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Plate 2. Some moths (Lepidoptera)
associated with the food industry (body
lengths for each species are shown in
millimeters in parentheses): A, webbing
clothes moth, Tineola bisselliella (5-7.5)
(Tineidae); B, brown house moth,
Hofmannophila pseudospretelia (7.5-10)
(Oecophoridae); C, lesser wax moth,
Achroia grisella (07-9; 9©9.5-12) (Pyralidae);
D, Monopis crocicapitella (5-7) (Tineidae); E,
Angoumois grain moth, Sitotroga cerealella
(6-9) (Gelechiidae); F, G, Indianmeal moth,
Plodia interpunctella (6-8.5) (Pyralidae); H,
rice moth, Corcyra cephalonica(c7.5-9;
¢8.5-11) (Pyralidae); 1, Mediterranean flour
moth, Anagasta kuehniella (3-11) (Pyralidae),
J, tobacco moth, Ephestia elutella (7-9)
(Pyralidae); K, European grain moth,
Nemapogon granefla (5-7) (Tineidae); L,
stored nut moth, Paralipsa gularis (08.5-12;
©8.5-13.5) (Pyralidae); M, greater wax moth,
Galleria mellonefla (09.5-11.5; ©¢13-16)
(Pyralidael); N, whiteshouldered house
moth, Endrosis sarcitrella (7-9.5)

(Oecophoridae); O, meal moth, Pyrali
ecoy ; O, , Pyralis
farinalis (0'7.5-11.5: 213-15) (Pyral}i,dae).






312



United States
Department of
Agriculture

Agricultural
Research
Service

and

United States
Department of
Health and
Human Services

Public Health
Service

Food and Drug
Administration

Agriculture
Handbook No. 655

Insect and Mite
Pests in Food

An lllustrated Key

J. Richard Gorham
Editor

U.S.D.A, NAL

JUL 23199

Received

For sale by the Superintendent of Documents, U.8. Government Printing Office
Washington, D.C. 20402

313



Issued February 1991

314



CONTENTS

Volume 1
Preface
J.R. Gorham
Introduction
L.V. Knutson
Part 1
1. Mites (Acari)
R.L. Smiley
2. Cockroaches
(Blattaria, Dictyoptera)
A.B. Gurney and F.W. Fisk
3. Adult beetles (Coleoptera)
J.M. Kingsolver
4. Larval beetles (Coleoptera)
D.M. Anderson
5. Dermestid beetles
(Dermestidae, Coleoptera)
J.M. Kingsolver
6. Spider beetles (Ptinidae, Coleoptera)
T.J. Spilman
7. Checkered beetles (Cleridae, Coleoptera)
J.M. Kingsolver
8. Sap beetles (Nitidulidae, Coleoptera)
W.A. Connell
9. Cryptophagid beetles
(Cryptophagidae, Coleoptera)
J.M. Kingsolver
10. Minute brown scavenger beetles
(Lathridiidae, Coleoptera)
J.M. Kingsolver and F.G. Andrews
11. Darkling beetles
(Tenebrionidae, Coleoptera)
T.J. Spilman
12. Seed beetles (Bruchidae, Coleoptera)
J.M. Kingsolver
13. Weevils (Curculionidae, Coleoptera)
D.R. Whitehead
14. Adult moths (Lepidoptera)
D.C. Ferguson
15. Larval moths (Lepidoptera)
D.M. Weisman
16. Flies (Diptera)
R.J. Gagné
17.  Ants (Formicidae, Hymenoptera)

D.R. Smith

Vi

vii

45

75

95

115

137

149

151

175

179

185

215

223

231

245

269

297

Volume 2

Part 2

18. Classes and orders: Arthropods and insects

19.

(Arthropoda, Insecta)
G.T. Okumura

Orders of larval Endopterygota (insecta)
W.R. Enns

20. Springtails (Collembola)
H.G. Scott
21. Silvertish (Thysanura)
P. Wygodzinsky
22. Psocids (Psocoptera)
E.L. Mockford
23. Thrips (Thysanoptera)
G.T. Okumura and C.S. Papp
24. Aphids (Aphididae, Homoptera)
M.B. Stoetzel
25. Scale insects (Coccoidea, Homoptera)
D.R. Miller
26. Parasitic wasps
(Apocrita, Hymenoptera)
G. Gordh
Part 3
27. lllustrations of mites and insects
A.D. Cushman, C. Feller, and others
28. Arthropod pests of the food industry:

A list and taxonomic bibliography
J.R. Gorham

Appendix

319

333

351

363

371

403

415

421

449

481

651
743

747

315



316



Part 2

317



318



CLASSES AND ORDERS:

1 8 ARTHROPODS AND INSECTS (ARTHROPODA, INSECTA)

George T. Okumura

Okumura Biological Institute
6669 Fourteenth Street
Sacramento CA 95831
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Insect and Mite Pests in Food

KEY TO ADULTS
Drawings by C.S. Papp
unless otherwise noted.!

320

1 With more than 10 pairs of legs; body usually elongate (1A)
With less than 10 pairs of legs; body usually not elongate (1B)

1A Scutigera 1B harvestman
forceps
2 Most body segments with 1 pair of legs (2A) centipedes, Chilopoda
Most body segments with 2 pairs of legs (2B) millipedes, Diplopoda

2A centipede 2B millipede

1Drawings 1B, 4A, 4B, 8B, 10A, 14B, 15A,
21A, 21B, 24A, 29A, 29B, and 30B from The
Common Insects of North America by Lester
A. Swan and Charles S. Papp. Reprinted by
permission of Harper & Row, Publishers,
Inc.; copyright 1972 by Lester A. Swan and
Charles S. Papp.




Arthropods and insects (Arthropoda, Insecta)

3 With 4 or more pairs of legs, 1 or 2 body regions, and either 2 pairs of antennae

or none; wings absent (3A) 4
With 3 pairs of thoracic legs, 3 major body regions, and 1 pair of antennae; often
with 1 or 2 pairs of wings (3B). Insecta (insects) 5

3A spider 3B Vespula
maculata

4 With 5 or more pairs of legs and 2 pairs of antennae (one pair may be difficult to see)
(4A) crustaceans, Crustacea

With 4 pairs of legs; antennae absent (4B-D) arachnids, Arachnida
FOR KEY TO MITES, SEE CHAPTER 1

Drawing 4C by C. Feller

4A Oniscus 4C Chelifer LY

1
cancroides " u-_ ;':k(\ {

4B scorpion 4D mite
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Insect and Mite Pests in Food

Insecta

322

5 Wings absent (5A) or rudimentary (5B) 6
Wings present (5C, 5D) (but may be nonfunctional) 21

5A lepismatid 5B Biatta 5C Carpophilus 5D Pyralis
orientalis hemipterus farinalis
6 With jaws (chewing mouthparts) (6A) 7
With a long beak or stylets (sucking mouthparts) (6B) 15

6A grasshopper

7 With 3 long filaments at tip of abdomen (7A) silverfish, Thysanura
FOR KEY TO SILVERFISH, SEE CHAPTER 21
Without 3 caudal filaments (7B) 8

7A lepismatid




Arthropods and insects (Arthropoda, Insecta)

8 Abdomen with no more than 6 segments; springlike appendage usually present on
posteroventral surface of abdomen (8A) springtails, Collembola
FOR KEY TO SPRINGTAILS, SEE CHAPTER 20

Abdomen with more than 6 segments; springlike appendage absent (8B)--—--------- 9

Segmentation is usually readily apparent (see 11A-D) in
the abdomens of the Hymenoptera included in this
Handbook, but it is often very difficult to see all of the
segments that may be present. Therefore, when the
abdomen consists of a propodeum, petiole, and gaster
(as in 11A-D), the reader may assume that more than 6
segments are present.

8A springtail 8B Ctenocephalides
felis

9 Forcepslike appendage present at tip of abdomen (SA)------earwigs, Dermaptera (in part)
Forcepslike appendage absent (9B) 10

9B termite
(worker)

10 Abdomen strongly constricted at base (10A). Hymenoptera (ants, parasitic wasps)
(in part) 11
Abdomen not strongly constricted at base (10B) 12

10A Monomorium 10B termite
minimum (worker)
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324

11 One (11A) or two (11B) petiolar nodes present ants, Formicidae
FOR KEY TO ANTS, SEE CHAPTER 17

Caution: The petiolar node is vestigial in the workers of
Tapinorna sessile (11C) and T. melanocephalum.

Drawings 11A-C by A.D. Cushman; 11D by G. Gordh and P.
Mote.

Petiolar node absent (11D) parasitic wasps
FOR KEY TO PARASITIC WASPS, SEE CHAPTER 26

petiole

~ Propod97 / /gastei\ )

AN #

11A Iridomyrmex 11B myrmicine 11C Tapinoma 11D Evaniidae
humilis ant sessile
12 Antenna with fewer than 8 segments (12A) chewing lice, Mallophaga
Antenna with more than 8 segments (12B) 13

12A chewing 12B grasshopper
louse
13 Tarsus with 1 to 3 segments (13A) psocids, Psocoptera
FOR KEY TO PSOCIDS, SEE CHAPTER 22
Tarsus with 4 or 5 segments (13B) 14

13A psocid 13B termite
(worker)




Arthropods and insects (Arthropoda, Insecta)

14 Width of pronotum less than length of head (14A) termites, Isoptera

Width of pronotum greater than length of head (14B) (pronotum covers head of some
species) crickets, cockroaches, etc., Orthoptera s./. (in part)
FOR KEY TO COCKROACHES, SEE CHAPTER 2

14A termite 14B Blatta
(worker) orientalis
15 Body extremely compressed (flattened from side to side) (15A)-------- fleas, Siphonaptera
Body not compressed (may be depressed—flattened dorsoventrally—or roughly cylin-
drical) (15B) 16

15A Ctenocephalides 15B aphid
felis
16 Tarsus terminating in a protrusible bladder (16A) -~--------—--- thrips, Thysanoptera (in part)
FOR KEY TO THRIPS, SEE CHAPTER 23
Tarsus terminating in 1 or 2 claws (16B) 17

16A thrips 16B diagrammatic
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17 Beak jointed (17A) 18
Beak not jointed (17B) 20

If the mouthparts appear to be retracted into the head
(thus difficult to observe) and the tarsi have only one
segment, go to couplet 20.

, <

17A hemipteran 17B diagrammatic

18 Beak arising from front of head (18A) —-------- true bugs, Hemiptera (Heteroptera) (in part)

Beak arising from posteroventral part of head (18B). Hemiptera (Homoptera)
(homopterans) (in part) 19

Drawing 18B-detail (head of Myzus persicae) by C. Feller.

18A hemipteran

18B aphid

19 Body of female covered by scalelike structure (19A); cornicles absent (19B)
females, scale insects, Coccoidea
FOR KEY TO SCALES, SEE CHAPTER 25

Drawings 19A&B from Microscopic-Analytical Methods
in Food and Drug Control, 1960.

Scalelike cover absent; cornicles present (19C) aphids, Aphididae
FOR KEY TO APHIDS, SEE CHAPTER 24

19A Lepidosaphes 19B Lepidosaphes
ulmi ulmi
(scale in place) (scale removed)
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Arthropods and insects (Arthropoda, Insecta)

20 Mouthparts retracted into head (not protruding from front of head) (20A)
sucking lice, Anoplura

Mouthparts not retracted into head (20B). Diptera (flies) (in part)
sheep ked, Melophagus ovinus

20A Menopon 20B Melophagus
gallinae ovinus
21 With 1 pair of wings (21A) 22
With 2 pairs of wings (21B) 23

21A Sarcophaga 21B Ostrinia
sarraceniae nubilalis

22 Vestigial hind wings (hamulohalterae) lanceolate (22A); mouthparts absent
males, scale insects, Coccoidea

Drawing 22A from Microscopic-Analytical Methods
in Food and Drug Control, 1960; 22B by C. Feller.

Vestigial hind wings (halteres) capitate (22B); mouthparts present

flies, Diptera (in part)

22A Lepidosaphes

22B Megaselia
ulmi

halterata
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328

23 With sucking mouthparts (23A) 24

The mouthparts of thrips (23B) are minute, compiex,
and difficult to see, but the absence of prominent,
chewing-type mandibles is readily apparent, at least.
Drawings 23A&8B by C. Feller.

With chewing mouthparts (23C) 27

antenna

proboscis

23A lepidopteran 23B thrips 23C diagrammatic

24 Wing densely covered with scales (24A); head with a coiled proboscis (see 23A)

moths, Lepidoptera
FOR KEY TO MOTHS, SEE CHAPTER 14

Wing not scaled (24B); proboscis not coiled (24C) 25

Drawing 24B by C. Feller.

24A Ostrinia
nubilalis

24C hemipteran

24B Lygus
lineolaris




Arthropods and insects (Arthropoda, Insecta)

25 Wing with long fringe hairs (25A) thrips, Thysanoptera (in part)
FOR KEY TO THRIPS, SEE CHAPTER 23

Drawing 25A by C. Feller.

Long fringe hairs absent from wing (25B) 26

S

25A Haplothrips 25B aphid
graminis
26 Beak arising from front of head (26A) ~-------- true bugs, Hemiptera (Heteroptera) (in part)

Beak arising from posteroventral part of head (26B)
leafhoppers, aphids, etc., Hemiptera (Homoptera) (in part)
FOR KEY TO APHIDS, SEE CHAPTER 24

26A hemipteran 26B aphid

27 Front and hind wings membranous and similar in texture (may or may not be similar in

size) (27A) 28
Front and hind wings dissimilar in texture, the forewing leathery, horny, or paperlike,
the hind wing membranous (27B) 29

27A termite 27B Dissosteria
(reproductive) carolina
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330

28 Hind wing much smaller than front wing (28A, 28B)

ants, bees, wasps, Hymenoptera (in part)
FOR KEY TO ANTS, SEE CHAPTER 17

FOR KEY TO PARASITIC WASPS, SEE CHAPTER 26

Hind wing usually shorter than front wing, but if front
and hind wings are essentially similar in length (as in
28C), then the venation is greatly reduced. See also
3B, 10A, 11A-D.

Drawings 28A-C by C. Feller.

Front and hind wings similar in size (28D) termites, Isoptera (in part)

28B Apis
mellifera

28A Tetramorium
caespitum
(reproductive)

28D termite
(reproductive)

28C Choetospila
elegans




Arthropods and insects (Arthropoda, Insecta)

29 Front wing leathery or paperlike, with distinct veins (29A)
grasshoppers, cockroaches, etc., Orthoptera s./. (in part)
FOR KEY TO COCKROACHES, SEE CHAPTER 2

Front wing horny or leathery, without distinct veins (but may be ridged) (29B)------ 30

4N

29A Camnula 29B Mezium
pellucida americanum
30 With forcepslike appendage at tip of abdomen -------------——— earwigs, Dermaptera (in part)

Wings always very much shorter than abdomen.

Without forcepslike appendage (30B) beetles, Coleoptera
FOR KEY TO BEETLES, SEE CHAPTER 3

If wings are abbreviated (as in Staphylinidae), then
forceps are absent; wings commonly cover abdomen
(30B) or nearly sc (see 5C).

30A earwig 30B Attagenus
pellio
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Notes and Sketches
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1 9 ORDERS OF LARVAL ENDOPTERYGOTA (INSECTA)?

Wilbur R. Enns

Department of Entomology
University of Missouri
Columbia MO 65211
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Insect and Mite Pests in Food

Identification of the larvae of the holometabolus insects is
often more difficult than identification of the adults. Fur-
thermore, when only incomplete or fragmentary specimens
are available, the task is even more difficult and requires
at the very least a considerable knowledge of insect mor-
phology. Often, a knowledge of the life history of an insect
lends credence to an identification based on an analytical
key. Also, the overall habitus of a larva often identifies it
as readily as one person recognizes another. lllustrations,
keys, and descriptions in the existing literature, some of
which is cited here (7-716), are often helpful aids to
identification.

Certain morphological characters are a dead giveaway as
to the identity of a larva, for example, the hastisetae of
some dermestids or the three tarsal “‘claws’ of blister
beetle triungulins (Meloidae). Before advanced microscopic
work was possible, these last structures were accepted as
true claws (ungues) and from this feature the term
“triungulin’’ was coined. Other larvae that resembled
meloid triungulins, even though they had no claws or
clawlike structures [for example, Strepsiptera and
Rhipiphoridae (Coleoptera)], were also called triungulins
(more properly, triungulinoids).

Larvae of the Holometabola are often divided into five or
six types based on general body form. Thus, some are
termed campodeiform (fig. 19.1A) because the form is
basically that found in the genus Campodea (Cam-
podeidae, order Diplura—formerly in Thysanura). Larvae of
Meloidae (fig. 19.5) are good examples of the cam-
podeiform habitus. Elateriform larvae (fig. 19.1B) resemble
wireworms (Elateridae)—elongate, cylindrical, usually
heavily sclerotized, with head capsule frequently somewhat
flattened. Vermiform larvae (fig. 19.1C), as the name
implies, are wormlike—elongate, often annulate, lacking
legs, and usually having no distinct head. Flea larvae
(Siphonaptera), even though they have a distinct head,
and maggots (Diptera) are vermiform. Scarabaeiform lar-
vae (fig. 19.1D) are C-shaped, usually stout-bodied
{(grublike), and resemble the white grubs of the beetle
family Scarabaeidae. Eruciform larvae (fig. 19.1E; the term
comes from the Latin stem eruca meaning caterpillar) are
typical caterpillars with a distinct head, thoracic legs, and
prolegs with crochets on some of the abdominal segments.

2Excluding Neuroptera sens. fat., Mecoptera,
and Trichoptera.

334

These terms for the various larval body types are also
used to describe the successive larval stages of insects
that undergo hypermetamorphosis (heteromorphosis). This
is a remarkable process in which the larva assumes a
different form at each succeeding molt. Hypermetamor-
phosis occurs primarily in parasitic insects of the orders
Strepsiptera, Coleoptera (Meloidae, Rhipiphoridae), Diptera
(Acroceridae, Bombyliidae, Nemestrinidae), Neuroptera
(Mantispidae), and Hymenoptera (hypermetamorphosis in
the last group is rather different from the kind summarized
in the next few paragraphs).

Most hypermetamorphic insects start out as mobile, cam-
podeiform larvae that actively seek out their hosts. Then
they change into parasites at the first molt and often enter
a scarabaeiform stage, a grublike form with legs, anten-
nae, and other appendages greatly reduced. This is often
followed by a coarctate stage somewhat like the dipteran
puparium in being legless and covered by the heavily
sclerotized cuticle of the larva. This stage is highly resis-
tant to desiccation and other adverse environmental condi-
tions. In the Meloidae there emerges from the coarctate
form yet another larval stage that is brief and nonfeeding;
this is followed by true pupation and eventual emergence
of the adult.

Strepsipteran, rhipiphorid, and meloid triungulins are in-
cluded here because they may become accidentally en-
trapped in honey or because they are associated with
pollen or flowers that may be used as or used in human
food. How they might come to be there may be deduced
from their life histories. Strepsipteran triungulins appar-
ently ride the host bee to its nest from whatever flowers it
happens to visit. Meloid triungulins (except those that at-
tack grasshopper eggs) and rhipiphorid triunguiins hatch
from eggs deposited on or near flower blossoms. When a
bee visits the flower, the triungulins attach themselves to
the bee and ride back to the nest where they dispose of
the host’s egg and any other competition, molt into a dif-
ferent stage and subsist on pollen and honey. Honeybees
(Apis mellifera) are merely accidental, dead-end hosts. The
life cycles of triungulins can be successfully completed
only if the larvae find the right species of various flower-
visiting, solitary or semisocial bees (Andrenidae, An-
thophorinae, Colletinae, Halictidae, and Hylaeinae).



Larval Endopterygota (Insecta)

A Oryzaephilus
surinamensis

B Tenebrio
molitor

C Musca
domestica

D Lasioderma
serricone

E Pyroderces
rileyi

Figure 19.1. Types of insect larvae. A,
campodeiform; B, elateriform; C, vermiform;

D, scarabaeiform; E, eruciform. (Drawings by C.
Feller.)
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This is, of course, a most precarious way to make a living.
Larval mortality in these groups is, therefore, exceedingly
high. These insects have developed an effective way to
overcome high mortality: The production of enormous
numbers of eggs and larvae per female. For example, over
3,000 larvae have been recorded from a single female
strepsipteran.

Any source of flower heads or pollen for use in studies
such as on allergies, food fads, and flavorings could
readily be contaminated by these larvae. The probability of
finding them in food, however, remains extremely low.

The following key to selected orders of immature insects
also includes certain infraordinal taxa (Fannia, Eristalis,
Stratiomyidae, Rhipiphoridae, Meloidae) because the dif-
ferent members of a given order are so highly variable that
it is impossible to bring them all out at the same point in
the key. Only the first stage larvae (triungulins) of Strep-
siptera, Meloidae, and Rhipiphoridae are included in this
key. The characters of the other taxa treated here refer to
the last larval instar. A further caution should be men-
tioned here, namely, that this is not a comprehensive key
to the insect orders. It is distinctly biased toward those in-
sects that are pests of stored food, are parasites of stored-
food pests, or are in some other way associated with food.
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Larval Endopterygota (Insecta)

Figure 19.2. Xenos peckii Kirby (Stylopidae,
Strepsiptera), triungulin: A, dorsal view;
B, ventral view. (Drawings by C. Feller.)
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Figure 19.3. Triungulin larva of a wedge-shaped
beetle (Rhipiphoridae): A, dorsal view; B, ventral
view, with detail of right mandible. (Drawings by
C. Feller.)
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Larval Endopterygota (Insecta)
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Figure 19.4. Triungulin larva of Meloe sp.
(Meloinae, Meloidae): A, dorsal view; B, ventral
view. (Drawings by C. Feller.)
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E

Figure 19.5. Nemognathine triungulin
(Nemognathinae, Meloidae): A, dorsal view;
B, ventral view. (Drawings by C. Feller.)
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KEY

Drawings by C. Feller
uniess otherwise noted.

Larval Endopterygota (Insecta)

1 Typical maggots (1A); body tapering to a subacute head; posterior end somewhat

truncate with 2 spiracles on posterior aspect (1B); mouthparts consisting of mouth

hooks and internal pharyngeal sclerites (1C) flies, Diptera (in part)
SEE CHAPTER 16

Body circular in cross section (1B); prolegs absent;
head capsule unsclerotized (1A) or only weakly
sclerotized.

Drawings 1A&B by A.D. Cushman.

Not typical maggots (1D); body not tapered anteriorly; posterior end not truncated;
spiracles not present on posterior aspect of posterior end; mouthparts not con-
sisting of mouth hooks and internal pharyngeal sclerites 2

Body round, oval, or flattened in cross section;
mouthparts may be absent or vestigial; prolegs may be
present or absent.

1A Sarcophaga 1B
crassipalpis

1C muscoid fly 1D Byturus
(diagrammatic) tomentosus

341



Insect and Mite Pests in Food

2 Each thoracic and abdominal segment with several long setae (2A); abdominal apex

with a pair of short, subanal processes fleas, Siphonaptera

Body vermitorm, very slender and elongate, usually
less than 10 mm in length; antennae and mouthparts
visible; legs and prolegs absent.

Long setae absent from some or all thoracic and abdominal segments (2B}, abdominal
apex without a pair of short, subanal processes 3

Body may or may not be vermiform, but if so, then it is
not as slender as in 2A; length usually more than 10
mm; legs and prolegs usually present; if prolegs are
absent, then body form is not vermiform.

2A Siphonaptera

2B Byturus
tomentosus
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Larval Endopterygota (Insecta)

3 Larva eruciform (3A); adfrontal areas present (3B); prolegs and/or crochets on ab-
dominal segments V and VI (3A); apical abdominal segments not comprising an
elongate, contractile tube (3A) moths, Lepidoptera

SEE CHAPTER 15

Simple eyes (ocelii or stemmata) present, often
arranged in a semi circle (3C); typical mouthparts
present and visible; prolegs or crochets may also be
present on abdominal segments ili, IV, and XI.

Larva not eruciform (3D); adfrontal areas absent (3E); prolegs and/or crochets ab-
sent from abdominal segments V and Vi, or if present on V and VI, then apical
abdominal segments comprising a slender, elongate, contractile tube (see 6A)- 4

Simple eyes, if present, usually not arranged in a
semicircle (3F); mouthparts variable.

3A Pyroderces ) 3B Amyelois
rileyi transitella

3D Byturus
tomentosus

3E Curculio
caryae

ol

Y

~,

>

3C Acrobasis 3F Byturus
nuxvorella
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4 Body surface rough, shagreened (4A). Diptera (flies) (in part)
soldier flies, Stratiomyidae

Head capsule heavily sclerotized (4B); body depressed
and elongate, without dorsal and lateral spinelike proc-
esses and without elongate and contractile posterior
abdominal segments (4A); mandibles inconspicuous
(vestigial or absent), but mouthparts in general not
reduced to fleshy remnants; thoracic legs absent.
CAUTION: Other fly larvae (all much smaller than
Hermetia illucens) with definite head capsules (but
without a rough, shagreened body surface)—Scat-
opsidae, Psychodidae, Sciaridae, Scenopinidae—
should be taken out at this point and referred to
Chapter 16.

Body surface not rough or shagreened (4C)

Head capsule may or may not be sclerotized (if
sclerotized, then thoracic legs usually present); body
not depressed; or body depressed but not elongate (as
in Murmidius ovalis); or body elongate with dorsal and
lateral spinelike processes (see 5A); or body elongate
without dorsal and lateral spinelike processes but with
posterior abdominal segments elongate and contractile
(see 6A); thoracic legs present or absent (if absent,
then mandibles either conspicuous or mouthparts in
general reduced to fleshy remnants).

v

RN PR
ySlliPEn

777

72

4

4A Hermetia

illucens
4B Hermetia

illucens

4C Byturus
tomentosus
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Larval Endopterygota (Insecta)

5 Body moderately depressed (not saclike, minute, or campodeiform; not round in cross

section), bearing spiny or fleshy processes or tubercles dorsally and laterally (5A);
apical abdominal segments not elongate and contractile. Diptera (flies) (in part) ----Fannia
SEE CHAPTER 16

Head capsule minute, weakly developed. CAUTION:
Some species of Phoridae also have dorsal and lateral
lobes; see Chapter 16.

Drawing 5A from 8.

Body round in cross section (posterior abdominal segments may be elongate and
contractile) (see 6A); or body saclike (5B); or body minute and campodeiform (5C)-— 6

5A Fannia
canicularis
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5B Acanthomyops
interjectus

5C Meloe
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6 Posterior end of abdomen extended into a slender, 3-segmented, elongate, contrac-
tile breathing tube (6A). Diptera (flies) (in part). Syrphidae (flower flies)---------Eristalis
SEE CHAPTER 16

CAUTION: Some fly larvae in the families
Drosophilidae, Psychodidae, and Sepsidae have
tubelike, posterior abdomina!l extensions; see Chapter
16.

Posterior end of abdomen not tubelike (6B) 7

B6A Eristalis
tenax

6B Tenebrio
molitor
7 Thoracic legs present (as in 6B) 8
Thoracic legs absent (as in 12A) or vestigial (as in 12C) 12




Larval Endopterygota (Insecta)

8 Tarsi | and Il consisting of short or long bristies or of pulvilliform pads (8A)

Minute campodeiform larvae (fig. 19.2)—larval body
straight, not hypognathous (length usually less than 1
mm, often less than 0.5 mmj); antennae and mouth-

parts vestigial or absent (fig. 19.2B); trochanters absent

(fig. 19.2B) {trochanters are absent in all stages that
exhibit legs); one pair of very long caudal setae pre-
sent (fig. 19.2).

twisted-wing parasites, Strepsiptera

Tarsi either appearing typically coleopteran in form (8B) or consisting only of clawlike

structures (8C, 8D, 8E) 9
Larger larvae (length greater than 1 mm) of variable
form (figs. 19.2-19.5)—campodeiform, scarabeiform,
elateriform; mouthparts usually well developed and evi-
dent; trochanters usually present; long caudal setae
present (fig. 19.4) or absent (fig. 19.5).
A
{ %
8A Xenos 8B Tribolium 8C Meloe 8D Nemognatha 8E Rhipiphoridae
peckii madens
9 Tarsus distinct, with 1 or 2 claws evident (see 8B)—-------- beeties, Coleoptera (in part)

Body form variable; caudal tufts of setae sometimes
present. See also 3E&F, 4C, 12C.

Tarsus highly modified (see 8C-E). Coleoptera (beetles) (in part)------

Larva a campodeiform triungulin {larval body straight,
not hypognathous); antennae and mouthparts well
developed; caudal tufts absent; 1 or 2 pairs of caudal
setae present; body length greater than 0.5 mm, rang-
ing up to 3.5 mm.

SEE CHAPTER 4
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10 With 3 or more pairs of ocelli (fig. 19.3B); labial palp absent (fig. 19.3B)
wedge-shaped beetles, Rhipiphoridae

Gula extremely short (almost absent); tarsus with
pulvillus and minute claw (claw much shorter than
pulvillus) (see 8E).

With 1 or 2 pairs of ocelli (fig. 19.4A); labial palp present (fig. 19.4B). Meloidae (blister
beetles) 11

Gula well developed; Iabial palp 2-segmented; tarsus
composed either of a single ciaw (see 8D) or of a
strong claw bracketed by 2 strong setae, giving a
3-clawed appearance {see 8C}.

11 Mandible entire (11A) or with toothlike emarginations. Meloinae (melocine blister
beetles); fig. 19.4 Meloe

With 1 pair of ocelli (fig. 19.4A). See also 8C.

Mandible with 2 or more prominent, toothlike ridges (11B); fig. 19.5
nemognathine blister beetles, Nemognathinae

With 1 or 2 pairs of ocelli (fig. 19.5A). See also 8D.

11A Meloe 11B Nemognatha
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Larval Endopterygota (Insecta)

12 Head capsule unsclerotized or only weakly sclerotized (12A, 12B); mouthparts reduced
to fleshy remnants or weakly sclerotized mandibles

ants, bees, wasps, Hymenoptera
See also 5B.
Head capsule well sclerotized, with distinct mouthparts (12C)

beetles, Coleoptera (in part)
SEE CHAPTER 4

12A Blastophaga
psenes

12B Apis
mellifera

12C Bruchus
pisorum
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2 0 SPRINGTAILS (COLLEMBOLA)

Harold George Scott

4 Pats Place
Metairie LA 70001
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1 Antenna inserted at, just before (1A), or distinctly behind (1B) middle of head -----

KEY
Antenna inserted well forward on anterior half of head (1C)

Drawings by C.J. Stojanovich and
C. Felier unless otherwise noted.

This key is based on 8 and 74. See couplet illustration
11A for selected anatomical details.

1B Bourletiella 1C Orchesella
caeruleacauda rubra

1A Podura
aquatica

Suborder Symphypleona

2 Body globular (2A)

Species of this suborder have not been reported from
stored foods.

Body elongate (2B). Suborder Metaxypleona

2B Podura
aquatica

2A Bourletiella
multimacula
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3 Mouthparts conelike (3A)

Springtails (Collembola)

Suborder Neoarthropleona

Species of this suborder have not been reported from

stored foods.

Mouthparts not conelike (3B). Suborder Arthropleona 5

mandible \%\‘/%

&><>
TR AN

>, ¢ maxilla
/ v- K
@f mandible
3A Neanura 3B Spinifacies
pseudornata oregonensis
Suborder Metaxypleona 4 Abdomen with 4 or 5 apparent segments (4A)—------------ actaletid springtails, Actaletidae

Species of this family have not been reported from
stored foods.

Abdomen with 6 apparent segments (4B). Poduridae (podurid springtails)

Podura aquatica

Distribution: cosmopolitan on freshwater surfaces; prob-
ably introduced to food with water from wells or ponds.

4A actaletid
springtail

4B Podura
aquatica
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Suborder Arthropleona

354

5 Pronotum well developed (5A). Superfamily Hypogastruroidea (hypogastruroid
springtails) 6

Pronotum reduced (5B). Superfamily Entomobryoidea (entomobryoid springtails)---—---- 10

5A Hypogastrura 5B Entomobrya
japonica atrocincta

6 Sense organ on antennal segment [l with rods and cones {6A). Onychiuridae
(onychiurid springtails) 7

Eyes absent {6A).

Detail of sense organ redrawn by C. Feller
from EBO7 (see chapter 28).

Sense organ on antennal segment Ill with rods only (6B). Hypogastruridae
(hypogastrurid springtails) 8

Eyes usually present (6B).

6A Onychiurus 6B Hypogastrura
armatus japonica




Springtails (Collembola)

7 Postantennal organ with simple vesicles (7A) Onychiurus armatus

Distribution: cosmopolitan; reported from indoor flower
pots (6) and as a common domestic species (78). See
also BA.

Postantennal organ with compound vesicles (7B) Onychiurus fimetarius

Distribution: cosmopolitan; reported from indoor flower
boxes (6) and as a common domestic species (78).

7A Onychiurus = p 7B Onychiurus
armatus fimetarius

8 Tarsal tenent hair capitate (8A)

Hypogastrura manubrialis

Distribution: probably cosmopolitan; reported as a com-
mon domestic species (78).

Tarsal tenent hair not capitate (8B) 9

8A Hypogastrura
manubrialis

8B Hypogastrura
armata

9 Body marbled (3A)

Hypogastrura armata

Distribution: cosmopolitan; reported invading houses
(5); associated with domestic water supplies (6, 77).

Body not marbled (9B)

Hypogastrura pseudarmata

Distribution: Nearctic; reported swarming on and in

houses (6).

9A Hypogastrura
armata

9B Hypogastrura

pseudarmata
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10 Abdominal segment IV less than twice as long as abdominal segment Il (10A), or

terminal abdominal segments fused 11
Abdominal segment IV at least twice as long as abdominal segment Ill (10B); ter-
minal segments not fused. Entomobryidae (entomobryid springtails) -------—-------- 12

10A Isotoma 10B Drepanura
fouisiana neomexicana

11 Antennal segments Ill and IV subsegmented (11A). Tomoceridae (tomocerid
springtails) Tomocerus

Distribution: cosmopolitan; common in houses. See 16
for a key to the Nearctic species.

Antennal segments 1ll and IV not subsegmented (11B). Isotomidae (isotomid
springtails) 22

derm scales .
ocelli

11A Tomocerus
flavescens

antennal
segments

manubrium

dens
mucro
N tenent hair
|
/ = unguis 118 Proisotoma
unguiculus hoff

356



Springtails (Collembola)

12 Body scales absent (12A) 13
Body scales (12B) (see also derm scales of 11A) present (12C) 18

12A Orchesella 12B Seira 12C Seira

albosa buski buski
13 Antenna with 6 segments (13A) Orchesella albosa

Distribution: Holarctic. Reported infesting people in
Texas; some moldy household item (perhaps bedding)
was probably involved (78).

Antenna with 4 or 5 segments (13B) 14

Antennal details of 13A&B by C. Feller.

13A Orchesella 13B Heteromurus
albosa nitidus
14 Antenna with 5 segments (14A) Heteromurus

Distribution: cosmopolitan; common in houses.

Antenna with 4 segments (14B). Genus Entomobrya 15

14A Heteromurus 14B Entomobrya
nitidus atrocincta
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15 Body without stripes (15A}) Entomobrya griseoolivata

Distribution: cosmopolitan; reported as a common
domestic species (78) and as infesting human hair
(Richard W. Fay, 1958, personal communication).

Body with stripes (15B) 16

15A Entomobrya 15B Entomobrya
griseoolivata atrocincta
16 Some body segments striped (16A) Entomobrya atrocincta

Distribution: cosmopolitan; reported from indoor flower
pots containing Poinsettia pulcherrima (13) and as in-
festing powdered milk (77).

All body segments striped (16B) 17

16B redrawn by C. Fetler from £B07 (see chapter 28).

16A Entomobrya 16B Entomobrya
atrocincta nivalis
17 Head with a dorsal spot (17A) Entomobrya nivalis

Distribution: cosmopolitan; a common domestic species
(18); reported infesting the sack house of a flour mill
(9, 77) and as causing dermatitis in man (3). See also
16B.

Head without a dorsal spot (17B) Entomobrya purpurascens

Distribution: Holarctic; associated with human dwellings

.

XA

17A Entomobrya 17B Entomobrya
nivalis purpurascens
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Springtails (Collembola)

19
21

18 Dens without ventral scales (18A}
Dens with ventral scales (18B)

18A Seira 18B Lepidocyrtus
platani cyaneus
19 Segment IV of antenna annulate (19A) Lepidacyrtinus domesticus

Distribution: cosmopolitan; associated with houses (4).

Segment IV of antenna not annulate (19B). Genus Seira 20

19A Lepidocyrtinus 19B Seira
domesticus platani
20 Body entirely blue (20A) Seira buski

Distribution: Holarctic; associated with houses (7, 718);
reported as an accidental parasite of man (2).

Body marked with blue (20B) Seira platani

Distribution: cosmopolitan; associated with houses (7)
and stored food (77); reported infesting insulation in a
refrigeration plant (70) and as infesting human hair
(Richard W. Fay, 1958, personal communication).

20A Seira 20B Seira
buski platani
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21 Basal teeth of unguis winglike (21A)

Pseudosinella
Usually fewer than 8 ocelli; many species are white
and blind. Distribution: cosmopolitan; associated with
houses (5).
Detail of tarsus (21A) redrawn by C. Feller from £807 {see
chapter 28).
Basal teeth of unguis not winglike (21B) Lepidocyrtus curvicollis

Eye with 8 ocelli. Distribution: cosmopolitan; associated
with celiars (4) and houses (78).

21A Pseudosinella 21B Lepidocyrtus
curvicollis

22 Anus terminal (22A)

Proisotoma frisoni

Distribution: Nearctic; a common domestic species (18);
reported from potted Ficus elasticus (12).

Anus ventral (22B) 23

22A Proisotoma 22B Folsomia
frisoni hoffi




23 Ocelli present (23A)

Springtails (Collembola)

Folsomia quadrioculata

Distribution: Holarctic; a common domestic species
(78); reported from indoor flower pots (6). Some
Folsomia have an incomplete suture between ab-
dominal segments IV and V.

Ocelli absent (23B)

Isotomodes tenuis

Distribution: Nearctic; a common domestic species (78);
reported from indoor flower pots (75).

23A Folsomia 23B /sotomodes
quadrioculata tenuis

postantennal
organ
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2 1 SILVERFISH (THYSANURA)

Pedro Wygodzinsky*

Department of Entomology

American Museum of Natural History
Central Park West at 79th Street
New York NY 10024

*Deceased
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Synanthropic species are found in two of the three families
of Thysanura. Nicoletia phytophila (Nicoletiidae) occurs in
greenhouses, under flowerpots and in soil, and may cause
damage to cultivated plants. All other synanthropic species
belong to the Lepismatidae (7). They are found in human
habitations and in warehouses where they feed on starchy
substances, such as paper, cardboard, and books, on
various stored grains and their products (e.g., flour, oats,
peanuts), and on certain fabrics. The most commonly en-
countered species are Acrotelsa collaris, Ctenolepisma
longicaudata, Thermobia domestica, and Lepisma sac-
charina. The first is restricted to the tropics; the others
occur most frequently in areas of temperate climate. The
remaining species contained in the key are also, but less
commonly, found associated with man. Since synanthropic
Thysanura are dispersed by man, the original range of
most species is not known. Because the actual range of
most species is so large and so incompletely known, their
recorded distribution is not indicated here.

Most characters used in the key are easily understood. Of
special interest are the larger setae (macrochaetae), which
are either glabrous (3A) or minutely spinulose (3C). On the
thoracic nota and abdominal sternites and tergites, the
macrochaetae are either single (4A) or arranged in one or
several transverse series, the so-called bristlecombs (4B).
The number and distribution of the bristlecombs furnishes
generic and specific characters. The macrochaetae are
caducous (easily dislodged); in preserved specimens fre-
quently only the respective sockets can be seen. Care is
thus required for a correct observation of the macrochaetal
pattern.
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KEY

Drawings by P. Wygodzinsky.

Silverfish (Thysanura)

1 Eyes absent (1A); scales absent in species mentioned here. Nicoletiidae (nicoletiid
silverfish) Nicoletia phytophila

Reference: 2.

Eyes present (1B); scales present. Lepismatidae (firebrats and silverfish) ----——-- 2

Reference: 1.

terminal
abdominal
e tergite

1A Nicoletia
phytophila

maxillary palp

1B Ctenolepisma
longicaudata

2 Last abdominal tergite distinctly pointed, with several bristiecombs on each side (2A)
Acrotelsa collaris

Last abdominal tergite not distinctly pointed, usually with only 1 subapical bristlecomb
on each side (but rarely with 1 or 2 supernumerary ones) (2B, 2C, 2D) -----—---- 3

bristiecomb

)

N

2B Ctenolepisma
longicaudata

2A Acrotelsa \ ;
collaris b /

\ /~ (\%&w""}

#‘E\@ // ”’ /7 d
S ¥ 5

e

2C Lepisma
saccharina

2D Ctenolepisma
lineata pilifera
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Figure 21.1. Silverfish (Lepismatidae). A,
firebrat, Thermobia domestica; B, fourlined
silverfish, Ctenolepisma lineata pilifera.
(Drawings by C. Feller.)
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Silverfish (Thysanura)

3 Macrochaetae smooth, often bifid apically (3A); last abdominal tergite elongate, with
posterior margin truncate or feebly rounded (3B)
common silverfish, Lepisma saccharina

Macrochaetae spinulose under high magnification (3C); last abdominal tergite short

and broad, with posterior margin straight, emarginate (3D) or bluntly pointed (3E) 4
o —— & : =
3A 3C Ctenolepisma

3B

Lepisma 3D Ctenolepisma 3E Ctenolepisma
saccharina longicaudata lineata pilifera
4 Hind margins of thoracic nota with 1+ 1 single macrochaetae (4A)-—-------r-c-ceceeen 5
Hind margins of thoracic nota with 1 + 1 bristlecombs consisting each of at least 2
macrochaetae (4B) 6

4A Peliolepisma 4B Ctenolepisma
calva fongicaudata

5 Abdominal stylets in 1 pair only; caudal appendages shorter than abdomen; ovipositor
subconical, not extending beyond tip of abdomen (5A)----—-—----- Namunukulina funambuli

Abdominal stylets in 2 pairs; caudal appendages as long as or longer than abdomen;
ovipositor elongated, rod-shaped, projecting beyond apex of abdomen (5B)
Peliolepisma calva

caudal appendages

S s v n s v =
GO b T

A

S
stylet o ovipositor stylets
ovipositor
5A Namunukulina 5B Peliolepisma
funambuli calva
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6 Several abdominal tergites with 3 + 3 bristlecombs (6A); maxillary palp invariably with
5 segments (6B)
Abdominal tergites with no more than 2 + 2 bristiecombs (6C); maxiliary palps with

5 (6B) or 6 (6D) apparent segments

( sz
\’Wu

B6A Ctenolepisma
longicaudata

6B lepismatid
(diagrammatic)

@MD T

6D Thermobia
domestica

6C Thermobia
campbelli

7 Abdominal tergite X subtriangular (7A); fig. 21.1B
fourlined silverfish, Ctenolepisma lineata pilifera

8

Abdominal tergite X with posterior margin straight or faintly emarginate (7B} -

78 Ctenolepisma

7A Ctenolepisma
longicaudata

lineata pilifera

8 Median bristlecombs present on abdominal sternites 1l to VI (8A) -—-Ctenolepisma villosa

Median bristlecombs absent from abdominal sternites (8B)
gray silverfish, Ctenolepisma longicaudata

¥

M\,

8A Ctenolepisma
villosa

8B Ctenolepisma
longicaudata
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Silverfish (Thysanura)

9 Abdominal stylets present in 1 pair only (9A); intact specimens uniformly gray
dorsally Thermobia campbelli

Abdominal stylets present in 2 or 3 pairs (9B) 10

. 0 10 30 W0 B WL LR T W W6 20
SR T LT T T

9A Thermobia 9B Thermobia
campbelli domestica

10 Maxillary palp with 6 apparent segments (10A); scales of dorsum forming complex
pattern in intact specimens; fig. 21.1A---------—----—--—------ firebrat, Thermobia domestica

Maxillary palp with 5 segments (10B); pattern of dorsum unknown

Thermobia aegyptiaca

J ——
P —
\
10A Thermobia 10B lepismatid
domestica (diagrammatic)

1 Wygodzinsky, P.
1972. A review of the silverfish (Lepismatidae,
Thysanura) of the United States and the
Caribbean area. American Museum Novitates
2481:1-26.
2 Wygodzinsky, P.
1980. A survey of the Nicoletiinae of Europe
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22 PSOCIDS (PSOCOPTERA)

Edward L. Mockford

Department of Biological Sciences
llinois State University
Normal IL 61761
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The Order Psocoptera (76, 20, 25-28) contains many forms
which seem adaptable to living in human habitations. The
fifty species included in this key undoubtediy do not repre-
sent all of the species that are found in stored foods, but,
to my knowledge, they represent all such species men-
tioned in the iiterature through 1982. Few surveys have
been made of psocids in domestic situations; additional
surveys will probably yield other species.

Certain generic and specific names which have appeared
in the psocidological literature are either not used in this
key or are used in a different sense, namely: Atropos
Leach, a synonym of Trogium liliger; Ectopsocus pumilis
(Banks), a name erroneously applied by Chapman (8) to
Ectopsocopsis cryptomeriae (Enderlein) and used in that
sense by all North American authors until 1965 (4); Hemi-
psocus roseus (Hagen), unidentifiable; Liposcelis
divinatorius (Muller), unidentifiable; Liposcelis granicola
Broadhead, synonym of L. bostrychophilus Badonnel;
Liposcelis simulans race A Broadhead, synonym of L. kid-
deri Hagen; Liposcelis subfuscus Broadhead, synonym of
L. corrodens Heymons; Psocatropos lachlani Ribaga,
unidentifiable; Psocatropos slossonae Banks, probably a
synonym of P. microps (Enderlein); Tapinella africana
Badonnel, synonym of Nanopsocus oceanicus Pearman;
Troctes Burmeister, synonym of Liposcelis Motschulsky.

The following comments on structures mentioned in the
key may be of value to the nonspecialist. The antennae of
psocids are filiform, generally nearly as long as to longer
than the body. The mouthparts are of the chewing type,
with laciniae in the form of elongate rods. The lacinial tips
often provide useful characters (see couplet 16 in the key).
Venation of the forewing (see couplets 4, 5, 18, 47) is
often used in determinations. In female psocids abdominal
sternum VIIl (subgenital plate), somewhat enlarged and
variously modified (see couplets 49, 51, 53), underlies the
genital chamber. To the sides of this plate, and sometimes
partially covered by it, lie the gonapophyses, the ovipositor
valvulae (see couplets 44, 49), typically three on each
side, but sometimes reduced to one. Abdominal sternum
IX (hypandrium) of the male is comparable to the
subgenital plate. The hypandrium has characters useful for
separating some species {see couplets 7, 13). The Xl ab-
dominal segment is reduced to the epiproct (a single lobe
above the anus) and to the paraprocts (lobes on each side
of the anus). These structures may provide characters of
specific value (see couplets 7, 48).

Because of the small size of psocids, it is often necessary
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for the taxonomist to prepare slides of cleared and stained
parts before attempting an identification. Even counts of
antennal segments can be difficult on whole specimens.
Starting with material preserved in 80% ethanol, one can
obtain suitable results with the following procedures.

1. Cut off head and posterior third of abdomen and place
them in a tube containing 10% aqueous KOH solution.

2. Place the tube in a water bath and allow it to sit at
room temperature until the parts sink to the bottom.

3. While waiting for the parts to sink, remove wings and
legs from one side, pass them through absolute ethanol,
then through euparal essence in a spot plate, and mount
in euparal.

4. Bring the parts in KOH slowly to a boil on a hot plate
and allow to cool to room temperature.

5. Pass the parts through one or two baths of distilled
water in a spot plate, then through 80% ethanol.

6. If staining is desirable, place the parts in a saturated
95% ethanol solution of acid fuchsin for 0.5 to one hour in
a spot plate, covering the well to prevent evaporation.

7. Pass the parts through one to two baths of absolute
ethanol.

8. Pass each part separately through euparal essence,
and place in a drop of euparal on a siide.

9. For the terminal abdominal segments, cut with a
microknife by pressure against the slide to each side of
the subgenital plate or hypandrium, and set this structure
apart from the remainder of the parts; cut to each side of
the valvulae and set this piece apart; separate the
phallosome from the hypandrium and set these two pieces
apart from the rest. The remaining parts are the clunium
(fused terga VIII-X or IX-X), epiproct, and paraprocts.

10. With fine needles, tease paraprocts apart ventral to
the anus.

11. Arrange the parts and add cover slip.

12. Dissect the head as follows. With fine needles remove
the antennae and set them apart; loosen the maxillary car-
dines (=basal sclerites; singular, cardo) from head wall,
break through mandibular attachments on one side; push
off mouthparts as a group, or cut first through membrane
at base of labrum; remove head capsule from the prepara-
tion and store separately; tease off labrum and mandibles.
13. Arrange the parts on the slide and add cover slip.

With very small specimens, such as Liposcelis, one can
dispense with the dissections. It suffices to cut fine holes
in the lateral abdominal cuticle to facilitate clearing, and to
carry out the clearing, staining, and mounting procedures
outlined above.



Psocids (Psocoptera)

KEY 1 Antenna with 13 to 15 segments (1A); if 15 segments present, some or all flagellar

Drawings by E.L. Mockford segments secondarily annulated (1B) 2
unless otherwise noted.

Tarsi 2- (1A) or 3-segmented.

Antenna with more than 20 segments (1C); segments never secondarily annulated,
but often with whorls of microtrichia (1D). Suborder Trogiomorpha-------------------- 3

Tarsi 3-segmented (1C).

1A Lachesilla 1C Dorypteryx
rena o pallida @

1B Liposcelis
bostrychophilus Q

1D Dorypteryx o
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2 Antenna 15-segmented (2A), with secondary annulations (apparent only under high
magnification). Suborder Troctomorpha
Antenna 13-segmented (2B), lacking secondary annulations. Suborder Psocomorpha

18
43

2B Lachesilla
rena o

2A Tapinella
olmeca Q

Suborder Trogiomorpha

3 Head in anterior view relatively narrow, with compound eyes subdorsal (3A); ovipositor
valvulae of opposite sides separated by a space or touching only at their apices

(3B). Group Psocatropetae. Psyllipsocidae 4
Head in anterior view relatively broad, with compound eyes contiguous with dorsal
surface (3C); ovipositor valvulae of opposite sides joined along midline (3D). Group

8

Atropetae

3B Psocatropos
microps Q

3A Psocatropos
microps Q

3D Psoquilla
marginepunctata Q

3C Psoquilla
marginepunctata o
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4 Forewing bearing only short setae (4A), or individuals micropterous (4B)
Psyllipsocus ramburi

Cosmopolitan; in caves and houses. References: 7,

9-12, 27.
Forewing beset with long setae (4C) 5

Sc Rs Ra.s

R405

M,

1A M.
Cu, Cuyp Cusa
4A Psyllipsocus
ramburi Q

4B Psyllipsocus
ramburi Q

4C Psocatropos
microps o

5 Forewing with only 2 longitudinal veins, both branching from a single basal vein; no
closed cells (5A, 5B) Dorypteryx pallida

Known from domestic situations in Philadelphia, and in
central and southern Europe, and from a cave in
Egypt. References: 9-71.

Forewing with more complex venation including at least 1 closed cell (5C) ---------- 6

5B Dorypteryx
pallida

5C Dorypteryx
domestica Q

5A Dorypteryx
pallida Q
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6 Forewing with M simple and Sc and Cu; absent (6A, 6B)------------—-— Dorypteryx domestica

Known from buildings in Southern Rhodesia and cen-
tral Europe. References: 17, 24.

Forewing with M at least once-branched, and Sc and Cu, present (6C). Genus
Psocatropos 7

6B Dorypteryx
domestica Q

6A Dorypteryx
domestica Q

6C Psocatropos
microps ©

7 Forewing generally reaching or surpassing tip of abdomen; hypandrium longer than
its basal width (7A); male paraproct lacking a sclerotized ridge on its distal margin
(7B) Psocatropos pilipennis

Known from houses in India, Madagascar, and the
Seychelies. Reference: 3.

Forewing generally not reaching (or just barely reaching) tip of abdomen (7C); hypan-
drium shorter than its basal width (7D); maie paraproct pointed ventrally, with a
sclerotized ridge on its distal margin (7E) Psocatropos microps

Known from houses, stored food, and outdoor situa-
tions throughout the tropics. See also 3A, 3B, 4C.
References: 3, 5, 13.
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7A Psocatropos 7B Psocatropos 7C Psocatropos
pilipennis pilipennis microps o

7D Psocatropos 7E Psocatropos
microps microps

8 Pretarsal claws each with a preapical denticle (8A); body and wings covered with

scales (see 9A, 9B). Lepidopsocidae 9
Pretarsal claws without preapical denticle (8B); body and wings lacking scales (see
10A, 10B) 10

A

8A Echmepteryx 8B Psoquilla
hageni Q@ marginepunctata Q
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9 Forewings reaching to about posterior margin of abdominal segment | (3A); head
marked with 4 longitudinal brown stripes on a creamy yellow background (9A)
Lepolepis bicolor

Collected from West African peanuts in a British port,
and also from India (circumstances not noted).
Reference: 7.

Forewing surpassing posterior margin of abdomen (9B); head a uniform medium brown
Soa flaviterminata

Circumtropical, but recorded from stored foods only in
West Africa. References: 5, 9, 75.

scales

9A Lepolepis

bicolor o 9B Soa

flaviterminata Q

10 Forewings well-developed or reduced, but always with veins (10A).

11
14

Psoquillidae --
. Trogiidae

Forewings reduced to tiny scales or knobs, never with veins (10B)

10B Trogium
pulsatorium Q

10A Rhyopsocus
disparilis o
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11 Forewings marked with a conspicuous pattern of dark and clear areas (11A, 11B)

Psoquilla marginepunctata

Circumtropical; introduced into central Europe and
southern United States; known mostly from outdoor
situations in the tropics, but from stored food in West
Africa and from domestic situations outside the tropics.
See also 3C, 3D, 8B. References: 1, 5, 9, 719.

Forewings uniform in color, pale brown to nearly colorless (11C). Genus Rhyopsocus 12

11B Psoquilla
marginepunctata Q

11A Psoquilla 11C Rhyopsocus Q
marginepunctata Q

12 Anal lobe of forewing with angular posterior margin (12A)--—--------— Rhyopsocus peregrinus

Found in a store at Manchester, England.
Reference: 17.

Anal lobe of forewing with rounded posterior margin (12B)

13

12A Rhyopsocus Q

12B Rhyopsocus
disparilis o
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13 Body color a pale, creamy-yeliow; wings variable in length, reaching as far as the
basal fourth of the abdomen in the shortest-winged form (13A) to about tip of ab-
domen in longest-winged form; hypandrium not partially covered by preceding ster-
num (13B) Rhyopsocus disparilis

Taken in England and at New York on West African
cacao, at United States ports on rice from the Philip-
pines and Japan, on beans from the West Indies, and
on pigeon peas from Guyana. References: 4, 5, 19.

Head and thorax a tawny brown; wings variable in length, extending from about
midlength of abdomen (13C) to beyond tip of abdomen; hypandrium partially
covered by fishtail-shaped lobe of preceding sternum (13D) -~ Rhyopsocus bentonae

Found in houses in southeastern United States.
Reference: 37.

13A ¢ Rhyopsocus 138 o
disparilis

13C ¢ Rhyopsocus 13D o
bentonae
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14 Segment IV of maxillary palp relatively elongate and slender (14A); abdomen uniform

in color (see 15B) 15
Segment IV of maxillary palp relatively short and broad (14B); abdomen spotted or
mottled (see 17A, 17B) 17

14A Lepinotus 14B Cerobasis
patruelis Q annulata Q

15 Slide-mounted wing with a reticulate pattern (15A); head a uniform yellowish brown
(15B) reticulatewinged trogiid, Lepinotus reticulatus

Cosmopolitan; usually in outdoor situations but com-
mon in stored grain in the United States. References:
4, 5 9-11, 21.

Slide-mounted wing lacking reticulate pattern (15C); head dark brown (15D) or with
a dark brown band from compound eye to antennal base (15E)-----—--—==+---srrzs-n- 16

15A Lepinotus
reticulatus @

15D Lepinotus
inquilinus @

15C Lepinotus 15B Lepinotus 15E Lepinotus
patruelisQ reticulatus @ patruelis@
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16 Lacinial tip distinctly tridentate (16A); spermathecal maculae (16B) each with uniform,
minute papillae (16C) Lepinotus patruelis

Common in houses in central Europe; often seen at
United States ports on dried plant materials from cen-
tral Europe. See also 14A, 15C, 15E. References: 71, 9,
11, 18.

Lacinial tip bidentate, any medial protuberance being at most a low mound (16D);
spermathecal maculae (16B) each with large central spinelike papillae and smaller
peripheral granular papillae (16E) Lepinotus inquilinus

Relatively common in houses in Europe, North
America, Africa, and Madagascar. See also 15D.
References: 1, 9, 10, 27.

16A Lepinotus
patruelis Q

spermathecal
maculae

16B Lepinotus
patruelis Q

16D Lepinotus
inquilinus @

16C Lepinotus 16E Lepinotus
patruelis Q@ inquilinus Q




Suborder Troctomorpha

Psocids (Psocoptera)

17 Frons with a brown, anchor-shaped mark; wings brown-spotted (17A)
Cerobasis annulata

Occurs in houses in Europe and North America. See
also 14B. References: 9, 710.

Frons marked with a dark longitudinal line; wings uniform in color (17B)
larger pale trogiid, Trogium pulsatorium

Common in houses in Europe and North America.
References: 9, 10, 12, 27.

17A Cerobasis 17B Trogium
annulataQ pulsatoriumQ

18 Body not depressed; femur Il not dilated (18A); forewings, if present, either elytriform,

with reduced venation (18B), or with venation essentially complete (18C)---------- 19
Body depressed; femur Il dilated (18D); wings, if present, with venation greatly re-
duced (18E). Liposcelidae 20

|

18A Nanopsocus
oceanicus Q

18D Liposcelis
bostrychophilus Q

Cusp
18C Nanopsocus Cuia 18B Badonnelia
oceanicus Q titei Q

18E Embidopsocus
needhami Q
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19 Wings, if present, flat, with many veins (19A); apterous forms with mesothorax and

metathorax separated by an obvious suture (189B). Pachytroctidae
Nanopsocus oceanicus

Occurs in houses in southeastern United States and
Japan (also in dried mushrooms in Japan); also known
from West Africa and New Hebrides. See also 18C.
Reference: 4 (= Tapinella africana and T. palfida).

Wings, if present, convex, elytriform, with few veins (19C); apterous forms with
mesothorax and metathorax fused (19D). Sphaeropsocidae -----------—----- Badonnelia titei

Known from domestic situations, including stored food,
in central Europe and England. References: 9, 17, 22,

23.

18A Nanopsocus 19C Badonnelia 19B Nanopsocus 19D Badonnelia
oceanicus Q titei ¢ oceanicus Q titei &
20 Wings and ocelli absent (20A) 21
22

Wings and ocelli present (20B)

20A Liposcelis 20B Embidopsocus
albothoracicus Q laticeps @
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21 Femur Il moderately broad, without a lateral process (21A); subgenital plate without

a T-shaped sclerite (21B) 22
Femur 1l very broad, with a small lateral process (21C); subgenital plate with a T-
shaped sclerite (21D). Genus Liposcelis 25

Males of Liposcelis are determined at present largely
by association with females. For some species, males
are unknown or nonexistent. The sexes may be
distinguished as follows: females larger than males;
subgenital plate with T-shaped sclerite (21D}; the
phallosome (an elongate, partially-enclosed frame
above the hypandrium) occupying about half the length
of abdomen. Reference: 6.

21B Embidopsocus
laticeps @

21A Embidopsocus
oleaginus Q

21C Liposcelis 21D Liposcelis
bostrychophilus Q bostrychophilus Q

22 Terminal segment of maxillary palp at least slightly dilated (22A); abdominal terga

I-VHl each lacking a slender, heavily sclerotized transverse strip (22A). Genus
Belaphotroctes 23

Terminal segment of maxiliary palp not dilated (22B); abdominal terga Ili-Vill each
with a slender, heavily sclerotized transverse strip (22B). Genus Embidopsocus 24

22A Belaphotroctes 22B Embidopsocus
ghesquierei Q oleaginus @
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23 Endophallic central prongs with pointed tips (23A) ------------------ Belaphotroctes ghesquierei

Known from Brazil, Florida, and West Africa, primarily
from outdoor situations, but from stored food in West
Africa. See also 22A. References: 3-5.

Endophallic central prongs with blunt tips (23B) Belaphotroctes simulans

Found in stored food in West Africa.
Drawing adapted from 5 by C. Feller.

23A Belaphotroctes
ghesquierei o

23B Belaphotroctes
simulans o

24 Spermathecal duct with sheath around spermapore end (24A); endophallus with arch
of small sclerites (24B) Embidopsocus oleaginus

Associated with stored foods in West Africa, Sri Lanka,
and several western Pacific localities (Philippines,
Taiwan, Okinawa). See also 21A, 22B. References: 7,
5.

Spermathecal duct without sheath (24C); endophallus without arch of sclerites (24D)
Embidopsocus minor

Taken from West African cacao in a British warehouse,
and from stored foods in West Africa. References: 5,
19.

Drawings adapted from 5§ by C. Felier.

duct

sclerites

24B Embidopsocus
oleaginus o

24A Embidopsocus

oleaginus @
N\
24C Embidopsocus 24D Embidopsocus
minor Q minor o
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25 Abdominal terga Ill and IV uniform in color, not presenting, at least in their central
portions, a posterior membranous band with sculpture different from their anterior

parts (25A); all prosternal setae anterior (25B). Section | 26
Abdominal terga annulate, with distinct intersegmental membranes in posterior parts
of terga 11l to VIl showing different sculpture and paler color than the more sclerotized
anterior parts of these segments (25C); prosternal setae either restricted to anterior

half (25B) or distributed in both halves (25D). Section Il 34

25A Liposcelis 25C Liposcelis 25B Liposcelis 25D Liposcelis
liparus @ bostrychophilus Q liparus Q corrodens Q

26 Epiproct with a pair of long, slender, acuminate setae (26A); lateral pronotal lobe
with a long, strong humeral seta and a single long supplementary bristle (26B)

Liposcelis liparus

In buildings in England; common in outdoor situations
in western United States and South Africa. See also
25A, 25B. References: 6, 9, 11.

Epiproct without acuminate setae (26C); pronotal lobe with 2 or more supplemen-
tary setae (26D), or supplementary setae absent 27

26A iposcelis

26B Liposcelis
liparus Q

liparus Q

26D Liposcelis

entomophilus Q
26C Liposcelis

albothoracicus @
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27 Lateral lobe of pronotum with a transverse row of 2 to 5 strong setae in addition to

humeral seta (27A) 28
Lateral iobe of pronotum with humeral seta and scattered small setae, but without
a transverse row of strong setae (27B) 30
's
D\t LS
27A Liposcelis 27B Liposcelis
entomophilus Q kidderi ©

28 Body without a striking pattern, uniform in color except apical half of abdomen
somewhat darker than basal half Liposcelis transvaalensis

Recorded from stored foods in West Africa. Reference:
5.

Body marked with a striking pattern of contrasting colors 29

29 Mesothorax, metathorax, and abdominal segment | white; other portions of body brown
(29A) Liposcelis albothoracicus

Collected from Turkish millet seed in a ship at Liver-
pool, England, and from an outdoor locality in southern
India. See also 26C. Reference: 7.

Body generally a creamy yellow, with lateral reddish-brown bands on abdominal terga
11l to VIII, continuous across terga lll and IV (29B)----—-----ee-r-—— Liposcelis entomophilus

Cosmopolitan; common in stored grain. See also 27A.
References: 2, 9, 13.

29A Liposcelis 29B Liposcelis
albothoracicus @ entomophilus Q
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30 Compound eye of both sexes with 4 facets; lateral lobe of pronotum with only humeral
seta, no smaller setae (30A) Liposcelis bouilloni

From stored coffee in West Africa, and from outdoor
situations in Brazil.
Drawing adapted from 5 by C. Feller.

Compound eye of female with 5 (30B) to 7 facets (30C), of male, 4 to 5 facets; lateral
lobe of pronotum with humeral seta plus 1 or more smaller setae (30D)------—--- 31

30A Liposcelis
bouilloni

— i -

30B Liposcelis
kidderi Q

"
)

30D Liposcelis
kidderi Q

30C Liposcelis
decolor @

31 Vertex sculptured with finely granulate areoles (31A; details shown only in selected

areoles) 32
Vertex sculptured with areoles bearing small tubercles forming anteroposteriorly-
oriented wavy lines (31B) 33

31A Liposcelis 31B Liposcelis
rufus Q simulans Q
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32 Compound eye of female with 5 (see 30B) to 6 facets, of male, 4 to 5 facets; body
color medium brown Liposcelis kidderi

QOccurs in houses in Europe and North America. See
30B, 30D. References: 6, 9, 771.

Compound eye of female with 6 to 7 (usually 7) facets, of male, 5 facets; body color
reddish-brown Liposcelis rufus

Recorded from a building in Ohic, from an outdoor
locality in California, and from England (situation
unknown). See 31A. References: 4, 6.

33 Anterior margins of abdominal terga VI-VIII with prominent dark, transverse, sclerotized
strips (33A); body color medium brown Liposcelis simulans

Known from houses and bird nests in central Europe,
England, and the United States; frequently found in
stored grain. See 31B. References: 6, 9, 77.

Anterior margins of abdominal terga V-VIIl with prominent dark, transverse, sclerotized
strips (33B); body color ochre yellow Liposcelis decolor

Probably cosmopolitan; occurs in houses and in stored
agricultural products in Europe and, less commonly, in
the United States. See also 30C. References: 2, 4, 6,

11 (= L. terricolis).

33A Liposcelis 33B Liposcelis
simulans Q decolor Q
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34 Prosternal setae all in anterior half of prosternum (34A) 35
Prosternal setae distributed in both anterior and posterior half of prosternum (34B) 40

34A Liposcelis 34B Liposcelis
liparus Q corrodens Q
35 Compound eye of female with 7 facets 36
Compound eye of female with fewer than 7 facets 38

36 Lateral lobe of pronotum with transverse row of 4 to 6 long bristies in addition to shorter
setae (as in 27A) Liposcelis pubescens

Collected from a granary and other buildings in
England; also known from central Europe, Argentina,
Tristan da Cunha, and New Zealand. References: 6, 9.

Lateral lobe of pronotum with 1 long bristle (humeral seta) and several shorter setae
(as in 27B) 37

37 Body length of female less than 1 mm; body color a pale reddish-brown
Liposcelis exiguus varians

Reported once from stored peanuts in Zaire.
References: 4, 5.

Body length of female 1.2 to 1.4 mm; body color a pale chamois-brown
Liposcelis mendax

Occurs in houses in Europe and in stored foods in
Zaire. References: 5, 6, 9.
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38 Compound eye of female with 5 facets

See also couplet 37.

Compound eye of female with fewer than 5 facets

Liposcelis mendax

39

39 Compound eye of female with 4 facets

Collected from wheat caked in the hold of a ship in
Bristol, England. References: 9, 15.

Compound eye of female with 2 facets

Liposcelis obscurus

From a building in England. References: 5, 6, 9.

40 Compound eye of female with 3 facets (40A)

Liposcelis paetulus

Cosmopolitan; common in stored grain. References: 5,

6, 9, 21.

Compound eye of female with 5 to 7 facets (40B)

Liposcelis paetus

41

\

. @

ff A

40A Liposcelis 40B Liposcelis

paetus Q bostrychophilus Q
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41 Sculpture of vertex and abdominal terga consisting of areoles that are separated by
depressed lines and are tuberculate except near their borders (41A; details shown
only in selected areoles); lateral [obe of pronotum with humeral seta about 3 times
longer than other setae (41B) Liposcelis corrodens

Known from Europe, North America, Japan, and Chile;
occurs frequently in stored foods. See also 25D.
References: 9.

Sculpture of vertex and abdominal terga consisting of densely tuberculate areoles
that are separated by bare spaces and (or) by lines of relatively more pronounced
tubecles (41C); humeral seta no more than twice as long as other setae on pro-
notal lobe (41D) 42

41A Liposcelis 41B
corrodens @

> —~——y
P o %?Z" .~

41C Liposcelis 41D
bostrychophilus Q
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42 Humeral seta about same length as other setae on lateral lobe of pronotum (42A);
compound eye of female usually with 7 facets ---~-----------s--——- Liposcelis bostrychophilus

Cosmopolitan; common in stored grain. See also 1B,
21C, 21D, 40B, 41C. References: 2, 4-6, 9, 13.

Humeral seta about twice length of other setae on lateral lobe of pronctum
(42B); compound eye of female usually with 5 facets -------------vmmeaemm-- Liposcelis minutus

Found in stored food in Zaire.
Orawing adapted from 5 by C. Feller.

42A Liposcelis 428 Liposcelis
bostrychophilus Q minutus

43 Individuals brachypterous (43A) (wings not extending beyond midpoint of abdomen)

or micropterous (43B) 44
Individuals macropterous (43C) (wings reaching or extending beyond apex of ab-
domen) 45

43B Ectopsocus
vachoni
43A Ectopsocus
richardsi o

43C Ectopsocus
vachoni Q




Psocids (Psocoptera)

44 Clunium of male with posterodorsal margin bearing a pair of pointed processes (44A);
gonapophysis of female a single valvula (44B). Lachesillidae (in part)

cosmopolitan grain psocid, Lachesilla pedicularia

Distributed throughout Europe and North America,
primarily in outdoor situations but also common in
houses and occasional in stored grain. See also 47A.
References: 1, 9, 10, 30.

Clunium of male with a transverse comb of small teeth on posterodorsal margin
(44C); gonapophysis of female composed of 3 valvulae (44D). Ectopsocidae

(in part)

50

|

'
1
'
'
3
'
¢
.
3
.
v

\

44A Lachesilla 44B Lachesilla
pedicularia o pedicularia Q

44C Ectopsocus
briggsi o

44D Ectopsocus pumilis Q@
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45 Cu,, and M of forewing joined by crossvein; M of forewing 2-branched (45A). Hemi-
psocidae Hemipsocus africanus

Collected from Mexican pineapples and papayas at
United States ports. Reference: 4.

Cu,, of forewing either absent or not joined to M; M 3-branched (45B) ---------=----- 46

45B Lachesilla
pedicularia Q

45A Hemipsocus
africanus o

46 Cu,, present in forewing; pterostigma with basal constriction (46A). Lachesillidae

(in part) 47
Cu,, absent in forewing; pterostigma about as wide at its base as at its middle (46B).
Ectopsocidae (in part) 49

46A Lachesilla 46B Ectopsocus
pedicularia @ vachoni Q




Psocids (Psocoptera)

47 Forewing completely clear, without spots, but with Cu,,, M,, and M3 narrowly brown-
bordered (47A) cosmopolitan grain psocid, Lachesilla pedicularia

See couplet 44.

Forewing with a cloudy brown spot around distal end of each radial and medial vein
and around Cuq, (47B) 48

==
S O\

Cuia Ms
47A Lachesilla 47B Lachesilla
pedicularia Q rena o

48 Forewing 1.5 to 1.7 mm in length; epiproct of male with an elongate, slender, medial
process directed anteriorily on dorsal surface of abdomen (48A)
Lachesilla rena

Found once on peas in pods in storage; common on
dried soybean plants in fields of western Mexico.
Reference: 30.

Forewing 2.1 to 2.5 mm in length; epiproct with 2 short lateral processes but no medial
process (48B) Lachesilla nubilis

Widespread in North America, mostly in outdoor situa-
tions but aiso from stored grain. Reference: 30.

Uy

48A Lachesilla 48B Lachesilla
rena o nubilis o
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49 Gonapophyses of female reduced to a rudimentary third valvula (49A); subgenital
plate prolonged posteriorly by a medial process (49B); clunium of male with dorsal
apophyses forming a complex clasping organ (49C) --------—- Ectopsocopsis cryptomeriae

Nearly cosmopolitan; common in stored foods.
Reference: 13.

Gonapophyses complete with 3 valvulae (49D); subgenital plate usually bilobed
medially (49E); clunium of male carrying dorsally only a transverse comb (49F).
Genus Ectopsocus 50

S / /
49A Ectopsocopsis 49D Ectopsocus
cryptomeriae Q pumilis Q

49B Ectopsocopsis

cryptomeriae 9 49E Ectopsocus

maindroni Q

49F Ectopsocus
cryptomeriae O briggsi o

49C Ectopsocopsis




Psocids (Psocoptera)

50 Individuals macropterous; forewings with faint pattern of spots, 1 on end of each
longitudinal vein and 1 at junction of Rs and M (50A)---------eeseeeeeeeem- Ectopsocus briggsi

Present on most continents; occasionally found in
houses along the Pacific coast of the United States;
occasionally collected from imported herbs, citrus, and
other fruits at United States ports. See also 44C.
References: 9, 27.

Individuals macropterous or short-winged; no spotted pattern on forewings of
macropterous individuals (50B) 51

50A Ectopsocus 50B Ectopsocus
briggsi o vachoni @

51 Head color a medium brown, contrasting with a paler body; adults brachypterous
(51A); subgenital plate with a single, rounded, posteromedian lobe (51B)
Ectopsocus richardsi

Widespread in world trade, usually in stored grain and
other dry foods. References: 5, 14, 17, 21, 29.

Body color approximately uniform throughout; adults macropterous (51C) or
micropterous (51D); subgential plate bilobed posterorly (51E) 52

51A Ectopsocus
richardsi o

51D Ectopsocus
vachoni o

51C Ectopsocus VNN L
vachoni @ s LLVNAT
A / )

51E Ectopsocus
maindroni Q

51B Ectopsocus
richardsi Q
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52 Males micropterous (52A); females micropterous or macropterous (52B); body color
a medium reddish-brown; abdomen with reddish-brown annulations on a paler
background (52A) Ectopsocus vachoni

Widely distributed in the subtropics; collected once
from Mexican mixed vegetables on ice at Nogales AZ.
References: 74. (= E. dimorphus).

Adults macropterous (similar to 52B); body color a creamy yellow to pale tawny; ab-
domen not annulated (52C) 53

52A Ectopsocus
vachoni o

52B Ectopsocus
Q vachoni Q

52C Ectopsocus
maindroni o
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53 Lobes of subgenital plate apically pointed (53A); abdominal venter of male without

a posteromedial suture (53B) Ectopsocus pumilis

Occurs in houses in Florida, the West Indies, and
Hong Kong. See also 44D. Reference: 4.

Lobes of subgenital plate apically truncated (53C); abdominal venter of male with

a posteromedial suture (53D) Ectopsocus maindroni

Probably circumtropical; often found around stored
foods. See also 52C. Reference: 5.

53A Ectopsocus
pumilis Q

53C Ectopsocus
maindroni Q

53B Ectopsocus 53D Ectopsocus
pumilis o maindroni o
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KEY TO MACROPTEROUS 1 With sawlike ovipositor (1A); forewing with longitudinal veins and sometimes cross
FEMALES OF COMMON veins (1B); wings covered with microsetae (1C). Suborder Terebrantia-------------- 2
SPECIES

Drawings by C.S. Papp Last abdominal segment usually conical (1D), rarely

unless otherwise noted. tubular.

Without sawlike ovipositor (1E); forewing without longitudinal veins (1F); wings without
microsetae. Suborder Tubulifera. Phlaeothripidae 18

Last abdominal segment usually tubular (1E).
Drawing 1E by T. Kono.

1A Aeolothripidae 1B Aeolothripidae

N

§;;“'“‘\i\f\\\\\

1F Phlaeothripidae

1D Terebrantia 1E Gynaikothrips
ficorum

The assistance of Tokuwo Kono and Steve
Nakahara in the preparation of this chapter
is gratefully acknowledged.
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Terebrantia

Thrips (Thysanoptera)

2 Ovipositor upturned (2A). Aeolothripidae. Genus Rhipidothrips 3

Antenna 9-segmented (2B); wings broad, rounded at tip
(2C). The lens-shaped sensoria (2B) on antennal
segments Il and IV separate this genus from most
other members of the family.

Ovipositor downturned (2D). Thripidae 4

Antenna 6- to 9-segmented; wings usually narrow,
pointed at tip (2E). CAUTION: Heterothripidae also keys
out at this point, but species of this family are unlikely
associates of fruits and vegetables.

2B Aeolothripidae

- e .
2A Aeolothripidae i\\ N N e 7§ S

S e e e e e T N

~ .
~ TR N
\—R\\\‘ B e

2C Aeolothripidae

2D Thripidae 2E Thripidae

3 Antennal segment Il brown; pronotum brown; head with a collar of transverse stria-
tions at the posterior margin (3A) Rhipidothrips brunneus

Distribution: England, Finland, Netherlands, USA
(California, Oregon), USSR. Hosts: Grasses.

Antennal segment |l yellow; pronotum white, with a small, brown, median blotch in
the posterior half; dorsum of head with a collar of polygonal reticulations at the
posterior margin (3B) Rhipidothrips gratiosus

Distribution: Europe, USA (California). Hosts: Oats,
grasses.

3A Rhipidothrips

3B Rhipidothrips
brunneus

gratiosus
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4 Antenna appearing 9-segmented (due to cleavage of segment V) (4A)
grass thrips, Anaphothrips obscurus

Body color mainly yellow, with brown markings on base
of head, thoracic dorsum, and abdominal tergites.
Distribution: Australia, Europe, North America. Hosts:
Cereals, grasses, and various other plants.

Antenna 7- or 8-segmented (4B) 5
4A Anaphothrips
obscurus
?'J'@% IOV
4B Panchaetothripinae
5 Antenna 7-segmented (5A). Genus Thrips (in part) 6
Pronotum with 2 pairs of long posteroangular setae.
7

Antenna 8-segmented (5B)

Pronotum with or without long posteroangular setae.

5A Thripinae
w\b}%}» SOV
,f_}.-——/ /[y/ / "

5B Panchaetothripinae
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Thrips (Thysanoptera)

6 Forewing clear; anterior vein with 4 to 6 distal setae (6A); ocellar pigment gray; ac-
cessory setae absent from abdominal sternites-------------------onion thrips, Thrips tabaci

Distribution: Cosmopolitan. Hosts: Onions, flowers of
many kinds of wild and cultivated plants.

Forewing grayish-brown, clear at base; anterior vein with 3 distal setae (6B); ocellar
pigment red; accessory setae present on abdominal sternites Il to VU
Hawaiian flower thrips, Thrips hawaiiensis

Distribution: Australia, Oriental Region, many Pacific
islands, USA (District of Columbia, Florida, Georgia,
Hawaii, South Carolina, Texas). Hosts: Flowers of
numerous cultivated and wild plants.

e B

G I L
N SIS

tabaci é:f\-/, i S ‘ : T i
\<*< - R “/j&:{,/,’%"
=

6B Thrips
hawaiiensis

7 Antennal segment VI shorter than combined length of segments Vil and VIl (7A);
head conspicuously reticulated. Panchaetothripinae 8

Antennal segments 1l and IV strongly vasiform (7A).

Antennal segment VI longer than combined lengths of segments VIl and VIIi (7B);
head not conspicuously reticulated. Thripinae 11

Antennal segments Ill and 1V usually not strongly
vasiform (7B).

}/)“

%’%’Mﬁ )
L] 2

vilh vt i
7A Panchaetothripinae

7B Thripinae
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8 Head not notched at posterolateral angle (BA)------------- bean thrips, Caliothrips fasciatus

Forewing banded; sides of abdominai tergites
reticulated. Distribution: Mexico, USA (New York,
Western States in general, including Hawaii). Hosts:
Beans, lettuce, oranges; foliage of various garden
vegetables; numerous nonfood plants. CAUTION:
Some other species of Caliothrips may also key out at

this point.
Head notched at posterolateral angle (8B) 9
8A Caliothrips 8B Heliothrips

fasciatus . » haemorrhoidalis

9 Antennal segments lll and IV with simple sensory trichomes (9A); wing veins with
short, inconspicuous setae; forewing clear except for brown posterior vein (9B)
greenhouse thrips, Heliothrips haemorrhoidalis

Distribution: Africa, Australia, Neotropical Region,
Pacific islands, USA; greenhouses in temperate
regions. Hosts: Mangoes; numerous nonfood plants.
See alsc 8B.

Antennal segments Il and IV with forked sensory trichomes (9C); wing veins with
long, conspicuous setae; forewing uniformly brown (9D) or brown with transverse
white bands 10

e T T

9A Heliothrips
haemorrhoidalis

9B Heliothrips , TR e
haemorrhoidalis  \ > T =

.

9C Selenothrips

rubrocinctus
a v ‘
9D Selenothrips (\\\.—*’* - “4 44
rubrocinctus A i AN .\/
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Thrips (Thysanoptera)

10 Setae on antennal segments I, IV, and V much shorter than their respective segments
(10A); forewing with white and dark brown bands (10B)

Distribution: Tropical and subtropical regions; USA
(California, District of Columbia, Florida, Hawaii, Idaho,
lliinois, Massachusetts, Missouri); greenhouses in
temperate regions. Hosts: Sugarbeets; numerous wild
and cultivated plants.

Setae on antennal segments Ill, [V, and V much longer than their respective segments
(10C); forewing uniformly dark brown (10D)

Distribution: Wide occurrence in tropical regions in-
cluding parts of Africa, Central America, India, Philip-
pines, South America, USA (Florida). Hosts: Mangoes;
various fruit trees.

banded greenhouse thrips, Hercinothrips femoralis

redbanded thrips, Selenothrips rubrocinctus

10A Hercinothrips
femoralis

10B Hercinothrips
femoralis

“\\\h&

10C Selenothrips
rubrocinctus

10D Selenothrips
rubrocinctus

11 Pronotum with 1 pair of long anteroangular and 1 pair of anteromarginal setae (11A);
forewing with complete row of setae on anterior vein (see 12A). Genus Frankliniella
Pronotum without long anteromarginal or anteroangular setae (11B); forewing with

a few irregularly-spaced setae on distal half of anterior vein (see 12B)-------eem----

12

13

11A Frankiiniella 11B Thrips
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Frankliniella minuta

12 Forewing uniformly dark brown (12A)

Body dark brown; antenna compietely brown, but occa-
sionally with segment lil a paler brown; pronotum with
alternating short and long posteromarginal setae (see
13B). Distribution: Guatemala, Mexico, Panama, Peruy,
USA (Colorado, Hawaii, North Dakota, Texas, Wyo-
ming, and several other Western States). Hosts:
Flowers of numerous plants.

other species of Frankliniella

Forewing clear (as in 12B)

12A Frankliniella
minuta

.

@; R D 4//%

- M%\V [ N —

12B Scirtothrips

13 Anterior margin of pronotum conspicuously narrower than posterior margin (13A).

Genus Chirothrips
Anterior margin of pronotum equal to or slightly shorter than the posterior margin

(as in 13B)

14

15
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r 1/%
- T Vo7
F;-———v——— i
~ - Fi
1% PR v‘”ﬁ\ 1///
N
r 1 4 et
ir SR 1| <
<N ' P
U V=
” Avé\

posteromarginal
setae

13A Chirothrips 13B Frankiiniella
minuta




Thrips (Thysanoptera)

14 Antennal segment | large and conspicuously swollen; segment il with a short, stout
seta at tip of apical projection; segment IV with a simple sensory trichome (14A);
tibia | produced anteriorly on lateral apical margin------------------—-- Chirothrips mexicanus

Distribution: Caribbean islands, Central and South
America, Mexico, Philippines, South Africa, USA
(Arizona, California, Florida, Georgia, Hawaii, Loui-
siana, Oklahoma, Tennessee, Texas). Hosts: Various
grasses and other plants.

Antennal segment | not large and conspicuously swollen; segment Il without a seta
at tip of apical projection; segment IV with a forked sensory trichome (14B); tibia
| not produced on lateral apical margin Chirothrips aculeatus

Distribution: Central and southern Europe, England,
USA (Pacific Coast). Hosts: Grasses.

14A Chirothrips 14B Chirothrips
mexicanus aculeatus

15 Head produced in front of eyes (15A); abdominal tergite X bearing a pair of stout,
spinelike setae. Genus Limothrips 16
Head not produced in front of eyes (15B); abdominal tergite X without spinelike setae 17

///\\ r/\
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Y2 N 7 \7
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15A Limothrips 15B Thrips
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16 Antennal segment Il with apical projection; antennal segments [il and IV with forked
sensory trichomes (16A) Limothrips angulicornis

Distribution: Australia, Chile, central and southern
Europe, USA (California). Hosts: Grasses and various
other plants.

Antennal segment |l barrel-shaped; antennal segments Il and 1V with simple sen-
sory trichomes (16B) grain thrips, Limothrips cerealium

Distribution: Eurcpe, USA, and many other regions of
the worid. Hosts: Grasses, including oats and other
cereals.

16A Limothrips
angulicornis

16B Limothrips
cerealium

17 Forewing grayish-brown, clear at base, with setae in a complete row on posterior
vein (17A); abdomen brown, without microsetae; abdominal sternites Il to VI with
accessory setae; head and thorax yellowish-orange to orange-brown. Genus Thrips
(in part) Hawaiian flower thrips, Thrips hawaiiensis

See couplet 6.

Forewing clear, with orange veins and with 3 irregulary-spaced setae on posterior
vein (17B); abdomen with numerous microsetae; abdominal sternites 1l to VI without
accessory setae; body yellowish-brown citrus thrips, Scirtothrips citri

Distribution: USA (Arizona, California). Hosts: Fruits
and foliage of orange trees; various nonfood plants.
CAUTION: Sericothrips also has numerous abdominal
microsetae, but there is a complete row of setae on the
anterior vein of the forewing. Members of the genus
Sericothrips are widely distributed in most parts of the
world; they feed on grasses, legumes, and many other
plants including cucumbers.



Thrips (Thysanoptera)

///,///// //V%

// //_V.-‘————H-—*‘

17A Thrips
hawaiiensis

17B Scirtothrips
citri

18 Antennal segments lll to VIl yellow, with VIl and VIII shaded brown; forewing parallel-
sided; terminal abdominal segment much longer than combined length of preceding
2 segments (18A) Cuban laurel thrips, Gynaikothrips ficorum

Distribution: Many tropical countries; occasionally in-
troduced to colder regions. Hosts: Feeds and causes
leaf galls on Ficus spp.; also found occasionally on
some other plants.

Antenna brown with segment |1l and basal parts of IV and V yellow, or Il to VI yellow
with apices of V and VI brown; forewing narrowed medially; terminal abdominal
segment much shorter than combined length of preceding 2 segments (18B). Genus
Haplothrips 19

18A Gynaikothrips 18B Haplothrips
ficorum
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19 Head about as long as wide; pronotum with well-developed major lateral setae (19A);
internal pigmentation red; antennal segments Ill and IV and basal parts of V and
VI yellow black flower thrips, Haplothrips gowdeyi

Distribution: Africa, Caribbean islands, Central and
South America, India, Israel, Mexico, Pacific islands,
USA (California, Florida, Georgia, Hawaii, Texas).
Hosts: Flowers of numerous cultivated and wild plants.

Head much longer than wide; pronotum with minute major lateral setae (19B}); inter-
nal pigmentation purple; antennal segments lll and basal parts of IV and V yellow
black hunter thrips, Haplothrips mali

Distribution: Canada, Meico, USA. Feeding habits:
Predacecus on eggs and immature stages of other
insects.

19A Haplothrips 198 Haplothrips
gowdeyi mali
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KEY

Drawings by M.B. Stoetzel.
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1 Head without prominent antennal tubercles (1A); cornicle never longer than 3 times
length of hind tarsus (1B}
Head with prominent antennal tubercles (1C); cornicle 3 times or more longer than
length of hind tarsus (1D)

sensoria antennal tubercle

sensoria

1C Phorodon
humuli

1B Brevicoryne 1D Phorodon
brassicae humuli




Aphids (Aphididae, Homoptera)

2 Alata with 12 to 18 sensoria on antennal lli (2A); cornicle cylindrical, longer than cauda;
cauda bushy with 12 to 14 hairs; abdomen of alata with 4 rows of dark spots and
a dark area behind base of each cornicle (2B)-------------—---—---bean aphid, Aphis fabae

Distribution: Holarctic, Ethiopian. Hosts: Leaves and
stems of Euonymus and Viburnum as winter hosts, and
on various plants (beans, beets, carrots, corn, lettuce,
rhubarb, squash) as summer hosts. References: 1, 2,
4-6.

Alata with 43 to 67 sensoria on antennal il (2C); cornicle swollen, not longer than
cauda; cauda tapering, with 6 hairs; abdomen of alata with broken, dusky dashes
but no dark area behind base of each cornicle (2D)

cabbage aphid, Brevicoryne brassicae

Distribution: Worldwide. Hosts: Broccoli, brussels
sprouts, cabbage, carrots, cauliflower, celery, kale,
mustard, radishes. References: 1-7.

2C Brevicoryne
brassicae

2D Brevicoryne
brassicae
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3 Alata with 23 to 27 sensoria widely distributed on antennal lll; inner angle of anten-
nal tubercle with elongate process (3A); cornicle cylindrical on distal half; abdomen
of alata with dorsal bands, nearly coalescing, on lll, IV and V; no dark area behind
base of each cornicle (3B) hop aphid, Phorodon humuli

Distribution: Holarctic. Hosts: Plum leaves in winter and
hop leaves in summer. References: 71, 6.

Alata with 6 to 17 sensoria in a line on antennal lli; inner angle of antennal tubercle
rounded (3C); cornicle slightly dilated on distal half; abdomen of alata with dorsal
patch extending from Ilf to level of cornicle (3D)

green peach aphid, Myzus persicae

Distribution: Worldwide. Hosts: Polyphagous.
References: 1-7.

3A Phorodon
humuli

3C Myzus
persicae

3B Phorodon 3D Myzus
humuli persicae
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Insect and Mite Pests in Food

Scale insects are unique among the Insecta in that the
adult females are wingless, neotenic (sexually mature
nymphs), and often produce some sort of waxy covering.
Adult males (fig. 25.1) superficially resemble small wasps
or flies but are unique in having one pair of well-developed
wings and a smaller second pair of wings (hamulo-
haiterae). The males lack functional mouthparts and are

often short-lived.

The first instar is usually called the crawler because it is
generally the only active crawling stage. Immature instars
may be recognized as such by their lack of a vulva or
aedeagus. In most scale insects the remaining instars, ex-
cluding adult males, are sessile, even though some have
legs and are capable of moving on the host. Male scales
undergo an anomalous kind of complete metamorphosis
that involves one or two “‘pupal’ stages before the adult
form is reached.

Several characters may be used to distinguish the Coc-
coidea from other homopterous insects: a single tarsal
claw on each leg; a one-segmented tarsus (usually);
wingless females; and aduit males with one pair of wings
and one pair of hamulohalterae.

In the United States there are 15 families of Coccoidea.
Aclerdidae (aclerdids), Cerococcidae (cerococcids), Con-
chaspididae (conchaspidids), Dactylopiidae {(cochineal in-
sects), Kermesidae (gall-like scales), Tachardiidae (lac
scales), Lecanodiaspididae (false pit scales), and
Phoenicococcidae (phoenicococcids) are not included here
because they are rarely collected and are unlikely food
contaminants. Of the remaining seven relatively commonly
collected families, three contain species that might be
found in foods.

Foods that commonly have scale insects are citrus,
tropical fruits, deciduous-tree fruits, and grapes. The three
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families often associated with food may be recognized by
the following fieid characters.

Pseudococcidae (mealybugs): The body is usually covered
with a mealy, white secretion, and the margin of the body,
particularly the posterior margin, normally has at least one
pair of waxy filaments (fig. 25.2).

Diaspididae (armored scales): A solid waxy cover is pro-
duced that is separate from the body. The waxy cover may
be round, oval, or elongate and incorporates the shed
skins of the crawler and second instar (fig. 25.3).

Coccidae (soft scales): The body is usually without wax
on the upper surface or the wax is transparent. Some
species produce a thick, chewing-gumlike wax or a
filamentous wax, but in soft scales the wax is attached to
the body surface and there are no marginal filaments
except those associated with the spiracles (fig. 25.4).

The classification system of scale insects is based primar-
ily on adult females. The following key is restricted to
species that occur in the United States and can be used
only with adult females mounted on microscope slides and
examined with a compound microscope. A handout on
scale insect mounting techniques may be obtained by
writing to me at the address given above.

Figures 25.5 and 25.7-25.29 are of bilaterally divided
adult females (left =dorsal; right = ventral). Figure 25.4
shows the dorsal surface only; figure 25.6, the ventral
surface only. Figures 25.7, 25.8, 25.13 and 25.14 do not
show dermal morphology in detail. Figures 25.24 and
25.25 lack the multitude of dermal structures apparent on
slide-mounted specimens; only diagnostic features are
presented in these figures.



KEY
Drawings (figs. 25.4-25.29)
by P.J. Hallyoak.
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Scale insects (Coccoidea, Homoptera)

Abdominal spiracles present (fig. 25.5) 2
Abdominal spiracles absent (fig. 25.9) 3
Anal orifice surrounded by a sclerotized ring on exterior surface of body; anal ring

bearing setae and pores (fig. 25.5) ensign scales, Ortheziidae

Anal orifice without sclerotization on exterior body surface; occasionally with internal
tube leading to orifice sclerotized and having pores but not setae (fig. 25.6)
margarodid scales, Margarodidae

Posterior abdominal segments forming a pygidium (fig. 25.9). Diaspididae (armored
scales)
Posterior abdominal segments not forming a pygidium (fig. 25.20)--------------=--=-o-—- 1

Body elongate; body length at least twice greatest width (fig. 25.8)------~-----meeemeev
Body round or oval; body length less than twice greatest width (fig. 25.12)----—-—-

Median lobes appearing as a single lobe (fig. 25.8). Genus Pinnaspis--~---------------
Median lobes separate, appearing as 2 lobes (fig. 25.9)

N OO0 Ob

Scale cover white; preanal scars present (fig. 25.7)
lesser snow scale, Pinnaspis strachani

Distribution: Worldwide. Hosts: Polyphagous.

Scale cover brown; preanal scars absent (fig. 25.8)-—---- fern scale, Pinnaspis aspidistrae

Distribution: Worldwide. Hosts: Polyphagous; especially
ferns, Citrus, Aspidistra.

With 3 pairs of lobes (fig. 25.9) citrus snow scale, Unaspis citri
Perivulvar pores present or absent. Distribution: Africa,
Asia, Australia, Bermuda, Oceania, USA (Florida, Loui-
siana). Hosts: Citrus, Severina.

With 2 pairs of lobes (fig. 25.11). Genus Lepidosaphes 8
Perivulvar pores present.

Thorax and anterior abdominal segments sclerotized; some abdominal segments with

marginal spurs (fig. 25.10) Glover scale, Lepidosaphes gloveri

Distribution: Worldwide. Hosts: Especially Citrus.

Thorax and anterior abdominal segments not sclerotized; abdominal marginal spurs
absent (fig. 25.11) purple scale, Lepidosaphes beckii

Distribution: Worldwide. Hosts: Especially Citrus.

Perivulvar pores absent (fig. 25.12) 10
Perivulvar pores present (fig. 25.15) 12
Body without prosomal lobes; pygidial lobes converging apically (fig. 25.12)

San Jose scale, Quadraspidiotus perniciosus

Distribution: Africa, Asia, Australia, Cuba, Europe,

Mexico, New Zealand, South America, USA (widely
distributed). Hosts: Polyphagous, especially Malus,
Prunus, and most Rosaceae.
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Body with large prosomal lobes; pygidial lobes parallel (fig. 25.13). Genus Aonidiella 11

11 Scale yellowish on host; without well-developed scleroses anterior to prevulvar
apophysis (fig. 25.13) yellow scale, Aonidiella citrina

Distribution: Africa {Guinea, Zaire), Asia {including area
around the Black Sea), Australia, Mexico, Oceania
(Bonin Islands, New Guinea), South America (Argen-
tina, Chile), USA (California, Fiorida, Texas). Hosts:
Especially Citrus.

Scale reddish on host; with well-developed scleroses anterior to prevulvar apophysis
(fig. 25.14) California red scale, Aonidiella aurantii

Distribution: USA (Alabama, California, Florida,
Georgia, Texas); widespread throughout warm parts of
the world. Hosts: Especially Citrus.

12 Spiracular pores near anterior spiracles (fig. 25.15) 13
Spiracuiar pores absent (fig. 25.17) 14

13 Second lobes each with 2 lobules; medial lobes fused at base; with more than 50
perivulvar pores (fig. 25.15)-----------— white peach scale, Pseudaulacaspis pentagona
white prunicola, Pseudaulacaspis prunicola

Distribution: Worldwide: Hosts: Polyphagous; white
prunicola, especially Prunus.

Second lobes simple, with 1 lobule; median lobes separate at base; with less than
50 perivulvar pores (fig. 25.16) chaff scale, Parlatoria pergandii

Distribution: Worldwide. Hosts: Especially Citrus.

14 Prepygidial abdomen with isolated cluster of submarginal, dorsal ducts on each
side (fig. 25.17) Florida red scale, Chrysomphalus aonidum

Distribution: Throughout warm areas of the world.
Hosts: Polyphagous, especially Citrus.

Prepygidia! abdomen with submarginal, dorsal ducts scattered along posterolateral

margin (fig. 25.18) 15
15 Dorsal tubular ducts less than 5 times as long as wide; median lobes approximately
parallel (fig. 25.18) oleander scale, Aspidiotus nerii

Distribution: Widespread; occurring out-of-doors in
warm areas. Hosts: Polyphagous.

Dorsal tubular ducts more than 5 times as long as wide; median lobes apically
convergent (fig. 25.19) latania scale, Hemiberlesia lataniae

Distribution: Widespread; occurring out-of-doors in
warm areas. Hosts: Polyphagous.

16 8-shaped pores somewhere on body (normally in a band near body margin) (fig. 25.20)
pit scales, Asterolecaniidae

8-shaped pores absent (fig. 25.21) 17
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22

23

Scale insects (Coccoidea, Homoptera)

Anal region with 2 anal plates forming an operculum (fig. 25.21). Coccidae (soft
scales) 18
Anal region without plates (fig. 25.23) 19

Ventral tubular ducts in a band around body margin (absent from area between legs);
inner filament of tubular ducts swollen (fig. 25.21)--—-hemispherical scale, Saissetia coffeae

Distribution: Widespread; occurring out-of-doors in
warm areas. Hosts: Polyphagous.

Ventral tubular ducts in area between middie pair of legs (rare or absent near body
margin); inner filament of tubular ducts not swollen (fig. 25.22)
brown soft scale, Coccus hesperidum

Distribution: Widespread; occurring out-of-doors in
warm areas. Hosts: Polyphagous. See also fig. 25.4.

Body without ostioles, cerarii, and circulus; tubular ducts invaginated; in life, without
mealy secretion except on venter; without marginal filaments (fig. 25.23)
eriococcid scales, Eriococcidae

Body with ostioles, cerarii, circulus, and noninvaginated tubular ducts (fig. 25.24);
in life, covered with mealy, white secretion and bearing several marginal filaments
(fig. 25.2). Pseudococcidae (mealybugs) 20

With 18 pairs of cerarii; ventral anal-lobe area with a narrow, sclerotized bar (fig. 25.24)
citrus mealybug, Planococcus citri

Distribution: Widespread; occurring out-of-doors in
warm areas. Hosts: Polyphagous, especiaily Citrus.

With less than 18 pairs of cerarii; without narrow, sclerotized bar on anal lobe (fig.

25.25) 21
Oral-rim tubular ducts present (fig. 25.25). Genus Pseudococcus --------smemmseeeee- 22
Oral-rim tubular ducts absent (fig. 25.27) 23

Many dorsal cerarii with 2 or more associated oral-rim tubular ducts; multiocular pores
restricted to posterior 2 or 3 abdominal segments (fig. 25.25)
longtailed mealybug, Pseudococcus longispinus

Distribution: Widespread; occurring out-of-doors in
warm areas. Hosts: On many tropical plants. See also
fig. 25.2.

Dorsal cerarii with at most 1 associated oral-rim tubular duct; multilocular pores on
at least posterior 5 or 6 abdominal segments (fig. 25.26)
grape mealybug, Pseudococcus maritimus

Distribution: USA. Hosts: Especially grapes and
deciduous fruit trees.

Dorsomedial areas with conical setae about same size as conical cerarian setae (fig.
25.27) coconut mealybug, Nipaecoccus nipae

Distribution: Most warm areas of the world. Hosts:
Many hosts, especially patlms.

Dorsomedial areas with slender setae unlike conical cerarian setae (fig. 25.28). Genus
Dysmicoccus 24
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24 Setae on dorsomedial area of abdominal segments VIl and IX noticeably longer than
setae on rest of dorsum (fig. 25.28)--------pineapple mealybug, Dysmicoccus brevipes

Distribution: Primarily the New World, but also reported
from Africa, Asia, and Oceania. Hosts: Polyphagous,
especially pineapple.

Setae on dorsomedial area of posterior abdominal segments about same length as
those on rest of dorsum (fig. 25.29)
gray pineapple mealybug, Dysmicoccus neobrevipes

Distribution: Mexico, Oceania. Hosts: Polyphagous.

hamulohaltera

Figure 25.1 Brevennia rehi (Lindinger)
(Pseudococcidae), male, dorsal (left) and ventral
(right) views. (Drawing by D.R. Miller.)
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Scale insects (Coccoidea, Homoptera)
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Figure 25.2. Longtailed mealybug,
Pseudococcus longispinus (Pseudococcidae),
female, dorsal view. (Drawing by P.J. Hollyoak.)
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Figure 25.3. An armored scale (Diaspididae): A,
scale cover, dorsal view, actual appearance; B,
same, diagrammatic; C, D, E, lateral views,
diagrammatic, of longitudinal sections through
scale cover. (Drawings by J.A. Davidson.)
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Homoptera)
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Figure 25.4. Brown soft scale, Coccus
hesperidum (Coccidae), female, dorsal view.
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Figure 25.5. Greenhouse orthezia, Orthezia
insignis Browne (Ortheziidae).
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o7 S
[ Do

W tarsus

claw

anal
< orifice

000

section abdominal section
of spiracle of
derm derm

Fig 25.6. Icerya seychellarum (Westwood)
(Margarodidae).
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preanal
scar

median
lobe

pygidium——[

Figure 25.7. Lesser snow scale, Pinnaspis
strachani (Diaspididae).

pygidium

Figure 25.8. Fern scale, Pinnaspis aspidistrae
(Diaspididae).
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Scale insects (Coccoidea, Homoptera)

third lobe

L__,—second lobe
\/ median
lobe
Figure 25.9. Citrus snow scale, Unaspis citri
(Diaspididae).
o perivulvar
7 pores
P
marginal
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marginal .
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kit ‘ second lobe
pygidium \/ median

lobe

Figure 25.10. Glover scale, Lepidosaphes
gloveri (Diaspididae).
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perivulvar
pores

second
lobe

pygidium

Fig 25.11. Purple scale, Lepidosaphes beckii

(Diaspididae).

pygidium

pygidial lobes

Figure 25.12. San Jose scale, Quadraspidiotus
perniciosus {Diaspididae).
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Figure 25.13. Yellow scale, Aonidjella citrina
(Diaspididae): Left, dorsalfventral habitus; right,
dorsal/ventral detail of pygidium.
T scleroses T

prosomal o
lobe pygidium

4, prevulvar
apophysis

pygidial
lobes

Figure 25.14. California red scale, Aonidiella
aurantii (Diaspididae): Left, dorsaliventral
habitus; right, dorsal/ventral detail of pygidium.
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Figure 25.15. White peach scale,
Pseudaulacaspis pentagona (Diaspididae).
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pygidium

Figure 25.16. Chaff scale, Parlatoria pergandii
(Diaspididae): Left, dorsal/ventral habitus; right,
dorsal/ventral detail of pygidium.
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Figure 25.17. Florida red scale, Chrysomphalus
aonidum (Diaspididae)

tubular
duct

pygidium

Figure 25.18. Oleander scale, Aspidiotus nerii
(Diaspididae).
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perivulvar

Figure 25.19. Latania scale, Hemiberlesia
lataniae (Diaspididae).

438




Scale insects (Coccoidea, Homoptera)
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Figure 25.20. A pit scale, Asterolecanium sp.
(Asterolecaniidae).
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Figure 25.21. Hemispherical scale, Saissetia
coffeae (Coccidae).
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Figure 25.22. Brown soft scale, Coccus
hesperidum (Coccidae).
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Figure 25.23. Eriococcus coccineus Cockerell
(Eriococcidae).
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Figure 25.24. Citrus mealybug, Planococcus

citri (Pseudococcidae).
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Figure 25.25. Longtailed mealybug,

Pseudococcus longispinus (Pseudococcidae).
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Figure 25.26. Grape mealybug, Pseudococcus
maritimus (Pseudococcidae).
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Figure 25.27. Coconut mealybug, Nipaecoccus
nipae (Pseudococcidae).
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Figure 25.28. Pineapple mealybug,
Dysmicoccus brevipes (Pseudococcidae).
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Figure 25.29. Gray pineapple mealybug,
Dysmicoccus neobrevipes (Pseudococcidae).
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Gordon Gordh

Department of Entomology
University of California
Riverside CA 92521
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Insect and Mite Pests in Food

The Order Hymenoptera is among the largest and most
highly evolved group within the Class Insecta. More than
100,000 species have been described and uitimately this
number will be substantially larger when the taxonomic
diversity of this order becomes more fully understood. This
order is especially interesting because of its biological
diversity. Some species are phytophagous, feeding on
many agricultural and ornamental plants, but most of the
species are beneficial in that they pollinate angiosperms or
prey upon or parasitize destructive insects.

Most of the hymenopterous insects found in stored food
are associated with stored-product pests. All the
Hymenoptera known to be associated with stored products
are members of the Suborder Apocrita (= Clistogastra or
Petiolata). These insects may be recognized readily by the
characteristic modifications of the thorax and abdomen:
The first abdominal segment (propodeum) has become
fused with the thorax and separated from the rest of the
abdomen by a narrow constriction. The movable portion of
the abdomen is called the gaster (the term used in this
key) or metasoma (3). Wings, when present, are mem-
branous; hind wings have no more than two ciosed celis
(see fig. 26.2B).

The many species associated with stored products, all
belonging to the Suborder Apocrita, do not comprise a
homogenous group. Member species belong to several
distantly related groups: Ichneumonoidea (Braconidae,
Ichneumonidae), Evanioidea (Evaniidae), Chalcidoidea
(Chalcididae, Encyrtidae, Eulophidae, Eupelmidae,
Eurytomidae, Pteromalidae, Trichogrammatidae), and
Chrysidoidea (Bethylidae).

In some species males are rare or unknown, so | have
excluded them from consideration here. The following key
is based on female wasps. Selected morphoiogical
features are shown in figures 26.1 and 26.2, drawings that
are based on those of Graham (2). Where specimens for
some species were not available for study, | selected
characters from the literature. In some instances in this
key | have relied heavily on recently published keys, such
as that of Evans (7) for the Bethylidae. Sometimes it has
not been possible to provide keys to species in certain
genera because the taxonomy of the group is too un-
certain. For exampie, this key gives generic names only
for many pteromalids and trichogrammatids. Specific iden-
tifications can be done only by specialists in these groups.
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Parasitic wasps (Apocrita, Hymenoptera)

{ notaulus
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Figure 26.1. Selected morphological features of
femaie Apocrita: A, body, dorsal view; B, head,
anterior view; C, antenna; D, thorax, dorsal
view. (Drawings by P. Mote.)
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adstigmal setae

pmyv

sty

marginal fringe

A chaicidoid
wasp

smy

B aculeate wasp
(nomenclature according
to Townes, 4)

Figure 26.2. Wings of female Apocrita: A,
forewing with reduced venation; B, wings with
well-developed venation. The abbreviations
given here apply to all wing drawings in this
chapter. Veins: a, anal; br, brachielia; bv, basal;
¢, costal; cu, cubital; cub, cubitelia; d, discoidal;
ic, intercostal; md, mediella; mdv, median; mv,
marginal; n, nervellus; pmv, postmarginal; r,
radial; rd, radiella; rv, recurrent; scv, subcostal;
sd, subdiscoidal; sm, submedius; sme,
submediella; smv, submarginal; st, stigma; stv,
stigmal; tm, transverse median. Cells: A, anal;
AR, areolet; B, basal; CO, costal; CU, cubital;
D, discoidal; DC, discocubital; FB, first brachial;
FCU, first cubital; FD, first discoidal; M,
marginal; MD, median; R, radial; SB, second
brachial; SCU, second cubital; SD, second
discoidal; SM, submarginal; SMD, submedian;
TCU, third cubital; TD, third discoidal. {Drawings
by P. Mote.)
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KEY TO PARASITICA
IN STORED PRODUCTS

Drawings by G. Gordh, P. Mote,
and S. McAipine.

Parasitic wasps {(Apocrita, Hymenoptera)

1 Petiole attached high on propodeum, well removed from coxa Il (1A). Evaniidae (en-
sigh wasps) 2

Petiole long, cylindrical; gaster strongly compressed.
Petiole attached near or above base of coxa Ill {petiole frequently obscured) (1B) ---- 4

Petiole length variable.

1A Evania

1B Eupelmus

2 Tibia and tarsus lll with conspicuous spines-----lesser ensign wasp, Szepligetella sericea

Distribution: Pacific islands from Hawaii to the Philip-
pines and New Guinea. Hosts: Blattaria (oothecae).

Tibia and tarsus 1l without conspicuous spines 3

3 Face and gena with longitudinal oblique striae (3A)

Prosevania fuscipes

Distribution: Asia, Europe, Nearctic, North Africa. Hosts:
Blattaria {oothecae).

Face and gena smooth, bearing a few fine punctures (3B) -~-------—------ Evania appendigaster

Distribution: Worldwide. Hosts: Blattaria (oothecae).

3A Prosevania 3B Evania
fuscipes appendigaster
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4 Forewing venation reduced but always with a costal cell, marginal vein, stigmal vein,

and usually a postmarginal vein (4A, 12B; compare with 43A&B, 44A&B). Chalcidoidea
(chalcids) 5

Antenna with 13 or fewer segments, including annular
ring segments (4B); antennal club frequently formed
from fused segments; postmarginai vein sometimes
absent, as in Tetrastichus spp. (12D).

Forewing with many veins (4C); or if venation is reduced, then configuration not as above;
or wings absent 35

Antenna with 12 or more segments; annular ring
segments absent.

pmv

4A Paraolinx
typica

4B Pteromalus

4C ichneumonid
wasp
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Parasitic wasps (Apocrita, Hymenoptera)

5 Scutellum with 2 toothlike projections (5A). Chalcididae (chalcidids). Genus Antrocephalus 6

Body rather robust; coxa and femur Il enlarged and
plump; femur Il often with tubercles along ventral
margin (5B); head with a sharp carina along medial
margin of compound eye and extending behind median
ocellus (5C).

Scutellum without apical projections (5D) 7

Body not as robust; femur Hi without tubercles (5E);
head usually lacking a sharp carina, but if present, then
not extending behind ocellus (5F).

<

19

5A Antrocephalus 5D diagrammatic

=]

5B Antrocephalus SE Pteromalus

.

5C Antrocephalus 5F diagrammatic
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6 Median carina of propodeum curved or arched Antrocephalus mahensis

Distribution: Seychelles. Hosts: Pyralidae.

Median carina of propodeum straight Antrocephalus aethiopicus

Distribution: Ethiopian. Hosts: Pyralidae.

7 Mesopleuron convex, enlarged, not impressed (7A); pleural sutures not evident in lateral
aspect; spur of tibia Il enlarged and bluntly rounded apically (7B). Eupeimidae

(eupelmids). Genus Eupelmus 8
Mesopleuron not convexly enlarged, usually distinctly impressed (7C); pleural sutures
evident; spur of tibia Il not enlarged, usually pointed (7D) 9

wy

7A Eupelmus 7B Eupelmus
7C Trichogramma 7D Eulophus
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Parasitic wasps (Apocrita, Hymenoptera)

8 Gonostyli {(ovipositor sheaths) mostly whitish but with base and apex dark--- Eupelmus javae
Distribution: Indo-Australian. Hosts: Larval Coleoptera.

Gonostyli mostly bluish with yellow coloration surrounding the medial portion
Eupelmus cushmani

Distribution: Nearctic. Hosts: Araecerus fasciculatus; also
known from Acanthoscelides ochraceicolor (Pic),
Anthonomus grandis grandis Boheman, Cylindrocopturus
adspersus (LeConte), C. longulus (LeConte), Lixus
scrobicollis Boheman, Mimosestes nubigens
(Motschulsky), Trichobaris texana LeConte.

9 Tarsal formula 3-3-3; body minute, less than 0.75 mm long. Trichogrammatidae
(trichogrammatid wasps) Trichogramma

Distribution: Worldwide. Hosts: Lepidopteran eggs. See

7C.

Tarsal formula 4-4-4 or 5-5-5; body length always greater than 1.0 mm----------—------— 10

10 Tarsal formula 4-4-4. Eulophidae (eulophids) 11
Tarsal formula 5-5-5 16

11 Notauli incomplete, not extending posteriorly to transscutal suture (11A)

Entedon longiventris
Distribution: Palearctic. Hosts: Coleopteran larvae.

Notauli complete, extending from posterior margin of pronotum to transscutal suture (11B) 12

11A eulophid 11B eulophid
wasp wasp
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12 Scutellum without 2 grooved lines (similar to 12A); postmarginal vein as long as or longer
than stigmal vein (12B); submarginal and marginal veins smoothly joined (12B)
Paraolinx typica

Formerly called P. nigriventis.
Distribution: Eastern Nearctic. Hosts: Grapholita molesta,
Pyroderces rileyi.

Scutellum with 2 longitudinal, parallel, grooved lines (12C); postmarginal vein absent
(12D); submarginal and marginal veins not smoothly joined (12D)--------—-----==-----——- 13

pmv

12A eulophid 12B Paraolinx
wasp typica
“\\l
stv
— '
12C Tetrastichus 12D Tetrastichus

13 Pronotum unusually long, campanulate (13A); thorax depressed; genal suture absent
Melittobia chalybii

Distribution: Nearctic. Hosts: Blattaria (oothecae), various

Hymenoptera.
Pronotum not unusually long (13B); thorax mostly convex; genal suture present —-------- 14
13A Melittobia 13B Tetrastichus
chalybii




Parasitic wasps (Apocrita, Hymenoptera)

14 Propodeum with a median longitudinal carina and 2 lateral (transverse) carinae (14A)
Tetrastichus periplanetae

Distribution: Ethiopian. Host: Periplaneta americana. See
also text figure 26.1A.

Propodeum with only a median longitudinal carina (14B) 15

<AL >

14A Tetrastichus 14B Tetrastichus
periplanetae

15 Setae on mesoscutum uniformly distributed over surface (contiguous with median
longitudinal sulcus) (15A) Aprostocetus (Tetrastichodes) hagenowii

Distribution: Nearctic. Hosts: Blattaria (oothecae).

Setae on mesoscutum arranged in 3 to 5 rows adjacent to notauli (absent from meson)
(15B) Tetrastichus coerulescens

Distribution: Nearctic. Hosts: Larval Lepidoptera.

A
{7

15A Aprostocetus 15B Tetrastichus
hagenowii coerulescens
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16 Pronotum quadrate in outline when viewed from above (16A); gaster compressed.
Eurytomidae (seed chalcids, eurytomids) 17

Head and thorax strongly punctate; body without metallic
coloration.

Pronotum not quadrate when viewed from above (16B), or if quadrate, then gaster not
compressed. Pteromalidae (pteromalids) 19

Head and thorax usually not punctate, but if punctate,
then body not robust and usually depressed, with head
prognathous; body frequently with metallic or pale
coloration.

16A Eurytoma 16B pteromalid
wasp

17 Metanotum shorter than scutellum when viewed from above; coxa Ill and petiole each
without a dorsal longitudinal channel Eurytoma tylodermatis

Distribution: Nearctic. Hosts: Larvae of Lepidoptera and
Coleoptera.

Metanotum longer than scutellum when viewed from above; coxa lll and petiole with
a dorsal longitudinal channel. Genus Aximopsis 18

18 Legs mostly reddish Aximopsis tephrosiae

Distribution: Indo-Australia. Host: Araecerus
fasciculatus.

Legs mostly black Aximopsis javensis

Distribution: Indo-Australian. Host: Araecerus
fasciculatus.
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Parasitic wasps (Apocrita, Hymenoptera)

19 Antenna without annular ring segments (19A); notauli complete, extending from pronotum

to transscutal suture (19B) 20
Antenna with at least 1 annular ring segment (19C); notauli incomplete, not extending

from pronotum to transscutal suture (19D) 26
19A Spalangia 19C Cerocephala 19B Spalangia 19D Pteromalinae

20 Antenna inserted at extreme anterior margin of head on facial lobes that extend ventrad
of clypeus (20A); tibia Ill with 1 spur; body black or weakly metallic; head and thoracic
dorsum with pits Spalangia

Distribution: Worldwide. Hosts: Puparia of Diptera. See
also 19A&B.

Antenna inserted at a point at least slightly separated from extreme anterior margin of
head (not inserted on facial lobes) (20B); tibia Il with 2 spurs; body usually a pale
color, but if dark, then lacking pits on head and thorax 21

20A Spalangia 20B diagrammatic
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21 Forewing without a conspicuous tuft of setae at junction of submarginal and marginal
veins (21A); eye with conspicuous setae Ptinobius

Distribution: Nearctic. Hosts: Coleoptera.

Forewing with a conspicuous tuft of setae at junction of submarginal and marginal veins

(21B); eye without conspicuous setae 22
21A Ptinobius 21B Choetospila
elegans
22 Antennal funicle 5-segmented Choetospila elegans

Distribution: Worldwide. Hosts: Lasioderma serricorne,
Stegobium paniceum, Sitophilus granarius, S. linearis, S.
oryzae, Sitotroga cerealella. See couplet illustration 28C
in chapter 18.

Antennal funicle 6-segmented 23

23 Antenna inserted well below level of ventral margin of compound eye (23A)
Theocolax formiciformis

Usually micropterous. Distribution: Indo-Australian,
Palearctic. Hosts: Anobium spp.

Antenna inserted at or above ventral margin of compound eye (23B). Genus
Cerocephala 24

Usually macropterous.

—~ R

23A Theocolax 23B Cerocephala
formiciformis
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24

25

26

27

28

29

Parasitic wasps (Apocrita, Hymenoptera)

Pronotum finely and completely longitudinally striate --------------------o----- Cerocephala aquila

Distribution: Indo-Australian. Hosts: Coleoptera.

Pronotum smooth 25

Antennal scape less than 3.6 times as long as wide; infuscation of forewing weak
or absent Cerocephala cornigera

Distribution: Palearctic. Host: Hylesinus orni (Fuchs).

Antennal scape about 4 times as long as wide; infuscation of forewing beneath stigmal
vein well developed Cerocephala rufa

Distribution: Palearctic. Host: Anobium punctatum.

Antenna with 3 annular ring segments and 5 funicular segments ------------------------- 27

Antenna with 2 annular ring segments and 6 funicular segments ------------------------- 29

Mandibles asymmetrical, one with 4 teeth, the other with 3 ------------- Meraporus requisitus
Distribution: Nearctic. Host: Sitophilus oryzae.

Both mandibles with 4 teeth 28

Underside of forewing without long curved setae Anisopteromalus

Distribution: Worldwide. Hosts: Coleoptera,
Lepidoptera.

Underside of forewing posterior to marginal vein with a row of long curved setae

Zatropis
Distribution: Nearctic. Hosts: Coleoptera.
Pedicel unusually long (29A) Dibrachys
Forewing margin without cilia. Distribution: Worldwide.
Hosts: Lepidoptera.
Pedicel not unusually long (similar to 29B) 30

Forewing margin usually with cilia (except
Tritneptis (Systellogaster) ovivora).

29A Dibrachys 29B Habrocytus
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30 Tibia Ill with 2 apical spurs 31
Tibia Ill with 1 apical spur 32
31 Apex of antennal club with stylus (31A); pronotal collar sharp Norbanus

Distribution: Worldwide. Hosts: Cephidae.
Apex of antennal club without stylus (31B); pronotal collar rounded------------------ Dimachus

Distribution: Palearctic. Hosts: probably Anobiidae.

31A Norbanus 31B Dimachus

32 Forewing with infuscated band Tritneptis (Systellogaster) ovivora

Distribution: Nearctic. Hosts: Blattaria (oothecae).

Forewing hyaline 33

33 Pronotum sharply margined; clypeus deeply incised Caenacis

Distribution: Worldwide. Hosts: Hymenoptera.

Pronotum not sharply margined; clypeus not deeply incised 34



Parasitic wasps (Apocrita, Hymenoptera)

34 Pronotum long, rounded (34A); face inflated (34B) Lariophagus

Distribution: Worldwide. Hosts: Coleoptera.

Pronotum short, transverse (34C); face not inflated (34D) Pteromalus

Distribution: Worldwide. Hosts: Coleoptera,
Lepidoptera. See also 4B, 5E.

—~

34A Lariophagus 34C Pteromalus
34B Lariophagus 34D Pteromalus
35 Head prognathous (35A); body depressed. Bethylidae (bethylid wasps)--------------- 36

Body shining black; ovipositor modified as a sting.

Head hypognathous (35B); body not depressed. Ichneumonoidea (ichneumonoid
parasitic wasps) 47

Body usually not shining black; ovipositor used as an
egg-tube.

e

35A Goniozus 35B braconid wasp
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36 Wing with a vein or a stub of a vein arising from basal vein (36A)
Goniozus emigratus

Distribution: Nearctic. Hosts: Larval Lepidoptera.

Predominantly wingless, but if winged, then with basal vein simple or absent, not
giving rise to a vein or a stub of a vein (36B) 37

36A Goniozus

emigratus
36B Laelius
37 Antenna with 13 segments (funicle segment | small in some species) ------------------ 38
Antenna with 12 segments 42
38 Clypeus with median lobe short, truncate (38A)--------===-===--seeeeeeu- Sclerodermus immigrans

Distribution: Hawaii, Oriental. Host: Caryedon serratus.

Clypeus with median lobe angularly or narrowly rounded (38B) 39

Q O
&

38A Sclerodermus 38B Laelius
immigrans centratus




Parasitic wasps (Apocrita, Hymenoptera)

39 Veins with long, conspicuous setae; radial vein very short, at most slightly longer

than basal vein (39A). Genus Laelius 40
Veins without long, conspicuous setae; radial vein much longer than basal vein (similar
to 39B). Genus Holepyris 41

39A Laelius

39B Goniozus
emigratus

40 Wing hyaline Laelius centratus

Distribution: Nearctic. Hosts: Trogoderma ornatum, T.
simplex, T. variabile. See 38B.

Wing slightly dusky (infuscated) Laelius anthrenivorus

Distribution: Oriental. Hosts: Anthrenus spp.

41 Eye setose Holepyris sylvanidis

Distribution: Worldwide. Hosts: Oryzaephilus surinamen-
sis, Sitophilus oryzae, Tribolium confusum.

Eye without conspicuous vestiture of setae Holepyris hawaiiensis

Distribution: Worldwide. Host: Ephestia elutella.
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42 Radial vein absent (42A) or wings absent. Genus Cephalonomia -------------------------- 43
Radial vein present (at least in part) (42B); wings fully developed. Genus Plastanoxus 46

42A Cephalonomia

42B Plastanoxus

43 Forewing with a closed median cell (43A) Cephalonomia tarsalis

Distribution: Worldwide. Hosts: Oryzaephilus surinamen-
sis, Sitophilus oryzae.

Forewing without a closed median cell (43B) 44

43A Cephalonomia
tarsalis

43B Cephalonomia




Parasitic wasps (Apocrita, Hymenoptera)

44 Propodeum with a small dentiform process on each side (44A) ----Cephalonomia gallicola

Distribution: Worldwide. Hosts: Anobiidae, Ptinidae.

Propodeum without dentiform proce (44B) 45

44A Cephalonomia 44B Cephalonomia
gallicola
45 Thorax strongly depressed (45A) ------------ parasitic grain wasp, Cephalonomia waterstoni

Distribution: Worldwide. Host: Cryptolestes ferrugineus.

Thorax not strongly depressed other Cephalonomia

Distribution: Worldwide. Hosts: Coleoptera.

@@

45A Cephalonomia 45B Cephalonomia
waterstoni
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46 Radial vein gently curved (46A) Plastanoxus westwoodi

Distribution: Worldwide. Host: Cryptolestes pusillus.

Radial vein straight distally (similar to 46B) Plastanoxus chittendenii

Distribution: Holarctic. Hosts: Cis spp.

46A Plastanoxus
westwoodi

46B Plastanoxus

47 Forewing with 2 recurrent veins (47A). Ichneumonidae (ichneumons) ---------------—-- 48

Areolet (AR) often present.

Forewing with 1 recurrent vein (47B). Braconidae (braconid wasps) -------------------- 53

Aerolet absent

47A ichneumon
wasp

47B braconid
wasp




Parasitic wasps (Apocrita, Hymenoptera)

48 Gaster compressed; abdominal segments Il and IV deeper than wide ----------------- 49
Gaster depressed or cylindrical; abdominal segments Il and IV wider than deep- 52

49 Tibial spurs inserted in an area separate from area of tarsal insertion (49A)
Trathala flavoorbitalis

Clypeus separated from face by a groove; face usually
more or less pale. Distribution: Indo-Australian, Orien-
tal. Host: Ostrinia nubilalis.

Tibial spurs and tarsus inserted in a common area of tibia (49B)-----------=---w---e-em- 50

Clypeus usually confluent with face; face usually black.

49A Trathala 49B ichneumon
flavoorbitalis wasp

50 Gastral segment | near its basal third circular or depressed oval in cross section
Venturia canescens

Gastral tergum | never with a pit in front of spiracle.
Distribution: Worldwide. Hosts: Anagasta kuehniella,
Cadra figulilella, Ephestia elutella, Galleria mellonella,
Plodia interpunctella.

Gastral segment | near its basal third somewhat quadrate, trapezoidal, or triangular
in cross section 51
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51 Propodeal carina usually strong (51A) Diadegma

Distribution: Worldwide. Hosts: Lepidoptera.

Propodeal carina usually weak (51B) Limnerium ephestiae

Distribution: Worldwide. Hosts: Pyraloidea.

Q O

51A Diadegma 51B Limnerium
ephestiae

52 Spiracle of gastral tergum | located somewhat behind midlength of tergum (52A)
Mesostenus gracilis

Distribution: Worldwide. Hosts: Anagasta kuehniella,
Cadra figulilella, Ephestia elutella, Euzophera
semifuneralis (Walker), Zophodia convolutella (Hiibner);
also known from Ozamia fuscomaculella clarefacta
Dyar.

Spiracle of gastral tergum | located near or in front of midlength of tergum (52B)
Hypiscera curvata

Distribution: Neotropical. Hosts: Lepidoptera.

52A Mesostenus 52B Hypiscera
gracilis curvata




Parasitic wasps (Apocrita, Hymenoptera)

53 Clypeal margin concave (53A) 54
Clypeal margin arcuate (53B) 60

53A braconid 53B Apanteles
wasp

54 Occipital and prepectal carinae absent; maxillary palpus 5-segmented. Habrobracon 55
Occipital and prepectal carinae usually present; maxillary palpus 6-segmented---- 58

55 Gastral terga not shining Habrobracon crassicornis

Distribution: Palearctic. Hosts: Anagasta kuehniella;
also known from Sparganothis pilleriana (Denis &
Schiffermaller).

Gastral terga shining 56

56 Antenna 17 to 21 segmented, much longer than head and thorax combined
Habrobracon kitcheneri

Distribution: Indo-Australian, Palearctic. Hosts:
Lepidoptera.

Antenna 13 to 17 segmented, seldom longer than head and thorax combined ---- 57

57 Antenna 13 to 14 segmented, shorter than head and thorax combined
Habrobracon hebetor

Distribution: Worldwide. Hosts: Anagasta kuehniella,
Cadra cautella, Ephestia elutella, Galleria mellonella,
Plodia interpunctella, Sitotroga cerealella, Vitula ed-
mandsii serratilineella.

Antenna 15 to 17 segmented, slightly longer than head and thorax combined
Habrobracon brevicornis

Distribution: Palearctic, probably Nearctic. Hosts:
Ostrinia nubilalis; also known from Dioryctria abietella
(Denis & Schiffermidiller).
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58 Tibia | without a row or cluster of stout spines or pegs on anterior surface (58A)
Chremylus rubiginosus

Prepectus sometimes margined. Distribution: Palearc-
tic. Hosts: Lepidoptera.

Tibia | with a row or cluster of stout spines or pegs along anterior surface (58B)- 59

Prepectus always margined.

58A Chremylus 58B braconid
rubiginosus wasp
59 Forewing with 2 cubital cells (59A) Hecabolus sulcatus

Distribution: Palearctic. Hosts: Anobium punctatum,
Ptinus fur; also reported from Anobium rufipes
Fabricius, A. thomsoni Kraatz, Hylesinus varius
Fabricius, Ochina ptinoides (Marsham), Phloeosinus
bicolor (Brullé), P. thuyae Perris, Ptilinus spp.,
Phymatodes alni (L.).

Forewing with 3 cubital cells (59B) Spathius exarator

Distribution: Palearctic. Hosts: Coleoptera.

59A Hecabolus
sulcatus

59B Spathius
exarator




Parasitic wasps (Apocrita, Hymenoptera)

60 Occipital carina absent; spiracle of gastral tergum | situated on lateral membrane

of tergum, removed from sclerotized median plate (60A). Genus Apanteles------- 61
Occipital carina present; spiracle of gastral tergum | situated on lateral margin of
sclerotized median plate (60B) 63
f fo i g
60A Apanteles 60B diagrammatic
61 Mesoscutum dull, strongly and rather coarsely punctate----------------------, Apanteles araeceri

Distribution: Indo-Australian. Hosts: Araecerus
fasciculatus; also reported from Phalacris immarginatus
Champion.

Mesoscutum somewhat shining, not coarsely punctate 62

62 Propodeum with a distinct areola, usually margined by a strong carina (62A)
Apanteles carpatus

Distribution: Nearctic. Hosts: Tineola bisselliella; also
reported from Phereoica uterella (Walsingham), Tinea
pellionella (L.), Trichophaga tapetzella (L.).

Propodeum without a distinct areola, but with a median carina from base to apex (62B)
Apanteles nephoptericis

Distribution: Nearctic. Hosts: Anagasta kuehniella, Vitula
edmandsii serratilineella.

62A Apanteles 62B Apanteles
carpatus nephoptericis
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63 Radial cell long, radius nearly reaching wing apex (63A); gaster petiolate (63B)
Meteorus ictericus

Distribution: Holarctic. Hosts: Lepidoptera.

Radial cell very narrow, radius meeting wing margin far from apex (63C); gaster sessile
63D) Bassus (Agathis) hawaiicola

Distribution: Indo-Australian. Hosts: Lepidoptera.

63A Meteorus 63C Bassus (Agathis)
ictericus hawaiicola

”e

63B Meteorus 63D Bassus (Agathis)
ictericus hawaiicola
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27 ILLUSTRATIONS OF MAJOR PEST SPECIES

Approximate body length measurements of insects are
shown in millimeters in parentheses in the legend of each
plate. The scientific illustrators are credited in the ap-
propriate places on the following pages.
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lllustrations of Mites and Insects

MITES (ACARI)

These illustrations, drawn by R.L. Smiley unless otherwise
noted, are a continuation from part 1, chapter 1 (Mites), by
R.L. Smiley. See figure 1.2 and couplet illustrations 8A,
8B, 11C, 47A, 48A, 48B, and 59A in chapter 1 for addi-
tional habitus illustrations of mites.
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peritreme

fovea pedalis

Plate

3. Uropodid mites (Uropodidae): A,

Leiodinychus krameri, dorsal view of female; B,
Fuscuropoda sp., ventral view of female; C,
Fuscuropoda marginata, dorsal view of male.
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Insect and Mite Pests in Food

Plate 5. House fly mite, Macrocheles
muscaedomesticae (Macrochelidae), ventral view
of female. (Redrawn from 3 by C. Feller).
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lllustrations of Mites and Insects

Plate 6. Chicken mite, Dermanyssus gallinae

(Dermanyssidae), female: A, dorsal view; B,

ventral view. (Redrawn from 3 by C. Feller.)
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Plate 7. House mouse mite, Liponyssoides
sanguineus (Macronyssidae), female: A, dorsal
view; B, ventral view. (Redrawn from 3 by C.
Feller.)
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Plate 9. Ascid mites (Ascidae), females, ventral
views: A, Blattisocius dentriticus (for dorsal view,
see couplet illustration 8B); B, Blattisocius
tarsalis.
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lllustrations of Mites and Insects
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Plate 10. Blattisocius keegani
A, dorsal view; B, ventral vie
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lamellar .
seta % empodium
| //claw
interlamellar ! )%

sensillum

pteromorpha

Plate 11. Acariform mites (Acariformes),
females, dorsal views: A, a beetle mite,
Scheloribates sp. (Oribatulidae); B, itch mite,
Sarcoptes scabiei (Sarcoptidae) (redrawn from 3
by C. Feller).
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Plate 12. Scab mite, Psoroptes equi
(Psoroptidae), ventral views. (Redrawn from 3 by
C. Feller.)
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Plate 13. Astigmatid mites (Astigmata), females,
ventral views: A, brown flour mite, Gohieria
fusca (Glycyphagidae); B, driedfruit mite,
Carpoglyphus lactis (Carpoglyphidae).
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Illustrations of Mites and Insects

Plate 14. Warty grain mite, Aeroglyphus
robustus (Glycyphagidae), female: A, dorsal
view; B, ventral view; C, lateral view. (Redrawn
from 2 by C. Feller.)
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Illustrations of Mites and Insects

Plate 16. Scaly grain mite, Suidasia nesbitti
(Acaridae), female, dorsal view.
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Plate 17. Lardoglyphid mites (Lardoglyphidae)
dorsal views: A, Lardoglyphus zacheri, hypopus;
B, same, male; C, Lardoglyphus konoi, hypopus.
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lllustrations of Mites and Insects

Plate 18. Grain mite, Acarus siro (Acaridae),

dorsal views: A, female; B, hypopus.
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Plate 19. Acarus farris (Acaridae), dorsal views:
A, male; B, hypopus.
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lllustrations of Mites and Insects

Plate 20. Acarid mites (Acaridae), dorsal views:
A, Acarus immobilis, hypopus; B, cheese mite,
Tyrolichus casei, female.
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Illustrations of Mites and Insects

Plate 22. Acarid mites (Acaridae), dorsal views
of females: A, Thyreophagus entomophagus; B,
Rhizoglyphus robini (see also pl. 23).
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Illustrations of Mites and Insects

Plate 24. Caloglyphus berlesei (Acaridae), dorsal
view of gravid female.
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Plate 25. Histiostoma heinemanni
(Histiostomatidae), hypopus: A, dorsal view; B,
ventral view. (See also pl. 26 and 27.) (Redrawn

from 15 by C. Feller.)
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lllustrations of Mites and Insects

Plate 26. Histiostoma heinemanni
(Histiostomatidae), male: A, dorsal view; B,
ventral view. (See also pl. 25 and 27.) (Redrawn
from 15 by C. Feller.)

507



Insect and Mite Pests in Food

Plate 27. Histiostoma heinemanni
(Histiostomatidae), female: A, dorsal view; B,
ventral view. (See also pl. 25 and 26.) (Redrawn
from 15 by C. Feller.)
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lllustrations of Mites and Insects

Plate 28. Euroglyphus longior (Pyroglyphidae),
male: A, dorsal view; B, ventral view. (See also
pl. 29.) (Redrawn from 70 by C. Feller.)
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Plate 29. Euroglyphus longior (Pyroglyphidae),
female: A, dorsal view; B, ventral view. (See
also pl. 28.) (Redrawn from 70 by C. Feller.)
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lllustrations of Mites and Insects

Plate 30. Euroglyphus maynei (Pyroglyphidae),
male: A, dorsal view; B, ventral view. (See also
pl. 31.) (Redrawn from 70 by C. Feller.)
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Plate 31. Euroglyphus maynei (Pyroglyphidae),
female: A, dorsal view; B, ventral view. (See
also pl. 30.) (Redrawn from 70 by C. Feller.)
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lllustrations of Mites and Insects

erican house dust mite,
agoides farinae (Pyroglyphidae),
f ale.
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Plate 33. Prostigmatid mites (Prostigmata): A,
Leptotrombidium akamushi (Trombiculidae),
dorsal (left) and ventral (right) views of larva
(chigger); B, clover mite, Bryobia praetiosa
(Tetranychidae), dorsal view of female. (Figs.
redrawn from 3 by C. Feller.)

514



lllustrations of Mites and Insects

Plate 34. Cheletomorpha lepidopterorum
(Cheyletidae), dorsal view of female
(integumental striations not shown). (See
couplets 51-53 for illustrations of other
cheyletids.)
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Plate 35. Prostigmatid mites (Prostigmata),
dorsal views of females: A, Spinibdella bifurcata
(Bdellidae); B, Rhombognathides seahami
(Halacaridae).
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lllustrations of Mites and Insects

Plate 36. Prostigmatid mites (Prostigmata),
females, dorsal views: A, cockroach mite,
Pimeliaphilus cunliffei (Pterygosomatidae)
(redrawn from 7 by C. Feller); B, Tydeus sp.
(Tydeidae) (redrawn by C. Feller from original by
E.W. Baker).
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Plate 37. Scutacarus baculitarsus agaricus
(Scutacaridae), male, dorsal (left) and ventral
(right) views. (See also pl. 38.) (Redrawn from
22 by C. Feller.)
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Plate 38. Scutacarus baculitarsus agaricus
(Scutacaridae), female, dorsal (left) and ventral
(right) views. (See also pl. 37.) (Redrawn from
22 by C. Feller).
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Plate 39. Straw itch mite, Pyemotes tritici
(Pyemotidae), male: A, dorsal view; B, ventral
view. (See also pl. 40.)
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lllustrations of Mites and Insects

Plate 40. Straw itch mite, Pyemotes tritici
(Pyemotidae), dorsal views of females: A,
gravid; B, nongravid. (See also pl. 39.)
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late 41. Pygmephorus sellnicki
horid |

al (right) views; legs |
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lllustrations of Mites and Insects

1A\

Plate 42. Pseudopygmephorus smileyi
(Pygmephoridae), male: A, dorsal view; B,
ventral view. (See also pl. 43.) (Redrawn from
17 by C. Feller.)
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Plate 43. Pseudopygmephorus smileyi
(Pygmephoridae), female: A, dorsal view; B,
ventral view. (See also pl. 42.) (Redrawn from
17 by C. Feller.)
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lllustrations of Mites and Insects

Plate 44. Tarsonemus scaurus (Tarsonemidae),
dorsal views.

525




Insect and Mite Pests in Food

pharyngeal ,
structure N

\ A s
gland Sl \9’%// -:.

Transverse apodeme

Posterior median apodeme " -
., \ Apodeme Il
\ ;«’l’:y i N Apodeme IV
\ & ' Posterior median

Plate 45. Tarsonemus granarius (Tarsonemidae),
dorsal views.
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lllustrations of Mites and Insects

COCKROACHES (BLATTARIA)

These illustrations, drawn by A.D. Cushman unless
otherwise indicated, are a continuation from part 1,
chapter 2 (Cockroaches), by A.B. Gurney and F.W. Fisk.
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Plate 46. Blattid cockroaches (Blattidae), dorsal
views (drawings by C. Feller): A, Periplaneta
japonica, nymph; B, same, male (31-35); C,
same, female (31-35); D, smokybrown
cockroach, Periplaneta fuliginosa (31-35).
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Plate 47. Blattid cockroaches (Blattidae), dorsal
views: A, Australian cockroach, Periplaneta
australasiae (27-33); B, American cockroach,
Periplaneta americana (35-40); C, brown
cockroach, Periplaneta brunnea (31-37)
(drawing by C. Feller); D, harlequin cockroach,
Neostylopyga rhombifolia, female (20-25).
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Plate 48. Turkestan cockroach, Blatta lateralis
(Blattidae), dorsal views (male, 19-23; female,
22-25) (drawings by C. Feller).
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lllustrations of Mites and Insects

Plate 49. Blattid cockroaches (Blattidae), dorsal
views (drawings by C. Feller): A, Lamproblatta
sp., nymph; B, same, female (16-19); C,
Methana marginalis, nymph; D, same, adult
(28.2).
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Plate 50. Blattid cockroaches (Blattidae), dorsal

views

is

(drawings by C. Feller): A, Deropelt
erythrocephala, male (36-40); B, Pelmatosilpha

sp., female (17-21).
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lllustrations of Mites and Insects

Plate 51. Blattid cockroaches (Blattidae), dorsal
views: A, oriental cockroach, Blatta orientalis,
male (20-27); B, same, female (20-27); C,
Florida stinkroach, Eurycotis floridana, nymph;
D, same, adult (30-40).
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Plate 52. Blattellid cockroaches (Blattellidae),
dorsal views: A, false German cockroach,
Blattella lituricollis (11-12); B, field cockroach,
Blattella vaga (10-15) (drawings A&B by C.
Feller); C, German cockroach, Blattella
germanica, nymph; D, same, nymph; E, same,
adult (10-15).
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lllustrations of Mites and Insects

Plate 53. Blattellid cockroaches (Blattellidae),
dorsal views (drawings by C. Feller): A, Lupparia
sp. (10-12); B, Shawella couloniana, nymph; C,
same, adult (15-22); D, banana cockroach,
Nyctibora noctivaga, nymph; E, same, adult
(33-35).
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Plate 54. Blattellid cockroaches (Blattellidae),
dorsal views: A, little gem cockroach,
Aglaopteryx gemma, nymph; B, same, adult
(7.5-9.3) (drawings A&B by C. Feller); C,
brownbanded cockroach, Supella longipaipa,
nymph; D, same, male (10-14); E, same, female
(10-14).
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lllustrations of Mites and Insects

Plate 55. Blattellid cockroaches (Blattellidae),
dorsal views: A, spotted Mediterranean
cockroach, Ectobius pallidus (8-9.3); B, dusky
cockroach, Ectobius lapponicus, male (9.5-11.3);
C, same, female (6.8-7.9); D, forest cockroach,
Ectobius sylvestris, male (7.8-8.5). (Drawings
B-D by C. Feller.)
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Plate 56. Blattellid and polyphagid cockroaches,
dorsal views, A-C, wood cockroaches
(Blattellidae): A, Virginia woodroach, Parcoblatta
virginica, male (11.5-14.2); B, Pennsylvania
woodroach, Parcoblatta pennsylvanica, male
(22-30); C, same, female (13-20); D, sand
cockroach, Arenivaga sp. (Polyphagidae),
nymph; E, same, male (10.5-23.8) (drawings
D&E by C. Feller).
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lllustrations of Mites and Insects

Plate 57. Cryptocercid and blaberid
cockroaches, dorsal views: A, brownhooded
cockroach, Cryptocercus punctulatus (23-29)
(Cryptocercidae) (drawing by C. Feller); B-D,
Blaberidae; B, Cuban cockroach, Panchlora
nivea (15-20); C, Surinam cockroach,
Pycnoscelus surinamensis, nymph; D, same,
female (18-24).
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Plate 58. Indian cockroach, Pycnoscelus indicus
(17-18) (Blaberidae), dorsal views (drawings by
C. Feller).



lllustrations of Mites and Insects

Plate 59. Cinereous cockroach, Nauphoeta
cinerea (Blaberidae): A, nymph; B, adult (25-29).
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Plate 60. Giant cockroaches, Blaberus spp.
(Blaberidae), dorsal views: A, Blaberus craniifer,
nymph; B, same, adult (60-70); C, Blaberus
discoidalis (49) (inset shows shape of pronotum
in full dorsal view) (drawings by C. Feller); D,
Blaberus giganteus (70-80).
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lllustrations of Mites and Insects

Plate 61. Madeira cockroach, Leucophaea
maderae (Blaberidae): A, nymph; B, adult
(40-50).
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Notes and Sketches
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lllustrations of Mites and Insects

ADULT AND LARVAL BEETLES

This series of illustrations, drawn by A.D. Cushman unless
otherwise indicated, is a continuation from part 1, chapters
entitled ‘‘Adult Beetles (Coleoptera),” by J.M. Kingsolver
and ‘‘Larval Beetles (Coleoptera),” by D.M. Anderson.
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Plate 62. Coffee bean weevil, Araecerus
fasciculatus (Anthribidae): A, larva (4.5-6)
(drawing by M. Ryan); B, adult (2-4.5) (drawing
by R. White).
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lllustrations of Mites and Insects

Plate 63. Grain beetles, Oryzaephilus
(Cucujidae): A-C, sawtoothed grain beetle, O.
surinamensis; A&B, larva (3) (drawings by C.
Feller); C, same, adult (1.8-3.5); D, merchant
grain beetle, O. mercator (2.2-3.5).
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Plate 64. Cerylonid and anthicid beetles: A,
oval grain beetle, Murmidius ovalis
(Cerylonidae), larva (1.9) (drawing by C. Feller);
B, same, adult (1.2-1.4); C, Anthicus sp.
(Anthicidae), larva (5) (drawing by C. Feller); D,
narrownecked grain beetle, A. floralis, adult
(2.7-3.5).
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lllustrations of Mites and Insects

Plate 65. Leaf beetles (Chrysomelidae)
(drawings by C. Feller): A, Colorado potato
beetle, Leptinotarsa decemlineata, larva (15); B,
same, adult (7-10.5); C, asparagus beetle,
Crioceris asparagi, larva (9) (for adults of C.
duodecimpunctata and C. asparagi, see pl.
1N&O).
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Plate 66. Grain beetles, Cryptolestes spp.
(Cucujidae) (drawings by C. Feller): A,
Cryptolestes sp., larva (3.5); B, flat grain
beetle, C. pusillus, adult (1.4-1.9).
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lllustrations of Mites and Insects

Plate 67. Anobiid beetles (Anobiidae): A,
drugstore beetle, Stegobium paniceum, larva
(3-4); B, same, adult (2.2-3.7); C, cigarette
beetle, Lasioderma serricorne, larva (3-4)
(drawings A&C by C. Feller); D, same, adult
(1.8-3) (drawings B&D by R. White).
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Plate 68. Endomychid and cucuijid beetles: A,
hairy cellar beetle, Mycetaea subterranea
(Endomychidae), larva (2.2-2.5) (drawing by C.
Feller); B, same, adult (1.5-1.8); C, foreign
grain beetle, Ahasverus advena (Cucujidae),
adult (2-3); D, squarenecked grain beetle,
Cathartus quadricollis (Cucujidae), adult (2-2.7);
E, Silvanus planatus (Cucujidae), adult (2.7-2.9).
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lllustrations of Mites and Insects

Plate 69. Raspberry fruitworm, Byturus unicolor
(Byturidae): A, larva (6) (drawing by C. Feller);
B, adult, (3.8-4).
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Plate 70. False powderpost beetles
(Bostrichidae) (drawings by C. Feller): A, larger
grain borer, Prostephanus truncatus, larva (3.6);
B, same, adult (3.3-4.5); C, bamboo
powderpost beetle, Dinoderus minutus, larva
(3); D, same, adult (2.6-3.5).
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Plate 71. Wood-boring beetles: A, lesser grain
borer, Rhyzopertha dominica (Bostrichidae), lar-
va (3-3.1); <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>