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BIONOMICS OF THE NABIDAE

John D. Latin
Systematic Entomology Laboratory, Department of Entomology, Oregon State Uni-
versity. Corvallis, Oregon 97331-2907

INTRODUCTION

The family Nabidae, or damsel bugs, is a small family of the true bugs
(Hemiptera: Heteroptera) containing 31 genera and approximately 380 species
(70, 72). While all known species are terrestrial, some species are found in
moist areas on the ground or at the edge of streams, ponds, and marshes (fresh
and saline) (77, 107). Nabidae prey on a variety of small invertebrates.
chiefly arthropods (7, 27, 61, 75). Some plant feeding by nabids may occur.
but no development follows (141), and it is likely that moisture is the chief
objective (25, 116). The predaceous habit, together with the widespread
occurrence of some species in a variety of ecosystems, particularly agroeco-
systems. has attracted the attention of entomologists.

Much of the world literature on the Nabidae is taxonomic (e.g. 51, 65. 67,
70. 107, 113-115. 135, 139). There have been few summaries of the family.
but there are two notable exceptions. Kerzhner (70) dealt primarily with the
nabids of the USSR, but he summarized morphology, life stages, parasites.
biogeography, fossils. and especially importantly, his own work on the
classification and phylogeny of the Nabidae. Pericart (107) dealt with the
Nabidae of the western Palearctic, treatin g each species in detail. Both books
have extensive bibliographies. Although many taxa found outside the Holarc-
tic region remain unknown to us biologically, much is now known about the
Palearctic species and, to a lesser extent. the Nearctic species. As our
knowledge grows, it is certain that we will discern considerable biotic diversi-
ty in the habits and habitats of the Nabidae.
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SYSTEMATICS

Position Within the Heteroptera
Leston et al (86) placed the family Nabidae within the superfamily Cimi-
coidea in the group Cimicomorpha, one of the two subdivisions of the
Geocorisae, or land bugs. Earlier, Carayon (16) had compared internal genital
organs and adult scent glands of the Nabidae and Reduviidae and concluded
that these two families were not closely related as had been suggested by
earlier workers (e.g. 114). China & Miller (23) considered the Nabidae close
to the Velocipedidae, a taxon sometimes included as a subfamily of the
Nabidae. Carayon (20) reviewed the status Of the Nabidae and included both
the Velocipedinae and the Medocostinae as subfamilies within the family.

Stys (146) considered the Medocostidae a distinct family. Stys & Kerzhner
(147) considered both the Medocostidae and the Velocipedidae as families
separate from the Nabidae. Kerzhner (70) placed the Nabidae within the
Cimicoidea in the Cimicomorpha and retained the Velocipedinae and Medo-
costinae within the family. Pericart (106) removed the Velocipedinae from the
Nabidae and elevated it to family status, but restored it to subfamily status in
1987. Schuh (121) reviewed the impact of cladistics on the classification of
the Heteroptera. He presented the current classification of the Heteroptera and
considered the cladistic work that had been done on various subgroups. Schuh
placed the Nabidae in the Cimicomorpha, and he removed both the Velo-
cipedinae and the Medocostinae and considered them distinct families. He
reviewed the Cimicomorpha and presented a cladogram of the group, based in
part upon the work of Kerzhner (70).

Family Classification
StAl (135) included three subfamilies in the Nabidae: Nabina, Coriscina, and
Pachynomina. Carayon (16) considered the Pachynominae as a taxon closer to
the Reduviidae and removed it from the Nabidae. He included the Scotomedi-
nae (= Velocipedinae) as a subfamily of the Nabidae, following BlOte (11).
Leston et al (86) concurred with Carayon. China & Miller (23) recognized
five subfamilies in the Nabidae: Nabinae, Prostemminae, Arachnocorinae,
Gorpinae, and Carthasinae. They considered the Velocipedidae and Pachyno-
midae as separate families. Carayon (20) included in the Nabidae four sub-
families, the Nabinae, Prostemmatinae, Velocipedinae, and Medocostinae,
with the last subfamily intermediate between the Velocipedinae and the
Nabinae. Kerzhner (70) recognized the same four subfamilies, with the
subfamily Nabinae divided into four tribes (Nabini. Arachnocorini. Carthasi-
ni, and Gorpini). Schuh (121) questioned the status of the Velocipedinae and
Medocostinae. and felt that additional information is needed to clarify their
position within the Cimicomorpha. He considered them as distinct families of
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uncertain position. Pericart (107) retained the Velocipedinae and Medocosti-
nae in the family Nabidae, along with the Nabinae and Prostemmatinae.
Additional work is needed to clarify the uncertainties associated with the
major subdivisions of the family.

The chromosomes of a number of species have been characterized (84, 89,
95, 96, 103). The type number for the family is 2n = 18 (16A + X + Y) (84).
While most species that have been investigated show this number, several
have 2n = 20, and Aptus mirmicoides is known to have 2n = 34 (84).
Supernumerary sex chromosomes have been reported from several species
(95). There is considerable disagreement over the mechanisms involved in the
increase in chromosome number (see e.g. 152. 153). Thomas (152) suggested
that the most likely explanation of autosome increase is aneuploidy.

BIONOMICS

Movement
Southwood (130) defined two types of animal movement, trivial and migra-
tory. Trivial movements occur within the habitat of the population, in contrast
to migratory movements, which carry the animal away (140). Most available
information on movement in the nabids is confined to members of the
subfamily Nabinae (15, 30, 32, 39. 75, 100, 157).

TRIVIAL MOVEMENT Nabids are active shortly after hatching and begin
feeding immediately, often on prey considerably larger than themselves
(100). Koschel (75) found that early instar nymphs of Himacerus apterus
lived on forbes and grasses but moved to shrubs and trees later in their life.
This species is one of the few that occurs regularly in trees (7, 15, 27, 75,
134, 145), where they have been reported to feed on a variety of prey.
Scudder (123) reported Nabicula vanduzeei from Pinus contorta in North
America. On cotton, adult nabids were found higher on the plant than the
nymphs (157). The adults also displayed a stronger preference for the fruits
than the nymphs. Diel movement occurs in nabids in grasslands; bugs were
found in the upper portions of grass at night (39). This movement might be a
response to microclimatic conditions rather than a nocturnal activity, since
there was no evidence that the nabids were not active during the day.
Soybeans sampled by sweeping at different times during the day showed no
significant change in numbers (32). Night activity has been documented for
Himacerus mirmicoides in the United Kingdom (30).

FLIGHT Adult Nabidae are winged insects, and some species are able to
move considerable distances (71). Nabis capsiformis is the most widespread
species and is pantropical in distribution. There is ample evidence that
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Nabidae fly. McPherson & Weber (93), working on the seasonal flight
patterns of Hemiptera in North Carolina, collected six species of nabids from
window traps set at different heights above the ground (1-7 m). The three
common species included Nabi.s. americoferus, Nabis roseipennis, and N.
capsiformis. Johnson & Southwood (64) collected Nabis ferus 50 ft above
the ground in aerial nets. Edwards (36), reporting on arthropods from
alpine aeolian ecosystems, mentioned Nabis alternatus as one of the five
species of insects taken on the summit of Mount Rainier, Washington.
A number of genera of nabids are commmonly taken in light traps (128):
specimens are always macropterous. Southwood (128) demonstrated Heter-
optera showing high levels of flight activity were associated with temp-
orary habitats. A high level of brachyptery may restrict nabids to stable
habitats.

Some nabids may be found high in the air. Glick (43) reported N. roseipen-
nis from 2000 ft and Hoplistoscelis sordidus from 1000 ft in Louisiana.
Specimens of N. capsiformis have been collected many miles from the nearest
land in the Atlantic, Pacific, and Indian Oceans (71). This species lives in
open areas, including coastal habitats, and is a generalist in its feeding habits.
Leston (83) considered the spread potential and island colonization of the
Heteroptera. While the family Miridae ranked highest, the Nabidae ranked
eighth of 15 families considered.

WING POLYMORPHISM Although many adult Nabidae have completely
developed (macropterous) wings, a number of species show considerable
wing polymorphism (microptery and brachyptery) (51, 81, 82, 137). Wing
reduction may be slight le.g. Nabis brevis (107)] or greatly reduced [e.g.
Phorticus brevipennis (68)]. In a few instances the wing reduction is unilater-
al rather than bilateral (82), although this is an aberrant condition. Nonethe-
less, wing reduction of some sort is common in the Nabidae. Of the 32 species
of nabids found in Europe and the Maghreb (107), 25 (78%) display some
form of wing reduction in some individuals. Seven (22%) are known in the
macropterous state only. Of the North American taxa in which sufficient
specimens were available to constitute an adequate sample, nine (32%)
species are known only from macropterous forms and 19 (68%) species have
some individuals showing some type of wing reduction. These percentages
will change as more information becomes available.

Brachyptery is common in insects on islands, including the Nabidae (66.
158). Zimmerman (158) discussed 26 species of nabids from the Hawaiian
Islands, and at least an equal number remain to be described. All known
species save one (N. capsiformis) are endemic to the islands. Twelve of the 26
species have at least partly modified wings. When the full study on this family
has been completed in the Hawaiian Islands, we will have a much better
understanding of the role of wing reduction in speciation and habitat utiliza-
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tion. Considerably more species of Nabidae are known from the Hawaiian
Islands than from North America or Europe.

Southwood (129) proposed a hormonal theory to explain wing polymor-
phism in the Heteroptera. He suggested that shortness of wings is a character
of the juvenile and is determined by the concentration of juvenile hormone.
He considered the reduction of wings in mountain forms of N. ferus (136,
137) as a case of metathetely, whereas he cited the occurrence of only four
n■,'mphal instars in Nabicula limbata (most Heteroptera have five) as an
example of prothetely. Nabicula limbata is most commonly found in the
brachypterous state, but according to Stchlik (136) the long-winged form is
found in cooler, mountainous circumstances (in contrast to the short-winged
form of N. ferus).

The degree of wing development influences dispersal capabilities (53).
Many of the species that show strong wing reduction are found in stable
habitats, especially on the ground (51, 59, 68, 75, 145). Fully winged
individuals (e.g. N. capsiformis) are often associated with temporary habitats,
including agroecosystems (37, 56. 128. 130. 132). In some instances the
brachypterous forms might be considered typical K-strategists and the
macropterous species r-strategists. Even though ready dispersal is normally
associated with r-strategists, Hamilton & May (48) suggested that dispersal
may be expected not only from species occupying patchy environments, but
also from those species found in uniform, permanent habitats. McPherson &
Weber (93) reported the capture of Pagasa fusca in aerial samples taken at
1-3 m in North Carolina. This species is a ground inhabitant and is usually
found in the brachypterous state.

Dispersal forms may occur in otherwise immobile populations. For ex-
ample, Freeman (41) reported a very rare macropterous female of a mirid,
Mecomma dispar, taken at 300 ft. Normally, only the male of this species is
macropterous (134). I collected over 1000 specimens of a species of Rha-
govelia (Veliidae) on a large river in Oregon. All were apterous except for a
single male and female.

INTRODUCTIONS Commercial activities influence the movement of insects,
and many species have been introduced into areas well removed from their
native range (78). Since the time of Columbus the North American continent
has received at least 1683 species, mostly from the western Palearctic region
(87, 119, 125); remarkably few species have gone in the opposite direction
(some notable exceptions include the grape phylloxera, fall webworm. and
Colorado potato beetle). At least two species of introduced Nabidae have been
found in North America: Nabis brevis and Anaptus major. Parshley (104)
reported that N. brevis was found "on nursery stock imported from England."
McAtee (91) objected to the inclusion of this record by Blatchley (10) on the
grounds that many insects are detected by agricultural inspectors, but Parsh-
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ley's citation does provide a specific record of a means of introduction. Nabis
brevis is usually slightly brachypterous, lives in moist environments, deposits
its eggs in grasses, and hibernates as an adult (107). The species does not
appear to have become established in North America (57).

Anaptus major is established in North America and is known from Califor-
nia, Oregon, Washington, and British Columbia on the Pacific Coast and
from New York and Pennsylvania in the eastern United States (5, 51, 57, 77,
122, 156). There is reasonable evidence that A. major was introduced (at least
in the Pacific Northwest) via ballast materials brought from Europe, particu-
larly the United Kingdom (77, 122). Southwood & Fewkes (133) reported this
species as ". . . common on wastelands" in England. Specimens have been
collected on disturbed sites around ports in Oregon, including areas close to
known ballast dump sites (J. D. Lattin, personal observations). Anaptus
major is fully winged, but its favored habitats are the ground and low
vegetation (107). In Europe this species may occur along the water's edge
together with Nabicula lineata (107, 134). A North American analog of N.
lineata, Nabicula propinqua, was collected with A. major in a coastal salt
marsh in Oregon (77).

Nabis ferus is a common, widespread species in the Palearctic region (70,
107). Before 1960 it was regarded as one of the most widespread species in
North America and was thought to represent an introduction from the Old
World (51). Then Carayon (19) demonstrated that the North American species
was actually distinct from N. ferus; he named the species N. americoferus. It
is curious that only A. major appears to have become established in North
America, and that none of the many Old World species of the genus Nabis
have done so. Careful attention to disturbed environments along both coasts
of North America may yet disclose exotic species.

Nabis capsiformis is a special case. This pantropical species is the most
widespread nabid known (52, 70, 71). It occurs only in the macropterous state
(107). Kerzhner (71) reported it as the only species recovered from aerial
samples taken over the Atlantic, Indian, and Pacific Oceans. Its status as an
immigrant is less certain, but Zimmerman (158) considered it so in Hawaii.
Collection of this species in Central Europe has been reported only occa-
sionally (69, 107, 138). While human activities may have had little or no role
in the dispersal of N. capsiformis, its ability to disperse is well established.

Mortality Factors

PARASITES A variety of organisms parasitize the eggs, nymphs, and adults
of Nabidae. Carayon (17) found protozoans and bacteria in the digestive tract
of nabids. He considered both groups to be parasitic. Further, he felt that the
bacteria were not of the symbiotic type found in some other Heteroptera
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(usually phytophagous taxa). Morrill (98) reported the presence of nematode
parasites in N. alternatus in the United States. Rubtsov (118) described a new
species of Mermithidae parasitizing a nabid from the far eastern Soviet Union.
Both parasitic (phytoseiid) and phoretic (trombidiiform) mites have been
found associated with Nabidae (22, 51, 70, 100). Chant & Lindquist (22)
described the otopheidominid (76) mite Nabiseius duplicisetus from the dorsal
surface of the abdomen of a nabid from Chile. Mundinger (100) observed a
trombidiid mite attached to a second-instar nymph of N. roseipennis. Pericart
(107) reported that only about 1% of the specimens of nabids that he ex-
amined had ectoparasitic mites associated with them.

Two families of parasitic flies have been reported from nabids, the Chlor-
opidae (70, 127) and Tachinidae (e.g. 70, 107). Smith (127) observed a
species of Elachipteron on the back of a nabid, inserting its ovipositor beneath
the hemelytra. Representatives of at least three genera of Tachinidae have
been reported parasitizing Nabidae: Leucostoma simplex, a Holarctic species,
has been reported from A. mirmicoides (58), N. ferus (35), N. alternatus (24,
98, 143, 150, 151, 154), N. americoferus (2, 55, 143), and N. capsiformis
(143); Hyalomya aldrichii, a species that sometimes parasitizes the lygaeid
Geocoris (24), was commonly encountered in N. alternatus, N. americoferus,
and N. capsiformis in Arizona (143); and Athrvcia cinerea was reared from N.
alternatus or N. americoferus (2). Parasitization by the last species was 3%
(2). This is quite low compared to parasitization rates recorded for L. simplex
of 24% in nymphs and 44% in adults of N. alternatus and N. americoferus
(24) and 6-28% in N. alternatus (98). Stoner et al (143) recorded parasitism
varying from 0 to 48.2% in Arizona for both L. simplex and H. aldrichii on N.
alternatus and N. americoferus. Percent parasitism was high in January, low
in the spring, high in midsummer, low in the fall, and then high again in the
winter. The nabids had two peaks in their populations, one in May and
another in November. The degree of parasitism lagged behind these popula-
tion peaks.

Hendrick & Stern (55) provided a detailed study of the development of L.
simplex on N. americoferus in California. The egg is inserted through the
intersegmental membrane of the abdomen, usually between the convexium
and the sternites. Both nymphs and adult bugs are attacked. The eggs hatch
three days later (at 80°F). There are three larval instars, and the total larval
period is about 26 days. Although superparasitism did occur in the laboratory,
it was rarely encountered in the field. The mature larva exits the bug quickly,
usually through the dorsal surface between the terminal abdominal tergites.
The host generally dies shortly thereafter. Pupation occurs quickly outside the
host and lasts for about 9 days before the adult emerges.

Three families of Hymenoptera parasitize Nabidae: Scelionidae and
Mymaridae on eggs and Braconidae on nymphs and adults. Southwood &
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particularly birds. The size of nabids makes them potential prey for many
invertebrate and vertebrate predators.

DISEASE The entomophagous fungus Verticillium lecanii has a wide geo-
graphical range and attacks a variety of insects although the fungus controls
aphids, it is also a potent killer of N. alternatus, a major predator of aphids
(50). The mortality rate of nabids dipped in a spore suspension was 82% (50).

Feeding
PLANTS Although the basic feeding strategies of Heteroptera have been the
subject of some debate (25. 26, 148), the nabids are known to be largely
predaceous. Some plant feeding has been observed, however (73, 116, 141).
Ridgway & Jones (116) used cotton plants labeled with 32 P to demonstrate
plant feeding. Their experiments indicated that nabids could be exposed to
systemic insecticides applied to cotton plants. Indeed, systemic chemicals
have reduced Nabis populations (80). Stoner (141) noted plant feeding but
indicated that, while longevity increased, no nymphal growth occurred. The
plant-feeding habits of N. alternatus have been implicated in the possible
spread of a yeast (Nematospora corvli) found in Brassica juncea seed grown
in Canada (13). The yeast was recovered from the nabids during the summer,
but overwintering individuals tested negative: however, the test sample of
bugs was small. The relationship between the bug and the yeast is not clear;
the bug may acquire the yeast by feeding on insects that have fed on the
plants.

ANIMAL PREY The mandibles of the Nabidae project ahead of the maxillae
during penetration of animal prey (25). Both mouthparts have serrated tips.
Arnold (3) observed nabids touching their potential prey with the foreleg
several times prior to inserting the mouthparts; he proposed that this action
accustomed the prey to the predator's touch.

Feeding is essential to growth and development, but the insect is able to
survive short periods without food (75). At 17°C. the average survival time
without food for nymphs of H. apterus was 15.9 days (75); younger nymphs
died earlier than older nymphs. Most nabids overwinter in the adult stage and
thus are able to go long periods without food.

Most of the prey of Nabidae are small invertebrates, chiefly insects (15, 70,
107). Collyer (27) reported H. apterus, a tree-inhabiting nabid. as an occa-
sional predator of the red spider mite in orchards. The same nabid is a known
predator of many insects in trees (75, 145). Most types of insect prey of
nabids are plant-feeding species, but nabids sometimes attack predaceous
insects, including members of their own species (63, 75). Nabis alternatus
feeds on the lygaeid Geocoris punctipes, an important predator in some
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agroecosystems (4). Several genera within the nabid subfamily Pro-
stemmatinae (e.g. Prostemma, Alloeorhynchus, and Pagasa) are known pred-
ators of other Lygaeidae, particularly members of the Blissinae, Geocorinae,
and Rhyparochrominae (20, 42, 51, 70, 107, 112). These particular nabids
and lygaeids live on the ground. Froeschner (42) and Reinert (112) reported
two Pagasa species feeding on two different species of chinch bugs, both
pests of considerable importance. A number of nabid species are predators of
Miridae, and especially the genus Lygus (108, 109, 149, 155). Smaller
nymphal nabids can handle smaller prey; the larger damsel bugs can handle all
life stages of Lygus. Immunological techniques have been used to demon-
strate that N. americoferus (like N. ferus) is a predator of Lygus spp. (155).

Nabids are confirmed predators of leafhoppers in all stages, including the
beet leafhopper and the potato leafhopper (40, 74, 90). Nabids also prey upon
aphids of many different species, including a number of species of economic
importance (9, 21, 47, 63, 79, 111, 117). The polyphagous feeding habits of
the nabids make them less effective than species-specific predators against
specific prey species.

Among the Coleoptera, species of the Chrysomelidae have been reported as
prey for nabids, including the Colorado potato beetle (38, 44, 94, 105). Two
nabid species were considered major predators on two species of goldenrod
leaf beetles (94). Eggs and larvae of Lepidoptera constitute common prey for
many Nabidae, with feeding usually concentrated on the smaller stages (31,
92, 120, 126). Several native nabids attack the introduced Hyphantria curea
in the Soviet Union (7). One of these, H. apterus (F.), one of the few
tree-inhabiting nabids, was reported as a predator of the gypsy moth (Lyman-
tria dispar) in the Ukraine (29) and on a variety of geometrid larvae in Poland
(145). As was the case with other prey, younger stages of nabids were able to
handle smaller prey, and the larger damsel bugs attacked most prey sizes.

Polyhedral inclusion bodies of a nuclear polyhedrosis virus of the moth
Heliothis punctigera were found in the feces of Nabis tasmanicus, one of the
predators of H. punctigera in Australia (6). A bioassay showed no loss of
infectivity during the passage through the nabid's gut. Cooper (28) reported
that 39% of field-collected N. tasmanicus adults contained polyhedra in their
feces. He considered this predator and a predatory pentatomid as potential
agents for disseminating infective polyhedra in the field.

Functional Role in Ecosystems

NATURAL ECOSYSTEMS The Nabidae are members of a guild of arthropod
predators found in different terrestrial ecosystems. They are often associated
with representatives of several other predaceous families of Heteroptera such
as Anthocoridae, Lygaeidae (Geocoris spp.), Miridae (Deraeocorinae and
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others). Pentatomidae (Asopinae). and Reduviidae. Although the Nabidae is a
small family of about 380 species (72) displaying rather modest ecological
diversity, there is some apparent ordering of habitat preferences. Southwood
(131) discussed the influence of the habitat on ecological strategies and
provided a good discussion of the r-K selection spectrum. Most known nabids
seem to be K strategists. particularly in regard to dispersal, since a high
percentage show some sort of \ling reduction. Further, some species display
restricted niche breadth. For example, the Prostemmatinae are found on the
ground and in the litter layer. usually closely associated with their prey,
ground-inhabiting Lygaeidae (20. 107). Himacerus apterus lives in the grass-
forbe zone in the first several nymphal instars and then moves up into trees
(75). Arachnocoris albomaculatus is adapted to live in spider webs, where it
apparently feeds on trapped insects (101). The usually brachypterous Nabicu-
la subcoleoptrata is a predator of several species of Chrysomelidae within its
range (38, 94). As discussed above, most of the prey species belong to certain
insect taxa, although nabids appear to have the capacity to attack a number of
other arthropods. Indeed, some species are generalist feeders and can be
considered r-strategists.

AGROECOSYSTEMS Much of what we know about the habits of nabids has
come from a large number of studies involving their functional role as
predators in various agroecosystems (e.g. 12, 14. 46, 102, 110, 120, 143).
The number of species is quite small, and most belong to the genus Nabis.
Most, if not all, would be considered r-strategists according to Southwood's
definition (131, 132). He posited that polyphagous predators are likely to be
important in the temporary habitats often created by agriculture, where habi-
tats may not be stable enough for K-strategists to become established. Ehler &
Miller (37) provided support for the idea that r-selected natural enemies can
provide control for r-selected pests; they cited N. americoferus as an example
of'such an enemy.

There is considerable evidence that nabids respond to habitat manipulation
such as that occurring in agroecosystems. lntercropped fields of bean and
maize supported more nabids than monocultures (97). Although differing
maturity dates, locations, and row spacing in soybeans had little impact on
predator populations, grassy soybean fields had more nabids than broadleaf-
weed and weed-free fields (124). In conservation tillage systems in soybean
fields, nabids were most numerous in no-till fields previously planted with
soybeans that had not received an insecticide application (49).

Carayon (18) proposed that predatory Heteroptera (including Nabidae)
could have an important role in the natural control of pest species, but felt it
would be difficult to utilize them because of their polyphagy, cannibalism,
and their variation in numbers over time and space. He recognized two size
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classes of predaceous Heteroptera. Since nabids are generally part of a group
of predators, it is the summed effort of this predator guild that is important.
The size classes of the Anthocoridae. Lygaeidae, Miridae, Nabidae, Re-
duviidae, and Pentatomidae provide a continuum able to cope with wide size
range of prey (61).

RESEARCH NEEDS

Any review discloses potential areas for productive research. For the Nabi-
dae, important areas include the compilation of comprehensive manuals on
the fauna of most areas of the world. Such publications would stimulate
biological studies. One region that deserves special attention is the Hawaiian
Islands: a detailed study of the fauna of this region would be likely to enrich
our ideas about insular evolution. Biological studies of almost any tropical
species of nabid would be of special interest, since most existing information
is for temperate species. The role of nabids in natural and manipulated
ecosystems, including their varying feeding strategies, needs much additional
attention. Special features of the nabids, such as the common occurrence of
reduced wing development. might have potential value in manipulated eco-
systems: the reduced mobility of the adults might be of value in reducing pest
populations (54). There seems to be an interesting series of interactions
between the ground-inhabiting Prostemmatinae and the ground-dwelling
Lygaeidae. which include some pest taxa (e.g. Blissus). Finally, much prog-
ress is being made on the chemical ecology of many insect groups. but we
know almost nothing about the importance of semiochemicals in the family
Nabidae ( I).

ACKNOWLEDGN1ENTS

Special thanks are due to the late R. L. Usineer. who expanded my horizons
in the Heteroptera: the late R. H. Cobben. Wageningen, friend and colleague.
whose superb volumes on the Heteroptera have provided us with a rich source
of information: J. Carayon. Paris, who has produced elegant work on the
functional morphology of the Heteroptera. and especially the Nabidae: I. M.
Kerzhner. Leningrad. for his high-quality systematics work on the Nabidae: J.
Pericart, Montereau, for his recent volume on the Nabidae: T. J. Henry,
Washington. and C. W. Schaeffer. Storrs. for loan of important literature: and
Sir Richard Southwood. Oxford. long-time friend and colleague, who pro-
vided me with a haven for five months where much of this was written. He too
has produced a rich literary legacy in the Heteroptera and in ecology, where
his examples have always been drawn liberally from the Heteroptera. I also
thank K. A. Bennett. Corvallis. who patiently dealt with the preparation of
this manuscript, and A. Asquith, Corvallis, for valuable assistance in the
acquisition of pertinent literature.



BIONOMICS OF NABIDAE	 395

up
It.
e-
re

.te
an
:h
al
)n

al
of
0-
.st
ns

a-

..e

le

Literature Cited

I. Aldrich. J. R. 1988. Chemical ecology
of the Heteroptera. Ann. Rev. Entomol.
33:211-38
Angalet. G. W.. Stevens. N. A. 1977.
The natural enemies of Brachycolus
asparagi in New Jersey and Delaware.
Environ. Entomol. 6:97-100
Arnold. J. W. 1971. Feeding behavior
of a predaceous bug (Hemiptera: Nabi-
dae). Can. J. Zoo!. 49:131-32
Atim. A. B.. Graham. H. M. 1984. Pre-
dation of Geocoris punctipes by Nabis
alternatus. Southwest. Entomol. 9:227-
31
Barber, H. G. 1932. Two Palearctic
Hemiptera in the Nearctic fauna (Heter-
optera-Pentatomidae : Nabidae). Proc.
Entomol. Soc. Wash. 34:65-66
Beckman. A. G. B. 1980. The infectiv-
ity of polyhedra of nuclear polyhedrosis
virus after passage through gut of an
insect predator. Experientia 36:858-59
Berskaya. E. A., Sharov, A. A.. lzhev-
skii. S. S. 1985. Predators of the Amer-
ican white web-worm moth aiyphantria
ciinew in the south of the European part
of the USSR. Zoo!. Zh. 64:1384-91 (In
Russian)
Benedict, J. H., Cothran, W. R. 1975.
Identification of the damsel bugs. Nabis
alternatus Parshley and N. americoferus
Carayon (Heteroptera: Nabidae). Pan-
Pac. Entomol. 51:170-71
Berest, Z. L. 1981. Predators of cereal
aphids in wheat fields in the steppe zone
of the right bank region of the Ukraine.
In Ekologo-Motfologicheskie Osoben-
nosti Zhivotnvkh i Sreda ikh Ohitaniva,
ed. G. L. Topehii, pp. 88-90. Kiev:
Nauk. Dumka (In Russian)
Blatchlev. W. S. 1926. Heteroptera of
Eastern North America. Indianapolis,
Indiana: Nature. 1116 pp.
BlOte, H. C. 1945. On the systematic
position of Scotomedes (Heteroptera-
Nabidae). Zoo!. Meded. Rijks Mus. Nat.
Hist. Leiden 25:321-24

P. Braman, S. K., Sloderbeck, P. E.,
Yeargan, K. V. 1984. Effects of tem-
perature on the development and sur-
vival of Nabis americoferus and N.
roseipennis (Hemiptera: Nabidae). Ann.
Entomol. Soc. Am. 77:592-96
Burgess, L., Dueck, J.. McKenzie, D.
L. 1983. Insect vectors of the yeast
Nematospora coryli in mustard. Brassi-
ca juncea, crops in southern Saskatch-
ewan. Can. Entomol. 115:25-30
Buschman, L. L., Pitre, H. N., Hodges,
H. F. 1984. Soybean cultural practices:
effects on populations of geocorids.

nabids, and other soybean arthropods.
Environ. Entomol. 13:305-17
Butler. E. A. 1923. A Biology of the
British Hemiptera-Heteroptera. Lon-
don: Witherby. 682 pp.
Carayon, J. 1950. Caracteres anatomi-
ques et position systematique des
Hemipteres Nabidae (Note preliminier).
Bull. Mus. Natl. Hist. Nat. 22:95-
101
Carayon, J. 1951. Les organes genitaux
males des Hemipteres Nabidae: absence
de symbiontes dans ces organes. Proc.
R. Entomol. Soc. London. Ser. A 26:1-
10
Carayon. J. 1961. Quelques remarques
sur les Hemipteres-Heteropteres: leur
importance comme insectes auxiliaires
et les possibilites de leur utilisation dans
la lutte biologique. Entomophaga 6:
133-41
Carayon, J. 1961. Valeur systematique
des voles ectodermiques de l'appareil
genital femelle chez les Hemipteres
Nabidae. Bu!!. Mus. Natl. Hist. Nat.
33:183-96
Carayon, J. 1970. Etude des Alloeo-
rhynchus d'Afrique Centrale avec quel-
ques remarques sur la classification des
Nabidae (Hemiptera). Ann. Soc. En-
tomol. Fr. (NS) 6:899-931
Carroll. D. P.. Hoyt. S. C. 1984. Nat-
ural enemies and their effects on apple
aphid, Aphis pomi DeGeer (Homoptera:
Aphididae), colonies on young apple
trees in central Washington. Environ.
Entomol. 13:469-81
Chant, D. A., Lindquist, E. E. 1965.
Nabiseius duplicisetus, a new genus and
species of Otopheidomeninae (Acarina:
Phytoseiidae) from nabid bugs. Can.
Entomol. 97:515-21
China, W. E., Miller, N. C. E. 1959.
Check list and keys to the families and
subfamilies of the Hemiptera-Heterop-
tera. Bull. Br. Mus. Nat. Hist. Entomol.
8:1-45
Claney, D. W., Pierce. H. D. 1966.
Natural enemies of some Lygus bugs. J.
Econ. Entomol. 59:853-58
Cobben, R. H. 1978. Evolutionary
trends in Heteroptera. Part II: Mouth-
part structures and feeding strategies.
Meded. Landbouwhogesch. Wagening-
en. No. 289. 407 pp.
Cobben, R. H. 1979. On the original
feeding habits of the Hemiptera (In-
secta): a reply to Merrill Sweet. Ann.
Entomol. Soc. Am. 72:711-15

27. Collyer, E. 1953. Biology of some pred-
atory insects and mites associated with



396	 LATTIN

the fruit tree red spider mite (Metatet-
ranvchus ulmi (Koch)) in south-eastern
England. III. Further predators of the
mite. J. Hortic. Sci. 28(2):98-113
Cooper, D. J. 1981. The role of preda-
tory Hemiptera in disseminating a nu-
clear polyhedrosis virus of Heliothis
punctiger. J. Aust. Entomol. Soc. 20:
145-50
Dei, E. A., Nikitenko, G. N. 1980. The
predators and symbionts of the gypsy
moth Porthetria dispar L. (Lepidoptera)
in the lower cis Dneprov'ya. Vestn.
Zoo!. 3:91-92 (In Russian)
Dicker, G. H. L. 1946. Nocturnal activ-
ity of Nabis lativentris Boh. (Hem.-
Het.. Nabidae). Entomol. Mon. Mag.
82:236
Donahoe, M. C., Pitre, H. N. 1977.
Reduviolus roseipennis behavior and
effectiveness in reducing numbers of
Heliothis :ea on cotton. Environ. En-
tomol. 6:872-76
Dumas, B. A., Boyer, W. P. Whit-
comb, W. H. 1962. Effect of time of day
on surveys of predaceous insects in field
crops. Fla. Entomol. 45(3):121-28
Dupuis, C. 1947. Les proies des Sphe-
gides chasseurs d'Hemiptêres. Feuille
Nat. (NS) 2:111-13
Dupuis, C. 1959. Notes, remarques et
observations diverses sur les Hemip-
teres. Quatrieme serie: notes IX-XII.
Cah. Nat. (NS) 15:45-52
Dupuis. C. 1963. Essai monographique
stir les Phasiinae. Mem. Mus. Natl. Hist.
Nat. Ser. A Zool. (NS) 26:1-461
Edwards, J. S. 1987. Arthropods of
alpine aeolian ecosystems. Ann. Rev.
Entomol. 32:163-79
Ehler, L. E.. Miller, J. C. 1978. Biolog-
ical control in temporary agroecosys-
tems. Entomophaga 23:207-12
Eickwort, K. R. 1977. Population dy-
namics of a relatively rare species of
milkweed beetle (Labidomera). Ecology
58:527-38
Fewkes, D. W. 1961. Diel vertical
movements in some grassland Nabidae
(Heteroptera). Entomol. Mon. Mag. 97:
128-30
Flinn. P. W., Hower, A. A.. Taylor, R.
A. J. 1985. Preference of Reduviolus
americoferus (Hemiptera: Nabidae) for
potato leafhopper nymphs and pea
aphids. Can. Entomol. 117:1503-8
Freeman. J. A. 1945. Studies in the dis-
tribution of insects by aerial currents.
The insect population of the air from
ground level to 300 feet. J. Anim. Ecol.
14:128-54

42. Froeschncr. R. C. 1944. Contributions
to a synopsis of the Hemiptera of Mis-

souri, Pt. HI. Lygaeidae, Pyrrhocoridae,
Piesmidae, Tingidae, Enicocephalidae,
Phymatidae, Ploiariidae. Reduviidae,
Nabidae. Am. Mid!. Nat. 31:638-83
Glick. P. A. 1939. The distribution of
insects, spiders, and mites in the air. US
Dep. Agric. Tech. Bull. 673:1-150
Goeden, R. D., Ricker. D. W. 1979.
Life history of Zvgogramma tortuosa
Rogers on the ragweed, Ambrosia
eriocentra (Gray) Payne. in southern
California (Coleoptera: Chrysomelidae).
Pan-Pac. Entomol. 55:261-66
Graham, H. M., Jackson, C. G. 1982.
Distribution of eggs and parasites of
Lygus spp. (Hemiptera: Miridae), Nabis
spp. (Hemiptera: Nabidae), and Spissis-
tilus festinus (Say) (Homoptera: Mem-
bracidae) on plant stems. Ann. Entomol.
Soc. Am. 75:56-60
Guppy. J. C. 1986. Bionomics of the
damsel bug, Nabis americoferus Cara-
yon (Hemiptera: Nabidae), a predator of
the alfalfa blotch leafminer (Diptera:
Agromyzidae). Can. Entomol. 118:745-
5 I
Hagen. K. S.. Van Den Bosch. R. 1968.
Impact of pathogens. parasites. and
predators on aphids. Ann. Rev. Entomol.
13:325-84
Hamilton. W. D., May, R. M. 1977.
Dispersal in stable habitats. Nature 269:
578-81
Hammond. R. B.. Stinner, B. R. 1987.
Soybean foliage insects in conservation
tillage systems: effects of tillage. previ-
ous cropping history. and soil insecticide
application. Environ. Entomol. 16:524-
31
Harper. A. M.. Huang, H. C. 1986.
Evaluation of the entomophagous fungus
Verticillium lecanii (Moniliales: Moni-
liaceae) as a control agent for insects.
Environ. Entomol. 15:281-84
Harris. H. M. 1928. A monographic
study of the hemipterous family Nabidae
as it occurs in North America. Entomol.
Am. (NS) 9:1-98
Harris, H. M. 1931. Nabidae from the
State of Parana. Ann. Mus. Zool. Po!.
9(14):179-85
Harrison. R. G. 1980. Dispersal poly-
morphisms in insects. Ann. Rev. Ecol.
Svst. 11:95-1 18
Hass, H. G. 1978. A remedy for flighty
insects. Agric. Res. 26171:8-9
Hendrick. R. D., Stern. V. M. 1970.
Biological studies of three parasites of
Nabis americoferus (Hemiptera: Nabi-
dae) in southern California. Ann. En-
tomol. Soc. Am. 63:382-91
Henry, T. J., Lattin. J. D. 1987.
Taxonomic status, biological attnbutes.



BIONOMICS OF NABIDAE	 397

and recommendations for future work on
the genus Lygus (Heteroptera: Miridae).
In Economic Importance and Biological
Control of Lygus and Adelphocoris in
North America. ARS-64. ed. R. C. Hed-
lund. H. M. Graham, pp. 54-68. Wash-
ington, DC: US Dep. Agric. Agric. Res.
Serv. 95 pp.
Henry, T. J.. Lattin, J. D. 1988. Family
Nabidae. In Catalog of the Heteroptera
of Canada and the Continental United
States, ed. R. C. Froeschner, T. J. Hen-
ry, pp. 500-12. Leiden: Brill
Horvath. G. 1885. Poloskakban 6IiiskO-
do legiek . Rovartani Lapok 2( 11):238-
39 (In Hungarian)
Hussey, R. F. 1953. Some new and lit-
tle-known American Hemiptera. Occas.
Pap. Mus. Zool. Univ. Mich. 550:1-
12
Hutchinson, G. E. 1959. Homage to
Santa Rosalia or why are there so many
kinds of animals? Am. Nat. 93:145-59
Irwin, M. E., Shepard. M. 1980. Sam-
pling predaceous Hemiptera on soybean.
In Sampling Methods in Soybean Ento-
mology, ed. M. Kogan. D. C. Herzog,
pp. 505-31. New York/Heidelberg/
Berlin: Springer-Verlag. 587 pp.
Jackson, C. G.. Graham. H. M. 1983.
Parasitism of four species of Lygus
(Hemiptera: Miridae) by Anaphes ovi-
jentatus (Hymenoptera: Mymaridae) and
an evaluation of other possible hosts.
Ann. Entomol. Soc. Am. 76:772-75
Jessep, C. T. 1964. A note on the feed-
ing habits of Nabis capsiformis Germar.
NZ Entomol. 3(3):23
Johnson, C. G., Southwood, T. R. E.
1949. Seasonal records in 1947 and
1948 of flying Hemiptera-Heteroptera,
particularly Lvgus pratensis L.. caught
in nets 50 ft. to 3,000 ft. above the
ground. Proc. R. Entomol. Soc. London
Ser. A 24:128-30

65 Kerzhner, I. M. 1963. Beitrag zur Kenn-
tnis der Unterfamilie Nabinae (Heterop-
tera Nabidae). Acta Entomol. Mus. Natl.
Prague 35:5-61
Kerzhner, I. M. 1968. Insects of the
Galapagos Islands (Heteroptera: Nabi-
dae). Proc. Calif. Acad. Sci. (4th Ser.)
36(4):85-91
Kerzhner, I. M. 1968. Novye i maloiz-
vestnye palearktitsheskie poluzhestkok-
rylye semejstva Nabidae (Heteroptera).
Entomol. Obozr. 47:848-63

68. Kerzhner, 1. M. 1970. Heteroptera
Nabidae from Rennell and Guadalcanal
Islands. In The Natural History of Ren-
nell Island, British Solomon Islands, ed.
T. Wolff, 6:39-41. Copenhagen: Dan.
Sci. Press

Kerzhner, 1. M. 1977. Zufallige Ein-
fliige als Ursache der Funde von Nabis
capsiformis (Heteroptera. Nabidae) in
Mitteleuropa. 7te Int. Symp. Entomo-
jaun. Mitteleur. Zusammenfassungen.
pp. 47-48. Leningrad: Nauka
Kerzhner, I. M. 1981. Fauna SSSR.
Nasekomve Khobotnye. t. 13, vyp. 2.
Poluzhestkokryl •e Semejsrra Nabidae.
Leningrad: Akad. Nauk SSSR. 326 pp.
Kerzhner, 1. M. 1983. Airborne Nabis
capsiformis (Heteroptera: Nabidae) from
the Atlantic. Indian and Pacific Oceans.
Int. J. Entomol. 25(4):273-75
Kerzhner, 1. M. 1986. Neotropical Nab-
idae (Heteroptera). I: a new genus, some
new species. and notes on synonymy. J.
NY Entomol. Soc. 94:180-93
Kiman. Z. B.. Yeargan, K. V. 1985.
Development and reproduction of the
predator Orius insidiosus (Hemiptera:
Anthocoridae. reared on diets of selected
plant material and arthropod prey. Ann.
Entomol. Soc. Am. 78:464-67
Knowlton, G. F. 1935. Beet leafhopper
insect predator studies. Proc. Utah
Acad. Sci. Arts Lett. 12:255-60
Koschel, H. 1971. Zur Kenntnis der
Raubwanze Himacerus apterus F.
(Heteroptera, Nabidae). Teil I. II. Z. An-
gew. Entomol. 68:1-24, 113-37
Krantz, G. W. 1978. A Manual of Aca-
rology. Corvallis. Ore: Ore. State Univ.
Book Store. 508 pp. 2nd ed.
Lattin, J. D. 1966. Stalia major (Costa)
in North America (Hemiptera: Nabidae).
Proc. Entomol. Soc. Wash. 68:314-
18
Lattin, J. D., Oman, P. 1983. Where are
the exotic insect threats? In Exotic Plant
Pests and North American Agriculture.
ed. C. L. Wilson. C. L. Graham. pp.
93-137. New York/London: Academic.
522 pp.
Leathwick, D. M.. Winterbourn, M. J.
1984. Arthropod predation on aphids
in a lucerne crop. NZ Entomol. 8:75-
80
Lentz, G. L.. Chambers, A. Y., Hayes.
R. M. 1983. Effects of systemic in-
secticide-nematicides on midseason pest
and predator populations in soybean. J.
Econ. Entomol. 76:836-40
Leston, D. 1951. Alary dimorphism in
Nabis apterus F. (Hem., Nabidae) and
Coranus subapterus Deg. (Hem.. Re-
duviidae). Entomol. Mon. Mag. 87:242-
44
Leston, D. 1955. Unilateral microptery
in Nabis ericetorum Schultz (Hem.,
Nabidae). Entomol. Mon. Mag. 91:90-
91

83. Leston, D. 1957. Spread potential and

Idae,
idae,
idae,
33
n of

US

979.
uosa
osta
here

982.
, of
abis
ssis-
lem-
mot.

the
.ara-
)r of
tera:
'45-

)68.
and
nol.

477.
269:

'87.
:ion

ide
24-

,86.
eus
)ni-

,hic
Jae

the
'01.

ol.

nty

70.
of

bi-

37.
es,



398	 LATTIN

the colonization of islands. Syst. Zool.
6(1):41-46
Leston. D. 1957. Cytotaxonomy of Mir-
idae and Nabidae (Hemiptera). Chromo-
soma 8:609-16
Leston, D. 1961. Testis follicle number
and the higher systematics of Miridae
(Hemiptera-Heteroptera). Proc. Zool.
Soc. London 137:89-106
Leston, D., Pendergrast, J. G., South-
wood, T. R. E. 1954. Classification of
the terrestrial Heteroptera (Geocorisae).
Nature 174:91-92
Lindroth, C. H. 1957. The Faunal Con-
nections Between Europe and North
America. New York: Wiley. 344 pp.
Loan. C. 1983. Host and generic rela-
tions of the Euphorini (Hymenoptera:
Braconidae). Contrib. Am. Entomol.
Inst. Ann Arbor 20:388-97
Makino, S. 1951. An Atlas of the
Chromosome Numbers in Animals.
Ames. Iowa: Iowa State Univ. Press.
290 pp.
Martinez. D. G., Pienkowski. R. L.
1982. Laboratory studies on insect pred-
ators of potato leafhopper eggs, nymphs,
and adults. Environ. Entomol. 11:361-
62
McAtee. W. L. 1927. Notes on "Heter-
optera or True Bugs of Eastern North
America." Brooklyn Entomol. Soc. 22:-
267-81
McCarty, M. T.. Shepard, M. Turnip-
seed. S. G. 1980. Identification of pre-
daceous arthropods in soybeans by using
auto radiography. Environ. Entomol. 9:
199-203
McPherson. J. E., Weber. B. C. 1981.
Seasonal flight patterns of Hemiptera in
a North Carolina black walnut planta-
tion. 4. Cimicoidea. Great Lakes En-
tomol. 14:19-22
Messina. F. J. 1982. Comparative biolo-
gy of the goldenrod leaf beetles. Tri-
rhabda virgata Leconte and T. borealis
Blake (Coleoptera: Chrysomelidae).
Coleopt. Bull. 36(2):255-69
Mikolajski. M. 1965. Chromosome
numbers in Nabis Lt. (Heteroptera,
Nabidae). Experientia 21(8):445
Mikolajski. M. 1967. Chromosome
studies in the genus Nabis Lt. (Heter-
optera, Nabidae). Zool. Pol. 17:323-
34
Milanez. J. M. 1984. Ocorrência de
artrOpondos em urn sistema de consOrcio
feijdo-milho, comparado aos respectivos
monocultivos. Resumos IX Congr. Bras.
Entomol. Londrina. Brasil, p. 38. Lon-
drina: Soc. Entomol. Bras.

98. Morrill, W. L. 1969. Parasitization of

Nabis alternatus by Leucostoma simplex
in eastern South Dakota. Ann. Entomol.
Soc. Am. 62:240
Muesebeck, C. F. W. 1963. Host rela-
tionships of the Euphorini (Hymenop-
tera: Braconidae). Proc. Entomol. Soc.
Wash. 65:306
Mundinger, F. G. 1922. The life history
of two species of Nabidae (Hemiptera:
Heteroptera). NY State Coll. For. Tech.
Publ. 16:149-67. plates 12-19
Myers, J. G. 1925. Biological notes on
Arachnocoris	 albotnaculatus	 Scott
(Hemiptera: Nabidae). J. NY Entomol.
Soc. 33:136-45
Nadgauda, D., Pitre, H. N. 1986. Ef-
fects of temperature on feeding, de-
velopment, fecundity, and longevity of
Nabis roseipennis (Hemiptera: Nabidae)
fed tobacco budworm (Lepidoptera:
Noctuidae) larvae and tarnished	 plant
bug (Hemiptera: Miridae) nymphs. En-
viron. Entomol. 15:536-39
Nokkala, S., Nokkala. C. 1984. Achias-
matic male meiosis in the heteropteran
genus Nabis	 (Nabidae. Hemiptera).
Hereditas 101:31-35
Parshley, H. M. 1917. Fauna of New
England. 14. List of the Hemiptera-He-
teroptera. Occas. Pap. Boston Soc. Nat.
Hist. 7:1-125
Parshley, H. M. 1923. Records of Nova
Scotia Hemiptera-Heteroptera.	 Proc.
Acadian Entomol. Soc. 8:102-8
Pericart, J. 1983. Hemipteres Tingidae
euro-mediterraneens. Faune Fr.	 Vol.
69. 618 pp.
Pericart, J. 1987. Hetnipteres Nabidae
d'Europe Occidentale et du Maghreb.
Faune Fr. Vol. 71. 185 pp.
Perkins. P. V., Watson. T. F. 	 1972.
Biology of Nabis alternatus (Hemiptera:
Nabidae). Ann. Entomol. Soc.	 Am.
65:54-57
Propp, G. D. 1982. Functional response
of Nabis americoferus to two of its prey.
Spodoptera exigua and Lygus hesperus.
Environ. Entomol. 11:670-4
Putchkov, A. V. 1980. Distribution of
species of Nabis ferus L. (Heteroptera)
in natural biotopes and agrocenoses of
certain districts in the chernozem zone
(Ukranian SSR). Vesta. Zool. 4:89-92
(In Russian)

Ill. Racz, V.. Visnyovszky. E. 	 1985.
Changes in the abundance of aphid-
ophagous Heteroptera and syrphids
occurring in maize stands of different
mana gement types. Acta Phvtopathol.
Acad. Sci. Hung. 20:193-200

112. Reinert, J. A. 1978. Natural enemy
complex of the southern chinch hug in



BIONOMICS OF NABIDAE 399

Florida. Ann. Entomol. Soc. Am. 71:
728-31
Remane, R. 1964. Weitere Beitrage zur
Kenntnis der Gattung Nabis Latr.
(Hemiptera Heteroptera Nabidae). Zool.
Beitr. 10:253-314
Reuter, 0. M. 1908. Bemerkungen fiber
Nabiden nebst Beschreibung neuer
Arten. Mem. Soc. Entomol. Belg. 15:
87-130
Reuter, 0. M.. Poppius. B. 1909.
Monographia Nabidarum orbis ter-
restris. I. Acta Soc. Sci. Fenn. 37(2):1-
62
Ridgway, R. L.. Jones, S. L. 1968.
Plant feeding by Geocoris pallens and
Nabis americoferus. Ann. Entomol. Soc.
Am. 61:232-33
Rohitha, B. H., Pottinger, R. P., Firth,
A. C. 1985. Population monitoring stud-
ies of lucerne aphids and their predators
in the Waikato. Proc. NZ Weed Pest
Control Conf. 38:31-34
Rubtsov, I. A. 1977. New species of
mermithids from the Far East. Tr. Biol.
Pochv. Inst. Dal' nevost. Nauchn. Tsentr
Akad. Nauk SSSR (NS) 46:149-54 (In
Russian)
Sailer. R. I. 1983. History of insect in-
troductions. See Ref. 78. pp. 15-38
Samson, P. R.. Blood. P. R. B. 1980.
Voracity and searching ability of Chry-
sopa signata (Neuroptera: Chrysopidae).
Micromus tasmaniae (Neuroptera: Hem-
erobiidae), and Tropiconabis capsifor-
mis (Hemiptera: Heteroptera: Nabidae).
Aust. J. Zoo!. 28:575-80
Schuh, R. T. 1986. The influence of
cladistics on heteropteran classification.
Ann. Rev. Entomol. 31:67-93
Scudder. G. G. E. 1961. Some Heterop-
tera new to British Columbia. Proc. En-
tomol. Soc. BC 58:26-29
Scudder. G. G. E. 1985. Heteroptera
new to Canada. J. Entomol. Soc. BC 82:
66-71
Shelton, M. D.. Edwards, C. R. 1983.
Effects of weeds on the diversity and
abundance of insects in soybeans. En-
viron. Entomol. 12:296-98
Simberloff, D. 1986. Introduced insects:
a biogeographic and systematic perspec-
tive. In Ecology of Biological Invasions
of North America and Hawaii, ed. H. A.
Mooney. J. A. Drake. pp. 1-26. New
York/Berlin: Springer-Verlag. 321 pp.
Sloderbeck, P. E.. Yeargan, K. V.
1983. Comparison of Nabis americo-

ferus and Nabis roseipennis (Hemiptera:
Nabidae) as predators of the green
coverworm (Lepidoptera: Noctuidae).
Environ. Entomol. 12:161-65

Smith, F. 1855. Note on Elachipteron
brevipennis. Proc. Entomol. Soc. Lon-
don. 1855:108
Southwood. T. R. E. 1960. The flight
activity of Heteroptera. Trans. R. En-
tomol. Soc. London 112:173-220
Southwood, T. R. E. 1961. A hormonal
theory of the mechanism of wing poly-
morphism in Heteroptera. Proc. R. En-
tomol. Soc. London. Ser. A 36:63-66
Southwood. T. R. E. 1962. Migration of
terrestrial arthropods in relation to habi-
tat. Biol. Rev. 37:171-214
Southwood. T. R. E. 1977. Habitat, the
templet for ecological strategies? J.
Anim. Ecol. 46:337-65
Southwood. T. R. E. 1977. The rele-
vance of population dynamic theory to
pest status. In Origins of Pest, Parasite,
Disease and Weed Problems. 18th
Svmp. Br. Ecol. Soc.. Bangor, Wales,
1976, pp. 35-54. Oxford: Blackwell
Sci.
Southwood, T. R. E.. Fewkes. D. W.
1961. The immature stages of the com-
moner British Nabidae (Heteroptera).
Trans. Soc. Br. Entomol. 14:147-66
Southwood, T. R. E.. Lesion, D. 1959.
Land and Water Bugs of the British
Isles. London: Warne. 436 pp.
SW, C. 1873. Enumeratio Hemipter-
orum 3. K. Sven. Vetenskapsakad.
Hand!. 11(2):1-167
Stehlik, J. 1952. Fauna Heteropter
Hrubeho Jeseniku. Acta Mus. Moraviae
37:132-248
Stehlik, J. 1954. Prispevek pozani ptery-
go polymorphismu u Heteropter. Acta
Mus. Moraviae 39:127-32
Stehlik, J. 1970. Contribution to the
knowledge of Heteroptera of Moravia
and Slovakia. Acta. Mus. Moraviae
55:209-32
Stichel, W. 1959-1960. Nabidae. Plus-
trierte Bestimmungstabellen der Wan-
zen. 11. Europa, 3:185-206. 381-84.
Berlin: Moller. 428 pp.
Stoltz. R. L.. McNeal. C. D. Jr. 1982.
Assessment of insect emigration from
alfalfa has to bean fields. Environ. En-
tomol. 11:578-80
Stoner, A. 1972. Plant feeding by Na-
bis, a predaceous genus. Environ. En-
tomol. 1:557-58
Stoner, A. 1973. Incidence of Wes-
maelia pendula (Hymenoptera: Braconi-
dae). a parasite of male Nabis species in
Arizona. Ann. Entomol. Soc. Am.
66(2):471-73

143. Stoner, A., Metcalfe. A. M., Weeks, R.
E. 1975. Seasonal distribution, repro-
ductive diapause, and parasitization of



400	 LATTIN

three Nabis spp. in southern Arizona.
Environ. Entomol. 4:211-14
Stoner, A., Surber, D. E. 1969. Notes
on the biology and rearing of Anaphes
ovijentatus, a new parasite of Lygus hes-
perus in Arizona. J. Econ. Entomol.
62:501-2
Strawinski, K. 1937. Przyczynek do
badan nad biologia Nabis apterus Fabr.
Pol. Pismo Entomol. 14-15:349-63
Stys, P. 1967. Medocostidae: a new
family of cimicomorphan Heteroptera
based on a new genus and two new spe-
cies from tropical Africa. I. Descriptive
part. Acta Entomol. Bohemoslov.
64(6):439-65
Stys, P., Kerzhner, I. M. 1975. The
rank and nomenclature of higher taxa in
recent Heteroptera. Acta Entomol. Bohe-
moslov. 72(2):65-79
Sweet, M. H. 1979. On the original
feeding habits of the Hemiptera (In-
secta). Ann. Entomol. Soc. Am. 72:575-
79
Tamaki, G., Olsen. D. P., Gupta, R. K.
1978. Laboratory evaluation of Geocoris
bullatus and Nabis alternatus as preda-
tors of Lygus. J. Entomol. Soc. BC
75:35-37

150. Taylor. E. J. 1949. Biology of the dam-
sel bug Nabis alternatus. Proc. Utah
Acad. Sci. Arts Lett. 26:132-33

Taylor, E. J. 1949. A life history study
of Nabis alternatus. J. Econ. Entomol.
42:991
Thomas, D. B. Jr. 1987. Chromosome
evolution in the Heteroptera (Hemip-
tera): agmatoploidy versus aneuploidy.
Ann. Entomol. Soc. Am. 80:720-30
Ueshima, N. 1979. Hemiptera II: Heter-
optera. In Animal Cytogenetics, Vol. 3,
Insecta, ed. B. John, pp. 1-117. Berlin:
Borntraeger
Werner, F. G., Butler, G. D. Jr. 1957.
The reduviids and nabids associated with
Arizona crops. Univ. Ariz. Agric. Exp.
Stn. Tech. Bull. 133:1-12
Whalon, M. E., Parker. B. L. 1978.
Immunological identification of tarnish-
ed plant bug predators. Ann. Entomol.
Soc. Am. 71:453-56
Wheeler. A. G. Jr. 1976. Anaptus major
established in eastern North America
(Hemiptera: Nabidae). Proc. Entomol.
Soc. Wash. 78:382
Wilson, L. T., Gutierrez, A. P. 1980.
Within-plant distribution of predators on
cotton. Gossyptum hirsutum: comments
on sampling and predator efficiencies.
Hilgardia 48(2):3--11
Zimmerman, E. C. 1948. Insects of
Hawaii, Vol. 3, Heteroptera. Honolulu:
Univ. Hawaii Press. 254 pp.


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17

