bahia,
Minas Gerais, and Sdo Paulo in Brazil; Gibraltar; Victoria
and Kowloon, Hong Kong; and Witwatersrand and Johan-
nesburg in South Africa. All peripheral records, however, as
well as those from other parts of the world, are based on in-
festations of human artifacts, usually made from wood im-
ported from North America. The South African specimens,
for instance, were found in mines, where the original timbers
were made from pitch pine imported from the United States.
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Figures 34.68a-i. Micromalthidae. Micromalthus debilis Le-
Conte. a. Clinton Co., Ohio. Cerambycoid larva, dorsal,
length = 3.7 mm; b. Rose Lake, Clinton Co., Michigan. Ceram-
bycoid larva. Head, anteroventral; c. Abdominal apex, posterior;

Although South African specimens are thought to be con-
specific with American forms, those from Hong Kong (triun-
gulins without associated adults) could represent a distinct
species, since they possess a single pair of stemmata, absent
in triungulins of M. debilis. (Marshall and Thornton, 1963;
Pringle, 1938a; Silvestri, 1941; Swezey, 1940). Fossil triun-
gulins are known from the Miocene of Mexico (Rozen, 1971)
and the Oligocene of Europe (Lawrence, unpublished), while
a related form is known from the Cretaceous of Lebanon
(Crowson, 1981).

h i

d. Clinton Co., Ohio. Caraboid larva. Tarsal claws and attached
appendages; e. Hong Kong. Caraboid larva. Head, anterolateral;
f. Right mandible, mesal; g. Labium, anteroventral; h. Head,
dorsal; i Labium, showing sclerotized ligula.

Selected Bibliography

Barber 1913a (life cycle), 1913b (life cycle).
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Scott 1936 (haploidy), 1938 (life cycle; paedogenesis), 1941
(production of males and females).

Silvestri 1941 (distribution).

Swezey 1940 (occurrence in Hawaii).

CYATHOCERIDAE (MYXOPHAGA)
( = LEPICERIDAE)

John F. Lawrence,
Division of Entomology, CSIRO

This family includes the single genus Lepicerus, with 2
species occurring in Mexico, Central America, and northern
South America. This group has the diagnostic features of the
suborder Myxophaga, but is somewhat isolated from the other
myxophagan families. Adults have been collected along
streams in flood debris, but nothing else is known of the bi-
ology and larvae are undescribed.

Selected Bibliography

Hinton 1934 (habitat of Lepicerus).
Reichardt 1976¢ (review of family).

o

TORRIDINCOLIDAE (MYXOPHAGA)

John F. Lawrence,
Division of Entomology, CSIRO

H. Reichardt,”
Universidade de S$ao Paulo, Brazil .

This family includes 27 species comprising 6 genera:
Hintonia, Ytu, and Claudiella from southeastern Brazil; In-
coltorrida from Madagascar; Torridincola from central and
southern Africa; and Delevea from southern Africa and Japan.
The group is placed in the suborder Myxophaga, and adults
resemble Triassic fossils in the archostematan families Schi-
zophoridae and Catiniidae.

Larvae are minute (less than 2.5 mm), broad and flat-
tened, with a large prognathous head, free labrum, elongate
2- or 3-segmented antennae, and 3 to 5 stemmata on each
side. The epicranial stem is short and the frontal arms lyri-
form. The mandibles have a large, tuberculate mola and a
prostheca. The galea and lacinia are more or less fused, and
the maxillary palps are 1- or 3-segmented. The labium is
broad, with 2-segmented palps. The legs have 5 segments,
including the tarsungulus. Abdominal segments 1 to 8 each
has a pair of 2- or 3-segmented, lateral, spiracular gills, most
of the surfaces of which are covered with plastron mesh. Ter-
gite A9 usually bears a pair of fixed urogomphi. Pupae are
obtect and have 2 pairs of long, spiracular gills.

Larvae and adults occur on rock surfaces which are cov-
ered with a thin film of moving water (hygropetric habitat)
or which are located in the spray zone beneath waterfalls;

*Deceased

they feed on algae growing on the rocks. Adults usually pos-
sess a plastron on the abdomen, while larvae have a plastron
on the gills. According to Spangler (1980b), Ytu brutus
Spangler and an associated hydrophilid (Oocyclus sp.) were
literally swimming in the water film running over a wet guard
rail across from a waterfall.

Selected Bibliography

Bertrand 1962 (larva of Delevea, as an undescribed genus of
Hydraenidae).

Hinton 1967a (larval spiracles in Myxophaga), 1969 (adult
plastron).
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MICROSPORIDAE (MYXOPHAGA)
( = SPHAERIIDAE)

John F. Lawrence,
Division of Entomology, CSIRO

H. Relchardt,”
Universidade de Sao Paulo, Brazil

Figures 34.69a, b

Relationships and Diagnosis: The Microsporidae were
originally placed in the superfamily Staphylinoidea and some
workers (Barlet, 1972) still retain them there, but Forbes
(1926) recognized the hydradephagan features of their wings,
and Crowson (1955) placed the group in his newly formed
suborder Myxophaga. Microsporid larvae are extremely small
(0.8 to 1.2 mm) and are unique in having vesicular spiracular

7 gills on abdominal segments 1 to 8 (Hinton, 1967a).

Biology and Ecology: Species of Microsporidae occur in
wet sand or gravel at the edges of streams or rivers, where
they may occur with Georyssidae, Hydraenidae, Hydrophil-
idae, or Elmidae (Lesne, 1936; Britton, 1966). Larvae have
been collected by allowing a sample of wet sand or gravel to
drain through metal gauze into a jar or placing such a sample
in an elutriator. Because of their small size, microsporids form
part of the interstitial fauna, and their food almost certainly
consists of algae occurring among the sand grains. Females
were observed to lay large, single eggs (Britton, 1966).

Description: Mature larvae about 1.2 mm. Body elon-
gate, fusiform, narrowed posteriorly, slightly flattened, lightly
sclerotized, yellowish. Dorsal surfaces smooth; vestiture of
longer and shorter, simple setae, with bands of densely packed,
stout, highly refractive setae at posterior ends of trunk seg-
ments.

Head: Protracted and hypognathous, broad, narrowed
anteriorly. Epicranial stem and frontal arms indistinct. Median
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Figures 34.69a,b. Microsporidae. Microsporus ovensensis
(Oke). a. Larva, dorsal; b. lateral. Length = 1.2 mm. (from
Britton, 1966 and 1974, Supplement to The Insects of Australia,
Melbourne University Press).

endocarina absent. Stemmata 4 on each side; lenses well-
developed. Antennae short, 3-segmented, with segments 2 and
3 indistinctly separated, giving the appearance of a
2-segmented antenna with a long sensorium arising from
middle of apical segment; antennal insertions dorsally placed
and well separated from mandibular articulations. Fronto-
clypeal suture present; clypeal area enlarged; labrum appar-
ently fused to head capsule. Mandibles symmetrical, short
and broad, bidentate, without accessory ventral process; mola
large and tuberculate; prostheca apparently absent. Ventral
mouthparts retracted. Maxilla with oblique cardo, elongate
stipes, well-developed articulating area, and falciform mala
with 2 or 3 stout setae at inner edge; palp 3-segmented.
Labium not distinctly subdivided; ligula broad, bilobed; labial
palps 2-segmented, widely separated. Hypostomal rods and
ventral epicranial ridges absent. Gula transverse.

Thorax and Abdomen: Thoracic and abdominal seg-
ments strongly transverse. Legs moderately large, stout, close
together; tarsungulus short, with 1 seta. Abdominal segments
1-8 each with posteriorly directed spiracular tube on each
side near posterior edge. Tergum A9 simple, truncate at apex.
Segment A10 ventrally oriented, with 3 pairs of hooks.

Spiracles: Present on abdominal segments 1-8; forming
vesicular gills, which are more or less ovate.

Comments: The family contains the single genus Mi-
crosporus with 18 species occurring throughout the Northern
Hemisphere and in Australia and Madagascar (Britton, 1966;
Lesne, 1936; Paulian, 1949b); two or three species are known
from N. America.
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HYDROSCAPHIDAE (MYXOPHAGA)

John F. Lawrence,
Division of Entomology, CSIRO

H. Reichardt,”
Universidade de Sao Paulo, Brazil

Figures 34.70 a, b

Relationships and Diagnosis: The Hydroscaphidae are
placed by most workers in the primitive suborder Myxophaga
(Crowson, 1955, 1960b; Lawrence and Newton, 1982), but
they have been included at various times in Hydrophiloidea
(Boving, 1914a), Staphylinoidea (Paulian, 1941), or Ade-
phaga (Barlet, 1972; Forbes, 1926). The larvae are easily dis-
tinguished by their small size and the presence of spiracular
gills on the prothorax and abdominal segments 1 and 8. The
gills are almost always vesicular like those of Microsporidae,
but they are more elongate and occupy different positions on
the body (Hinton, 1967a). The gills of Torridincolidae occur
on abdominal segments 1 to 8, but they are segmented. Some
hydraenid larvae (Tympanogaster) have snorkel-like spira-
cular tubes on the prothorax, but these do not bear vesicles.

Biology and Ecology: Adults and larvae of Hydrosca-
phidae are usually found feeding on algae over which a thin
film of water is flowing, usually into a stream or river, but
some species have been found in hot springs, at the edges of
swimming pools, under rocks in fast-flowing streams, or in
flood debris. Adults of Hydroscapha natans LeConte have
been collected in large numbers flying at dusk, along with a
species of Microsporus. Hydroscaphids pupate among the
algae, usually beneath the water, and the pupae have various
aquatic adaptations, such as long spiracular processes or
plastron-bearing spiracular gills (Boving, 1914a; Reichardt
and Hinton, 1976).

Description: Mature larvae about 1.5 mm. Body elon-
gate, fusiform, narrowing posteriorly, slightly flattened, lightly
sclerotized or moderately sclerotized dorsally. Dorsal sur-
faces smooth or somewhat tuberculate; vestiture of longer and
shorter, simple setae, sometimes broad and flattened.

Head: Protracted and prognathous, transverse, moder-
ately broad and slightly flattened. Epicranial stem very short;
frontal arms V-shaped. Median endocarina absent. Stem-
mata 5 on each side, each with well-developed lens. Antennae

*Deceased
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a b

Figures 34.70a,b. Hydroscaphidae. Hydroscapha natans Le-
Conte. a. larva, dorsal, length = 1.5 mm; b. abdominal apex,

dorsal. (redrawn from Béving 1914a) .

5
very short, 2-segmented; segment 2 more than 3 times as long
as 1; sensorium slightly longer than segment 2. Frontoclypeal
suture absent; clypeal area enlarged; labrum indistinct, highly
reduced or fused to clypeus. Mandibles more or less sym-
metrical, with very broad base and reduced apex, which is
tridentate; accessory ventral process absent; mola well-
developed, tuberculate; prostheca consisting of a fixed, hya-
line lobe, bifid or trifid at apex and attached ta,a membranous
lobe. Ventral mouthparts retracted. Maxilla with strongly
oblique cardo, slightly elongate stipes, well-developed artic-
ulating area, and falciform mala with 2 or 3 teeth at apex;
palp 2-segmented with well-developed sensilla on segment 1.
Labium with mentum and submentum fused; ligula short and
broad; labial palps 2-segmented and widely separated. Hy-
popharyngeal sclerome present. Hypostomal rods absent;
ventral epicranial ridges absent. Gula transverse.

Thorax and Abdomen: Thorax enlarged, more than
half as long as abdomen. Posterior edges of thoracic terga
and abdominal terga 1-7 in Hydroscapha fringed with short,
stout setae (becoming finer posteriorly); lateral edges of tho-
racic and abdominal terga in Scaphydra lined with setiferous
tubercles. Protergum with short, dorsally-projecting spira-
cular tube on each side toward the lateral margin near pos-
terior edge (Hydroscapha) or laterally-projecting tube near
each posterior angle (Scaphydra). Legs well-developed, 5-
segmented, separated by about 1 coxal diameter; tarsungulus
long, with 1 seta. Abdominal segments gradually decreasing
in width posteriorly. Tergum A1l with short, laterally-
projecting spiracular tube on each side near posterior angle.
Tergum A8 with pair of long, posteriorly-projecting, spira-
cular tubes. Segment A9 with simple tergum and sternum.
A10 forming ventrally-hinged operculum, with pair of long
hooks at apex (not described for Scaphydra).

Spiracles: Present on prothorax and abdominal seg-
ments 1 and 8; anterior two pairs forming oblong, vesicular
gills in Hydroscapha or tuft-like gills in Scaphydra, posterior
pair forming elongate vesicular gills.

Comments: The family contains 3 genera: Hydro-
scapha, with about 9 species occurring in western North
America, Mexico, Eurasia, North Africa, Madagascar, and
southeast Asia; Yara with 2 species in Panama and Brazil;
and Scaphydra, with 3 species in Brazil.
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RHYSODIDAE (ADEPHAGA)
Ross T. Bell, University of Vermont

Wrinkied Bark Beetles
Figures 34.71, 72

Relationships and Diagnosis: There are 2 conflicting
ideas about the relationships of Rhysodidae. Some regard
them as an independent family of possibly primitive Ade-
phaga, while Bell and Bell (1962) consider them to be highly
specialized Carabidae. The larvae are recognized as Ade-
phaga by the combination of 6-segmented legs with the ab-
sence of a mola on the mandible. They are soft-bodied, slow-
moving, and grub-like. They differ from most Carabidae in
the complete absence of urogomphi. They can be distin-
guished from those parasitic or myrmecophilous Carabidae
which also lack urogomphi by lacking distinct segmented
labial palpi, and by having, at least in the final instar, a trans-
verse row of spinulae on at least some of the thoracic and
abdominal tergites.

Biology and Ecology: The larvae are found in short gal-
leries in rotten wood, The gallery behind the larva is tightly
packed with wood shavings. They probably feed on slime
molds and fungi in the wood, and not on the wood itself. Larvae
are usually associated with adults, but the latter can also live
in harder wood than the larvae can. In most species at least,
the adults do not excavate distinct galleries, but push their
way among the rotting wood fibers. Pupation is in the larval
gallery.

Description: Small, pale larvae, 9 mm or less in length;
body feebly sclerotized, short, depressed, tapered at both ends.
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Figure 34.71

Figures 34.71a-e. Rhysodidae. Omoglymmius americanus (La-
porte). a. larva, dorsal; b. lateral; c. leg, showing coxa, tro-
chanter, femur, tibia, tarsus, and pretarsus; d. head, dorsal;
e. head. ventral.

Head: Prognathous; eyes absent; antennae short, 4-
segmented; anterior margin of head with simple median lobe
forming nasale; mandibles short, curved; mola absent; max-
illa with well developed, 4-segmented palp; maxillary apex
reduced, lightly sclerotized, sometimes bearing a series of
fringed membranes; labial palps inconspicuous, 1-segmented,
located at apex of elongate prementum, which may be clothed
with microtrichia or fringed membranes.

Thorax and Abdomen: Prosternum and pronotum more
sclerotized than remaining body segments; each leg with six
segments, including a simple pointed pretarsus forming a claw;
most body segments each with a pair of lightly sclerotized
tergal humps, each with a transverse row of spinulae; rows of
spinulae always interrupted at midline (in Clinidium also in-
terrupted near lateral margin). Spinulae always present on
metanotum and on abdominal tergites 1-6 (in Clinidium, also
present on mesonotum and on tergite 7); ninth abdominal ter-
gite narrow, in dorsal view appearing to form posterior end
of body; tenth segment a narrow ring around anus, forming
pygopod. Abdominal segments each with a pair of prominent
ventrolateral tubercles in Omoglymmius. (These very poorly
developed in Clinidium.)

Spiracles: Annular, on mesothorax and abdominal seg-
ments 1-8.

Figure 34.72

Figures 34.72a,b. Rhysodidae. Omoglymmius hamatus (Le-
Conte). 1.9 mi. E Crane Flat, Tuolumne Co., Calif. a. Head, an-
teroventral; b. detail of maxillary apex.

Comments: A poorly known group both taxonomically
and ecologically. There are about 130 described species, but
Bell and Bell are currently working on a world revision, and
have found nearly 200 undescribed species. Eight species are
known from North America, two from the western half of the
continent and six from the eastern region. They are of no
known economic importance, but are of great interest in
zoogeography. Rhysodidae are especially prominent in in-
sular faunas. Boving and Craighead (1931) illustrated a larva
as Clinidium sculptile Newman. It has since been discovered
that five species have been confused under this name, so it is
uncertain which species they studied. Grandi (1955) and
Burakowski (1975a) have illustrated and described the larvae
of two European species. No keys are available to North
American larvae.
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CARABIDAE (ADEPHAGA)

(INCLUDING BRACHINIDAE, CICINDELIDAE,
OMOPHRONIDAE, PAUSSIDAE,
PSEUDOMORPHIDAE, TRACHYPACHIDAE,
ETC.)

Yves Bousquet, Biosystematics Research
Centre, Agriculture Canada

Ground Beetles, Tiger Beetles
Figures 34.73- 104

Relationships and Diagnosis: Carabidae, commonly
known as ground beetles, belong to the suborder Adephaga.
They form a large and cosmopolitan family with about 1500
genera and 30,000 species (Lawrence 1982¢) of which some
2,500 occur in North America. The relationships of the Car-
abidae with other families of Adephaga, as well as its natural
limits, are still challenged by many authors.

With the exception of degenerate instars of ectoparasitic
larvae of Brachinus, Pheropsophus and Lebia, carabid larvae
are recognized by the well developed and 2- (usually) or
4-segmented labial palpi, the 6-segmented (including single
or paired claws) legs, the 10 well differentiated abdominal
segments (except in Metriini, Paussini and Ozaenini which
hdve the last 3 segments markedly modified or reduced), and
the sublateral position (between the tergum and the epipleu-
rite) of all spiracles on the abdominal segments.

Carabid larvae are likely to be confused with larvae of
Staphylinidae, Silphidae and Histeridae. The 6-segmented
legs in carabid larvae instead of S-segmented legs in the other
families will distinguish them.

Biology and Ecology: Only some aspects of the biology
of carabids will be considered here. The reader is referred to
the publication of Thiele (1977) for more information.

In temperate and boreal regions, the majority of carabid
species are terrestrial. Adults and larvae are commonly found
under rocks and debris in fields, forests and on shores, in leaf
litter and under bark of logs in forest areas, or among gravel
along river banks. Some species are hygrophilous, living in
bogs, swamps, or marshes where they are collected by treading
the vegetation under water. Many species, particularly within
the Trechini, are cave inhabiting. Although some species reg-
ularly climb trees, bushes or plants, very few, such as species
of Dromius, are truly arboreal; however, the number of spe-
cies living on trees increases in the tropics.

At least in the temperate and boreal regions, carabids
appear to be univoltine (Thiele 1977). Hibernation occurs in
adult and/or larval stages. In the cases of Amara infima
Duftschmid (Schjgtz-Christensen 1965) and Sphaeroderus
nitidicollis brevoorti LeConte (Bousquet and Pilon 1980), in-
direct evidence suggests that winter is spent in the adult and
egg stages.

Many species lay their eggs individually in small hollows
dug out in the substrate. Others encase their eggs individu-
ally in mud cells which are dropped on the substrate or at-
tached to stems or leaves. Some species of Pterostichini have

developed parental care; the female lays her eggs in a cell
made in the soil or in rotten logs and stays on or near them
until the larvae hatch and become pigmented. The presence
of the female apparently protects the eggs from fungal attack
rather than predators (Ldser 1970).

Most Carabidae have 3 larval instars; a few species have
2 (some species of Amara (Bily 1975b), some species of Har-
palus (Kirk 1974), Thermophilum sexmaculatum Fabricius
(Paarmann 1979)), 4 (Eurycoleus macularis Chevrolat
(Erwin 1975)) or S instars (Brachinus (Erwin 1967)). One
larval instar has been recorded for species of Aphaenops (De-
leurence, cited by Dajoz 1961), but this requires confirma-
tion. Though in many species development of immature stages
is fast, in some groups of Carabidae, such as Scaphinotus,
Nebria, Patrobus, Calathus, Synuchus, and some Pterosti-
chini, larvae have a thermic diapause. Pupation usually occurs
in a cell a few centimeters below the substrate.

Adults of most species are polyphagous (Hengeveld 1980)
and ingest both animal and plant matter. However, some
groups are exclusively carnivorous and often somewhat spe-
cialized: adults of Carabus feed on worms and snails, those
of Calosoma on caterpillars, those of Cychrini on snails and
slugs, those of Notiophilus and Loricera on Collembola.
Adults of other species are phytophagous and variably spe-
cialized: Zabrus tenebroides Goeze consumes ripe grains of
rye, wheat, barley and corn (Thiele 1977), Ditomus cly-
peatus Rossi feeds on seeds of plantain (Schremmer 1960),
and Carterus calydonius Rossi those of carrot (Brandmayr
and Brandmayr Zetto 1974).

Information on the nutrition of carabid larvae is scarce.
However, most species are probably carnivorous in their larval
stages and mainly feed on soft bodied insects, snails, and
worms. A few species are even very specialized in their feeding
habits: larvae of Orthogonius live on termites, and those of
the South African species, Arsinoe grandis Péringuay cling
to and suck on the larvae of the tenebrionid Caramerus re-
voili Fairmaire. Ectoparasitic larvae are also known amongst
Carabidae: larvae of Lebia are parasitic on larvae and pupae
of Chrysomelidae, those of Brachinus on pupae of aquatic
beetles, those of Pheropsophus on mole cricket eggs, and those
of Pelecium on beetle pupae and millipedes. Larvae of some
species have been reported to be phytophagous such as those
of Harpalus puncticeps Stephens and Carterus calydonius
which feed on carrot seeds (Brandmayr Zetto and Brand-
mayr 1975, Brandmayr and Brandmayr Zetto 1974). While
larvae of most species actively search for their prey, those of
others, such as species of Cicindelinae and Sphallomorpha,
passively wait at the top of their burrow. Under laboratory
conditions, cannibalism has been commonly observed.

The economic importance of carabid beetles is mod-
erate. They feed on many injurious insects but are unable to
control effectively any pest. Consequently, they should best
be considered as valuable natural “auxiliaries” (Thiele 1977).
Damage by carabids to crops and stored products is minimal.



Insectivores, bats, rodents, birds, frogs and toads, ants,
robber flies and spiders are the most important predators of
Carabidae. A number of Nemathelminthes, Acari (especially
Podapolipidae), Hymenoptera (Proctotrupoidea, Bracon-
idae, Mutillidae) and Diptera (Tachinidae) are known to be
parasitic on adults and/or larvae.

Description: Body length of mature larvae, 2 to 50 mm.
General shape campodeiform (figs. 34.73, 74, 76) for most
species, rarely onisciform (e.g., Cychrini; fig. 34.75) or phy-
sogastric (e.g. some instars of Brachinus and Pheropsophus,
some Pseudomorphini).

Head: Prognathous. Frons, clypeus and labrum fused to
form frontale (= frontal piece), its anterior portion (nasale)
usually prominent and variable in form. Epicranial suture
present, of various shapes (figs. 34.77-84); epicranial stem
present (figs. 34.77, 81, 82) or absent (figs. 34.78-80, 83, 84).
Parietale in general with 6 stemmata on each side in 2 ver-
tical rows of 3 per row, sometimes with fewer than 6 or without
stemmata. Cervical groove present in many groups (e.g., figs.
34.81, 82). Antenna in general nearly as long as or longer
than mandible, and 4-segmented, rarely 3-segmented (An-
thiini, with second and third segments fused). First antennal
segment in some Pterostichini (e.g., Cyclotrachelus, Molops,
Abax) with circular membranous area near base and there-
fore seemingly S-segmented. Third antennal segment usually
with 3 small sensilla and 1 large, generally bulbous sensorium
anterolaterally (= sensorial appendage of van Emden 1942b).

Mouthparts protracted from anterior part of cephalic
capsule. Mandible more or less falcate or subtriangular, sym-
metrical, without mesal hyaline process (present in Paussini
according to van Emden 1942b) or molar region; retinaculum
present in nearly all species, consisting of single tooth of var-
jous shapes (figs. 34.85-87, 89), occasionally bidenate (Om-
ophron; fig. 34.88); penicillus consisting of one to many closely
associated setae (figs. 34.85-87, 89), or absent (fig. 34.88).
Maxilla with cardo proportionally small; stipes elongate and
in general membranous or thinly sclerotized dorsally; lacinia
absent (figs. 34.90-92) or developed as a small, rounded or
‘acuminate tubercule (fig. 34.93), or as a protuberance some-
times nearly as long as galea (e.g. Metrius, Omophron, fig.
34.94); galea palpiform, 2-segmented (figs. 34.91-95), rarely
1-segmented (e.g., Metrius, Brachinus; fig. 34.90); maxillary
palp 4-segmented (figs. 34.90-94), rarely 5-segmented (Tre-
chini, with last segment subdivided; fig. 34.95). Labium with
prementum in general short, arising from membranous
mentum; labial palp 2-segmented (figs. 34.96, 97), or rarely
4-segmented (Trechini, with double subdivision of last seg-
ment; fig. 34.98); ligula (usually bearing apical pair of setae)
present in many groups as a short (fig. 34.98) or long (e.g.,
Metrius, Omophron; fig. 34.97) protuberance.

Thorax and Abdomen: Thoracic dorsum formed by
single sclerite divided medially by narrow membranous area
(ecdysial line). Pleural region usually with epimeron and ep-
isternum on all 3 segments and also with trochantin and

- pleurite on meso- and metathorax. Ventral side of thorax in
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general mostly membranous, except for anterior part of pro-
thorax with large and often more or less triangular, rarely
divided (Cicindelinae), prosternite. Legs in general long,
6-segmented (fig. 34.99) including one or two, unequal or
subequal, movable claws, rarely 5-segmiented (Collyrini, with
tarsus and claws fused, according to van Emden 1935b), or
3-segmented (some degenerate instars of Brachinini, ac-
cording to Erwin 1967).

Abdomen 10-segmented. Segment 9, with rare excep-
tions (e.g., Cicindelinae, some Cychrini, some Harpalini), with
pair of dorso-apical urogomphi; urogomphus articulated (fig.
34.101) or fixed (figs. 34.100, 102-104), segmented or entire,
with (fig. 34.104) or without membranous areas (figs. 34.100-
103), short (figs. 34.100, 102) or long (figs. 34.101, 103, 104).
In Metriini, Ozaenini and Paussini, eighth and ninth seg-
ments highly modified (see Bousquet 1986). Tenth segment
usually tubular, acting as proleg, often with paired eversible
vesicles bearing coarse pointed microsculpture. Terga 1-8
usually formed by single sclerite divided by narrow, median
membranous area (ecdysial line). In Cicindelinae, fifth ter-
gite modified, bearing 2 or 3 pairs of hooks. Pleural region of
segments 1-8 with epipleurite (subdivided in some groups)
and hypopleurite (not apparent in first instar of some groups,
¢.g., Omophron). Ventral side of segments 1-7 usually with
7 sclerites: small paired anterior sternites, median sternite
(anterior ventrite of van Emden 1942b), and paired inner and
outer sternites (postventrites of van Emden 1942b). These
sclerites fused or partly fused, often also with hypopleurites
on eighth and ninth segments.

Spiracles: Annular, on mesothorax and between tergum
and epipleurite of abdominal segments 1-8.

Comments: The first larval instar of most species differs
from subsequent instars by having paired egg-bursters lo-
cated posteriorly on the frontale or rarely basally on the dorsal
side of the parietale (some Bembidion, D. R. Maddison, pers.
comm.). In some Bembidiini, the egg-bursters consist of coarse
pointed microsculpture; however, they are usually formed by
one or two raised microspines (derived from pointed micro-
sculpture) or a longitudinal series of microspines often fused
or partly fused into a carina. Larval instars of most species
can also be distinguished by the chaetotaxy. The first instar
has primary setae, while the second and third instars often
bear, in addition, secondary setae which are in general more
numerous in the third instar. The width of the cephalic cap-
sule is often also used to distinguish the larval instars.

The keys of van Emden (1942b) and Thompson (1979a)
are useful for the identification of the Nearctic and Pa-
laearctic carabid larvae at tribal level. Larval characteristics
of Nearctic species are poorly known, as many taxa are un-
described (larvae of only about 7% of the Nearctic species
have been described, according to Thompson 1977) and most
descriptions are incomplete or superficial. It is hoped, how-
ever, that the rearing and preparation techniques improved
by Goulet (1976, 1977) will stimulate research in this field.
His study of Elaphrini larvae (Goulet 1983) should stand as
a guide.
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Figure 34.73 Figure 34.74 Figure 34.75

Figure 34.78 Figure 34.79

Figure 34.80 Figure 34.81 Figure 34.82

Figures 34.77-34.82. Carabidae. HEAD CAPSULES, dorsal, all
first instars.

Figure 34.73. Carabidae. Omophron tesselatus Say, first instar. Figure 34.77. Nebria sp.
Figure 34.74. Carabidae. Pterostichus diligendus Chaudoir, third Figure 34.78. Cicindela sp.
instar.

Figure 34.79. Sphaeroderus lecontei Dejean.
il-::sgt::e 34.75. Carabidae. Sphaeroderus lecontei Dejean, third Figure 34.80. Promecognathus laevissimus Dejean.
Figure 34.76. Carabidae. Cicindela sp., second instar. Cape Figure 34.81. Pterostichus diligendus Chaudoir.

Breton, Nova Scotia, Canada. Figure 34.82. Anisodactylus nigrita Dejean.



Figure 34.83

Figure 34.87 Figure 34.88

Figure 34.91

Figure 34.92

Figures 34.83-34.84. Carabidae. HEAD CAPSULES, dorsal, all
first instars.

Figure 34.83. Diplocheila striatopunctata LeConte.
Figure 34.84. Calleida punctata LeConte.

Figures 34.85-34.95. Carabidae. MOUTHPARTS, dorsal, all first
instars except where noted.

Figure 34.85. Loricera pilicornis Fabricius, left mandible.
Figure 34.86. Calosoma frigidum Kirby, right mandible.
Figure 34.87. Sphaeroderus lecontei Dejean, left mandible.

Figure 34.84

Figure 34.93
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Figure 34.85 Figure 34.86

)

Figure 34.89

Figure 34.90

Figure 34.94 Figure 34.95

Figure 34.88. Omophron tesselatus Say, left mandible.

Figure 34.89. Abax parallelepipedus Piller and Mitterpacher, right
mandible.

Figure 34.90. Brachinus sp., right maxilla.

Figure 34.91. Loricera pilicornis Fabricius, left maxilla.

Figure 34.92. Cicindela sp., left maxilla.

Figure 34.93. Sphaeroderus lecontei Dejean, right maxilla.
Figure 34.94. Omophron tesselatus Say, left maxilla.

Figure 34.95. Trechus rubens Fabricius, right maxilla, 3rd instar.
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Figure 34.96 Figure 34.97

Figure 34.102

Figure 34.101

Figures 34.96-34.98. Carabidae. MOUTHPARTS, dorsal, all first
instars except where noted.

Figure 34.96. Sphaeroderus lecontei Dejean, labium.
Figure 34.97. Omophron tesselatus Say, labium.

Figure 34.98. Trechus rubens Fabricius, labium, 3rd instar.
Figures 34.99-34.104. Carabidae. All first instars.

Figure 34.99. Sphaeroderus lecontei Dejean, median leg (antero-
lateral).
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Figure 34.100. Brachinus sp., ninth tergite and urogomphi
(dorsal).

Figure 34.101. Nebria sp., ninth tergite and urogomphi (dorsal).

Figure 34.102. Sphaeroderus lecontei Dejean, ninth tergite and
urogomphi (dorsal).

Figure 34.103. Pterostichus adstrictus Eschscholtz, ninth ter-
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HALIPLIDAE (ADEPHAGA)
Paul J. Spangler, Smithsonian Institution

Crawling Water Beetles
Figures 34.105, 106

Relationships and Diagnosis: The family Haliplidae be-
longs to the suborder Adephaga; however, unlike all other
known adephagan larvae, haliplid larvae have only 1 instead
of 2 claws.

Haliplid larvae may be distinguished immediately from
other adephagous aquatic beetle larvae by the 9 or 10 ab-
dominal segments and the 6-segmented leg including a single
claw. Larvae are of 2 types. Larvae of Apteraliplus, Bry-
chius, and Haliplus (fig. 34.106) are elongate and taper from
head to apex of the last abdominal segment that ends in a
subspiniform process that may be bifurcate; they have rough
and rigid cuticle, therefore, the body is stiff and can bend very
little; gills are absent. Larvae of Peltodytes (fig. 34.105) have
slender, rather stiff, hairlike gills (prothorax with 3 pairs,
meso- and metathorax each with 2 pairs, abdominal segments
1-8 each with 2 pairs, and segments 9 and 10 each with 1
pair); these gills are about as long as or slightly longer than
the length of the body which is moderately stiff but can assume
a C-shape. Mature larvae range in length from 5.0 to 12.0
mm.

Biology and Ecology: Known haliplid larvae feed on
algae. Adults and larvae of various species of Haliplus are
commonly found on Chara, Nitella, and Ceratophyllum, spe-
cies of Peltodytes occur more often on Spirogyra. Adults and
larvae of Apteraliplus, Haliplus, and Peltodytes normally
occur in weedy ditches, ponds, lakes and similar lentic hab-
itats. Species of Brychius favor lotic habitats although some
have been collected in lakes. Most haliplids occur in shallow
water but Hickman (1931) found some species of Haliplus
6 feet below the surface. When haliplid larvae are collected
they at first feign death and, when they move, they crawl very
slowly; therefore, they may be easily overlooked among the
vegetation and associated debris in an aquatic net.

The life cycles of some species of Haliplus and Pelto-
dytes are reasonably well known as a result of Hickman’s
studies (1930, 1931); however, those of Apteraliplus and
Brychius have not been described. In the United States and
Canada, egg laying by Haliplus and Peltodytes begins in
spring and continues through the summer. Adults of Pelto-
dytes attach their eggs to the host plants, and females of Hal-
iplus insert their eggs inside plant cells. Larvae of both genera
molt 3 times before the last instar leaves the water, digs into
suitably moist soil, and forms a pupal cell. Adults normally
pass the winter underwater. Larvae that attain maturity late
in the summer occasionally overwinter in moist soil above the
waterline.

Description: Body elongate, cylindrical or subcylin-
drical, and tapering or not posteriorly. Gills elongate and
hairlike (Peltodytes) or gills absent (Apteraliplus, Brychius,
Haliplus). The cuticle of Apteraliplus, Brychius, and Hali-
plus is rough because of numerous tuberculate and spinous
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Figure 34.105

Figure 34.106

Figure 34.105. Haliplidae. Peltodytes sp., dorsal.
Figure 34.106. Haliplidae. Haliplus sp., dorsal.

processes. Integument and sclerites whitish in freshly hatched
and freshly molted larvae; sclerotized areas becoming light
yellowish brown to reddish brown with aging.

Head: Semiprognathous to hypognathus. Antenna,
4-segmented. Stemmata, 6 pairs. Ecdysial cleavage line and
labrum absent. Mandible as wide as long, hook-shaped,
hollow; with sharp apical tooth. Maxilla short and broad; cardo
small; stipes large and broad; mala with setae; palp,
3-segmented. Labium small; labial palp small, 2-segmented.

Thorax and Abdomen: Prothoracic, meso- and meta-
thoracic terga well sclerotized. Prothorax with 3 pairs of gills;
meso- and metathorax each with 2 pairs of gills. Legs, 6 seg-
mented, including single claw; because the fourth segment is
produced they are weakly to moderately chelate and serve to
grasp algae.

Abdomen of 10 segments. In Peltodytes, segments 1-8
each bear 2 pairs of threadlike gills; segments 9 and 10 each
bear 1 pair of gills; segment 10 ends bluntly. Apteraliplus,
Brychius, and Haliplus lack gills and segment 10 tapers to a
subspiniform process that may be bifurcate or not. Micro-
tracheal “gills” have been reported in Haliplus (Seeger,
1971).

Spiracles: Absent, except in last instar, which has an-
nular spiracles on mesothorax and abdominal segments 1-7.

Comments: Haliplids are found throughout the world
with most species occurring in the temperate regions. The
number of taxa is small with about 200 species in 5 genera
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in the world. At present 4 of the 5 genera and 67 of the ap-
proximately 200 species described are known from the United
States and Canada. Haliplids and their larvae are not known
to be economically important but they assist in recycling nu-
trients and are a food item in the aquatic ecosystem.

Keys to larval stages of the four North American genera
have been provided by Chandler (1956), Leech and Sand-
erson (1959), Pennak (1978), Brigham (1982b), and White,
Brigham and Doyen (1984).
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HYGROBIIDAE (ADEPHAGA)"
( = PELOBIIDAE)

John F. Lawrence,
Division of Entomology, CSIRO

This family includes the genus Hygrobia, with 5 species
occurring in western China, western and central Europe,
North Africa, and Australia (southeastern, part, Northern
Territory, and Cape York). The group is generally considered
to belong to the complex of aquatic families including Am-
phizoidae, Noteridae, and Dytiscidae.

Larvae are about 10 mm in length and fusiform, with a
large, prognathous head and enlarged thorax. The head has
a long epicranial stem, 4-segmented antennae, a labrum fused
to the head capsule, and 6 stemmata on each side. Mandi-
bles are falcate, but not perforate, and the protracted ven-
tral mouthparts include maxillae without apical lobes,
4-segmented maxillary palps and 2-segmented labial palps.
Gular sutures are completely separated. The legs are rela-
tively long and slender, 6-segmented, including paired, mov-
able claws, and have fringes of swimming hairs on the tibiae
and tarsi. Segments A8 and A9 are reduced; segment A8 bears
a long, narrow, median process, without spiracles at the apex,
and segment A9 bears a pair of long, narrow urogomphi. Seg-
ment A10 is reduced and membranous. Paired gill tufts arise
from the coxal bases and from abdominal sternites 1-3. Re-
duced spiracles are present on the mesothorax and abdominal
segments 1-7 in the last instar only.

Hygrobiids are bottom-feeding predators in ponds, and
adults may be attracted to lights. They occur only in ponds
in which the bottom is covered with fine ooze, in which they
feed on insect larvae and Tubifex worms. The adult main-
tains an air bubble beneath the elytra and may remain sub-
merged for up to 30 minutes. Fully grown larvae leave the
water to pupate within a closed cell in sand or mud.
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AMPHIZOIDAE (ADEPHAGA)

David H. Kavanaugh,
California Academy of Sciences

Trout-Stream Beetles
Figures 34.107a-h

Relationships and Diagnosis: Members of the genus
Amphizoa LeConte represent a family distinct from but
clearly related to the other Caraboidea. They share many
characteristics with Carabidae on one hand and Dytiscidae
on the other (Edwards, 1951; Horn, 1883; Hubbard, 1892a,
1892b; Leech and Chandler, 1956; Roughley, 1981). Based
on a cladistic analysis of both extinct and extant “families”
of Adephaga, Kavanaugh (1986) concluded that amphizoids
represent the earliest divergent lineage from the common
ancestor of all Hydradephaga, excluding Haliplidae, and that
this divergence probably occurred in the Triassic.

Larval amphizoids are most similar in size and form to
carabid larvae of the tribe Cychrini or to silphid larvae (c.g.
genus Silpha or Nicrophorus); however, their aquatic habits
readily distinguish them from members of these other groups.
Further, amphizoid larvae are distinguished from larvae of
all other North American beetles in having their mandibles
sulcate medially, without an internal duct, thoracic legs am-
bulatory, each 6-segmented, including pretarsus with two
movable, terminal claws, the abdomen 8-segmented, without
hooks at apex, urogomphi present, short, 1-segmented, and
with the spiracles of the eighth abdominal segment located
paramedially on the dorsum (basal to urogomphi).

Biology and Ecology: Amphizoids are primarily aquatic,
although both adults and larvae are sometimes found out of
water; eggs deposited in moist places on land will develop and
hatch, and mature larvae leave the water to pupate on land.
They inhabit cool or cold fresh water streams (from small
rills to large rivers) and (less frequently) lakes, where they
are confined to the shallow shorelines. Neither adults nor
larvae swim. They crawl over submerged rocks, logs, and veg-
etation in search of food and shelter, and are often found
clinging to floating debris, especially in eddies and back-
washes. If dislodged from their substrate, they make feeble
walking movements and drift with the current. They are much
more agile out of water. Adults have fully formed wings and
are no doubt capable of dispersal by flight (Darlington, 1930).
Both adults and larvae must come to the surface for air. Larvae
assume a posture such that the apex of the abdomen breaks
the water surface and the spiracles of the eighth segment are
in contact with air.
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Figures 34.107a-h. Amphizoidae. Amphizoa insolens LeConte.
a. dorsal (pigmentation pattern for left half of metathoracic and
abdominal terga 1-3); b. ventral (pigmentation pattern for right
half of metathorax and abdominal segments 1-3); c. left antenna,

Although previously assumed to feed as scavengers on
sluggish or dead and drifting insects. Edwards (1954) found
that all stages of larvae and adults studied fed exclusively on
living stonefly (Plecoptera) larvae. However, if kept out of
water, amphizoids will accept a variety of freshly macerated
insects presented as food.

Eggs, which are very large (over 2 mm in length), may
be deposited in protected spots under water, such as in cracks
on the undersurfaces of floating logs (Edwards, 1954; Leech
and Chandler, 1956), or in moist places on land adjacent to
water bodies. Oviposition is usually in late August or early
September. First instar larvae, also exceptionally large, are
found in September through November and again in early
spring. This is probably the normal overwintering stage.
Mature larvae appear in May through August and leave the
water to pupate under stones on adjacent shores in July and
August. Adults may be found throughout the year, but te-
neral (newly-emerged) adults are common only in August.

Description: Mature (i.e. third instar) larvae with total
length 12.0 to 17.0 mm, maximum width 3.5 to 4.7 mm. Body
form (figs. 34.107a, b), elongate, spindle-shaped, depressed,
broadest at mid-length and tapered toward both ends, mod-
erately convex and markedly sclerotized dorsally, flat and only
faintly sclerotized ventrally; combined lengths of head and
thorax almost equal to length of abdomen; thoracic and ab-
dominal terga broadly explanate laterally as thin, laterally
projected lobes; dorsal midline, from vertex of head to apex
of abdomen, with a deeply incised longitudinal furrow (ac-
tually the ecdysial line of weakness). Dorsum brown (teneral
individuals may be testaceous) to piceous, with maculation
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dorsal; d. left mandible, dorsal; e. left maxilla, ventral; f. labium,
ventral; g. left metathoracic leg, anterior; h. apex of abdomen,
posterodorsal oblique aspect, showing spiracles of abdominal
segment 8 and urogomphi.

pattern as in fig. 34.107a but less evident in darkest individ-
uals; venter pale, yellowish white, except undersurface of head
and eighth abdominal sternum brown; darkest individuals also
with darkened areas along midline on 1 or more abdominal
sterna. Surface of dorsal sclerites finely punctulate and/or
transversely rugulose, sparsely covered with short, fine, api-
cally hooked, prostrate setae; ventral sclerites smooth and
glabrous, except ventrolateral surfaces of head with fine
punctures and setae as on dorsum.

Head: Large, protruded, circular in silhouette, nar-
rowed posteriorly, flattened dorsally, moderately convex ven-
trally, with lateral margins (of genae) carinate. Antennae (fig.
34.107c¢) short, apparently 3-segmented, but with reduced 4th
segment at apex. Three pairs of lateral stemmata present on
each side, 1 pair each above, on, and below the lateral margin.
Labrum trapezoidal, vertical, glabrous dorsally (anteriorly),
except for a fringe of short setae at clypeolabral suture. Man-
dibles (fig. 34.107d) sickle-shaped, each with a deep, longi-
tudinal groove medially (but without an internal duct),
retinaculum minutely dentiform, ventral cutting edge min-
utely denticulate, without prostheca or penicillus, molar region
simple, narrow, unmodified, without denticles. Maxillae (fig.
34.107¢) stout, with cardo and stipes fused, lacinia and galea
fused as a 2-segmented mala, palpifer present, palp 3-seg-
mented. Labium (fig. 34.107f) broad, transverse, with a fringe
of short setae across apical margin, without distinct ligula,
palps 2-segmented. Gula absent, gular suture simple, linear
in midline.
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Thorax and Abdomen: Broad, with prothorax rela-
tively long and narrow; lateral lobes of prothoracic tergum
short, subrectangular, narrowed anteriorly, those of ptero-
thoracic terga longer, more broadly rounded in outline. Legs
(fig. 34.107g) moderate in length, 6-segmented, the pretarsus
bearing 2 movable claws.

Abdomen ecight-segmented, explanate lateral lobes of
terga 1-7 thin, successively more acutely pointed, slightly
overlapped; eighth segment trapezoidal in outline, tergum with
lateral explanations present only as lateral carinae. Uro-
gomphi (fig. 34.107h) present, 1-segmented, short but prom-
inent, conical and apically pointed, articulated (not fused)
with eighth tergum posterolaterally.

Spiracles: Thoracic spiracles restricted to a single me-
sothoracic pair located anterolateral to bases of mesocoxae,
annular, apparently non-functional. Paired abdominal spira-
cles of segments 1-7 (fig. 34.107b) located ventrally, antero-
laterally near base of each explanate lateral lobe, apparently
non-functional; spiracular pair of eighth segment (fig.
34.107h) valvular, functional, located dorsomedially between
bases of urogomphi and posteromedial argin df eighth
tergum on short, sclerotized turrets.

Comments: The family is very small, with only three
species known from North America (Kavanaugh,#986) and
one species from western China. In North America, the family
is restricted to the western half of the continent, from the
Rocky Mountains west to the Pacific Coast, and from southern
Alaska and Yukon Territory to southern California and
northern Arizona and New Mexico. The larvae of Amphizoa
insolens LeConte and A. lecontei Matthews have been de-
scribed and illustrated (Béving and Craighead, 1931; Hub-
bard, 1892a, 1892b; Peterson, 1951) and their habits discussed
(Darlington, 1930; Edwards, 1951, 1953, 1984; Leech and
Chandler, 1956). Neither immatures nor adults of this family
have apparent economic importance.
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NOTERIDAE (ADEPHAGA)
Paul J. Spangler, Smithsonian Institution

The Noterids
Figures 34. 108a-e, 34.109

Relationships and Diagnosis: The noterids were for-
merly considered a subfamily of the Dytiscidae. However,
morphological and biological differences readily distinguish
them from the dytiscids.

Noterid larvae may be distinguished from dytiscid larvae
by the following combination of characters: compact fusi-
form body shape; short legs; very short urogomphi; mandibles
with retinaculum, but not sulcate nor tubular as they are in
dytiscid larvae. Also, all noterid pupae presently known were
found pupating underwater in watertight cocoons made by
the larvae; these cocoons were attached to aerenchymatous
cells of aquatic plant stems, leaves, or roots. Mature noterid
larvae range in length from 2.0 to 4.5 mm.

Biology and Ecology: Adults and larvae of Hydrocan-
thus, Suphis, and Suphisellus are commonly found among
roots of floating aquatic plants, especially Eichhornia and
Pistia; they also occur, but in lesser numbers, among emer-
gent plants where floating plants are absent. The habitat of
the larvae of Pronoterus is not definitely known but presum-
ably they occur in floating mats of aquatic plants where their
adults have been found. Larvae of Notomicrus also are un-
known but the adults have been collected from freshwater in
weedy margins of shallow ponds, in Sphagnum swamps, in
woodlands where there were small temporary puddles con-
taining culicid larvae, in water-filled tire ruts, and brackish
water in crabholes excavated by land crabs; presumably, their
tiny larvae will be found in the same habitats where the adults
live.

The life cycles of most noterids are unknown. However,
F. Balfour-Browne and J. Balfour-Browne (1940) described
the interesting larval and pupal stage of the European species
Noterus capricornis Herbst and showed that pupation took
place underwater in cocoons attached to aerenchymatous cells
of roots of aquatic plants. Spangler (1981, 1982) reported the
same pupal habits for the genera Hydrocanthus, Suphis, and
Suphisellus.

Because noterid larvae are present in the United States
in the months of June through August, it is presumed that
noterids oviposit in late spring or early summer. Because the
ovipositor is long and soft, it is assumed that the eggs are laid
on aquatic plants or in the mud near the plants, The complete
life cycle has not been established for any noterid but the
available evidence suggests that it is similar to that of dy-
tiscid beetles except noterid pupation occurs underwater in-
stead of on land.

The food habits of the noterids are poorly known.
Wesenberg-Lund (1912) assumed from the shape of the
mandibles of a European larva of Noterus that it was entirely
vegetarian. However, F. Balfour-Browne and J. Balfour-
Browne (1940) observed that larvae of Noterus feed readily
on dead Chironomus larvae and dead individuals of their own
kind; they also saw the larvae work their mandibles on the
surface of roots but seemed not to get anything off. They sug-
gested that the larval mandibles may be a modification of the
phytophagous type of mandible and stated, “possibly, there-
fore, the larva flourishes on a mixed diet.”” Young (1967) re-
ported that noterid larvae and adults are vegetation-detritus
feeders.

Description: Body cylindrical, spindle shaped, or tear-
drop shaped (Suphis); usually tapering strongly posteriorly;
subcylindrical in cross section. Cuticle relatively smooth. In-
tegument and sclerotized parts white when freshly hatched
but yellow to reddish-brown upon aging. Larvae of some spe-
cies of Hydrocanthus may have dark bands in early instars.
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' Figure 34.108

Ll

Figure 34.109

Figures 34.108a-e. Noteridae. Suphis inflatus (LeConte). a. dorsal; b. ventral; ¢ head, ventral; d. mandible; e. last

abdominal segment, ventral.
Figure 34.109. Noteridae. Hydrocanthus sp., dorsal.

Head: Partially retracted into pronotum, prognathous,
globose (fig. 34.108c); without temporal spines; anterior
margin arcuate; ecdysial cleavage lines present. Antenna
4-segmented, elongate, slender. Clypeus and labrum fused.
Mandible curved, moderately slender; inner margin smooth,
serrate, or dentate; neither sulcate nor tubular (fig. 34.108d).
Maxillary palp short, 3-segmented; cardo small, stipes long
and broad. Labial palp short, stout, 2-segmented. Six pairs
of stemmata.

Thorax and Abdomen: Prothoracic, meso-, and meta-
thoracic terga well sclerotized. Prothorax about as long as
meso- and metathorax combined. Legs short, 6-segmented,
including 2 slender claws. Abdomen of 8 visible segments,
urogomphi extremely short (fig. 34.108e).

Spiracles: Annular, present on abdominal segments 1—
8, the eighth pair lying together at end of eighth segment and
beneath small extension of that tergum. Functional spiracles
present on segment 8 only in first and second instars.

Comments: Noterids are cosmopolitan but occur pri-
marily in tropical regions. A few taxa occur widely in tem-
perate regions of the Eastern and Western Hemispheres. The
family is small in number of taxa, with 12 described genera
and 230 species in the world fauna. Five genera and 13 spe-
cies have been reported from the United States. Adults and
larvae are not known to have any economic importance but
Young (1967) pointed out that they are important in recy-
cling nutrients. They also serve as a food item in the diet of
various predators in the aquatic ecosystem.

Leech (1956) discussed the biology and immature stages,
and Chandler (1956) provided a key to larvae of 2 of the §
genera known from North America. Spangler and Folkerts
(1973b) described the larva of Suphis inflatus (LeConte) and
included a key to larvae of 3 of the 5 genera found in North

America. Bertrand (1972) reviewed and summarized the lit-
erature available on noterid biology and immature stages and
included a key to larvae of 6 of the 12 genera in the world
fauna.
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DYTISCIDAE (ADEPHAGA)
Paul J. Spangler, Smithsonian Institution

Predacious Diving Beetles
Figures 34.110-126

Relationships and Diagnosis: Dytiscid larvae may be
distinguished by the following combination of characters.
Head prominent, prognathous, exserted; form may be
subquadrate, rounded, pyriform, flattened, or subcylindrical;
anterior margin moderately to strongly produced; ecdysial
cleavage lines present. Antenna, 4-segmented (sometimes with
as many as 5 additional small accessory segments), elongate,
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slender. Clypeus and labrum fused. Mandible curved, usually
long, slender, and grooved or hollow for sucking. Maxillary
palp slender, elongate, 4- to 10-segmented. Labial palp, 2- to
4-segmented. Stemmata, 6 pairs; absent in subterranean
forms. Legs 6-segmented, including pretarsus with 2 claws.
Abdomen of 8 visible segments; eighth segment may be very
elongate; ninth segment reduced; lateral gills rarely present.
Mature larvae range in length from 1.5 to 70.0 mm.

Dytiscid larvae may be immediately distinguished from
hydrophilid larvae by their 6-segmented legs, including 2
claws on each leg, and lack of a breathing atrium on the apex
of the eighth abdominal segment.

Biology and Ecology: Dytiscid beetles are cosmopol-
itan, and adults and larvae are normally found in the same
aquatic situations. They are found in diverse habitats ranging
from microhabitats such as potholes in rock outcroppings,
water-filled holes of land crabs, hygropetric niches, springs,
and artesian wells to sheltered coves along the margins of large
lakes. However, the majority of dytiscid taxa are found in the
smaller, shallow, weedy habitats such as the margins of ponds,
drainage ditches, gravel pits and stock ponds. In more arid
regions, dytiscids may be found in virtually any aquatic hab-
itat available such as pools in intermittent streams, stock tanks,
irrigation ditches and overflow areas, and saline and mineral
springs or pools. Oftentimes in one of these habitats, large
numbers of adults and larvae of a single species will be found
and the larvae may be recognized easily by association al-
though it is preferable to rear the larva to the adult to confirm
the relationship.

The type of ovipositor generally indicates where the
female will lay her eggs. Dytiscid ovipositors are of three major
types: (1) Those in which the genital valves are short, blunt,
weak, dorsoventrally flattened, obviously not adapted for
piercing plant tissues, but setose and apparently tactile—dy-
tiscids with this type of ovipositor, such as Desmopachria,
generally glue their eggs to surfaces of aquatic plants, drop
their eggs at random, or insert them in a muddy substrate
(done by many of the Hydroporinae); (2) Those in which the
ovipositor is similar to the type described above but is very
elongate—undoubtedly the elongate ovipositors allow fe-
males to insert their eggs wherever a small, deep, crevice or
space narrow enough to conceal the eggs from predators or
parasites can be found, such as between or under leaves, sticks,
bark, stones, etc.; (3) Those with the genital valves well scle-
rotized and usually serrate or with toothlike margins—dytis-
cids with this type of ovipositor, such as Laccophilus and
Ilybius, use it to make incisions in plant tissues in each of
which they deposit an egg. Others with piercing valves, such
as Graphoderus and Hydaticus, reportedly place a number
of eggs in each hole (Wesenberg-Lund, 1912).

Dytiscids have 3 larval instars. As far as is known, all
dytiscid larvae, unlike the Noteridae, leave their aquatic hab-
itat and pupate on land in earthern cells in friable soil where
the larvae can burrow beneath the surface a short distance.
The pupal chamber is shaped by wriggling movements of the
larva which compress the soil so the wall of the chamber will
not collapse easily. Some larvae pupate among matted roots
of mosses or other plants or under rocks, boards, leaves, logs,

etc. Freshly eclosed dytiscid beetles usually remain in their
pupal chambers for 3 to 7 days (sometimes much longer)
before they leave and enter the aquatic habitat.

Description: Body variously shaped—usually elongate,
fusiform, cylindrical, subcylindrical, moderately flattened,
usually widest at metathorax or middle of abdomen. Inte-
gument white, yellow, greenish, or brown; sclerotized areas
becoming yellowish, brown, or reddish brown with aging; may
be spotted, striped, or unicolored.

Head: Prognathous; usually exserted; subquadrate,
rounded, pyriform, flattened, or subcylindrical; ecdysial
cleavage lines usually present and obvious. Clypeus and
labrum fused; anterior margin moderately arcuate or mod-
erately to strongly dentiform or prolonged as a nasale. Stem-
mata 6 pairs or absent (in stygobiontic taxa). Antenna of
4 principal segments, slender, elongate, sometimes with
accessory segments. Maxilla slender; cardo small; stipes
short and broad or narrow and elongate; palp slender, elon-
gate, 3 or 4 principal segments, sometimes with accessory
segments. Labial palp usually 2-segmented; sometimes 3- or
4-segmented. Mandible distinct, curved, usually slender and
usually grooved or hollow for sucking blood of hosts.

Thorax and Abdomen: Prothorax usually longer than
meso- and metathorax combined. Thoracic terga usually well
developed. Legs usually long and slender; some genera with
fringes of swimming hairs on femur, tibia, and tarsus; legs
6-segmented including pretarsus consisting of 2 claws.

Abdomen of 8 visible segments; eighth segment may be
very elongate; ninth segment reduced; lateral gills rarely
present; 8 or 9 pairs of spiracles. Urogomphi usually long and
slender but sometimes short and stubby.

Spiracles: Annular, on abdominal segments 1-8 and
usually mesothorax in last instar. Early instars with func-
tional spiracles present only on segment 8.

Comments: This family is cosmopolitan, but a greater
number of genera and species occur in the tropical regions.
There are about 145 genera and 3,000 species of dytiscids
known in the world fauna, with 42 genera and about 446 spe-
cies of Dytiscidae described from America north of Mexico.
Larvae of representatives of 28 of these genera have been de-
scribed.

Most dytiscid larvae are not known to be economically
important, but when larvae of the larger dytiscids, such as
Cybister, become numerous in fish hatcheries, they are de-
structive to fingerlings (Wilson, 1923). However, most dy-
tiscid larvae probably are beneficial because they feed on
larvae of mosquitoes, ceratopogonids, and other noxious in-
sects, as well as other aquatic organisms. Dytiscid larvae are
also preyed upon by other insects, birds, and various mam-
mals, and, in this manner, they play an important part in the
aquatic food web.

Because of the large number of species, their cosmopol-
itan distribution, attractive size, color, form, and the acces-
sibility to living specimens, the bionomics of the adult and
immature stages of the Dytiscidae are reasonably well known.
The most comprehensive studies of dytiscid larvae are those
by Bertrand (1928, 1972, 1977). The publications on larval
Coleoptera by Boving and Craighead (1931) and Peterson
(1951), on dytiscid biologies by Wesenberg-Lund (1912),
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Figure 34.110 Figure 34.111 Figure 34.112 Figure 34.113

Figure 34.117

Figure 34.114 Figure 34.115 Figure 34.116

Figures 34.114a,b. Dytiscidae. Neoclypeodytes cinctellus
(LeConte). a. dorsal; b. ventral. [Figures 34.114 a, b. after Per-

Figure 34.110. Dytiscidae. Derovatellus ibarrai Spangler.

Figure 34.111. Dytiscidae. Hydrovatus sp. kins, 1961.]

Figure 34.112. Dytiscidae. Desmopachria sp. Figure 34.115. Dytiscidae. Laccornis difformis (LeConte).

Figures 34.113a,b. Dytiscidae. Pachydrus princeps (Blatchley). Figure 34.116. Dytiscidae. Hygrotus sayi (J. Balfour-Browne).
Figure 34.117. Dytiscidae. Laccophilus sp.

a. dorsal; b. ventral.



318 ORDER COLEOPTERA

Figure 34.118 ¢ " Figure 34.119

Figure 34.122 Figure 34.123

Figure 34.118.
Figure 34.119.
Figure 34.120.
Figure 34.121.
Figure 34.122.

Dytiscidae. Matus bicarinatus (Say).
Dytiscidae. Coptotomus sp.
Dytiscidae. Agabetes acuductus (Harris).

Dytiscidae. Hydaticus bimarginatus (Say).

Dytiscidae. Acilius sp.

Figure 34.120 Figure 34.121

Figure 34.124 Figure 34.125 Figure 34.126

Figure 34.123. Dytiscidae. Rhantus calidus (Fabricius).
Figure 34.124. Dytiscidae. Thermonectus basillaris (Harris).
Figure 34.125. Dytiscidae. Cybister fimbriolatus (Say).
Figure 34.126. Dytiscidae. Dytiscus fasciventris (Say).



Balduf (1935), and Leech (1956), and the keys to genera by
Chandler (1956), Leech and Sanderson (1959), Pennak
(1978), Brigham (1982a), and White, Brigham, and Doyen
(1984) will be helpful in identifying larvae.
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GYRINIDAE (ADEPHAGA)
Paul J. Spangler, Smithsonian Institution

Whirligig Beetles
Figures 34.127- 132

Relationships and Diagnosis: Gyrinids are highly
adapted to their aquatic habitats. They appear to have been
derived from caraboid stock because their larvae have 2 mov-
able claws on each leg, a character unknown outside of the
Adephaga.

Gyrinid larvae may be distinguished easily from other
aquatic beetle larvae by the foliowing combination of char-
acters: lateral gills on abdominal segments 1-9; 2 claws on
each leg; 10 abdominal segments; 4 decurved hooks on tenth
abdominal segment (fig. 34.132).

Because of their elongate form, lateral gills, hooked anal
feet, and creamy white color, gyrinid larvae resemble freshly
molted larvae of some megalopteran genera and the dytiscid
genus Coptotomus. However, gyrinid larvae may be easily
distinguished from the megalopteran and dytiscid genera by
their 4 hooked anal feet arising from the tenth abdominal seg-
ment. In contrast, megalopteran larvae have 2 hooked anal
prolegs or a single long median process arising from the ninth
abdominal segment. In addition, gyrinid larvae have lateral
gills on abdominal segments 1-9 and larvae of Coptotomus
have lateral gills only on segments 1-6.
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Biology and Ecology: Gyrinid adults are highly adapted
for life in the aquatic environment and are the only family of
beetles that normally use the surface film for support. They
are the fastest and most efficient swimmers of all the aquatic
beetles and are equally at home underwater. They are found
on the surface of clean lotic and lentic habitats where they
may occur singly or in large aggregations composed of 1 to
8 species. Larvae occur in the same habitats as the adults but
they live submerged until they leave the water to pupate. Both
adults and larvae normally occur in shallow weedy margins
of their lentic or lotic habitats.

Gyrinid females in temperate areas begin laying eggs in
spring. Eggs are laid in rows or masses on floating or sub-
merged plant stems and leaves. Larvae undergo 3 molts and
last-instar larvae leave the water to pupate. Larvae of Gyr-
inus climb emergent vegetation or crawl onto shore to pupate;
at this time they gather debris (from the emergent plant stems
or the shore), mix the debris with an adhesive substance, crawl
to a suitable place, attach the debris to plant stems or other
surfaces, dig into the mass, and form a closed chamber by
wriggling movements of the body. Larvae that crawl onto shore
may make their cocoons from sand or mud and attach them
to standing objects or beneath rocks, boards, etc. Pupal co-
coons of Gyrinus often are common near the top or on top of
plants such as Eleocharis, Typha, Scirpus, and other emer-
gent plants. Cocoons of Dineutus usually are found on shore,
near the water, and under objects such as boards or rocks.
There are several genera of Hymenoptera that parasitize
gyrinid pupae and parasitized pupae may be found quite fre-
quently.

Larval gyrinids, like the adults, are voracious predators;
however, adults feed primarily on the surface of their habitats
and larvae feed underwater where they seek out soft-bodied
larvae of chironomids, tubificids, odonate larvae, etc.; when
confined they also feed on their siblings.

Description: Mature larvae, 6.0 to 25.0 mm in length.
Body form elongate, narrow, depressed, with lateral gills. In-
tegument white with sclerotized parts yellow to yellow brown
and sometimes with dark brown, grey, or black spots on the
head capsule.

Head: Prognathous, exserted; subquadrate, depressed;
ecdysial cleavage lines present. Anterior margin of nasale
truncate or lobed (figs. 34.129-131). Stemmata, 6 pairs.
Antenna 4-segmented, slender, elongate. Maxillae slender,
elongate; cardo and stipes large; stipes quadrangular, with a
galea and lacinia; maxillary palp slender, elongate,
4-segmented. Labial palp elongate, siender, 3-segmented.

Thorax and Abdomen: Prothoracic terga with 2 mod-
erately large sclerites; meso- and metathoracic terga mem-
branous, without sclerites. Legs 6-segmented, including
pretarsus with 2 claws.

Abdomen of 10 segments; with a pair of lateral gills on
segments 1-8; ninth with 2 pairs of gills; tenth without gills,
with 4 stout decurved hooks; some gills may be naked but
most have hairlike fringes.

Spiracles: Absent in first and second instars, present on
abdominal segments 1-3 in last instar.
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Figure 34.127
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Figure 34.127. Gyrinidae. Dineutus sp.
Figure 34.128. Gyrinidae. Gyrinus sp.

Figures 34.129-34.131. Gyrinidae. Nasales, dorsal.
(34.129.) Dineutus sp.; (34.130.) Gyrinus sp.; (34.131.) Gyr-
etes sp.

Figure 34.132. Gyrinidae. Caudal hooks, Dineutes sp. (from Pe-
terson, 1951).

Comments: The family Gyrinidae is cosmopolitan; how-
ever, it is richest in taxa pantropically although numerous taxa
occur in the temperate regions of the world. The family in-
cludes 11 genera and about 1,100 species in the world fauna
and is represented in America north of Mexico by 52 species
in 4 genera. In North America, the larvae of Gyretes and
Spanglerogyrus remain undescribed; however, Gyretes is in-
cluded in keys to larvae by Chandler (1956), Sanderson
(1982), and White, Brigham, and Doyen (1984). Gyrinid
beetles are not known to be economically important, but they
serve as food for other organisms, and their predatory habits
assist in recycling nutrients in aquatic ecosystems.

Very few studies have been published on the biology and
immature stages of North American Gyrinidae. However,
those that are available are thorough and informative. The
most useful of these publications is Wilson’s (1923) descrip-
tions of the life cycles and immature stages of Dineutus and
Gyrinus. The publications by Butcher (1930) on the con-
struction of the pupal cocoon and parasitoids of pupae (1933)

are also very interesting. In addition, the review of the family
by Leech (1956) nicely summarizes the information avail-
able for the family. Sanderson (1982) provides a discussion
of gyrinid bionomics and includes a key to the larvae of the
genera Dineutus, Gyretes, and Gyrinus. White, Brigham, and
Doyen (1984) also include a key to three of the four gyrinid
genera of North America. For a summary of information on
immature stages of gyrinids of the world see Bertrand (1972).
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SUBORDER POLYPHAGA

HYDRAENIDAE (STAPHYLINOIDEA)
( = LIMNEBIIDAE)

Paul J. Spangler, Smithsonian Institution

Hydraenid Beetles
Figures 34.133a,b-135a,b

Relationships and Diagnosis: The hydraenid beetles were
originally placed in the family Hydrophilidae and the super-
family Hydrophiloidea. However, as a result of a study of the
comparative morphology of Coleoptera larvae, Béving and
Craighead (1931) placed the family in the superfamily Sta-
phylinoidea. Coleopterists have different opinions on the
proper assignment of the Hydraenidae. Crowson (1955) states
that the hydraenid “relationship to the hydrophiloids is in-
dicated by the palpicorn type of antennae and general aquatic
adaptations of the adults while the mouthparts are quite
primitive and without any indication of the predacious spe-
cialisations.” Dybas (1976) disagrees with this placement and
comments as follows: “Though there has been lack of agree-
ment as to the systematic position of the family Hydraenidae,
I regard it as clearly belonging in the Staphylinoidea because
of the characters of the larva (particularly the maxilla of Hy-
draena) and because of the close resemblance in numerous
features of the dorsum of the abdomen of the adult to that of
the generalized ptiliid Nossidium (unpublished data).” In the
latest discussion of the family assignment, Perkins (1981a)
reports the following: “Based on adult antennal form, aquatic
habits, and metendosternite, relationships appear to be with
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Figure 34.133

Figures 34.133a,b. Hydraenidae. Ochthebius impressus Mar-
sham. a. larva; b. head.

Figures 34.134a,b. Hydraenidae. Limnebius (?)papposus Mul-
sant. a. larva; b. head.

the Hydrophiloidea. The wings, however, are similar to Sta-
phylinoidea, and larvae markedly resemble those of the Pti-
liidae.” Perkins concludes that “It is evident that phylogenetic
relationships of the Hydraenidae remain equivocal, a fertile
area for further research.”

The tiny larvae (1.3 to 3.0 mm) superficially resemble
those of various smaller Staphylinoidea, such as Ptiliidae,
Leiodidae, and Staphylinidae. Hydraenid larvae are distin-
guished from those of any staphylinid by the presence of a
distinct roughened or tuberculate mandibular mola and a pair
of recurved hooks on the last abdominal segment. The lack
of hooks on segment 10 also distinguishes larvae of Leiod-
idae, Leptinidae, and Limulodidae from those of hydraenids.
Ptiliid larvae have a mandibular mola and recurved hooks at
the abdominal apex, but they differ from larvae of Hydraen-
idae in having urogomphi with only 1 segment (or occasion-
ally no urogomphi) and in lacking stemmata (rarely with 1
pair).

Figure 34.134

Figure 34.135

Figures 34.135a,b. Hydraenidae. Hydraena pennsylvanica Kie-
senwetter. a. larva; b. head.

(Figures 34.133a, b and 34.134a, b redrawn from Bdving and
Craighead, 1931. Figures 135a, b redrawn from Richmond, 1920.)

Biology and Ecology: Most hydraenid adults are aquatic
and inhabit the margins of cascades, rills, and hygropetric
habitats where they occur in leaf packs or matted roots; others
occur in splash zones of cascades and waterfalls on moss-
covered rocks or other damp or wet plant materials. Adults
are also found in sandy margins of streams, potholes, rock
outcrops beside streams, in marshy margins of ponds, holes
and woodland ponds; others occur on rocky coastlines that are
periodically submerged by rising tides. Although most hy-
draenids are found in fresh water habitats, a few may occur
abundantly in brackish to very saline coastal or inland waters.
The exotic genus Meropathus, lives on moss-covered rocks
alongside streams and in grasses and offal around nests of
seabirds in their rookeries. All of the larvae known from N.
America are terrestrial, but they are usually found along the
damp margins of the aquatic habitats of the adults.

Those hydraenids whose egg-laying habits are known
deposit their eggs in moist sites out of water, often on leaves,
rocks, or algae adjacent to the adult habitat. Eggs are de-
posited singly and usually secured with a sparse covering or
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blanket of silklike strands secreted from caudal spinnerets;
occasional eggs are deposited without being secured with
silklike strands. Larval life was reported by d’Orchymont
(1913) to last 2 or 3 months. Beier and Pomeisl (1959) re-
ported that the European Ochthebius exsculptus Germar pu-
pates in cocoons constructed a few centimeters above the
waterline and on rocks and boulders in torrents.

Reports on the food habits are conflicting. Some authors
say that larvae and adults are phytophagous and feed pri-
marily on algae (Bertrand, 1972); others say the larvae are
predators (Leech, 1958); still others (Boving and Hen-
driksen, 1938) say that larvae of “Ochthebius, Hydraena, and
Limnebius feed on infusoria, spores and decaying particles in
water.” The larval mandibles suggest that the larvae are
predators but a study of the food habits is needed.

Description: Mature larvae (figs. 34.133a-135a), 1.3 to
3.0 mm in length. Body form elongate, subcylindrical, slightly
flattened in cross section; thoracic and abdominal terga with
large scleritesduticle with numerous setae; annuliform spir-
acles present. Color: integument white, becoming light yel-
lowish with age.

Head: Prognathous to semihypognathous; rounded or
ovoid, globular; ecdysial cleavage lines present and distinct
(figs. 34.133b-135b). Clypeus distinct, arcuate, wider than
labrum. Labrum somewhat semicircular. Stemmath, 5 pairs.
Antenna 3-segmented. Mandibles essentially symmetrical
with large roughened or tuberculate molar area. Maxillae with
cardo short and broad; stipes wider than and twice as long as
segment-like palpifer; palp closely united with stipes. Ligula
short, rounded, bearing papillae.

Thorax and Abdomen: Prothoracic, meso- and meta-
thoracic terga each with a large, well-developed sclerite. Legs
about as long as prothorax is wide, 5-segmented; tarsus and
pretarsus fused, forming a single claw-like tarsungulus.

Abdomen of 10 segments; 1-8 covered with broad
sclerite; 9 bearing a pair of movable, 2-segmented uro-
gomphi; 10 bearing a pair of stout, recurved hooks.

Spiracles: Annular, on mesothorax and abdominal seg-
ments 1-8.

Comments: Hydraenids are cosmopolitan with about 900
species known from the world. At present there are 90 species
in 5 genera known from America north of Mexico. They are
not reported to be economically important, but they often are
very abundant in microhabitats where they must be efficient
in recycling food items upon which they feed.

Although all hydraenid larvae known from the United
States and Canada are terrestrial, some Australian larvae ap-
parently are aquatic. These larvae have a pair of large well-
developed prothoracic spiracies borne on dorsal tubercles that
appear to function as a snorkel; this suggests that these larvae
may live under a thin film of water such as is found in hy-
gropetric habitats. Some of the exotic hydraenid larvae re-
portedly lack the pair of hooks found on the tenth abdominal
segment of the described N. American larvae.

References to the immature stages of hydraenids are few.
The most thorough descriptions of North American hy-
draenid larvae are found in Richmond’s (1920) treatise. All
subsequent keys to genera of larvae (Bertrand, 1972; Boving

and Hendriksen, 1938; Chandler, 1956; Leech and Sand-
erson, 1959; Brigham, 1982c; White, Brigham, and Doyen,
1984) are based entirely or in part on Richmond’s descrip-
tions and key. Perkins’ (1981a) revision of the Hydraenidae
of the Western Hemisphere has changed the status of some
taxa. Because of this, all larvae keying to Ochthebius in
present keys to larvae of North American genera should be
considered Ochthebius or Gymnochthebius.
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FAMILY PTILIIDAE (STAPHYLINOIDEA)

Henry S. Dybas,”
Field Museum of Natural History

Featherwing Beetles
Figures 34.136-139

Relationships and Diagnosis: The family Ptiliidae, which
contains the smallest known beetles, is distributed worldwide
in both temperate and tropical regions. Larvae are most sim-
ilar to those of the Limulodidae, but the only known species
of the latter lacks anal hooks. The families also show nu-
merous similarities to the Hydraenidae, Leptinidae, and
Leiodidae, particularly in the possession (in some members
of each family, at least) of a unique and presumably derived
structure—the fringed galea of the maxilla (fig. 34.136b). The
Hydraenidae, like the Ptiliidae, possess 1 pair of anal hooks.
This grouping of the 5 families within the Staphylinoidea es-
sentially corresponds to the “leptinid association” of families
recognized by Boving and Craighead (1931) on the basis of
other larval characters.

Ptiliidae larvae can be distinguished from larvae of re-
lated families of Staphylinoidea by the following characters:
unusually small size (ca. 1.0-2.0 mm long), linear form, un-
pigmented body, lack of eyespots, usually 1-segmented uro-
gomphi, and a pair of anal hooks. Exceptions and additional
characters are detailed below.

Biology and Ecology: Adults and larvae occur chiefly in
moist, decaying, organic matter in habitats such as the forest
floor, tree holes, decaying logs, compost heaps, animal dung,
under bark of dead trees, rubbish heaps of ants (e.g., Atta

*Deceased
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Figures 34.136a,b. Ptiliidae. Pteryx sp. a. late instar larva, lat-
eral, setal pattern approximate; b. maxilla, ventral, showing la-
cinia and fringed galea united on mala.

Figures 34.137a,b. Ptilidae. Nossidium americanum Mots-
chulsky. a. head capsule, dorsal, maxillae not shown; b. left an-
tenna, ventral.

spp., leaf-cutting ants), decaying piles of seaweed, and sim-
ilar moist decaying organic materials suitable for the growth
of molds and other fungi, where they are frequently the most
abundant beetles. These habitats are best sampled by means
of the Berlese or Tullgren funnel. Some species of Actidium,
and a related undescribed genus in the United States, occur
on bare sand and gravel bars and flats along water-courses,
and can be collected by flotation techniques. One group of
ptiliids, Nanosella and allies, is found on the underside of shelf
fungi (Polyporaceae) where larvae and adults live in the spore
tubes and feed on growing spores. This group includes the
smallest of all beetles (as small as 0.30 mm long). When the
fungus is disturbed, adults and larvae leave the spore tubes
and cross the under surface for a short distance before en-
tering other tubes. They can be picked off the under surface
with a wetted forceps point.

The main food of both adult and larval Ptiliidae appears
to be spores and hyphae of fungi and, probably, soft organic
materials containing microorganisms. Under favorable con-
ditions, ptiliids appear to reproduce continuously, as evi-
denced by finding larvae and teneral and fully hardened adults
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Figure 34.138
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Figure 34.138. Ptiliidae. Nossidium, left mandible, ventral.

Figure 34.139. Ptiliidae. Throscoptilium duryi Barber, lateral,
showing yellowish pigmented areas at apex of abdomen (note ab-
sence of urogomphi on segment 9).

together at different times of the year. Only a single egg, usu-
ally about 1/3-1/2 the length of the female, is matured at a
time. Development seems to be fast, 32—45 days from egg to
adult at 20° C in 3 species of Ptinella (Taylor, 1975). The
number of instars in Ptinella is 3 (Taylor, 1975). The pupal
stage has been adequately described only for Acrotrichis fas-
cicularis (Hinton, 1941a).

Description: Ptiliidae larvae are linear, about 1.0-2.0
mm. long (figs. 34.136a, 34.139). Body usually entirely white
(unpigmented) or with a yellowish tinge on the more scle-
rotized regions (mandibles, head capsule), but species of Ac-
tidium from the exposed riparian habitats are dark. Pigmented
eyespots lacking, except in a new species of the generalized
genus Nossidium (s.1.) from Panama. The 10-segmented ab-
domen possesses a membranous anal vesicle which is fur-
nished with a pair of anal claws or hooks (fig. 34.136a); the
ninth abdominal segment has a pair of articulated, 1-seg-
mented urogomphi (fig. 34.136a) that are lacking in species
(Nanosella and allies) that live in spore tubes of shelf fungi
(fig. 34.139). Except in the darkly pigmented species of Ac-
tidium, the epicranial lines of the head capsule are not (or
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only rarely) detectable, and the tergal sclerites are not or only
feebly evident. Other important characters are the fringed
galea of the maxilla (fig. 34.136b) which, however, is not de-
tectable in the spore-tube genera; the form of the mandible,
which has a greatly enlarged molar region and a slender, ar-
ticulated prostheca (fig. 34.138); and the labrum which is free
and not united to the clypeal region (fig. 34.137a). For a more
detailed family description of Ptiliidae larvae, as well as de-
scriptions and illustrations of 9 North American genera, see
Dybas (1976).

Spiracles: Annular, on mesothorax and abdominal seg-
ments 1-8.

Comments: About 62 genera and 400 species have been
described, of which 23 genera and about 115 species have been
recorded from the United States. Judging by existing collec-
tions, the majority of the species are still undescribed. The
family is notable, not only because it contains the smallest
beetles, but becatke of the high incidence of parthenogenesis
(Dybas, 1966, 1978) and of a striking form of polymorphism
(e.g. species of Ptinella, Pteryx, and Ptinellodes). In these
genera there are 2 strongly differentiated morphs in each spe-
cies, generally represented in both sexes: 1) a normal morph
with normal compound eyes, featherwings, and body pig-
mentation, and 2) a vestigial morph in which eyes, wings,
and other structures are reduced or completely absent (Dybas,
1978).

Larvae should be killed and preserved in 70% ethanol.
For study they are mounted directly into Hoyer’s medium on
microscope slides, or first treated with cold KOH and then
mounted in Hoyer’s medium or in glycerine gel. Hoyer's
medium (not a good permanent mount) is soluble in water,
and larvae can be soaked off and remounted in different po-
sitions. Larvae in glycerine gel can be repositioned by placing
the slide on a slide-warming table for a few moments to soften
the gel, and then manipulating the specimens with a fine
needle. Ptiliidae larvae are best studied with a compound mi-
croscope at magnifications of 400X or more, using phase
contrast optics (which eliminates the need for staining).
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FAMILY LIMULODIDAE (STAPHYLINOIDEA)
(= CEPHALOPLECTIDAE)
Henry S. Dybas,’
Field Museum of Natural History
Limulodids
Figures 34.140a-d

Relationships and Diagnesis: The Limulodidae are
closely related to the Ptiliidae. At present the larvae are char-
acterized on the basis of 3 larvae of 1 species, Limulodes parki

*Deceased

Seevers and Dybas, from Illinois (fig. 34.140). The previous
assignment (Paulian, 1941) of a larva found in Costa Rica
with Cephaloplectus mus Mann, (a highly specialized li~
mulodid beetle) has been shown to be in error (Dybas, 1976);
the larva probably belongs to some genus of Staphylinidae.
When other larvae are studied, particularly of specialized
genera like Cephaloplectus, the diagnosis will very probably
have to be revised. The larvae of L. parki closely resemble
typical larvae of the Ptiliidae (cf. Preryx sp., fig. 34.136a)
except for the apparent loss of the 2 anal hooks in the anal
membrane of abdominal segment 10, the absence of the ter-
minal tuft of the third segment of the maxillary palp (fig.
34.140b), and the presence of 4 obtusely-pointed denticles
under the anterior margin of the labrum (fig. 34.140c).

Biology and Ecology: Adults and presumed larvae of
Limulodes parki were collected in March—May, Cook County,
Illinois, under a flat rock covering a colony of Aphaenogaster
rudis s.l. ants. It could not be determined whether the larvae
were in the galleries or in the surrounding soil. The digestive
tract of 1 larva was packed with indeterminate matter among
which were small soil particles. The adults were reported by
Park (1933, under the name Limulodes paradoxus Matth.)
to feed by scraping oils and other materials from the inte-
gument of the ant larvae, pupae and workers.

Description: Similar to Ptiliidae except as noted above.

Spiracles: Annular, on mesothorax and abdominal seg-
ments 1-8.

Comments: There are 5 genera and 28 described spe-
cies, the majority of which (including the most specialized
forms) are associated with army ants (Dorylinae) in the
American tropics. Four species in 2 genera are known to occur
in the United States. All species are found only in association
with ants and occur only in the New World and the Austra-
lian region. Aduits are blind, flightless, compactly built, with
a smoothly contoured tear-drop shape reminiscent of Lim-
ulus (horseshoe crab) from which the family name is derived.
A general account of the classification and biclogy is given
in Seevers and Dybas (1943); see also Wilson er al., (1954),
Park (1933), and Dybas (1976).

Selected Bibliography

Dybas 1976.

Park 1933.

Paulian 1941.

Seevers and Dybas 1943,

Wilson, Eisner and Valentine 1954,

AGYRTIDAE (STAPHYLINOIDEA)

Alfred F. Newton, Jr.,
Field Museum of Natural History

Figures 34.141-145

Relationships and Diagnosis: The family Agyrtidae has
usually been considered a subfamily of Silphidae. Based on
studies soon to be published (Newton, in preparation), agyr-
tids are placed as a distinct family most closely related to
Leiodidae rather than to Silphidae and allied families (Law-
rence and Newton 1982, Anderson and Peck 1985).
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Figures 34.140a-d. Limulodidae. Limulodes parki S. & D. a. late instar larva, lateral; b. right maxilla and labium,
ventral; ¢. labrum, dorsal; d. right mandible, ventral.

Agyrtid larvae may be distinguished from all other Co-
leoptera larvae by their possession of a combination of: man-
dibles with large contiguous molar lobes; 6 stemmata on each
side of the head; and articulated, 2-segmented urogomphi.
Larvae of Leiodidae, Ptiliidae and Hydraenidae are very sim-
ilar but have at most 5 stemmata, while larvae of Silphidae
and all remaining Staphylinoidea lack molar lobes on the
mandibles. In addition, mature larvae of agyrtids are large,
about 8 mm or longer, while larvae of related families such
as Leiodidae are usually much smaller.

Biology and Ecology: Relatively little is known about the
natural history of most agyrtids. Necrophilus species are
found at small decaying animal carcasses and feces; N. pettiti
Horn has been reared on mouse feces and decayed squirrel
meat (J. A. Payne, unpublished observations) and the Eu-
ropean N. subterraneus (Dahl) has been reared on decaying
snails (Will 1886, Zwick 1981). Ipelates species have been
found around decaying trees and in forest litter, while Ly-
rosoma species are confined to marine beaches fringing the
northern Pacific Ocean. Pteroloma and Apteroloma species
occur under stones and debris in mountainous areas, often
above timberline (e.g., Bolivar y Pieltain 1940), and are prob-
ably predators as adults (personal observations).

Egg nearly round, yellowish white.

Pupa exarate, with functional abdominal spiracles on
segments 1-2.

Description: Mature larvae about 8-20 mm long, elon-
gate and more or less parallel-sided, slightly flattened, straight
or slightly curved ventrally. Body surfaces heavily to lightly
pigmented and sclerotized, smooth or finely microspinose or
granulate, with sparse vestiture of simple setae only or in-
cluding frayed or bifid setae.

Head: Prognathous or slightly declined, protracted,
without differentiated neck. Epicranial stem short, frontal
arms V-shaped to lyriform, each arm anteriorly bifurcate;
endocarinae absent. Stemmata 6, well separated, on each side
of head. Antenna 3-segmented, about 0.6—1.4 times as long
as head width, sensorium of preapical segment anterad of
apical segment and conical or awl-shaped. Frontoclypeal
suture absent. Labrum free, tormae present. Mandibles sym-
metrical, apex with single tooth, incisor edge with 1 large and
several fine subapical teeth; mesal surface of mandibular base
with mola bearing numerous fine transverse ridges, distal
portion of molar lobe with rounded or tooth-like prostheca
and large ventral setose area which extends to mesal edge.
Cardines transverse, externally divided, widely separated from
each other by submentum. Stipes elongate. Mala long, fixed,
divided at apical third to half into fixed galea and lacinia;
galea with 2 long setiform sensilla and with apical fringe of
2-5 rows of setae, fringe rarely absent; lacinia falcate, spi-
nose along mesal edge. Maxillary palp 3-segmented. Labium
consisting of prementum, mentum and submentum. Ligula
shorter or longer than first palpal segment but shorter than
palp, apex bilobed. Labial palps 2-segmented, separated by
more than width of first palpal segment. Gula transverse. Oc-
cipital foramen divided into 2 parts by tentorial bridge.

Thorax and Abdomen: Thoracic terga and abdominal
terga and sterna with 1 or more sclerotized plates, without
patches or rows of asperities, without lateral tergal processes.
Legs long, 5-segmented including bisetose tarsungulus. Ab-
domen 10-segmented, about 1.5-2 times as long as thorax.
Tergum A9 with pair of long 2-segmented urogomphi which
may be multiannulate. Segment A10 visible from above, anal
region terminally oriented, with membranous anal lobes
bearing numerous fine teeth.
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Figure 34.141

Figure 34.143 Figure 34.144

Figure 34.142

Figure 34.145

Figure 34.141. Agyrtidae. Necrophilus hydrophiloides Manner-
heim. Inverness (1 mile southeast), California; February; on rotten
potatoes. Mature larva, lateral. Length = 18 mm.

Figures 34.142a-c. Agyrtidae. Necrophilus pettiti Horn. Perry,
Georgia; January; reared on feces and carrion. a. second instar
larva, head, dorsal, left antenna not shown; b. head, ventral, left
maxilla not shown; ¢. right antenna, dorsal view of apex.

Figure 34.143. Agyrtidae. ?Pteroloma nebrioides Brown. Cam-
eron Lake, Waterton Park, Alberta; August; moss etc. Right max-
illa, ventral view of apex.

Figure 34.144. Agyrtidae. ?Apteroloma tenuicorne (LeConte).
Sagehen Creek, Nevada County, California; October. Right an-
tenna, dorsal view of apex.

Figures 34.145a-d. Agyrtidae. Necrophilus pettitii. a. head, an-
terior, mouthparts spread apart; b. detail of labrum, left man-
dible; ¢. detail of labium, maxilla; d. abdominal spiracle, dorsal.



Spiracles: Annular, annular-biforous or modified an-
nular with several peripheral chambers to one side; dorsolat-
eral; closing apparatus present.

Comments: The family is a small one of about 8 genera
and 60 species. It is nearly confined to the Holarctic region,
with the notable exception of Necrophilus prolongatus Sharp,
found only in New Zealand. Six genera and about 14 species
are known from N. America (Anderson and Peck, 1985). The
species are seldom encountered without special effort, and
none are known to be of any economic importance.

Larvae have not been adequately described. Only 3 spe-
cies are treated at all in the literature: Necrophilus subter-
raneus (Will 1886, Zwick 1981); N. prolongatus (Hudson
1934); and Apteroloma sp. (Bolivar y Pieltain 1940). The
present treatment is based on larvae of 4 Necrophilus spe-
cies, and on 3 kinds of unreared larvae from western N.
America tentatively attributed (based on distribution, hab-
itat and associAtion with adults) to the genera Ipelates, Pter-
oloma and Apteroloma.
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LEIODIDAE (STAPHYLINOIDEA)

(= ANISOTOMIDAE, LIODIDAE, INCLUDING
CAMIARIDAE, CATOPIDAE, CHOLEVIDAE,
COLONIDAE, LEPTODIRIDAE)

Alfred F. Newton, Jr.,
Field Museum of Natural History

Round Fungus Beetles, Small Carrion Beetles
and Allies

Figures 34.146- 155

Relationships and Diagnosis: The family is used here in
the broad sense to include what are sometimes (e.g., Jeannel
1957) considered to be as many as 4 families: Leiodidae
(= Anisotomidae), Camiaridae, Colonidae and Cholevidae
(= Catopidae, = Leptodiridae). Leptinidae are very closely
related and are included in Leiodidae in some recent concepts
of the family (Crowson 1981, Lawrence and Newton 1982).
All of these taxa were at one time included in Silphidae and
are occasionally still cited under that family, but the only
closely related family of Staphylinoidea is Agyrtidae, a recent
removal from Silphidae (Lawrence and Newton 1982).

Most leiodid larvae are distinguishable from other beetle
larvae by possession of a combination of: 2- or 1-segmented
urogomphi; mandibles with molar lobes; 5 or fewer stemmata
(in North America 3 or fewer) on each side of the head, rather
than 6 stemmata as in otherwise very similar agyrtids; and
anal lobes with numerous fine hooks or without hooks rather
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than with a pair of large hooks as in hydraenids and ptiliids.
Those few species that lack well developed molar lobes have
the other characters and have the occipital foramen divided
into 2 parts by the tentorial bridge, in contrast to Staphylin-
idae, Silphidae and other families lacking a mola which have
an undivided foramen. A few Leiodinae with short fixed uro-
gomphi have the other characters listed above, a dorsally
curved abdomen and subterranean feeding habits. Leptinid
larvae will fall out with leiodids according to the above di-
agnosis but differ from leiodids in having either a scoop-like
lacinia or mandibles without molar I6bes and with ventrally
curved apices.

Biology and Ecology: Leiodids are generally, and per-
haps primitively, saprophages and scavengers in a variety of
habitats including forest litter, dung, carrion, rotting fungi
and other decomposing organic matter, and in nests of mam-
mals, birds, ants, termites and stingless bees. Many species,
including a majority of the many Palearctic Bathysciini and
the isolated North American genus Glacicavicola, are obli-
gate cave dwellers. Molds and other fungi may form a part
of the diet of larvae and adults of many species, and a number
of taxa are obligate mycophages of specific groups of fungi,
including Agathidiini and Neopelatops on slime molds
(Myxomycetes); Creagrophorus and Nargomorphus on puff-
balls (Gasteromycetes); Hydnobiini, Leiodini, and possibly
Catopocerinae and Coloninae on diverse hypogean fungi; and
a few miscellaneous species on Polyporaceae and allied epi-
gean fungi. Larval development is generally rapid, taking as
little as 2 days in some Anisotoma species feeding on short-
lived slime mold fruiting bodies. See Arzone (1970, 1971),
Casale (1975), Crowson (1984a), Deleurance-Glagon (1963),
Newton (1984), Wheeler (1979, 1984, 1985) and Zwick
(1979).

Egg ovoid, white, smooth.

Pupa exarate, with functional abdominal spiracles on
segments 1-2.

Description: Mature larvae about 2-8 mm long, clon-
gate and more or less parallel-sided or (Neocamiarus) broadly
ovate, slightly to strongly flattened, straight to slightly curved
ventrally or (Hydnobiini, Leiodini) curved dorsally. Body
surfaces heavily to very lightly pigmented and sclerotized,
smooth to microspinose, with vestiture consisting of fine setae
only or including expanded or complex setae.

Head: Prognathous, protracted, without differentiated
neck. Epicranial stem very short to moderately long, rarely
absent; frontal arms V- or U-shaped to lyriform or with bases
separate, each arm sometimes anteriorly bifurcate; endocar-
inae absent. Stemmata 5, 3, 2 or 1 on each side, or absent.
Antenna 3- or 4-segmented (Prionochaeta), about 0.2-1.2
times as long as head width, sensorium on preapical segment
anterad of apical segment and conical or palpiform. Fronto-
clypeal suture absent. Labrum free, tormae present. Mouth-
parts forming piercing-sucking tube in Myrmicholeva
(Australia). Mandibles symmetrical to moderately asym-
metrical, broad at base and narrow at apex, or triangular, or
(Myrmicholeva) stylet-like; apex with single tooth or bifid,
incisor edge with 1 or 2 subapical teeth or serrate or simple;
mesal surface of mandibular base with mola bearing ridged
or asperate surface, or (Camiarini and Agathidium (s. str.))
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with membranous setose lobe, or (Myrmicholeva) simple;
prostheca consisting of membranous or partly sclerotized lobe
or absent. Cardines transverse, divided by internal ridge,
widely separated from each other by submentum. Stipes
elongate. Mala large, fixed, often divided apically into galea
and lacinia; galea falcate or rounded, apex glabrous, setose
or bearing up to 3 setal combs; lacinia or mala falcate, spi-
nose. Maxillary palp 3-segmented. Labium consisting of pre-
mentum, mentum and submentum. Ligula longer than first
palpal segment to as long as palp, apex bilobed, quadrilobed,
truncate or complex. Labial palps 2-segmented, separated by
more than width of first palpal segment (except Myrmi-
choleva). Gula variable. Occipital foramen divided into 2 parts
by tentorial bridge.

Thorax and Abdomen: Thoracic terga and abdominal
terga and sterna consisting of 1 or more sclerotized plates,
without patches or rows of asperities, without lateral tergal
processes. Lebs 5-segmented including bisetose tarsungulus.
Abdomen 10-segmented, about twice or more as long as
thorax. Tergum A9 with pair of urogomphi which may be
2-segmented with very long multiannulate apical segment to
short and (some Hydnobiini and Leiodini) 1-segmented or
fixed. Segment A10 visible from above, anal region termi-
nally oriented, membranous anal lobes with or without nu-
merous fine teeth.

Spiracles: Annular, annular-biforous or modified an-
nular with several peripheral chambers; lateral or dorsolat-
eral; closing apparatus present.

Comments: The family includes about 300 genera and
2300 species worldwide, especially from northern and southern
temperate regions, with about 30 genera and 200 species in
America north of Mexico. Most of the genera and species are
placed in the 2 large subfamilies Leiodinae and Cholevinae,
but the monogeneric subfamilies Coloninae, Catopocerinae
and Glacicavicolinae also occur in North America, and the
latter 2 subfamilies are confined to this continent. With the
exception of some Cholevinae attracted to carrion and dung,
the species are not commonly encountered and are of no known
economic importance.

Immature stages of Leiodidae are poorly known and no
comprehensive treatment exists. Best known are larvae of
European genera of Cholevinae, with recent keys provided by
Zwick in Klausnitzer (1978) for non-Bathysciini and De-
leurance-Glagon (1963) for Bathysciini. The few described
leiodine genera are treated by Schiddte (1862, 1864), Saalas
(1917), Paulian (1941), Klausnitzer (1978), Wheeler (1979,
1985), Hayashi (1986) and Angelini and DeMarzo (1984).
Larvae of the primitive south temperate subfamily Camiar-
inae have only recently been described (Jeannel 1957, Zwick
1979), and larvae of Coloninae and Glacicavicolinae are
unknown. The present treatment is based on previously un-
described larvae of about two dozen genera including Cato-
pocerus (Catopocerinae), as well as previously known genera.

Figure 34.146

Figure 34.147 Figure 34.148 Figure 34.149

Figure 34.150

Figure 34.151

Figures 34.146a-c. Leiodidae. Catopocerus appalachianus Peck
(Catopocerinae). Ellis Cave, Madison County, Alabama; reared.
Length = 3.5 mm. a. mature larva, dorsal; b. head, dorsal, right
antenna not shown; c. head, ventral, left maxilla not shown.

Figure 34.147. Leiodidae. Hydnobius crestonensis Hatch
(Leiodinae). McKenzie Pass vicinity, 5147 feet, Oregon; October;
on hypogeous Gautieria sp. fungus. Right mandible, ventral.

Figure 34.148. Leiodidae. Agathidium (s. str.) oniscoides Beau-
vois (Leiodinae). Bedford, Massachusetts; July; on yellow slime
mold plasmodium. Right mandible, ventral.

Figure 34.149. Leiodidae. Zearagytodes maculifer (Broun)
(Camiarinae). Waipoua State Forest, New Zealand; March; on
Ganoderma sp. fungus. Right mandible, ventral.

Figure 34.150. Leiodidae. Myrmicholeva acutifrons Lea (Cam-
iarinae). Alfred National Park, Victoria, Australia; May; ex rotting
logs. Right mandible, ventral.

Figure 34.151. Leiodidae. Nemadus ?horni Hatch (Cholevinae).
Pine Mountain, New Hampshire; July; in forest floor litter. Right
mandible, ventral.



Figure 34.152

Figure 34.154

Figures 34.152a,b. Leiodidae. Anisotoma errans Brown (Leiod-
inae). Longmire (4.7 miles west), Washington; July; on Stemonitis
sp. fruiting bodies. a. head, anterior; b. galeal fringe, anterior.

Figure 34.153. Leiodidae. Zearagytodes maculifer. Left meso-
thoracic spiracle, lateral.
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Figure 34.155 b

Figure 34.154. Leiodidae. Anisotoma errans. Right mandible,
ventral.

Figures 34.155a,b. Leiodidae. Colenis impunctata LeConte
(Leiodinae). Rancocas State Park, New Jersey; June; litter under
fermenting sap. a. right mandible, ventral; b. right mandible, mesal
view of molar lobe.
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LEPTINIDAE (STAPHYLINOIDEA)
(INCLUDING PLATYPSYLLIDAE)

Alfred F. Newton, Jr.,
Field Museum of Natural History

Mammal Nest Beetles
Figures 34.156- 158

Relationships and Diagnosis: A close relationship of the
louse-like Platypsyllus to Leptinus and allied genera has long
been established (see Wood 1965). It is also clear that lep-
tinids are very closely allied to leiodids, and the family is in-
cluded as a subfamily in some recent, expanded concepts of
Leiodidae (Crowson 1981, Lawrence and Newton 1982).

Platypsyllus larvae are easily recognized by their
obligate association with beavers (Castor spp.) and by
their peculiar mandibles with ventrally-directed apices and
1-segmented urogomphi. Larvae of the other 3 leptinid genera
closely resemble leiodid larvae but differ in having a scoop-
like apex of the lacinia. They differ from larvae of other Co-
leoptera in the same way as Leiodidae (q.v.).

Biology and Ecology: All leptinids are assogjated with
mammal hosts as far as known. In Leptinus species the as-
sociation is a loose one; the life cycle is completed in the nests
of a variety of ground-dwelling mammals, but adults are fre-
quently found in other habitats and the species are appar-
ently not host-specific. The other 3 genera are host-specific
ectoparasites of semiaquatic mammals, as follows: Silpho-
psyllus desmanae Olsufiev on Desmana moschata, a Russian
mole; Leptinillus aplodontiae Ferris on Aplodontia rufa, the
mountain beaver; and L. validus (Horn) and Platypsyllus
castoris Ritsema on beavers, Castor spp. Adults and larvae
are apparently scavengers on the host or in the host nest (Wood
1965, Ising 1969).

Egg ovoid, white, smooth.

Pupa exarate, with functional abdominal spiracles on
segments 1-2.

Description: Mature larvae about 2-6 mm long, elon-
gate and more or less parallel-sided, slightly to strongly flat-
tened, relatively straight. Body surfaces very lightly pigmented
and sclerotized, smooth, with vestiture consisting of fine setae.

Head: Prognathous, protracted, without differentiated
neck. Epicranial stem short, frontal arms lyriform (stem and
arms not visible in Platypsyllus); endocarinae absent. Stem-
mata absent. Antenna 3-segmented, about 0.75 or (Platy-
psyllus) 0.25 times as long as head width, sensorium of
preapical segment anterad or (Platypsyllus) dorsad of apical
segment and conical or palpiform. Frontoclypeal suture
absent. Labrum free, tormae present. Mandibles symmet-
rical, apex bilobed, incisor edge simple, mesal surface of base
with mola bearing asperate surface, prostheca consisting of
partly sclerotized lobe; or (Platypsy!lus) mandibles with single
tooth at ventrally directed apex, incisor edge simple, mesal
surface of base with setose lobe, prostheca absent. Cardines
transverse, divided by internal ridge, widely separated from
cach other by submentum. Stipes elongate. Mala large, fixed,
divided apically into galea and lacinia, galea bearing pair of

setal combs, lacinia with scooplike apex, or (Platypsylius)
mala undivided, rounded and setose at apex. Maxillary palp
3-segmented. Labium consisting of prementum, mentum and
submentum, or prementum and postmentum. Ligula shorter
than first palpal segment and quadrilobed or (Platypsyllus)
longer than palp and rounded. Labial palps 2-segmented, sep-
arated by more than width of first palpal segment. Gula
transverse or (Platypsyllus) absent. Occipital foramen di-
vided into 2 parts by tentorial bridge.

Thorax and Abdomen: Thoracic terga and abdominal
terga and sterna consisting of 1 or more sclerotized plates,
without patches or rows of asperities, without lateral tergal
processes. Legs S-segmented including bisetose tarsungulus.
Abdomen 10-segmented, more than twice as long as thorax.
Tergum A9 with pair of 1- or 2-segmented urogomphi. Seg-
ment A 10 visible from above, anal region terminally oriented,
membranous anal lobes without teeth.

Spiracles: Annular, lateral or dorsolateral, closing ap-
paratus present.

Comments: This small family includes 4 genera: the
Holarctic Platypsyllus (1 species, castoris Ritsema) and
Leptinus (9 species, 3 in North America); the North Amer-
ican Leptinillus (2 species); and Silphopsylius desmanae Ol-
sufiev from the USSR. Larvae of all 4 genera have been
described; see Boving and Craighead (1931) and Wood (1965)
for North American species. The family is of no known eco-
nomic importance.
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SCYDMAENIDAE (STAPHYLINOIDEA)

Alfred F. Newton, Jr.,
Field Museum of Natural History

Figures 34.159-167

Relationships and Diagnosis: Scydmaenids have long
been recognized as a distinctive family of Staphylinoidea, al-
though their precise relationships remain controversial. They
have been considered related to leiodids (e.g., Brown and
Crowson 1980), to pselaphids (e.g., Béving and Craighead
1931), and to certain groups of “higher” Staphylinidae
(Lawrence and Newton 1982).

The diversity of body forms and absence of any distinc-
tive common characteristics can make scydmaenid larvae dif-
ficult to recognize. Most larvae can be recognized by common
possession of the following characteristics: size small (under



Figure 34.156

Figure 34.156. Leptinidae. Leptinus sp. Larva, dorsal.
Length = 3 mm. (From Peterson 1951).

Figures 34.157a-d. Leptinidae. Leptinillus validus (Horn). Gati-
neau Park, Quebec; November; on beaver. a. mature larva, head,
dorsal, right antenna not shown; b. head, ventral, right maxilla
not shown; c¢. right mandible, ventral; d. left maxilla, antero-
mesal view of apex of lacinia and galea.

5 mm long); head lacking differentiated neck; stemmata 3 or
fewer on each side, in close cluster; antenna large, often club-
shaped; labrum fused to head capsule; mandible falcate, usu-
ally with single mesal edge bearing several, 1, or no teeth;
mala large, fixed, rounded or blunt at apex and sometimes
bilobed; ligula absent; and urogomphi fixed and very short
(except Eutheiini) or absent. They are most easily confused
with pselaphid larvae, but lack eversible glandular structures
between the antennae, have the principal antennal sensorium
conical to domelike and more or less anterior in position rather

Figure 34.157
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b
Figure 34.158

Figures 34.158a,b. Leptinidae. Platypsyllus castoris Ritsema.
Alameda, California; November; on beaver. a. mature (?) larva,
left mandible, ventral; b. right maxilla, ventral.

than palpiform or complex and differently situated, and have
tibiae gradually tapered rather than abruptly narrowed api-
cally. Faronine pselaphid larvae, which resemble scyd-
maenids in these respects, have large fixed urogomphi and a
palpiform antennal sensorium while the only scydmaenids
with large urogomphi (Eutheiini) have a domelike sensorium.

Biology and Ecology: Scydmaenids are fairly common
inhabitants of forest floor litter, mosses, rotting logs, tree holes,
sawdust piles and similar habitats, and a few species occur in
mammal or ant nests and caves. Adults and larvae are be-
lieved to be predatory on mites and other small organisms in
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Figures 34.159a-d. Scydmaenidae. Coatesia sp. (Cephenniini).
Lord Howe Island, Australia; May; in forest litter. Length = 1.0 mm.
a. mature larva, lateral; b. right antenna, ventral; c. prementum,
anterodorsal, showing apparent adhesive discs in black; d. left
mandible, dorsal.

Figure 34.160. Scydmaenidae. Mastigus ruficornis schimit-
schekiMach. (Mastigini). Bolu (25km east), 1000m, Turkey; May.
Prementum, ventral.

Figure 34.161

Figure 34.163

Figures 34.161a-d. Scydmaenidae. Veraphis sp. (Euthiini). Crane
Flat (1.9 miles east), 6600 feet, Mariposa County, California; May;
in forest litter. a. head, dorsal, left antenna not shown;
b. prementum, ventral; c. left maxilla, ventral; d. abdominal apex,
dorsal.

Figures 34.162a,b. Scydmaenidae. Scydmaenus sp. (Scyd-
maenini). Madden Preserve, Panama; June; in refuse deposit of
Atta sp. a. abdominal apex, dorsal; b. head, ventral, right max-
illa not shown.

Figure 34.163. Scydmaenidae. Mastigus ruficornis schimit-
scheki. Head, dorsal, right antenna not shown.
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Figure 34.165

Figure 34.164. Scydmaenidae. Stenichnus collaris Miiller and
Kunze (Stenichnini). Praz-de-Fort, 1200m, Switzerland; June; in
mosses. Left mandible, dorsal.

Figure 34.165.‘ Scydmaenidae. Cephennium thoracicum Miiller
(Cephenniini). Veytaux, Switzerland; October; at base of chestnut
tree stump. Left mandible, dorsal.

these habitats, but published observations are few. Adults and
larvae of at least some species of Cephennium are known to
specialize on oribatid mites; larvae “stick” the mite to their
mouths (possibly with apparently adhesive labial discs de-
scribed below) and rasp a hole in the mite with the rough
outer edges of the mandibles (Schuster 1966a, b). Early instar
larvae of Mastigus pilifer Kraatz feed only on a secretion
left by the female, but final instar larvae leave the oviposition
site to feed (DeMarzo, 1983). Egg ovoid, orange, smooth
(DeMarzo, 1983). Pupa exarate (DeMarzo, 1984).

Description: Mature larvae about 2-5 mm long. Form
very variable, from elongate, parallel-sided, straight and
slightly flattened to ovate, ventrally curved and capable of
rolling into a ball, to broadly ovate and strongly flattened,
disclike. Body surfaces moderately to lightly pigmented and
sclerotized, rarely darkly pigmented dorsally; smooth or mi-
crospinose; vestiture of fine setae only or including long bris-
tles or complex setae.

Head: Prognathous, protracted and visible from above
or (Cepheniini and a few other species) retracted and con-
cealed from above by prothorax; without differentiated neck.
Epicranial stem moderately long, frontal arms V- or U-shaped;
endocarinae absent or median endocarina present at base of
stem. Stemmata on each side 3 (in close triangle or nearly
fused) or 1 or absent. Antenna of 2, 3 or (Mastigus) 4 seg-
ments, about half or more as long as head width, often api-
cally thickened and club-shaped; sensorium of second segment
anterad or anterodorsad of apical segment or its unarticu-
lated remnant (in Mastigus at apex of fourth segment), con-
ical or domelike. Frontoclypeal suture absent. Labrum fused
to head capsule, forming nasale which may bear numerous
small teeth. Mandibles symmetrical, narrow and falcate, apex
with single tooth; incisor edge simple, serrate, with 1 or 2 small
teeth, or with 1 to several teeth on each edge of double mesal
edges; mesal surface of base simple, mola and prostheca absent
(outer edge of apical half of mandible tuberculate in Ce-
phennium). Cardines transverse to strongly oblique, undi-
vided, separated from each other by submentum, or cardines
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Figure 34.167

Figures 34.166a,b. Scydmaenidae. Mastigus ruficornis schim-
itscheki. a. right maxilla, ventral; b. right mandible, ventral.

Figures 34.167a,b. Scydmaenidae. ?Euconnus sp. (Euconnini).
Tallahassee, Florida; March; in forest litter. a. left mandible,
dorsal; b. left antenna, dorsal.

mesally fused to submentum. Stipes elongate to transverse.
Mala large, fixed, apically rounded or truncate, setose, some-
times with fixed dorsomesal lobe. Maxillary palp usually 3-
segmented but 2- and 4-segmented in Eutheia and Mastigus,
respectively. Labium consisting of prementum, mentum and
submentum. Ligula absent. Labial palps 2-segmented, sep-
arated by much more than width of first palpal segment.
Adoral surface of prementum with 2 or 3 adhesive (?) discs
in Cepheniini and some other species. Gular sutures absent
or partly or completely fused, gula absent. Occipital foramen
not divided by tentorial bridge which, if evident, originates
from posterior arms of tentorium.

Thorax and Abdomen: Thoracic and abdominal terga
and sterna consisting of 1 or more sclerotized plates, with-
out patches or rows of asperities; with or without lateral
tergal processes; sterna rarely membranous. Legs long,
5-segmented including bisetose tarsungulus which in Steni-
chnini also bears fine subapical spines; tibiae evenly tapered
to apex. Abdomen 10-segmented or apparently 9-segmented,
slightly longer to more than twice as long as thorax. Tergum
A9 variable in shape, sometimes pear-shaped, usually without
urogomphi but sometimes with fixed pair of minute and spi-
niform or (Eutheiini) long and thick urogomphi. Segment A10
distinct and visible from above, anal lobes with or without
several hooks (segment 10 invaginated or apparently absent
in Cephenniini).

Spiracles: Annular, lateral or dorsolateral, elevated or
not, closing apparatus present; spiracles of 1-4 apical abdom-
inal segments atrophied in some species.

Comments: The family is large and widely distributed,
with over 3600 known species worldwide, mostly from warm
temperate and tropical regions; nearly half of these species
are placed in the single broadly defined genus Euconnus.
About 13 genera and 180 species are found in the United
States and Canada. The species are relatively common but
of no economic importance.
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Scydmaenid larvae are poorly known. The most recent
and complete key to genera (8) is that of Brown and Crowson
(1980) as modified by DeMarzo (1984); a few North Amer-
ican species of the same genera are described by Béving and
Craighead (1931) and Wheeler and Pakaluk (1983). A de-
tailed description of all three larval instars and the pupa of
Mastigus is given by DeMarzo (1984). The present treat-
ment is based on the known genera plus Veraphis, Coatesia
and several unidentified larval types probably belonging to
Euconnus (sensu lato).
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MICROPEPLIDAE (STAPHYLINOIDEA)

Alfred F. Newton, Jr.,
Field Museum of Natural History

Figures 34. 168- 169

Relationships and Diagnosis: Micropeplids have always
been closely associated with staphylinids and are often treated
as a subfamily of Staphylinidae, placed in the vicinity of Pro-
teininae. Separation of the 2 families is based largely on the
unusual (for Staphylinidae) habitus and mouthpart structure
of Micropeplus larvae.

Known micropeplid larvae have a very distinctive ha-
bitus which, in combination with the small size (under 3
mm long) and mouthpart structure (including characteristic
mandibles and maxillae) will separate them from other beetle
larvae (see figures).

Biology and Ecology: Most species of Micropeplus and
Pelomicrus are found in forest floor litter, but a few species
of the former genus are apparently restricted to nests of cer-
tain mammals such as wood rats and beavers. Kalissus ni-
tidus LeConte has been found on the pebbly or muddy margins
of lakes, and at least 1 species of Micropeplus (sculptus
LeConte) inhabits swamps and bogs (Campbell 1968). The
biology of the family is poorly known, although Hinton and
Stephens (1941b) found that larvae and adults of some Mi-
cropeplus species fed primarily on mold spores and hyphae.
These feeding habits may be normal for the family; records
from fruiting bodies of higher fungi are probably accidental
(Newton 1984).

Egg unknown.

Pupa exarate, with functional abdominal spiracles on
segments 1-2.

Description: Mature larvae about 2-3 mm long, oblong
to ovate, relatively straight, moderately flattened. Body sur-
faces moderately to very lightly pigmented and sclerotized,
generally spinose, with sparse vestiture including expanded
setae or very long tapered setae.

Head: Hypognathous, protracted, without differen-
tiated neck. Epicranial sutures indistinct, stem absent, frontal
arms V-shaped, their bases separated or contiguous; endo-
carinae absent. Stemmata absent. Antenna 3-segmented,
about a third to half as long as head width, sensorium of
preapical segment longer than and anteroventrad of apical
segment, palpiform. Frontoclypeal suture absent. Labrum
free, tormae absent. Mandibles symmetrical, short and stout,
each with single apical tooth and large subapical pseudomola
bearing 2 or more coarse teeth; mesal surface of base simple,
mola and prostheca absent. Cardines transverse, divided by
internal ridge, widely separated by submentum. Stipes elon-
gate. Mala large, fixed, divided at apex into articulated gatea
and fixed lacinia; galea with 2 membranous fringed lobes; la-
cinia falcate, with single apical spur and spinose mesal edge.
Maxillary palp 3-segmented. Labium consisting of pre-
mentum, mentum and submentum. Ligula longer than first
palpal segment, broadly rounded. Labial palps short, 2-seg-
mented, separated by much more than width of first palpal
segment. Gular sutures absent. Occipital foramen not divided
by tentorial bridge, which arises from posterior margin of
head.

Thorax and Abdomen: Thoracic and abdominal terga
and sterna consisting of 1 or more sclerotized plates; terga
microspinose on disc to coarsely spinose along posterior mar-
gins, laterally bearing tergal processes consisting of a single
lobe (abdominal segments 1-9) or bifid or trifid lobes (thorax).
Legs short, 4-segmented including bisetose tarsungulus, femur
and trochanter fused, tibiae with bifid setac. Abdomen 10-
segmented, more than twice as long as thorax. Tergum A9
with fixed tergal lobe as in preceding segments, without ar-
ticlated urogomphi. Segment A 10 short, scarcely visible from
above, anal region terminally oriented, membranous anal lobes
with very fine teeth or spines.

Spiracles: Annular, lateral, at ends of short tubes below
tergal lobes, closing apparatus present.

Comments: The family is small, with 4 genera and fewer
than 60 species known worldwide: the Holarctic genus Mi-
cropeplus, including 15 species in North America; Kalissus,
with a single species nitidus LeConte in British Columbia and
Washington State; Peplomicrus with 7 species in tropical
Central and South America and Africa, and Cerapeplus with
one Oriental species (Campbell 1968, L5bl and Burckhardt
1988). The species are quite rare, and of no economic im-
portance.

The larva of only 1 species, Micropeplus staphylinoides
(Marsham), has been described (Lubbock 1868; Kasule
1966). Hinton and Stephens (1941b) have described the only
known pupa, that of M. fulvus Erichson. Larvae of M. fulvus
and M. neotomae Campbell have been examined for this
treatment.



Figure 34.168

Figure 34.168. Micropeplidae. Micropeplus neotomae Camp-
bell. Los Gatos (7.5 miles south), Santa Clara County, California;
February; Neotoma house. Mature (?) larva, dorsal. Length = 3.0
mm.
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DASYCERIDAE (STAPHYLINOIDEA)

Alfred F. Newton, Jr.,
Field Museum of Natural History

Figures 34.170a-h

Relationships and Diagnosis: The genus Dasycerus was
included in Lathridiidae until Crowson (1955) placed it ten-
tatively as a family of Staphylinoidea. More recently it has
been considered related to certain subfamilies of Staphylin-
idae (Lawrence and Newton 1982, Thayer 1987).

Larvae are easily recognized by the unique structure of
their mandibles.

Biology and Ecology: The species, most of which are
flightless, apparently inhabit forest floor litter or decaying
trees. The only known large series of adults and larvae, of an
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Figure 34.169

Figures 34.169a-d. Micropeplidae. Same species as figure
34.168. Suver Junction (1 mile north), Polk County, Oregon; March;
ex fecal material, Neotoma nest. a. head, dorsal, left antenna not
shown; b. head, ventral, left maxilla not shown; c. right man-
dible, ventral; d. left proleg, anterior.

undescribed North American species, was from the bark sur-
face of a decaying log (Aesculus sp.) covered with Stereum
sp., an undetermined ascomycete, lichens and moss. Food of
adults and larvae remains uncertain but may include molds
(Newton 1984, Wheeler 1984b).

Egg and pupa unknown.

Description: Mature larvae about 2-3 mm long, ovate,
slightly or not at all flattened, straight. Body surfaces mod-
erately to lightly pigmented and sclerotized, generally smooth
or microspinose, with sparse vestiture of simple setae.

Head: Moderately declined, protracted, without differ-
entiated neck. Epicranial stem very short, frontal arms V-
shaped; endocarinae absent. Stemmata 6 on each side, widely
spaced. Antenna 3-segmented, slightly less than half as long
as head width, sensorium of preapical segment anterad of and
longer than apical segment, palpiform. Frontoclypeal suture
absent. Labrum free, tormae absent. Mandibles symmet-
rical, short and stout, apex of each truncate and bearing dense
array of slender teeth, incisor edge and base simple, mola and
prostheca absent. Cardines transverse, divided by internal
ridge, widely separated by submentum. Stipes elongate. Mala
large, fixed, with rounded setose apex. Maxillary palp
3-segmented. Labium consisting of prementum, mentum and
submentum. Ligula nearly as long as palp, with long setae.
Labial palps short, 2-segmented, separated by much more than
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Figures 34.170a-h. Dasyceridae. Dasycerus n.sp. Ramsey proleg, anterior; c. head, dorsal, right antenna not shown;
Cascade Trail, 3900 feet, Great Smoky Mountains National Park, d. head, ventral, right maxilla not shown; e. head, anterior;
Tennessee; May; on bark of log of Aesculus sp. covered with f. head, anterior, detail of maxilla, mandible; g. head, anterior,
Stereum sp., an undetermined ascomycete, lichens and moss. detail of labium; h. abdominal apex, dorsal.

Length = 2.0 mm. a. penultimate instar (?) larva, dorsal; b. right



width of first palpal segment. Gula transverse. Occipital fo-
ramen not divided by tentorial bridge, which arises from pos-
terior edge of head.

Thorax and Abdomen: Thoracic and abdominal terga
and sterna consisting of 1 or more sclerotized plates; terga
microspinose. Legs short, 5-segmented including bisetose tar-
sungulus. Abdomen 10-segmented, less than twice as long as
thorax. Tergum A9 with pair of large fixed urogomphi with
spine at apex. Segment A 10 scarcely visible from above, anal
region terminally oriented, membranous anal lobes without
hooks or teeth.

Spiracles: Annular, lateral, slightly elevated, closing
apparatus present.

Comments: The family includes the single genus Da-
sycerus, with 40 species in Eurasia and 3 from the United
States: 1 from California and 2 (1 undescribed) from the
southern Appalachian Mountains. The species are rare and
of no economic importance.

Larvae have not been previously described. The present
treatment is based on larvae associated with the undescribed
Appalachian species and with D. japonicus Nakane.
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SCAPHIDIIDAE (STAPHYLINOIDEA)

Alfred F. Newton, Jr.,
Fleld Museum of Natural History

Shining Fungus Beetles
Figures 34.171-176

Relationships and Diagnosis: Scaphidiids have gener-
ally been considered closely related to staphylinids, and have
recently been placed in the vicinity of a group of staphylinid
subfamilies including Piestinae, Osoriinae and Oxytelinae
(Kasule 1966, Lawrence and Newton 1982); Kasule (1966)
and Lawrence (1982c¢), in fact, reduced them to a subfamily
of Staphylinidae.

Scaphidiid larvae can usually be recognized by a com-
bination of a toothed or crenulate emargination of the ante-
rior margin of the labrum, mandibles without basal molar
lobes, but often with subapical dentate or spinose lobes, and
articulated urogomphi which may be minute or (some Bae-
ocera species) absent. The crenulate labral emargination is
absent from the otherwise similar larvae of certain Staphy-
linidae. The association with fungi of various kinds and the
usual presence of 5 well separated stemmata on each side of
the head are also useful recognition traits.

Biology and Ecology: Adults and larvae are associated
with and feed on fungi of various kinds, as follows: Scaphi-
dium, Toxidium, most Scaphisoma and some Baeocera spe-
cies on hyphae of tree fungi (Polyporales); Cyparium,
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Scaphium and some Scaphisoma species on hyphae of mush-
rooms and coral fungi (Agaricales and Clavariaceae); and
Scaphobaeocera and most Baeocera species on fruiting bodies
of slime molds (Myxomycetes) (Lawrence and Newton 1980,
Newton 1984; Ashe, 1984a). Larval development in Bae-
ocera is very rapid, taking only a few days of feeding on the
spores of the short-lived host, but life histories have not been
worked out in detail for any scaphidiid species.

Egg oval, white, smooth.

Pupa exarate, with functional abdominal spiracles on
segments 1--3.

Description: Mature larvae about 2-12 mm long, elon-
gate and more or less parallel-sided to ovate, slightly or not
at all flattened, straight or slightly curved ventrally. Body
surfaces moderately or lightly pigmented and sclerotized,
smooth, with sparse vestiture of simple setae.

Head: Prognathous or slightly declined, protracted or
slightly retracted, without differentiated neck. Epicranial stem
moderately long, frontal arms V-shaped or lyriform, some-
times joined anteriorly by transverse line; endocarinae absent.
Usually 5 well separated stemmata on each side, sometimes
6 or (Cyparium) 3. Antenna 3-segmented, about half or more
as long as head width, sensorium of preapical segment an-
terad of apical segment and conical or palpiform. Labrum
free, anterior edge with crenulate emargination; tormae
absent. Mandibles symmetrical, broad and stout, apex of each
bilobed or with a single lobe, incisor edge serrate and some-
times with a subapical pseudomola bearing teeth or spines,
mesal surface of base simple, mola and prostheca absent.
Cardines transverse, internally divided, separated from each
other by submentum or postmentum. Stipes elongate. Mala
large, fixed, falcate, apex glabrous and with single large tooth,
mesal edge spinose. Maxillary palp 3-segmented. Labium
consisting of prementum, mentum and submentum, or pre-
mentum and postmentum only. Ligula shorter or slightly
longer than first palpal segment, transverse, and rounded,
truncate, or obtusely pointed at apex. Labial palps
2-segmented, separated by width of first palpal segment or
more. Gular sutures absent. Occipital foramen not divided by
tentorial bridge, which arises from posterior arms of tento-
rium.

Thorax and Abdomen: Thoracic and abdominal terga
and sterna consisting of 1 or more sclerotized plates, without
patches or rows of asperities. Legs long, S5-segmented in-
cluding bisetose tarsungulus. Abdomen 10-segmented, about
twice or more as long as thorax. Tergum A9 with pair of 1-
or 2-segmented urogomphi which may be minute or (some
Baeocera species) absent. Segment A10 visible from above,
anal region terminally oriented, membranous anal lobes
bearing numerous fine teeth.

Spiracles: Annular, lateral or dorsolateral, closing ap-
paratus present.

Comments: The family is moderately large, with 50
genera and over a thousand species known from throughout
the world, especially from warm temperate and tropical areas.
About 60 species, placed in 7 genera, occur in North America.
Many species are commonly encountered on fungi; none are
of any known economic importance.
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Figure 34.172

Figure 34.175

Figures 34.171a-e. Scaphidiidae. Baeocera picea Casey. Bed-
ford, Massachusetts; August; on slime mold, Ceratiomyxa fruti-
culosa. Length = 2.6 mm. a. mature larva, lateral; b. right proleg,
posterolateral; c. right mandible, ventral; d. head, dorsal;
e. head, ventral.

Figure 34.172. Scaphidiidae. Scaphisoma sp. Manchester, Ver-
mont; September; on coral fungus, Clavaria coronata. Right man-
dible, ventral.

Figure 34.173. Scaphidiidae. Cyparium terminale Matthews.
Tenancingo, Mexico; September; on coral fungus, ?Clavaria sp.
Right mandible, ventral.

Figure 34.173
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Figure 34.174

Figure 34.176

Figure 34.174. Scaphidiidae. Scaphidium sp. Cerro Azul,
Panama; June; on fungusy log. Right mandible, ventral.

Figures 34.175a-c. Scaphidiidae. Scaphium castanipes Kirby.
George Lake, Alberta; August; on mushroom, Cortinarius sp.
a. right mandible, ventral; b. abdominal apex, lateral; c. labrum,
dorsal.

Figure 34.176. Scaphidiidae. Cyparium terminale. Abdominal
apex, lateral.





