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ABSTRACT

The life histories of five Rhyparochromine species representing
three genera vere studied. Some information on four other species
(of the same rienera) occurring in smaller numbers in the samples are
also included.

The stance assumed during feeding is described as aleo the habit
of bendingz the rostrum and later fdlding it away from the stylets to
allow greater penetration of the stylets into the food.

It is shown that seeds are the essential food for these species
as they were reared through the complete 1life cycle on seeds alone,
The vegetative parts of plants and the larvae of a Coleopteron were
unsuitable as sole foods

Pive species were tested on the seeds of seven different plantse
As these were plants with which soms of the species wefe assoclated
they represent the matural foode Growth curves were drawn by plotting
weight, taken every two to four days, against time. The survival,
preoviposition period, oviposition period, fecundity and adult
longevity of insccts reared on the different seeds was determined.

The different preference ranking of the seeds by each species
revealed that selectivity predominated over the nutritive value of the
seedss The basis of the selection must therefore be on the physical
nature of ‘the seed coat, on thc detection of differences finer than
just the basic constituents of the seed - i.e. perception of slight
differences in cherical concentrations, or on the presence or absence

of secondary plant substances,

ii



iii
The larval s%ages of five species are described. As the
Scolovostethus larvae were indistinguishable, several body measurements

were analysed which showed distinctive species shapes.

Hybridization studies on four Scolopostethus species confirmed

their specific status. However, F4 individuals were obtained, though
in most cases only of the famale sex.
The fertility of the first crosses, the feoundity of the hybrids

and the fertility of the unsuccessful backcrosses were determined.
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TNTRODUCTION

Until recently little was known about thes biology of the Lygaeidae
(Douglas and Scott 1865, Seunders 1892, Butler 1923, liller 1956,
Southwood and Leston 1359) and in particular, of their food, Of the
52 British Rhyparochrominae which arc the dominant subfemily of the
Lygaeidac, Southwood end Leston (1959) give the food for only five
species and two or three associations vhich indicate a genuine food
host, Hence the »resent study,

Although some records indicate predacious habits in the subfamily

(Butler 1923, Thomas 1955) and in Scolopostecthus (Woodward 1949) pre-

liminary work showed that the food is seeds, 4Amongst the literature

are a few records of this subfam:ly fceding on sceds (e.g. Hoffuman 1932,
Corby 1946) and this led Southwood and Leston (1959) to suggest they are
mainly sced feeders, Very recently Ashlock (1958) showed that some
members of the subfamily will definitely fced on seeds, but he concludes
"It remeins to be demonstrated whether seeds ere the prime item in the
diet of these insects, and if they arc what prefercnces the various
species have."

Sced fecding does occur in other subfamilies c,g., Chilacis typhae

(Perris) in the Artheneinac (Jordan 1935, Southwood and Leston 1959),

In the Lygaeinae the milkweed bug Oncopcltus fasciatus (Dallas) is

enother examole, and is well known in the laboratory, Frings, Frings and
Little (1957) showed that a substitute food reduces its fecundity,
Johansson (1953) studied the effect of nutrition and hormones on repro-

duction in O.fasciatus, He showed that the quantity of food (from

starvation to cxcess) and the quality of food (i,e., using different
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seeds) markedly affected the pre-ovisosition period and fcoundity, Beok,
. ) s "\LO( L'G(/(
Edwerds and iedler (1958) shewed the fccding behaviocur in 0,fasciatus,

SLo-.v(l(
'and(ﬁhat a synthetic food within a milkweed sced husk supports normal

growth but with a 33% mortality ncar the final moult,
The prescnt study is on the lifc histories and fecding habits of

Scolopostethus affinis (Schilling), Scolopostcthus thomsoni Reuter,

Scolopostethus decoratus (Hahn), Stygmocoris fuligineus (Geoffroy) and

Drymus sylvaticus (Fabricius) with somc notes on Scolopostecthus grandis

Horvath, Stypnocoris rusticus'(Fallen), Stygnocoris pedestris (Fallen)

and Drymus brunncus Sahlberg, From these comaon genera the five main

species were choscn because they were the most abundant at Silwood Park:
they also did well under laeboratory conditions,
The present study wos with natural foods rather than substitute
foods for it is better to know vhat secds arc fed on in the field
especially where two specics of a genus often occur together as in

Scolopostethus suggesting an ecological difference, In addition to

their rccorded habitats Scolopostethus speecies were taken with

Stygnocoris fuligincus and Irynus sylvaticus under annual weeds on

arsblc land, Thercforc cach syccics was tested on eight diffcerent
foods, including onc of animal, and was rearcd on five to seven of them,
A within specics comparison of total development, pre-oviposition
period, oviposition pcriod, fecundity and adult longevity on the
different foods could then be made,

After the presont study had begun Sweet (1960) showed that
Rhyparochromines are sced feeders by rearing most of the specics from

Comncecticut on sunflower sceds,
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Mortality in his bugs was very high, probably because a.substitutc food
was uscd,

As the immsturc stages arc not described (Butler 1923) this is
donc here, Therc has been & sudden recent inberest in the biology of
the Lygacidac and Rhyparochrominac in the appearancc of keys to larvac,
and the larvae have several valuable taxonowic characters (Slater 1951,
Leston and Scudder 1956, Scudder 1957, Putchkov 1958, Slater and Swect
| 1961, Sweet and Slater 1961),

As the speoific status of some Scolopostethus specics is open to

doubt on adult characters (Saunders 1892, Southwood and Leston 1959)
and es Butler (1923) and the present author found many of the larvae
to be indistinguishable in practicc, hybridization was attempted with

varying degreces of success,



MATERTALS AND METHODS
The 1ife histories were studied by taking samples each week from
the breeding habitats, and at longer intervals from the overwintering

sites.

Scolopostethus thomsoni was sampled from three stands of stinging

nettle (Urtica dioica L.). Stand 1 under oak (Quercus robur L.) which
contributed to the leaf litter, was surrounded by rank grass. Although
pure nettle in one portion, this stand was mostly interspaced with

grass, notably cocksfoot (Dactylis glomerata L.). Ground elder

(Aegopodium podagraria L.) was also present in one portion of the stand.

Stand 2 was virtually pure nettle except for two small trees, ash

(Fraxinus excelsior L.) and hawthorn (Crataegus monogyna Jacg.) in a

damp depression in one corner. Limes (Tilia x vulgaris Hayne) were a

few yards from the edge of the stand. The trees contributed little to
the thin layer of leaf litter. Stand 3 was also a purc stand under

sycamore (Acer pseudoplatanus L.) which contributed considerably to

the leaf litter. Southwood and Leston (1959) note that this bug,
unlike othey members of the genus, is often taken by sweeping, especi-
ally amongst rank vegetation. Therefore swecping was one method of
sampling used in'all habitats, and very occasionally other species .

were taken. It was found that Scolopostethus thomsoni could be taken

from the ground throughout the year, even during the period from May
to October when some of the population was up on the netfle plants.

Accordingly the nettle litter was also sampled at the same time. A
1 - foot quadrat was the unit chosen, and all the leaf litter within

this unit was examined down to the Bare soil surface. For each stand
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of nettles a sample consisted of catches from 100 sweeps and from 10 1=/
foot quadrats of leaf litter taken at random, These were the units of

sonpling used in all habitats. Scolopostethus affinis was taken less

regularly end in smaller numbers from stends 1 cnd 2, and on two occas=-

ions only, from stand 3, Somctimes Drymus sylvoticus and D. brunneus

were also taken amongst nettles,

The area of heather sampled for Scolopostethus decoratus was mainly

Calluna vulgaris (L.) with a patch of Erica cinerea L. in the centre and

some isolated plants around the edge., As regular sweeping of these
plants during 1960 yiclded only six spccimens (from E.oinerca) this was
not continued, Sampling amongst the lecf litter under and around the
plants was very effective, and it soon became epparent that E,cinerean
was the host during the brecding season and C.vulgaris the overwinter-

ing quarters, D.sylvaticus and D.brunneus werc occasionally found,

Styenocoris pedestris occurred regularly in small numbers under E.cinexrnc.

Styenocoris fuligineus amd D, sylvaticus were found, together with

the Scolopostethus species, in Pond Field on a piecé of arable land that

had been left after o crop of oats (Avena sativa L, var, Blenda) sown

in 1958, end which supported a flora of enmual weeds, some grasses, and
self sown oats, The ncarcst nettles, which were on the far side of a
damp depression and near a smell oak, were at o distance of 20 yards
(across dense grass), Twenty-five yards away in the opposite direcﬁion,

and also across dense grass, were elms (Ulmus procera Salisb,) and

nettles, Here also was leef litter to which the bugs may nove by win-
ter, The inscects secmed always to be under the plents and never on

them, and were often seen crossing patches of bare ground between plants,
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Sweep=-sampling also showed that the habitat of these bugs is close to the
surface of the ground becausc none was token, There seemed to be defin-

ite associations with chickweed (Stellaria media L.), sheep sorrel (Rumex

acetosella agg,), spurrey (Spergula arvensis L,) end Yorkshire fog

(Holcus lanatus L.), and accordingly these plents were selected as separ-

ate sampling habitats., Unfortunately this piece of land was lightly
disced in late Septcmber 1960 and so the movement to overwintering quat-

ers could not be ascerteoined in that season for Stygnocoris fuligineus

which up to then was still present, By the following spring the veg-
etation was a dense, rank growth, mostly grasses. Samnpling on four
occasions during the season thowed that it was no longer a suitable hab-

itat for these speoies,

In late September 1960 other arablec areas on the Field Station were

examined, but Stygmocoris fuligineus was found on only one, on Silwood

Bottom, under spurrey. It, also, was lefit untouched after cropping,
In the following season the majority of the habitat was uncuitable for
these Lygaeid bugs because the wegetation had becoune a dense sward,

In 1961 the study of Stygnocoris fuligineus and D, sylvaticus was

made in two different areas on Silwood Bottom. Specimens essociated
with spurrey were sampled from an area, approximately 44 yards square,

of srable land which had been growing wheat (Triticum aestivum L., var,.

Eclipse) that season ond was overgrown with spurrey, There were patches
of bare ground and a few plants of sorrel, chickweed and Yorkshire fog
on this area, On one side was dense grass, and the nearest tree, an oak,
was in that direction at & distance of 25 yards, On the other three

sides were adjacent crops or fallow land for at least 55 yards, and
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then dense grass and some trees, Specimens associated with sorrel were

sampled from under plents scattered amongst the dense gress, There was
no associztion with the grass,

During winter when the bugs are stuggish, sampling by examining
leaf litter in the field was impracticable, Therefore the litter from
a known surface area was taken into the laboratory and warmed in a spec-
ially designed box which was placed one foot t¢bove an electric heating
element. The box was built with a metal bettom over which a half~-inch
layer of sand was placed, A sheet of paper served to prevent the insects
from moving into the sand, After warming for one to two hours the bugs

were quite active and were readily sorted from the litter,

A proportion of the females collected in 1960 and the majority of
those collected in 1961 were dissected to determine, primarily, the
state of the ovaries, The study of life histories in the field was
supplemented by studies on incubation, development and oviposition in
an insectary. Temperatures in the insectary would simulate the field
temperatures,

Im 1960 a proportion of adults and some late larvae from the field
were welghed so that weights taken in the feeding experiments ccuid be
related to the netural weights, These insects were first enaesthot-
ized with carbon dioxide and then weighed individually on & five-
milligran torsion balance callibrated in 0,01 mg.

Information on the flight activity of the species under study was
obtained by examining suction trap catches taken by Pr, T.R,E.

Southwood on the Field Station in the years 1959-60, Traps 1 and 3

were the small, 9-inch Vent-ixia type (Jcohnson 1950, Taylor 1951),



whilst traps 2 end 4 were the large, 18-inch propeller type (Johnson
and Taylor 1955). The location of the traps and their distance from
the nearest arable land was: trap 1 in a stand of broom (Sarothamnus
sooperius (L.) ) 150 yards north west; trap 2 in long grass 20 yards
west; trap 3 in an oat crop; trep 4 in 1959 on a short grass headlend
10 yards south of an oat crop, and in 1960 on the edge of areble land
at a height of 30 feet sbove ground level, With the exception of trap
L in 1960 all traps were at & height of four feet above ground level,

Barly feeding experiments were conducted in the insectary., Dev~
elooment was very slow and only a single generation was reared in &
season, Thus the great duration of any experiment and the variable
temperature conditions made this unsuitable for replicated feeding
experiments, These were therefore conducted in a heated cabinet at 74
(72 - 76)??. with constant illumination from a 15-watt lamp,

Por rearing containers closed, round, plastic pill boxes 1%
inches in diemeter by 1 inch deep were used, & layer, about % inech,
of plagter of Paris across the bottom was satisfactory for maintaining
drinking molisture and reslative himidity. Food was placed on a disc of
filter paper and both were renewed when the food became mouldy, This
was after five to seven days for nettle seed; other seeds could be left
longer. 4 few drops of water were added every two to four days, Al~-
though this method of watcring tekes more time than the gravity supply
to en open container from an inverted vial, described by Butt (1949)
end Johansson (1958), it has the advantages of permitting (a) closed
containers with a high and always adequate relative humidity which is

independent of the external environment; end (b} small containers which



facilitate bulk handling of ipdividually reared insects (as distinct
from colonies) e.ge 150-300, in a minumun of space., Further, macrop-
terous specimens sometimes flew out when the lids were removed, which
obviates the use of closed containers. In the study of oviposition

in Stygnocoris fuliginecus carried out in the insectary, 6 inch by 1

inch glass tubes stooped with muslin at one end and cottonwool at the
other, were used as containers, A sprig of chickweed bearing seeds
was added for food, but had to be renewed every two days to maintain
moisture and relative humidity, These tubes werc not as satisfactory
as the pill boxes,

In the feeding experiments, growth rates on the different foods
were determined by following the body weights, measured on the torsion
balence, of individual insects in addition to their development in
time., Twenty newly hatched larvae of each species were started on
each food. As the first two instars are small weighings began at the
third instar and were conducted every two to four days (according to
the rate of development on that food) until adults (males)or ovipositiom
(femaleé). However, ihe average weight of 20 first instar larvee be-
fore feeding was obtained for each species as the basic starting weight
for all experiments, The insects were rearcd separstsly, at first
through all stages, Wt later from the third lerval instor, £ach in-
sect was weighéd alive in thce active state - i.c. not anaesthetized as
this might inierfere with growth (since Ribbends, 1950, showed that
carbon dioxide and nitrogen cause permenent changes in the behaviour
of honey bees), Each feeding experiment of this type, including an

assessuent of longevity, lasted three months or more,
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The fecundity of each species on each food was determined by count-
ing the eggs from four to six isolated females at intervals of approxim=-
ately one week,

As inbreeding of Q.fasciatus results in fewer eggs and in some
cases lower survival after four generations (Turner 1960) inbreeding was
avoided in the present sbudy.

hs Frings et_al, (1957) showed in Q,fasciatus that survival in-
creased with deoreasing flood renewals, the effect of the regular food

renewals made in the present study was investigated,
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(A) BIONOMICS

F. Bcolopostethhis thomsoni

RESULTS

Overwinteri_gg

Scolopostethus thom=oni. overwinters as adults and third to Tifth

instar larvae, In 1960 cqual numbers of males and females over-
wintered, but twice as mny adults as larvae. However in 1961 the
nunbers of adults taken during winter were low (Table 1),

TABLE 1, Numbers of Scolopostethus thomsoni taken from overwintering

quarters,
Larval instars
Males Females 5 N 3 2
Jan~Apl, 1960 28 28 9 15 7 0
Jen-Mar, 1961 8 4 3 17 10 1

The main site was amongst nettle litter, but some specimens were taken
fron straw, grass tussocks and leaf litter near nettles, Very occasion-
elly an adult was taken from leaf litter under a shelter belt well awsy
from nettles, In the last week of September some adults and late larwvaa
werd found sheltering in the base of a cocksfoot tuft growing at the
edge of a nettle stand, Over the next two weeks 40 tufts of cocksfoot,
some within 15 yards of nettles and some well gway from nettles were
examined, Only five tufts , right on the edges of stands of nettle
yielded specimens (15), In November and January, 20 more cooksfiuob
tufts mostly well away from nettles were examined, but as no

Scolopostethus thomsoni were found this can not be an important over-
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wintéring site,

In specimens dissected in late January the ovaries were immature,
the fat body white and continucus and the ght empby except for soligd,
gran#lar, orange colourcd material on the inside walls, In specimens
dissécted in early March the ovaries were still immature, the fat body
was white and globular, and the gut was full of white granular material
in the crop and brown materiel in the remainder,

In order to determine whether overwintering larvae continue to de-
velop slowly, or are quiescent, some in the third, fourth and fifth
instars were placed in the cold insectary and these did not moult dur<
ing the winter, That this is a quiescence and not a diapeuse was showm
when larvac and females brought into the laboratory in late autum and
early winter continued their development and oviposited, These over-

wintering females were unfertiliged,

Breeding cycle

(a) Wettle habitat 1960,

In the 1960 season earliest ovarien maturity was attained in mid-
June, At this tine most females still had immature ovaries, but by
the last week in sune nearly all females contained ripe eggs. The
oviposition period continued through to the last week in August after
which date all dissected females had immature ovaries, Table 2 sun-
marises the state of the ovaries through the breeding season, Fron

late July until early October



TLBLE 2, State of ovaries in Scolopostethus thomsoni during 1960,

Period Number Percentage with ovaries
dissected Irmature Mature Senescent
13.6-18,7 57 W 86 0
25,7-29, 8 5l 2 85 13
6,9-8,11 17 88 0 12

gnall numbers of old females with undeveloped ovaries showing yellow
corpora lutea were taken,
The field weights, taken as soon as possible after capture (i,e,

within two hours) are given in Table 3,



TABLE 3. Weights of some Scolopostethus thomsoni specimens teken
froa different habitats in 1960,

Date Females Number of Males Number of
Meen welght fenales Mean weight nales
in milligrans weighed in milligrams weighed

Nettles stand 1

11,2 2,95 1 - 0
3.3 2,17 1
10.5 2,83 3 2,22 2
13.6 2-35 3 - 0
15.6 2,72 6 1,90 7
27.6 2.39 8 1.99 2
3.7 2. 74 13 1.51 10
6.7 3,24 2 2,13 3
12,7 2,83 17 1.7 36
18,7 2, 7k 20 1,61 28
8.8 2,57 6 1,36 3
Nettles stand 2
28,6 3,25 8 2,00 8
18,7 3.34 1 1,84 2
12,8 3.21 5 1,94 1
7.9 2,99 3 - 0
13.9 3.43 2 - 0
Arable lend
16.5 3,84 7 2.27 6
17.5 4,02 5 2,19 1
31.5 4,07 3 - 0
15.6 3.78 1 2,38 3

-

Ls far as can be determined from this limited dete the weight remains
fairly constant throughout the breeding season: this contrasts with

Styenocoris fuligineus (Table 15).

The life cycle in 1960 as studied on the three stends of nettle
is shown in Fig, 14, First instar larvee were found in sweepnet
catches and on the ground from thc last week of June, A4ll instars
except the fifth were then present until mid September when the last

first instar was taken, The last second instar was taken in the last
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week of Septecmber., The fifth instar larvae began to appear in late
August and the new adults from the first week of September (see Table
2). As none of these adults devcloped to sexual maturity and as larvae
in the third and later instars overwinter, it can be concluded that
there is but a single generation a year, Adults were present through-
out the year,

In late July the nettles on stand 1 were severely damaged by aphids

(Microlophiun evensi (Theobald) ). This may have caused the sudden de-

cline in numbers of adults teken and it is assumed that they moved off
the stand to another source of food, Although the stand began to re-
cover in early August the setback may have been responsible for the
low nuimbers of new adults taken in September (Fig, 1),

(k) Nettle habitat 1961,

In 1961 the breeding cycle in the nettle habitat was similar to
that in 1960 except that it began earlier, consistent with the warmer
weather and more sunshine that spring, On 19,4.61 a dissected female:
had large egg rudiments and one egg, and from 3.5.61 most fenales con-
tained several cggs. One female dissected on 22,5,61 contained ripe
eggs and corpora lutea in the other ovarioles showing that she had al-
ready oviposited, The state of the ovaries through the season is sum~

marized in Table 4, Some old females were taken on 19.9,61.
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TABLE L, State of ovaries in Scolopostethus thomsoni during 1961,

Period Number Percentage with ovaries
dissected Immature Mature Senescent
19,4-22,5 8 12.5 87.5 0
25.7 5 0 100 o]
20,8-6.9 29 93 7 0
19,9-9.10 31 90 0 10

There was no increase in the nuaber of adults in June (which may have

been effected by the nettle damage in 1960) but the newly emerged

auturm adults remained amongst the nettles (fig. 1),
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(c) Comparison of nuubers on the plants and on the ground,

Although it is difficult to compare directly the catch in 100
sweeps of nettle plants with that obtained by searching 10 square
feet of ground around the hases of the plants, the total catches
(Table 5) show that in stand 2 more larvae were found on the ground
than on the plants,

TABLE 5. Numbers of Scolonostethus thomsoni teken by sweeping nettles,
and from nettle litter,

Sweepnet catch Ground catch

Stand Adult Larval instars Adult Larvel instars
5 4 3 2 11N € 5 4 3 2 1

1960
1 140 113 25 24 28 18 16|11k 12 13 12 6 4 3
3 29 2L 7 7 6 3 31 2 5 0 1 0 1 O
2 26 21 2 2 2 1 1} 5 13 8 1. 8 6 1
1961
1 12 2 33 12 6 2 ol 16 15 0 1 2 O
2 5 5 11 11 0 0 0Of20 18 18 4 0 O O

Scolopostethus affinis was also breeding on this stgpd, but when

larvac fron the ground and from the plants were reared, adults of both
species euwerged in both cases, which indicates that the two species do
not ocoupy different niches, Thus this discrepancy is unexplained, but
nay be related to the thinmer litter in stand 2.

The young seeds appeared on the nettle plants from early qune when
the plants were 1} ~ 2 feet in height, and in July soue plants”had
reached 5 feet in height, By late August much of the seed was ripe, but

sone seed remained on the plants until late autwmn, The osccurence of



the larvae synchronised with the development of the seed (Table 6).

T4BLE 6, Showing periods and nuubers of Scolopostethus thomsoni
on nettle plants on stemd 1 during 1960,

Period No, of Adults No. of larval instars
o ? 5 4 3 2 1

13,6 1 5
5.7 21 17
12-25,7 83 51 0 o 5 11 9
31.7-14.8 23 20 0o 9 2 L
22,8-6,9 1 1 15 10 5 L 1
12-27,9 2 1 5 2 A 1 2
3-25,10 3 2 0o 2
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() Weed hebitat 1960,

Scolopostethus thomsoni also occurred in Pond Field under weeds

in 1960, but in suell numbers, 4 total of 27 adults was teken, and
sone larvae, Dissections showed that ovaries were well developed by
nid May, and by the end of May contained ripe eggs. First instar

Scolopostethus larvae were present by mid June and were followed by

small nuabers of later instars, but there were no larvae or adults
on the area after August,

Oviposition site

In the insectary, females kept in tubes and offered nettle leaves

and stems dejosited most of their eggs in the cottonwool plug, whilst
ane or two eggs werc leid on the plant, Eggs were deposited singly

or side by side in small groups, but when touching were not comented

topgether, No orientation could be noted as some eggs were horizontal,
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and others vertical, to the substrate., When green seed from the field
was exemined, partly incubated eggs were found within the perianth
againgt the fruit, Females kept in the pill boxes deposited their eggs
in the same site ‘When provided with green or he;rvested nettle seed,
although sone eggs were found on the outside of the perianth and on
the filter paper.

During the harvesting of nettle seed on 25.8,60, as the seedheads
were shaken out on & sheet of paper many first and second instar larves

end some Scolopostethus eggs were found.

Incubation period

The duration of incubation in the insectary is shown in Table 7,
Sixty-five per cent of the eggs, which were laid by five females,
hatched,

TABLE 7, Incubation period for Scolopostethus thomsoni in the
insectary 1960,

Incubated Number of eggs hatching in the number Mean
during of days indicet ¢4 Temperature

18 19 20 21 22 2% 24 25 26 °c,

7.6-26,6 2 15,1

2,7-31.7 1 3 1 2 1 15,0

13,7-2.8 1 1l 14,8

Larval development

The duration of larval developuent is shown in Table 8, Four
other larvae in this group overwintered in the fifth instar, The mean
nonthly maximum and ninimum temperatures in the insectary are shovm in

Table 26,
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TABLE 8, Development of Scolopostethus thomsoni on young nettle seed
in the insectary 1960,

Date Incubation Duration of larval instars in days Date
laid period 1 2 3 4 5 adult
in dgys energed
8.6 18 12 7 18 18 23 12,9 1%
7.6 10.9
6.7 19 10 10 12 15 31 29,9 3
7.7 (18-20) (9-12) (8-11) (10-15) (11-17) (22-45) 26,10

Percentage of the macropterous form

In 1960 a total of 502 adults, 261 males and 241 females, was
taken, Of these 4,84 (G.5% of the males and 2,9% of the females) were
of the macropterous form with the wing membrane fully developed and
reaching, or almost reaching, to the pesterior of the abdomen, The
majority of the specimens had short wings, In 1961 the percentages of
the macropterous form in the specimens taken were 2,5% of all adults,
2, 7% of the males and 2,4% of the females,

This low percentage of the nacropterous form would account for the
very smell number collected in the suction traps, only two (macrop-
terous females) on 25.8,59 and 15,6,60, both in trap 2, These records
may represent post and pre-hibernation flights,.

CONCLUSIONS

Number of generations

Field sampling indicated the duration of the instars (Table 6)
and the time intervals approximated those obtained by rearing individe-

ual specimens in the insectary (Table 8). These two sources show that
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there is a single generation = there is no indication of, or time for
a second generation as suggested by Southwood and Leston (1959)_. There
is a long oviposifion period which is complicated by late maturing,
overwintering larvae,. Teble 6 shows a cycle of larvae developing from
July to September, but the eggs from which they hatched would have
been laid in early to mid June, The first eggs oviposited in early to
nid May could not develop to new adults before mid to late August.
The eggs taken on 25,8,60 would have been laid by old femeles, for if
they were laid by new females one would expect to find some of these
with ovarics still maturing during September, but there was no evid-
ence of this (Tables 2 and 4),

Apprepgation, and changes in numbers between seasons,

The change in the numbers taken in sampling from one year to
the next (Fig, 1) appears to be accounted for by the effects of the
aphid attack on the food plant, However, as there were marked differ-
ences in the numbers of specimens taken from each stand (Teble 5) and
the bug sometimes persisted in low numbers, then behaviour alone nay
be responsible,

In any nettle stand where the bug is known to be present, it some-
times was not found except in a small localized area where several spec-
imens were aggregated, For example, on 8,11,61 a half-hour search
amongst leaf litter in stand 2 gave a nil catch but in the next five
minutes 28 specimens were teken from within an area of one square foot,
end on 9,12,61 22 specimens were token from grass at the base of nettles

in eight minutes, from the same unit area,
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Habitat

On the Pield Station this bug was found associated permanently only
with nettles, and it will climb the plants, as noted by Southwood end
Leston (1959), to feed on the developing seeds,

Although sone specimens were found on arable land it is not known
vhet they were feeding on(this problen was further investigated in the
feeding studies) and the numbers token decreased eventually to zero
possihly because there was no suitable food, The habitats listed by
Southwood and Leston (1959) are meadows, wastelands, woodland clearings,
parks and gardens, It would be interesting to know if the species
breeds away from nettles in these habitats and if so on what food, In
o rhort trip to Oslo in early June 1961 the author took adults and fifth

instar larvaec of Scolopostethus thomsoni and Scolopostethus affinis

from grass under silvér birch, and adults of thomsoni amongst moss,

grass and chickwecd,

2, Scolopostethus affinis

RESULTS.

Overwintering,

Scolopostethus affinis overwinters in nettle litter or in leaf

litter near nettles, During two winters 17 males and 1l females were
taken from nettle litter, and one male was taken from leaf litter
under & shelter belt well away from nettles, When 60 tufts of cockse

foot were examined to determine the number of Scolopostethus thomsoni

overwintering in such sites, only one specimen of Scolopostethus affinis

was found,

Females taken into the laboratory in January oviposited in 5-15
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days. That there is no diapause was shown when larvae taken into the
laboratory in late August and also females reared in the laboratory
from eggs, completed their development and oviposited.

Breeding cycle

(a) Nettle hebitat

Twenty seven males and 20 females were taken amongst nettles in
1960, and 20 males end 20 females in 1961, The carliest females taken
in the last week of June in 1960 contained ripe eggs, In the follow-
ing season, two females taken on 19, 4,61 contained eggs; a female taken
in late April and placed in the insectary oviposited in the second week
of May; and a female taken on 10,5,61 contained one egg and corpora
lutea in the other ovarioles, In both seasons oviposition continued
through July, but females taken in September and October had immature
ovaries, Specimens occurred both on the plents and on the ground,

The mean weights of seven males taken from May to August and eleven
females taken from April to July were, respectively 2,49(2.17 - 2.76) mp.
end 3,55 (2,87 = 4.48) ng. Two females with immature ovaries taken on
15,5.60 and 19.9,50 weighed 2,65 and 2.75 mg., respectively, One male
taken an 3.3,60 weighed .88 ng.

The larvae could not be distinguished from those of Scolopostethus

thomsoni, but as ovarian maturity in both species was attained at about
the samc time it is assumed that their larvae also appeared together.
The first and second instars werc present by the end of June, By rear~

ing some larvae through to adults it was determined that the third and

fourth instars of Scolopostethus affinis were present in nid August

and the fifth instar throughout August, Most of the larvae were
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designated as Scolopostethus thomsoni since the adults of that species

were far more numerous,

(b) Other habitats

On 17,5.60 & pale end a female were taken under chickweed, Eight
neles, four fenales and a fourth instar larva were taken under den-

delion (Taraxacum officinale agg.), some in the bases of the plants,

on 21,5,60 in an old gravel pit at Newland's corner, Surrey, The
occurrence in grass under silver birch in Norway has already been
noted under the previous species,

Oviposition site

In the laboratory and in the field eggs were deposited within
the perianth against the nettle fruit, and up to three eggs have been
found within one perianth, Penales kept in the laboratory sometines
laid eggs on the outaide of the perianth or on the filter paper,
When other seeds were provided as food, eggs were lald amongst the
loose seeds, In such cages the eggs would be placed either separately,
or in snall groups of two to five sonmetimes touching but not ccemented
together,
Fecundity

An indication of fecundity at field temperatures was obtained

to 20,6,61

from a female taken in April which laid 51 eggs from 10.5.61/in the
insectary, The food provided was fresh, green nettle seed, Fecund-

ity was investigated more fully in the feeding studies,

Incubation period

Six of seven eggs laid in the insectary on 1,7.60 hatched in 22

(renge 21-22) days,
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Percentage of the macropterous form

Over the two years only five macropterous males and four macropt—
erous females were taken, These represent 10,6% and 10% respectively
of the total numbers caught., The fully formed membreane extended to,
but did not exceed, the posterior of the ebdomen,

In the suction traps only two specimens (both from trap 2 and both
macrgpterous) were taken: a male on 7.5.59 end a female on 5.5.60,
CONCLUSIONS

Number of gemerations

Southwood and Leston (1959) point out that it is unknown if the
bug is single or double brooded, The evidence presented here indicates
thet there is but a single generation, There is a long oviposition
period at least until the end of July} no females were dissected in
August, but oviposition had ceased by September. The life cycle here
is sinilar to that in Finland where Pfaler (1936) showed that ovipos-
ition occurs from May to August, and larvae are present during the same
period,

Pfaler (1936) also found evidence of larvae overwintering in Finland,
Although no larvac taken during winter were reared to adults to confirm
this in England, a fourth instar larva which was taken with twelve
adults on 21,5,60 must have overwintered because it could not have de-
veloped as far in that season,

Habitat

Douglas and Scott (1865) said this bug is common in hedges, under

leaves, and at the roots of grass in dry places, from April to September;

Butler (1923) mentioned a habitat of moss and roots of grass in addition



27
to nettles; and Southwood and Leston (1959) said it is often, but not
always, essociated with nettles, although this association is only on

the ground,

In the present study, although occasionally taken eway from nette

les, Scolopostethus dffinis was mainly sought in nettles from which

hebitat it wes most readily taken, It was found that as in the case of

Scolopostethus thomsoni (Southwood and Leston 1959) this species climbs

the nettle plhnts from which it was taken as frequently as on the ground.
Thus a definite connection between the bug and the plant is now estab-
lished, slthough Thomas (1955) could find none,

The variety of habitats recorded in the literature end in the
present work suggests that the bug is adaptable to several foods and
this idea is followed up in the next. section,

3., Scolopostethus decoratus

RESULTS

Qverwintering

Scolopostethus decoratus overwinters as adults in C.vulgaris leaf

litter (Fig. 2) where they were found in densities of up to eight per
square foot, However, two females were also taken from nettle leaf
litter during winter.

Females dissected during winter had immature ovaries and a sub-
stantial fat body. The volume of food in the crop was varisble and
white, but the mid and the hind gut contained yellow or brown fluid,
and the rectum orange coloured fluid,

When females maught in January were taken inte the laboratory

they oviposited in five days and were found to be unfertilized, That
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this species overwinters in a state of quiescence nid has.no diapcuse
was shown when larvae taken into the laboratory in August and also
females reared in the laboratory from eggs, completed their develop-
ment and oviposited,

Breeding cycle

(a) Heather habitat

In the heather habitat this species bred around plants of E,cinerea
(Fig., 2)., By the last week of April 1960 females contained ripe eggs,'
end on 18.4,61 a female which emerged in the autuwm and overwintered in
the insectary began to oviposit, Oviposition occurred through May and
June, and one female with mature ovaries was taken at the end of July
(Table 9), 4An old female with senescent ovaries was taken in the third
week of August, but from July the majority of the females had immature
ovaries, These young females remained immature until the following
spring, |

The weights of adults from the field are given in Table 10 which
shows that the females increased in weight as they became gravid.

In both seasons second to fourth instar larvae were found in June,
and third to fifth instar larvae from July to September (Fig, 2) but
one fifth instar larva was found as late as 16,10,61,

(b) The association with the two species of heather.

There was a distinet migration of Scolopostethus decoratue from

C.,vulgaris to E.cinerea in the spring, and vice versa in the autum,

as shown in Fig, 2, There were between-season gifferences in the time
intervals, and fewer specimens returned to C.vulgaris during the winter

of 1960-61 than in the preceding and following winters,



TABLE 9, State of ovaries in Scolopostethus decoratus,

Period Number Percentage with ovaries
dissected Immature Mature Senescent

30.3.60 3 100 0 0
26,4 3 67 33 0
23.5 2 50 50 - 0
3-13.6 3 0 100 0
28.6 2 50 50 0
3.8 1 100 0 0
19.8 1 0 0 100
28.9-4,10 4 100 0 0
24,7.61 3 100 0 0
31,7 2 50 50 0
8.8-16.10 49 100 0 0

TABLE 10, Weights of some Scolopostethus decoratus specimens taken

during 1960,
Date of Females Nuniber Males Nunber
capture Mean Weight of Fehales uiecan weight of males
in milligreams weigned in milligrens welghed

Heather habitat
27.1-15.5 1.98 2L 1,70 2L
23,5-28,6 2.36 16 1.61 21

Weed habitat
9-16,8 2,27 6 -
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This migration is undoubtedly correlated with the developuaent of
the two plants., E.cinerea was in flower at the end of June, end the
seeds which were ripe in late August were shed during September.,
Before the sced wes set, however, there was an ample supply of fallen
seeds from the previous season, C,vulgaris was later; it was budding
when E,dinerea was in flower, and it set seed too late to contribute

to the food of Sgolopostethus decoratus in the ourrent breeding season,

It is noteworthy, however, that the bugs may develop their ovaries fully
before moving eway from C.vulgaris in the spring, The association with
Cyyulgaris during winter is probably related to the thicker leaf litter
beneath these plents which therefore offer the better shelter,

(e) Weed habitat

In Pond Field this bug was taken meinly under three plants, chick-
weed, sorrel and Yorkshire fog, Table 1l shows the numbers taken and
the period of association with each plant species, Most of the

Scolopostethus larvae taken were designated as Scolopostethus decoratus

because adults were taken regularly on the area (which was not the case

with Scolopostethus thomsoni) and because new females were taken in

August which indicates that this species was breeding on the area.
This species was found on areble land in mid May (which was when
the bugs dispersed from C,vulgaris leaf litter) and dissected females
contained ripe eggs, &fter 15.6,60 no adults were taken from around
chickweed, and by mid July these plants had died, Mature females were
present at least until the end of June, An 0ld femele with senescent
ovaries was teken in mid August after which date all females takén had

immature ovaries,
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TABLE 11, RNumbers of Scolopostethus decoratus taken on arasble land

in 1960,
Teaeken - Period S. decoratus Scolopostethus larvae
under & 1 5 L 3 2 1
Chickweed 16,5-6,7 5 12 0 1 1 3 6
Sorrel 29, 6-25,8 8 L 9 L 1 L o]
Yorkshire fog

24, 6~31,8 5 8 6 1 1 2 2
Spurrey 31,8-15.9 2 0 1

(d) Occurrence on nettle and broom,

Very occasionally specimens were taken from nettles in the spring
and early summer, Lone females were taken from nettle litter on 24.L4,61
and 2,5,61, whilst three males were taken in sweepnet catches on
28-29,6.60., On 29,6,60 a male wes taken by beating broom,

Oviposition site

In the field an egg of this species was found on a lime seed husk

amongst E.cinerea leaf litter on 28,6,60, and two Scolopostethus eggs

were found on the surface of arable soil on 24, 4,60,

Femalcs kept in glass tubes in the inseotary oviposited in the
cottonwool stopper. There was no orientation for some eggs were placed
vertical, and dthers horizontal, to the substrate, When the cotton-
wool stooper was replacedlby imslin, eggs were deposited on the sprig
of p;ant provided for food or on the glass, In the pill boxes the fe-
maleé oviposited‘mainly on the underside of either the cardboard name

tag or the moist filter paper, but some were deposited amongst the seeds

provided for food,
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The eggs were placed separately or in groups of two to five, and when
touching were sometimes stuck one to another although there was no
obvious cementing substance,
Fecundity

Three females from the field werc placed in pillboxes in the in-
sectary with seeds of E.cinerea as food, They began oviposition on
21,6.60 and laid 21, 50 and 65 eggs in oviposition periods of 4, 25
and 25 days respectively, One to ten eggs were laid in a day, and ovi-
position occurred on one to seven consecutive days, but there were in-
tervals of one to ten days during which no eggs were laid, A young
female which overwintered in the insectary began ovipositing on 18,4,61
and laid 164 eggs over approxinately three and a half months, Further
information from experiments in the heated cabinet are given in the
section on feeding,

Incubation period

The duration of incubation is shown in Table 12, Ninety-three
per cent of the epgs, from ten females, hatched,

TABLE 12, Incubation period for Scolopostethus decoratus in the
insectary 1960,

Incubated Humber of eggs hatching in the number of days Meean

during indicated, - temperature
16 17 18 19 20 21 22 23 °C,
19.5-11.6 5 9 2 13.9
25.5-18,6 4 - 1 4 2 3 14,8
22,6-17.7 1 6 5 10 15.4
6.7-29.7 1 - 3 8 3 7 2 15,0

10. 7-20 8 L" 9 1)+o 9

b
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Larval developuaent

The cduration of larvel developaent is shown in Table 13, The temp-

eratures in the insectary for 1960 erec shown in Teble 25,

TLBLE 13, Development of Scolopostethus decoratus in the insectary
1960 on nixed heather seed, The range is given in Brackets,

Date Incubation Duration of larval instars in days Date
leid peripd’ 1 2 3 L 5 Adult
in days Energed
18.5 22 11 8 13 22 26 28,8 1%
18,5 22 11 7 13 11 16 6.8 P
2
19.5 (21-22) (11)  (6-7) (12-13) (11) (16) 4.8

Percentage of the macropterocus formn

All specicimns taken and all those reared hed fully developed wings
which extended to the posterior of the abdomen, The numbers of this
species taken in the suction traps (Table 22) were the highest for the
genus,

CONCLUSIONS

Number of generations

There is a single gencration a ycar, as shown by the duration of
developuent (Table 13) and the failure of the ovaries of the young fe-
males emerging in late summer and autwm to mature, The oviposition

period is shorter than in Scolopostethus thomsoni (Tables 9, and 2 and

4) and is not prolonged by late naturing, overwintered larvae, The young
adults appear earlier which suggests that developuent is faster than in

thomsoni, and larval development is completed before winter,
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In Finland Pfaler (1936) reported larvac fron early July to early
September, and new adults from the end of July to September, On the
¥ield Station the cycle was sinilar but the larvae were found over a
longer period, from 19 June to 16 October,

On fleeding during winter

Although Woodward (1949) and Southwood and Leston (1959) state that

Scolopostethus decoratus continues to feed throughout the winter, dis-

sections in the present work indicated that in this species and

Scolopostethus thomsoni the gut becomes full before winter and then the

contents are gradually depleted between late iiecember and late ‘."E;ebruary .

That food is not necessary during winter was shown when specimens of

Scolopostethus affinis end thomsoni overwintered in the insectary with-

out food, This does not discount the possibility that feeding may
occur for short periods on exceptionally werm days during winter,
Hebitat

Thomas (1955) reported that .this bug is associated with E.cinerca
rother than with C.vulgaris, Southwood and Leston (1959) stated that it
seldom occurs away from heaths, but Butler (1923) took a few specimens
from a marsh,

The present study has shown the summer and winter association,
respectively, with E.cinerea and C,vulgaris, and also that the bug can
breed around annual weeds well away from heather, However, the patches
of heath on the Field Station are small and scattered, which may make
it necessary for the bugs to exploit other habitats, whereas on large
heaths it may well be that they never need to méve far, The few adults

taken when sweeping nettles and on broom were probably merely resting
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during dispersal,

When larger areas of heath six miles south on Chobham common were
sampled, it was found that there also the bug occurred in localiged
areas, notably around plants of E,cinerea on raised ground, There,
greatest nunbers were taken in July and August, In Oslo in ea.rl_y June

1961 Scolopostethus decoratus was sought in small patches of C.vulgaris

but was not found,

4, Notes on Scolopostethus grandis

RESULTS

Overwintering

Six males and ten females of this species were taken from February
to early April 1960, A group of twelve were taken together from Ash
leaf' litter, two from nettle litter and two frou leaf litter under a
shelter belt of several species of trees,

In a female taken on 19.2,60 the crop was enpty except for white
granular naterial on the inside walls, the remainder of the gut was full
of brown granular fluid, and the rectun was distended with orange col-
oured fluid, The spermatheca did not contain sperm,

That there is no diapause was shown when young females taken into
the laboratory in August completed their development and oviposited;
they were not fertilized.

Breeding cycle

In the habitats sampled this species was rare, A total of 15
specinens (excludihg catches during winter) was taken as follows (all
larvee were determined by rearing through to adults); on 8,9.60 a fe=

nele under sorrel; on 18,7.60 a female in a nettle sweepnet catch;
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on 244,61 a female in nettle litter; on 15.8.61 a fifth instar larva
sheltering at the base of Yorkshire fog; and during August 1961 eleven

specimens fron grass under silver birch (Betula verrucosa Ehrh. o Im

the first half of the month only fourth and fifth instar larvge were
taken, but by the end of the month only adults were taken.

Larval developnent

The duration of the first and second larvael instars at a temperature
(o]
of 23.3 C., on nettle seed was, respectively, eight, and nine to fourteenm

days,

Percentagze of the macronterous forn,

All specimens taken were nacropterous, Although the fully dew-
eloped wing membrone scmetimes extended to the posterior of the abdomen,
it often did not reach bevond tergite 6., In the suction traps a single
female weas taken, on 7,9.59 in trap 3.

CONCLUSIONS

Butler (1923) end Southwood and Leston (1959) stated that this
species occurs under dead leaves, and that nothing is known of the life
cycle, In the present work more specimens were taken frou grass under
silver birch than froa any other hebitat, and there the larvae com-
pleted their development in August., This, together with the fact that
no larvaec were token during winter suggests that the bug overwinters as
adults, Unless development is faster than in the preceding three spe-
cies, which is unlikely, therc can be only one generation a year. Both

authorities cited above stated that macropters are rare, but all speci-
mens taken in the present work were macropterous, The habitat of this

species differed from that of each member of the genus found on the
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Field Station,

5, Stymmocoris fuligineus

RESULTS

Overwintering

This specics overwinters mostly as adults, for 1l males and 20

females, but no larvae, were taken in two winters mainly from the edge

of o dump of straw and leaves under & chestnut (Castanea sativa Mill, ),
Specimens were still found there in April., However, larvae in the
fourth and fifth instars may sometimes overwinter, for two were found
on 17,4,61, and in the third winter others were taken up to 18,12,61,

That this bug overwinters in o quiescent state and has no diapause
was shown when female larvae in the fifth instar taken into the labore~
tory in August, and females reared in the laboratory from eggs, com-
pleted their developiment end ovipositeds

Breedingz cycle

(a) 1960 Season

As specimens of Stymocoris fuligineus were found around several

species of plants its occurrence with each is discussed (Table 16)
although for the life history this information is bulked in Fig 34 and
Tables 14 and 15, The bugs were first found in this habitat on 16.5.60,
some running across patches of bare ground, and some in cop,; the fe-
nales contained ripe eggs.

The state of developument of the ovaries during 1960 is shown 4n
Table 14, and this data suggests that there is a single generatiom a

year,
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TABLE 14, State of ovaries in Stypnocoris fuligineus in 1960,

Period Furber Percentage with ovaries
of females Imature Hoture Senescent
dissected

16 May~6 July 14 0 100 6]

9-25 Aug, 18 L5 LY 11

31 Aug,-~l5 Sept, 2l 7L 0 29

21 Sept,=21 Oct, &4 100 0 0

The weights of some cpecimens taken during 1960 are shown in

Teble 15, end for females they show a trend that might be expected

from the state of the ovaries at the same period,
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TABLE 15, Weights of adults of Styrmocoris fuligincus in 1960.

Period Fenales Males

No, of Hean Range in Mean Range in

Pemales weight in mi&lligréms No,of. weight in milligrins

milligrans . males nilligrans
8 Feb, 1 2,22 2,22 3 1,27 1, 20-1, 32
16 May-6 July
28 2. 65 20 04"3. 27 30 10 hl]- 1. 20"'1. 73

9-16 Aug. 17 2. 36 1. 63-2. 74 0 - had

31 Aug. -15 Sepo
21 2,25 1.61-2,50 1 Lo 47 1.47

(1) Occurrence under chickweed

First inster larvee were present in the second weck of June, third
instar larvae were found in mid June, whilst all stages were present in
the first week of July (Fig, 3A ond Teble 16), Gravid females were
present into the second week of August after which the population moved
because this chickweed had died out, end sampling from it was discon-
tinued after 25.,8.60.

Specimens were also found around lesser stitchwort (Stellaria
graminea L, ) but this weed was not common on the area.

(ii) Occurrence under sorrel

411 larvel instars were present by the last week in June (Fig, 34
and Table 16) until mid September. New adults were present by mid
August and in September, but the last gravid female was teken on 25,8, 60,
After the areca was disced on 20,9,60, sampling in seven consecutive

weeks gave only one further specimen, a first instar larva on 18,10, 60,



(iii) Oceurrence under Yorkshire fog

There secned to be some association with Yorkshire fog, possibly

for shelter,

New adults and gsone larvae werc teaken in early August; and

gravid females on 9,8,60, after which date the females taken had imme~

ture ovaries (Table 16),

TABLE 16, Nungers of Stymocoris fuligineus taken on arable land in
1960,
Under York-

Date Under chickweed Under sorrcl  shire fog Under spurrey

Stage % 54321 d854321 48251 fe5L4321
16 May 10 16
o L 2
10 June 8
15 v 136
24 " 1 15 11 2
2 " Not saapled 11111
6 July 11 456781
i " 11 1 L12
22 v 2 2 1 1 1 1
27 " Nil 1 31
3 fug, 22 1 1 1l 1
g " 1 1 Nil 1511 (lst oample 16th)
16 * Nik 223 11 1 274 753
25 " Sampling ceased 11 L2 1 3 2111t
A ow 161 1 21
8 Sept, 235111 1 1485
15 " I 12 2 1 133233
22 " Wil, Area disced 11 Nil
29 " Nil Senpling ceased
6+12 Oct, Wil 21
18 Oct., 1

Sempling ceased
an 12 Dec,

(iv) Occurrence under spurrey

In mid August specimens of Stypmocoris fuligineus were first found

under spurrey, a few plants of which were growing on the arca,

Larvae,

and adults (including both young, and senescent females) were present

up to nid September (Table 16),



(v) An attenpt to continue the study on enother piece of land

In late September, after the study area had been disced in error,
other arable areas on the Field Station were investigated in the hope
that the 1life history of this species could be traced to the end of the

season, Stymocorisg fuligineus was found in only one area, and this

suggests that dense populations are localized, although the buz may be
widel& distributed over the Field Station at a low population density,
This area was another patch of spurrey amongst which, in mid September,
larvae in all instars except the first, and both young and senescent
fenales, were found., On 21,9,60 only two specinmens, larvae in the
first and fifth instars, were teken. On 6,10.60 a larvae in the second
instar and a yourng female were taken, Therea;t‘ter up to the third week
in 6ctober when sanpling ceased, no bugs were taken, and these results
indicate a movement to overwintering quarters,
(b) 1961 Season

Both pieces of land sampled in the previous season had become
covered by o dense sward, mostly of grasses, which was unsuitable for
these bugs, However, on the area examined in the autum of 1960, some
were gtill found under scattered sorrel plants. #s the life cycle of
specimens frc;m under sorrel in grassland and from under spurrey on arable

land differed, the data from these two habitats are discussed separately.

(i) Occurrence under sorrel

In the period 17.4.61 to 29,5,61 fifth instar larvae end mature end
young adults were found, the last mentioned presumably developed from
overwintered larvac. No other adults were taken until 17.7.61 and

Table 17 shows that the majority of the females taken subsequently had
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immature ovaries, Two newly moulted females were taken on 31,7,6l.

TABLE 17, State of ovaries in Stygnocoris fuligineus taken under
sorrel in 1961,

Period Number of females Percentage with ovaries
dissected Immature Mature Semescent

15 May.’ L o 100 0

29 May 2 50 50 0

24 July-l4 Aug, 29 100 0 0

22-28 Augz, 34 94 6 0

5 Sept. 11 100 0 0

A first instar larva was taken on 24,7.61, but over the previous
four weeks one third, one fourth and two fifth instar larvae were taken,
Fipure 3B shows that the nuabers of adults and late larvae taken in-
creased frop the end of July to early September, Earlier instars were
scerce; two first and one third instar lervac were teken on 22,8,61,
Sempling ceased at the end of September as the bugs seemed to have moved
from this habitat,

Samples were taken in the same ares amongst the dense grass, main-

ly Yorkshire fog and Arrostis tenuis Sibth, away from sorrel on 8,8,

14,8, 2,10, and 5.12,61 but no specinens of Stymocoris fuligineus

were token, However, on the first occasion a few specimens of

Stymocoris pedestris and D, sglvaticus were found,

(ii) Occurrence under spurrcy

In the spurrcy habitat Styrmocoris fuligineus appeared later than

in the sorrel habitat, for no specimens were found on the arca fron
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15,5.61, when sempling began, until 2,7,61, Figure 3C shows that a small
population of adults and third to fifth instar larvee increased in nun-
bers which remained high until mid November. The state of the ovaries
throughout is shown in Tsble 18, Some newly noulted feneles were taken
on 31,7.61 and 16, and 23,10,61,

TABLE 18, State of ovaries in Stygnocoris fulipineus taken under
spurrey in 1961,

Period Number of females Percentage with owaries
dissected Immature Maturc Senescent

31 July L. 50 50 0

8-22 Aug, 11 27 73 0

28 fug,-9 Oct, 32 78 3 19

16 Oct.-6 Nov, 57 94,8 1.7 3.5

19 Nov,=ll Dec, 10 100 0 0

Larvae in the third instar were found up to mid November, end it
seemed that sone adults and fourth end fifth instar larvee would over-
winter on the area (Fig. 3C). From mid November, specimcéns were less
active and were found in eggregations, sheltering under spurrey debris
and young sorrel plents, and often immediately below the soil surface
in small crevices,

Oviposition sitc and mating

Bggs were seldon found in the field, but two were found immediatcly

below the soil surface under Yorkshire fog in a spurrey area,
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The identity of these was checked by rearing through to adults, Females
kept in the insectary deposited most of their eggs in the cottonwool .
plug, but several eggs were deposited on the sorig of chickweed, Those
oviposited in the cottonwool were generally orientated at right angles
to the surface, Eggs laid on one day would be in one or two clusters
of one to four, sometimes touching but not cemented together. During
four of five days eggs may be oviposited disorderly over other eggs in
a heap of about nine, On the food plant single eggs were laid either
on the secd within the perianth, or on the outside of the perianth.
The fenales kept in pill boxes laid egzs beside the loose seeds, or on
the filter paper.

During oviposition, after a suitaeble site in the substrate has been
selected, the bug takes a fim grip of the substrate with the tarsi and
the egg is passed down the ovipositor, The membranes of this orgen
assume the shape of the egg momentarily and afterwards the ovipositor
is waved from side to side four to six times before it is folded away.

In copulation the bugs , after coupling the genitalia, assume the
tail to tail position usual in the Lygaeidae for several hours at a
time, In the present study this was the only species seen, or taken,
in cop, in the field, and the only one that would readil& copulate in
the,laboratory.

Fecundity

The fucundity of nine females studied in the insectary during
1960 is shown in Table 19, They were capbured on 16,5,60 and paired
with males, and although they may have already laid a few eggs in the

field, it is considered that the values in Table 19 are close to,



if not idemtical with, total fecundity at natural temperatures, The
temperatures in the insectary are given in Pable 26,

TABLE 19, Fecundity of Stymnocoris fuligineus in the insectary 1960,
The food provided was a sprig of chickweed bearing sceds.

§ Number Oviposition Post-oviposition No, of days No. of eggs

F A S
1 88 92 3 37 2.4
2 74 93 21 26 2,8
5 109 79 L 38 2,9
L 20 31 3 ‘ 9 2,2
5 58 41 2 29 2,0
6 106 69 78 L7 2.3
7 25 73 2 13 1.9
8 86 117 L7 39 2,2
9 11 30 2 6 1.8
Mean 6L 69 18 27 2.3

Although the mean number of eggs laid per day is shown in Pig. 4A
to be steady, this was not so for individual females, The general
rhythn in oviposition shown by seven of the nine females is illustrated :
in Fig. 4B, Oviposition seldom occurred on more then one or two days in
succession, and the intervals of days on which no eggs were laid were
often of greater duration. However, females 7 and 8 oviposited more reg-

ularly as shown in Fig. 4C.
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Incubation period

The duration of incubation in the insectary is shown in Table 20,
Ninety-two per cent (399) of the eggs, from eleven females, hatched,

TABLE 20. Inocubation period for Stygnocorjgs fuligineus in the insect-

ary 1960,
Incubated Number of eggs hatching in the number of Mean
during days indiocated temperature
18 19 20 21 22 23 24 25 26 27 28 29 30 °c.
18,5-18,6 2 19 6 2 1 14,1
24, 5-23.6 5 215 17 2 15.6
. 1=30,6 311 36 41 2 16.0
11,6-10,7 7334 13 2 15.9
19,6-25,7 12141215 5 1 1 1 15.5
2=31.7 425 5 15.0
647-5.8 515 5 1 2 15,0
6.,8=13,9 2 8 2 3 L 14.5

Larval development

The larval development (Tsble 21) shows that only a single gen-
eration was reared in the season, Of four further fifth instar larvae
in the chickweed seed group, two died in September and October, whilst
two virtually overwintered, but died in mid February and mid liarch,
Flight

All adults captured and all those reared from larvae had fully
developed wings which extended to the posterior of the abdomen, The

suction trap records are given in Teble 22, Stygnocoris fuligincus
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was taken in traps 2 and k4, but half of the total number of specimens
were taken in May 1960 in trap 2, In 1959 eight specimens of this spe-
cies were taken, zll during the period August to October, These records
indicate post and pre-hibernation flights,

TABLE 21, Development of Stxggogorls fuligineus in the insectary
1960, The range is given in brackets,

Date Incubation Duration of larvel instars in days Date adult

laid period 1 2 3 L 5 energed
in deys

On chickweed seed

18,5 13,9

20,5 27 8 9 12 17 3 11.9 3%

20,5  (27) (6-9)  (8-10) (10-13) (13-19) (19-4k) 16,8
8.5 3.9

20 5 27 7 12 2l 28 12,9 3P

20,5  (27) (6-8) (8—9) (11-13) (21~29) (20-33) 22,8

16,6 19 11 12 1L 13 32 7.9 &

(19)  (10-12) (10-15) (11-18) (12-15) (18-58)  13.9 39

On sorrel seed

7.6 15 11 15 13 29 12 2,10 29
10.6 (18-20) (11) (11-18) (12-14) (24-3L4) (39-209) 10.3.61
7.6 20 13 15 21 9.9 28

8.6  (20) (10-15) (11) (11—1u) (14-15) (15-27) 5¢9

CONCLUSIONS

Number of generations

This species was the most abundant of those studied and had the
most complex life history to interpret, Southwood and Leston (1959)
stated that there are probably two generations a yecar in southern
England, the first generation adults appearing at the end of July,
and ovipositing in September, The resulting larvae, they stated, may

becone adult in late October or overwinter,
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TABLE 22, Numbers of the four camon Rhyparochromines taken in suction
traps in 1959 and 1960,

Month Styegnocoris Drymus Scolopostethus Stygnocoris
fuligineus sylvaticus. decoratus nedestris
S A s ¢ A F
Apl, 1 L 3 1 0 4 0 0
Nay 12 11 11 3 2 2 0 0
June 5 L 3 2 0 1 1 1
July 0 1 0 0 0 1 0 0
Aug, b 3 1 1 1 2 4 3
Sep. 2 2 1 0 0 1 0 1
Oct. 1 1 2 0 1 0 0 0

The 1960 deta (Fig, 34 end Teble 16) could indicate two gen-
erations, and the 1961 data oould also represent two generations -
one on sorrel (Fig, 3B) and one on spurrey (Fig. 3C). Figure 3C
does show that eggs hatching in September mostly develop to adults
by December, and this was the only "batch" of eny size found in 1961,
The question now arises, were the larvae which were taken earlier,
of a different generation or is there a single generation with a long
oviposition period? That there is o long and rather irregular
oviposition period (as suggested by Butler, 1923) is shown in Table 19.
Adults developing from the earliest eggs may be expected to eppear
early in the summer, and they did so from the end of July, although

the development time in the inseotary was found to be longer (Table 21).
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If these new females do not lay eggs then there is a single generation.

However, this is difficult to determine because both mature end immature
ovaries were found in late July and August (Tables 14, 17 and 18),

Nevertheless, because of the absence of senescent ovaries early
in the season, and the disappearance of mature ovaries after August
(Tebles 14, 17 and 18), it 1s concluded that there is a single generation
a year, Thus although there appears to be time for two generations, the
eggs hatching in September would have been laid in August by old
females (because if the new females matured they would be expected to
remain with meture ovaries during September). The oviposition period
may be extended by late maturing females emerging from over-wintered
larvae, |

In Finlsnd Pfaler (1936) noted a single generation thus: old
females in lay, only larvee in early July and thereafter up to
September new adults which remained lmmature, She showed that this
speclies overwinters as adults thus differing from other members of
the genus which overwinter as eggs.
Habitat

The changes in population density both between and within seasons,
demonstrates the mobility and adaptebility so necessary to the survival
of this species, It feeds on the seeds of annual weeds for which the
best source is on, or at the edges of, arable land, A great hazard
is good cultivation, Often the weeds cammot set seed until the
regular cultivations of young crops cease; the bug mey then become
esteblished, only to be disturbed or destroyed by late season

cultivation (Fig, 3A) when the land is prepaxed for another orop.
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If the ground remains untouched after cropping both the weed flora

and the bug do well, but if thls state of affairs continues into a
second season the vegetation may then become too dense for the bug.
Thus ocultivation both helps and hinders the bug, Often there is
wastage e.g, in 1961 the bugs did not move on to the spurrey area
until July (Fig. 3C) although seed was set well before this date.

An indication of the habitat of this species is given by
Douglas and Scott (1865), Saunders (1892), Butler (1923) and
Southwood and Leston (1959) and includes grass and plent roots,
moss, heaths, leaf litter, sandpits, rotting grass, and gardens,
These further show the adaptability of the species and include Places
vhere it may breed undistwbed by ocultivetion,

6., Notes on Stymocoris pedestris

RESULTS

Overwintering

In searching during winter for Stygnocoris fuligineus and other

species, only one specimen of Stygnocoris pedestris was taken - a

fenale on 6,1,61 from the base of a cocksfoot tuft. On 16,10.61 a
male and a female were taken from C,vulgaris leaf litter, but none
after that date,

Breeding cycle

Larvae in the fourth and fifth instars were first found on 19.6.60.
L total of 22 larvae (in the third to fifth instars) were found from
June to 8 August in the two years around the following plants: dutter-

cup (Renunculus repens L, ), B,cinerea, sorrel, grass and grass under

sil¥er bircn,
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The adults were the last stage to appear, and the first captures

were made on 12,7,60 and 2,7.61, Up to 15,9.60 four males and one
female were taken singly from under buttercup. E.cinerea and spurrey,
and in a nettle sweepmet catch, Between 2,7,61 and 19.9,61 five males
end two females were taken from under B.cinmerea, and four mles and one
female Crom uider sorrel; no more than two specimens were taken together,
From the four females dissected it was determined that the ovaries
were partly developed by 14,8,61, contained ripe eggs during September
(5 and 19,9.61) and that oviposition was completed by 16.10.61.
Flight
The adults cantured and those reared through from larvae had
fully developed wings which extended to the posterior of the abdomen,
The suction trap records in Table 22 show that this species, which
was taken in all traps except trap 3, was on the wing in June,
August and early September,
CCNCLUSIONS

Number of generations

There is a single generation a year. The absence of adults
during winter is in agreement with reports by Pfaler (1936) and
Southwood and Leston (1959) that this bug overwinters as eggzs.
Butler1923) reported young larvee in June. Thc present
record of late larvae in June indicates that eggs hatch before
June (e.f, Soﬁthwood and Leston 1959) end it would be expected
that overwintered eggs would hatch before eggs of other species

that are laid in the Spring, The adults appear from July, as
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shown in Finland by Pfaler (41936), and not late iugust as suggested

by Southwood and Leston (1959). The oviposition period is shorter

than in Stygnocoris fuligineus, As the adults die soon after

oviposition is completed it is likely that there is no prehibernation
flight, and so the total catch of this species in the suction traps

(Teble 22) represents a preoviposition dispersal.

Habitat

This species, like the preceding, seems also adaptable to a
veriety of habitats (Butler 1923, Southwood and Leston 1959, end the
present study), In fact, it seems that the preferred hebitat was not
found on the PField Station, unless the bug generally occurs in small
mmbers as noted by Butler (1923), but this may be because its habitat

does not normally overlap that of Styemocoris fuligineus,

7. Notes on Stygnocoris rusticus

No specimens of Stymnocoris rusticus were taken during winter

from places sampled for Stypnocoris, Drymus and Scolopostethus species,

4 larvae in the fourth instar was teken under sorrel on 2,7,61 and was
reared through to an adult femele., On 5,9.61 a male was token in the -
same habitat, Both specimens were brachypterous, No specimens were
taken in the suction traps.

This species overwinters as eggs and there is a single generation
o year (Pfaler 1936, Southwood end Leston 1959). As so few specimens
were taken it is concluded that, either the bug is rare on the Field

Station, or its habitat does not overlap that of Stygnocoris fuligineus.
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8, Dryms sylvatious

RESULTS

Qverwintering

Fifteen males and eighteen females were teken from leaf litter

during the two winters., Half the specimens came from nettle litter,

end of the remainder sbout equal numbers from C.vulgaris litter and
from under a shelter belt of several speocies of trees., In addition
three meles and two females were taken from cocksfoot tufts growing
well away from nettles, but as they were the catch from 60 tufts,
this site cannot be favourable for overwintering,

This specles has an obligatory diapause because the new
generation females emerging in the field in August did not oviposit
in the laboratory, However, after subjeoction to a temperature of
109C, for six and a half deys, oviposition occurred in 15 days.

That the period of diapeuse is short was shown vhen females taken
into the laboratory in carly January oviposited in five to fourteen
days,

Breeding, cycle

() 1360 season
In 1960 ovipositing adults were first taken in mid May under

annual weeds in ®nd Field and were present until early June,
The state of development of the ovaries in specimens taken over two
seasons is shown in Table 23,

The mean field weight for three mature females taken in June
was 4,85 (4, 50-5,55) mg, and for six immature females taken in

August and September 3.79 (2,92-3,68) mg. -
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TABLE 2%, State of ovaries in D, sylvaticus

Period Number of Percentage with ovaries
females Immature Mature Senescent
- dissected
23- 5-101 6. 60 5 O 100 O
16,8-27.9,60 13 100 0 o}

The first instar larvae appeared by 10.6.60, and the first eggs
inoubated in the insectary also hatched in early June, By late June
first to fourth larval instars were present, the fifth larval instar
appeared in early July, and the young adults from late July. Late
instar larvae also occurred until mid September when the species
lef't the area, The numbers teken were relatively smell ~ a total
of 102 specimens frou this area in the scason,

(b) 1961 Season

The eorliest cabches were a Drymus first instar larva on

21.4,61, and a first and three second instar larvae on 3.5.61 in

nettle litter. Under spurrey, and sorrel in grassland, D,sylvaticus

was not found until July when all stesges were present, During
fgust fourth and fifth instar larvae and young adults were taken,
Occasicnally speoinens were taken in grassland.

Oviposition site

Females kept in glass tubes covered at both ends with muslin
cloth oviposited on the sprig of chickweed supplied as food,

When cottonwool wes used as one stopper, eggs were deposited in
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it and not on the plaant, This may indicate that eggs are deposited

in the soil, and on 24,6,60 en ege of this specles was found on the
surface of the soil,
Fecundity

The preliminary work on fecundity in the inscctary was
unsatisfactory because a suitable food had not yet been found for
this specics. Usually sbout ten eggs were laid over three days and
the bugs died one or two weeks later, Some success was obtained
when the seeds of I,cinerea were glven as food, for three females
leid 16, 17 end 26 eggs in oviposition periods of 6-22 days; one
to six eggs were laid per day. Further information on fecundity
is given in the section on feeding,

Incubation period

The duration of incubation is shovm in Table 24, Of 106

egas, from ten femeles, 91.5 per cent hatched,

TABLE 24, Incubation period for Drjymus sylvaticus in the
insectary 1960.

Incubated Number of eggs hatching in the number of iean

aurine 16 17 18 19da?2rg ig?ioggedas 2L, 25 26 27 t;’gﬁiﬁ‘
18,5-17.6 L 8 13 6 1 - 1 :3.9
7.6-26.6 3 5 15 2 15.1
21.6-18.7 2 4 19 7 1 15.6
29,6-24,7 2 1 - - 1 1 4.7

12.7-408 . 1 1’-!-09
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Larval development

The duration of development is shown in Table 25. One further
larva of this group, after 84 days of larval lif'e moulted, not to
an adult, but to a sixth inster larve and died nine days later,
TABLE 25, Development of four D, sylvaticus feuales in the insectary

in 1960 on young nettle seed. The range is given in
brackets, |

Date Incubation Duration of larval instars in days Date of

leid period last
in days 1 2 3 4 5 moult
9:6 & 19 13 14 15 17 26  20.9
18.9
21.6 (17-20) (12-15) (13-16) (14-16) (412-19) (21-30) 7.10
30,9

The temperatures in the insectary are shown in Table 26,

TABLE 26. sean monthly temperatures in the insectary 1960,

lean Mean
Month maximu ninimim

ocC, °c.
April 10,9 6,2
May 15.7 9.3
June 19.9 12.1
July 17.9 12,1
August 17.5 11,6
September 16.7 10.1

QOctober 14,6 6.1
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Flight
A1l adults taken in the field and all those reared in the
labeoratory were macropterous, A total of 21 males and seven
females was taken in suction traps 2, 3 and 4 (Table 22) and these
records may represent pre- end post-hibernation flights.
CONCLUSIONS

Number of generations

As this specles has an obligatory diapause in the late summer
end autumn emerging adults, there can be only one generation a year,
The three-month larvel development period in the insectary (Table 25)
is in agreement with the May oviposition and early August emergence
of young adults in the field, Although there are records of adults
in each month (see also Butler, 1923) there may be a period in late
June when there are none, In Finland Pfaler (1936) noted a similar
absence of adults in July. New adults appeared from late July but
remained immature (Table 23), Thus there is no evidence of a second
generation as mentioned by Southwood and Leston (1959), although up
to sugust the life history was found to be similar to their account,
Butler (1923) sugzested thet oviposition oceurs at intervels during
the summer, but it was found to last four to six weeks in May and
June,

Hebitat

Douglas and Scott (1865), Saunders (1892), Butler (1923),
Thomas (1955) and Southwood and Leston (1959) stated that this
species is coumon in leaf litter, grass roots end moss, These

habitats plus those found in the present study suggest that the

bug féecls on a variety of seeds,




9. Notes on Drymus brunneus

RESULTS

Overwintering

During two winters 20 males and 20 females were taken, mostly
from oak and nettle leaf litter. TFive specimens were taken from
leaf litter under a shelter belt and two from the base of soft rush

(Juncus effusus L. ) Females dissected in February and early March

had spermn in the spermatheca,

Breeding cycle

In the two seasons 22 males and 25 females were taken from
May to October from nettle litter, grass under silver birch, and
under E,cinerea (one specimen), Fourth and fifth instar larvae
were taken in late June and July and fifth instar larvae in early
sugust, The state of development of adults taken at the following
times is of interest: in mid July a senescent and a young female,
in early fugust a newly moulted male, on 25,8,60 a female with
developing ovaries, and from late September to late October all
femeles dissected contained ripe eggs.

Females taken in July and August and those reared from late
larvae did not oviposit in the laboratory, There was cne exception,
a female which laid ome egg in December and a further sixteen eggs
between 9,2,61 and 12,3,61. Subjection to a temperature of 10°C
for seven days did not induce these females to ow-riposit; the

food provided may not have been suitable.

61
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CONCLUSIONS

The number of specimens teken were too few to draw any
definlite conclusions about the life history of this species
although there is some evidenoce to show that overwintered females
complete oviposition sbout 1id July and that new Jemales emerging
in fugust attain sexual maturity before winter, It is interesting
to note that in Finland Pfaler (1936) found both young and mature
adults up to early August, but in late August and early September
(vhen the study ended) she found only specimens with irmature
overies; larvae were teken from May to Sepbember end probably
overwinter., Thus the number of generations per year is still
unknown (see also Southwood and Leston 1959).

However Putshkova (1956) reported that overwintering eggs
are laid, Presumnably the females that oviposit in the autumm would
not survive the winter, It appears therefore, that there may be
but a single generation, with all stages overlapping i.e, the females
developing from overwintered egps will oviposit and die before the
next winter, whereas those developing from overwintered females will
also overwinter immature and oviposit in the spring; vhere larvae
overwinter, the next generation will also overwinter as larvae,
Such timing, however, would not be rigid,

Natural Enemies

Dipterous parasites

Cinochira atra Zetterstedt was found to be an occasional

perasite of Scolopostethus thomsoni (7 examples), Scolopostethus

decoratus (2 examples), D.sylvaticus (1 example), and D.brunneus

P
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(2 examples); and Alophora pusilla Meigen of Stygmocoris fuligineus

(1 example) and Stygnocoris pedestris (in the only specimen taken

during winter). In all cases the hosts were taken from August to
February as late instar larvae or adults. In the laboratory those
hosts taken as adults died when the parasite emerged, which was
after 11-15 days for C.atra and 9 days for A.pusilla. WVhen hosts
were taken as larvae they became adult before the parasite emerged.

The fully grown parasitic larvae emerged through the anus or
genital opening; these organs then resumed normal size before the
corpse of the hosgt became cold, and thus the path <f exit was
obsoured. The larvae pupated almost immediately and the adult
parasites emerged after a further 12-14 days for C.atra and 8 days
for A, pusilla. There was one parasite per individual host.

When parasitized adults were dissected during winter a fully
grown larva which occupied the whole of the body cavity was found
in each. In two famales dissected in late July smaller parasitic
larvae were found in the abdomen,

The parasite may enter larval hosts, and probably overwinters
in the bug to emerge in the spring. The occurence of C.atra in
four species suggests that it may be a general, although
occasional, parasite of the Lygaeidae. Van Enden (1954) quoted

that it is recorded from Eremocoris plebeius Fln, but this is not

a British record. He said the fly is rare in England. A.pusilla
is a parasite of Chilacis and Cydnus (Cydnidae) and is well dis-

tributed in England (van Emden 1954).
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Fungi

Some late larvas and adults of Scolopostethus and Stygnocoris

fuligineus died twelve hours to five days after being brought into
the laboratery and were covered with fungal growth. In other
instances bugs were found dead without fungal growth, but
saprophytic fungi appeared on them in two or three days.

Dr. Me Fe Madelin identified an Entomophthora sp. on

Stygnoccris fuligineus and Scolopostethus themsoni, and identified

and isolated a Paeoilomyces sp. from two specimens of Stygnocoris
fuligineus reared in the laboratory from eggs. The conidia of this
fungus measured 4e12 (3.2-5.5) K x 1.51 (1.2-2.0) 4L,

An attempt was mads to infect field larvae and adults of
Stygnocoris fuligineus and Scolopostethus spp. with the fungus
that had been isoclated. The bugs were surface. sterilized and
placed in sterilized pill boxes whioh had been smeared with the
fungus. A group nf control bugs wers also surface sterilized.

On death the bugs were again surface sterilized and plated out
on V8 juice agar. All those exposed to the fungus and two-thirds
of the control insects died after two to five days. The general
growth form and the appearance of the conidia of the fungus which
grew out of the "infected" and of some of the control insects
resembled that of the isolated culture.

It can be concluded, tentatively, that there is a definite

assoclation of a Paecilomyces fungus with these bugs. Whether or

not it is pathogenic has yet to be shown. Because of the high

mortallty of the controls it is difficult to demonstrate a high
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virulence in tne fungus; the bugs may have been already

contaminated with it in the field. Although the bugs were surface
sterilized this dces not prove that the fungus was not concealed
on the exterior of the insect and became established after death.

The high humidity and temperature conditions provided in the
laboratory may enhance development of the fungus which may not
become manifest in the field., Further, as the insects may have
been wounded when caught an artificial infection site may have
been provided.

Spiders

Two dead males of Scolopostethus affinis were found bound

in a spider's web on nettle,

Anomalies in Breeding Cultures

Larval colour variants

In two batches of Scolopostethus affinis reared in the

laboratory approximately 20 per cent of the larvae had yellow
instead of orange coloured abdomens; in the fif'th instar these
were bright orange instead of the usual darker greyish colour,

and the wing pads were very pale. The adults produced could not

be distinguished from those developing from larvae of normal colour.

Several larvae of Stygnocoris fuligineus had a red instead

of a black thorax in the second or second and third instars, and
in a few specimens a reddish-brown coloured thorax persisted in

the fourth and fifth instars. These colour variants oceurred in
cultures in the insectary and the laboratory and a few were taken

in the field. Some specimens reared on sweet chestnut had a red
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head and a fawn coloured thorax. However, the diet has nothing
to do with the colour variation. Normal adults were produced.

Anderson (1961) found pale larvae of Anthocoris sarothamni

De & S. in laboratory cultures and in the field, and conecluded
that this was the effect of high summer temperatures; they also
developed into normal adults.

White substance on Stygnocoris fuligineus males

A large number of males brought into the laboratery produced
a thick, white "growth" on some abdominal sternites after two or
three weeks. This also occurred with many reared males about two
weeks after becoming adult. As the substance could be scraped
off easily, and as it dissolved readily in xylol and cotton blue in
lactophenol it is concluded, tentatively, that it is a waxy exudate

and not a fungal growth,
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(B) FEEDING STUDIES

RESULTS

Preliminary Work

Determination of the general kind of food

During the winter of 1959-60 when the study began, it was
necessary to determine the food of the bugs and the best method of
rearing them, When Collembola were offered as food, occasionally
a dead one was sucked, as were dead bugs; these probebly served
only as a source of moisture, Several "trial foods" taken from
amongst leaf litter where the bugs occurred were offered and included
oak twigs with buds, moss, fungi, sycamore seeds, fresh heather
leaves and young nettle plants, but they did not support life or

oviposition,

A pair of Scolopostethus affinis adults lived for 46 days on

water alone at the laboratory room temperature of about 18.6°C.
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The insects on the trial foods lived for three to seven weeks, and
those given moistensd moss appeared %o feed on it but were in fact
merely taking in moisture. This was further demonstrated by two

pairs of D.sylvaticus which showed a continual loss of weight on moist
moss until dsath occurred three to four weeks later. Some females
taken in May and June and provided with stems and leaves of nettle

(Scolopostcthus thomsoni and D.sylvaticus) and of chickweed

(Scolopostethus dscoratus) oviposited usually on only the first to

third days af'ter capture, and died in one to two weeks.

Finally acorns and chestnuts which also occurred in the leaf
litter were provided on 22.1.,60, and for the first time the bugs
were observed feeding vigoursly and for long periods, especially on
sweet chestnuts. Although cut surfaces were presented to the bugs,
peretration of the case would not be a problem as normally it splits
when the nut germinates.

After feeding on sweet chestnut females of Stygnocoris fuligineus,

De.sylvaticus and Scolopostethus decoratus taken during winter,

oviposited. Oviposition also occurred in Scolopostethus grandis

after feeding on germinating ryegrass seeds. Further, a fourth

instar larva of Scolonostethus thomsoni completed its development to

an adult female on sweet chestnut in 36 days at laboratory room
temperature. Its body weight increased during the fifth instar,
which lasted 18 days, from 1.22 mg. to 3.09 mg. and the new adult

weighed 2.85 mg. However, the first direct proof that seeds support



the growth of these bugs was obtained when larvae of Stygnocoris
fuligineus were reared from hatching to adults on sweet chestnut,
as shown in Table 27.

TABLE 27.. Development of Stygnocoris fuligineus on sweet chestnut.
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Larval No. of Duration of instar Mean
instar larvae in days tempgrature

Mean Range Ce

1 16 12 8~16 18.4

2 7 9 4=-12 18.3

3 6 9 5-15 18.4

4 L 12 11-12 18.6

5 3 16 14-18 18.2

When the bugs were found breeding in other habitats during
the summer it was obvious that chestnut and acorn were not their
normal food, and so the seeds of the weeds with which they were

agsociated were testad.

The value of the non-fruiting parts of the plant

when larvae in the fourth and fifth instars were provided with
the vegetative parts of plants alone, their life was very short and
oviposition did not occur (Table 28). The non-fruiting parts of the
plant did not support life as only a very few larvae reached the
second instar (Tables 29 and 30).

The apparent poor quality of sorrel seed as a food prompted
the testing of the seeds of several weeds in the arable habitat in
case specificity existed. Nettle seed was also included for

Scolopostethus decoratus, and E.cinerea seeds for the other species.




TABLE 28, Effect of seeds versus vegetative parts of plants on
development and fecundity when provided as food to field
female larvae taken in the fourth end fifth instars.
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No. Mean % Mean Mean pre- Mean Mean Mean
of weight weight ovipog- No. avipos- adult
F?°d sn- at emer- at ovi- ition of ition long-
glven sects  gence position period ergs period evity
in mg. in mg. in days laid in days in days
Scolopostethus thomsoni
green g _ "
nettle 11 3411 3.59 6 347 52* 56
seed )
Nettle )
plant g b 2.55 X - 0 0 7
No seed
sorrel) 250 2.58 13 L5 15
seed ) ' *
Scolopostethus affinis
green . .
nettle 8 2.7k 3426 7 370 8% 59
seed
Nettle ;
plant 4 X - - - - 0
No seed)
sorrel)
seed ) 2 x - - - - ©
Stygnocoris fuligineus
Spurrey) 8 2,21 2.65 12 (not determined) 52
seed )
Spurreyg
plant N 1.9 X - 0 0 9
No seed)

*Mean of three females:

instar from field.

one S,thomsoni taken as first
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The role of animal fcod

Vhen a bunch of nettle flowers and developing seeds was glven

to Styenscoris fuligineus larvae for food at the end of June, one

larva was found feeding vigorously on a flower containing a larva of

Brachypterus urticae Fabr. This may have been accidental, but it

did show that these bugs may occasionally supplement their diet with

animal food, and as the larvae of B.urticsze feed on nettle flowers

they may be prone to predation by Scolopostethus thomsoni.
Furthermore when sprigs of sorrel bearing flowers and developing

seeds were given as food to Stygnocoris fuligineus in July it was

found that some flowers contained larvae of Contarinia acetosae

Kieffer and some of the bugs were feeding on these. However, the
bugs could not be reared on these larvae alone and did not develop

beyond the first instar. As larvae of Contarinia pulchripes Kieffer

were easily obtained from broom pods they were substituted for
C.acetosae as a trial bug food, but likewise did not support life
(Table 25).

Adults and larvae will suck eggs if starved. If no food is
provided to a group of eggs on hatching, some specimens will readily
develop to the second instar by sucking eggs alone, and in

Scolopostethus affinis direct cannabalism occurs when starved as

second and third instar larvae were observed sucking live specimens
in the same instar.

Thus it appeared that development on animal food alone might
be possible and so the larvae of Carpophilus hemipterus L., a pest

of dried fruit, were included as a food for all species in the

main feeliung studye.
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Farly results in the ingectary

The list of foods tried is showvm in Tables 29 and 30, In the
insectary ten insects were started on each food., On the foods which
supported growth to the adult stage the times for development have
been shown in Tables 8, 13, 21 and 25. On some foods the larvae
began to develop, but did not reach the adult stage; the duration
of the instars is shown in Teble 29, In most cases there was a high
mortality in the first and second instars.,

TABLE 29. Development of larvee on apparently unsatisfactory foods,

in the insectsry. None reached edult, The final figure
in each case is for the last completed instar,

No, of Duration of larval instars in days
Food larvae First Second Third Fourth
devel- Mean Range Mean Range Mean Range Mean Range
oping

Scolopostethus thomsoni

Sorrel seed 2 13 1114
Scolopostethus decoratus
Sorrel seed 5 12 10-13 13 12-14 15 1415 24 24
C. pulchri-
pes larvae 1 13 13 15 15
Stysnocoris fuligineus
Nettle sced 10 12 10-16 17 15-19 32 26=40 23 20-25
Fathen seed® 9 11 10-13 13 10-19 13 1215 27 17-35
Ryegprass
seed 1 12 12
Chickweed
plant only L 19 17-21
C,hemipter-
ous larvae L 19 17-20

Drymus sylveticus
Mixed hea-

ther seed 6 10 9-10 19 18-20 18 18
C.pulchri-
pes larvae 2 16 15-16 14 14 19 19

¥Chenopodium album L,
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The duration of the instars on these foods were approximately
the same, or in some cases longer, than on foods supporting life to
adults,

Although the larvae reared in the insectary were weighed
during development the results are not presented nere because
weight gain was studied more fully on insects reared in the heated
cébinet, It was found that development in the insectary was too
slow to permit oviposition and thus fecundity, which is important
in assessing the value of the foods could not be determined,
However, this early work did give some definite pointers on the
value of the different foods (Tables 29 and 30) and showed that
a diet of animal food warranted further investigation,

TABLE 30. Showing the foods tested in the insectery which were

suiteble, and those on which there was no survival
beyond the first larval instar (c.f. Table 29).

thomsoni decoratus fuligineus sylvaticus

Survived to adults on

nettle seed mixed heather seed sorrel seed nettle seed
chickweed seced
I, cinerea seed

No development and no survival on

chickweed seed chickweed seed chickweed seed
ryegrass seed ryegrass seed

fathen seed

nettle plant
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Feeding Behaviour

Feedinpg stance

As the feeding stance is similar in these species it will

suffice to describe it for Stymnocoris fuligineus alone, The mid

end hind legs are spread out to the sides to balance the body, and
the foretarsi are placed on the surface of the food immediately in
front of the head, one on each side of the inserted stylets, parallel
one to another end spaced apart a distance approximately egual to the
interocular width, At first the rostrum and the stylets are together
lowered to the food surface but after one or two minutes as the stylets
penetrate, the rostrum is bent backwards between the first and second
segments away from the stylets, The stylets penetrate deeper when
the bug bends the rostrum so that the tylus touches the third rostral
segment, At this stage the third end fourth rostral segments are also
withdrevn end the rostrumn is folded away under the body. Aifter
8-15 minutes from the commencement of feeding the stylets may be
inserted to their full depth with the tylus touching the food surface.
The stylets are vigorously moved up end down a distance about half the
length of the first rostral segment. The role of the powerful
forefemora may be to facilitate this because the head, thorax and
forefemora and tibiae move up and down in time with the stylets,
The fine, relatively long labrum bends and lies against the surface
of the food,

Feeding at the one point of insertion may occupy one and one-

quarter hours, After withdrawal the stylets may be brushed dovn by



the foretarsi and are replaced in the rostrum either by a swinging
together of both organs, or if this is unsuccessful by a downward
movemnent of the foretarsi, The above account is largely based on
observations of adults feeding on a piece of chestnut.

Larvae similarly feed with the rostrum foldel away as at rest,
The time interval for full insertion of the stylets by first inster
larvae is of the same order as in the adult but the time occupied in
feeding is sbout 15 minutes per meal.

The seeds on which these bugs feed in the field are much smaller
then chestnuts and so for adults the stylets would probably not be
inserted at full depth, yet even on the seeds of E.cinerea and

shepherds purse (Capsella bursa-pastoris (I,) iiedik.), the smallest

seeds used in this study, the rostrum was at least in the "bent"
position, However, when feeding on seeds the rostrum is often folded
away even if the stylets are not fully inserted. The larvae were
often observed feeding with the stylets inserted at full depth in
seeds. Beck etal. (1958) made similar observations on O,fasciabus
and noted that the rostrum may be folded away under the insect
leaving the stylets unsupported during feeding.

Sometimes adults, if disturbed during feeding, will move with
the seed still on the end of the rostrum, but whether this is
accidental or not is unkmown,

Effect of renewing food at different interveals

As Frings etal. (1957) found that the frequency with which the
food was changed affected survival in Q,fasciatus, the following

experiment was carried out.

75
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Four groups of 10 Scolopostethus affinis were reared from

eggs on shepherds purse seed which was changed every 4, 8 and 16 days,
and not at all,

TABLE 31, Effect of renewing food at different intervals on the
development and survivael of 3colopostethus affinis.

Duration of total larval development in days

Food changed every Food not
4 days 8 days 16 days changed
Mean &* 36.9 3.4 36.2 34,8
Range 33-bA 26-35 29.5-35.5 29-4
Mean 9 4.5 31.0 36.3 35.0
henge 33-36 25l 30, 5-46.0 26-42
% survival 70 70 80 80

to adult

it

Table 31 shows that survival was of the same order for all
groups but that fastest development occurred when the food was changed
every eight days. However, the differences between the means of this
end any of the other groups were not significant,

When the food was not changed it went very mouldy and mould also
occurred when the food was left as long as 16 days; this could
explain the small increase in development time which may not occur
if the seed remeained uncontaminated,

Thus it is concluded that the practice adopted of changing the

food approximately every eight days did not adversely affect suivival,
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Site of feeding

To obtain an indication of the site of feeding and feeding
behaviour the sorrel seeds that hed been given as food to five

specimens of D.sylvaticus for two to three weeks were examined by

cutting them in half,

TABLE 32, Analysis of sorrel seceds oifered to D,sylvaticus.

No, of seeds No, with No, with No. No, 3
not attacked embryo gone. embryo % gone. completely hollow,
Rest hard Rest hard hollow Rest soft
$ 6 L1 - 1 -
£ 6 32 - 5 3
b 1 1 10 10 1
g 9 2l - 5 2
d 15 23 - L 1

Seeds not offered to bugs had an embryo with the remainder of the
seed hard, The large number of seeds with the embryo completely sucked
out (Teble 32) indicates that the bugs concentrate on the embryo and
do not completely hollow out one seed before starting on another as in
the case of milkweed bugs, which in contrast do not touch the embryo
(Beck etal. 1958), However, in same cases seeds were hollowed right
out, and in those found half consumed the remaining portion was sof't,
This may be the direct effect of repeated probings by the stylets, or

it may be the result of external pre-digestion,
The seeds of shepherds purse are soft throughout, A quick survey

was made of some given to Scolopostethus affinis for food, In.some the

interior was completely consumed and in others it was half consued;

many seeds were apparently untouched.
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Main Feeding Studies

The eight foods *tested were tho goeds of nettle, D.cinerea,
shepherds purse, sorrel,sweet chestnut, chickweed and spurrey, and the
larvae of C.hemipierus.

The growth curves (based on body weights during development) for
eaoch species on ocach food where thers was survival to adults are shown in

Figs. 5-9. In the case of Ssolonoststhus affinis and Drymus sylvatious

on C.hemipterus larvae, the results for individual spesoimens was

graphed, oven though none survived to adult.

Growth Curves

The growth ourves weres all sigmoid, that of both sexes remaining
similer until the fourth larval instar (as noted in Nabidids by Fewkes
1958 and in Anthocorids by Anderson 1961). As also noted by these two
authors there was a deorease in weight immediately before a moult, and
the newly moulted specimer weighed less than the maximum weight
attained in the previous instar. Thus the growth curve for each instar
was also sigmoid.

Increase in weight

The increase in weight was studied in some detail and the total gain
in milligrams and the gain per instar ocan be read off from the graphs in
Figs. 5-9.

If the new adult weight is divided by the duration of total larval

development then the overall daily weight increase is obtained (Table 33).
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Figure 5. Growth curves, determined by weight, of Scolopostetlms affinis
reared on different seed diets, Solid lines are for females,
until oviposition, - an x indicates that there was no oviposit- |
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ion on that food; dotted lines are for males; the triangles =
__mark the moults, 5 = died in third larval instar, ]
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Figure 6, Growth curves, dstermined by weight of Scalogostethus thomsoni .
reared on different seed. d:lets.
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Legend as in Fig, 5,
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Figure 7. Growth curves, determined by weight, of Scolopostethus dscoratus - .
reared on different seed diets, Legend, as in Fig. 5. ,
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Figure 8, Growth curves, determined by weight, of Stygnocoris fuligineus
reared on different seed diets, Legend, as in Fig. 5.
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Growth ourves, determined by weight, of Drymus sylvaticus reared on different
seed diets, and on the larvee of C.hemipterus, Legend, as in Fig. 5. The

numbers 4 and 5 indicate the larval instar in which death occurred on the
beetle larvae diet,




TABLE %3, Overall daily weight increase in milligrams on the
different foods.

Green Ripe [Erica Shepherds Sorrel Sweet Chick- Spurrey

nettle nettle cinerea purse seed chest- weed seed
seed seed seed seed nut seed

Females

affinis 063 .071 097 060 058 o053

thomscni .086 «055 o031 046 -

decoratus 051 .069 048 064  ,036

fuligineus 037 .028 .04L0 .038 SOldy 2051

3 Y lvaticus 0138 ool{-} 0080 -

Males

affinis «051 059 067 061 042 -

thomsoni 055 045 023 031 021

deooratus Oll 066 043 .057 -

fuligineus 038 .026 +O41 026 031 040

S!lvaticus 0105 0036 0073 0052

However, the rate of actual weight gain was not uniform throughout
development as shown in Table 34, The greatest actual weight increase
occurred early in the fifth larval instar at a or b in the table which
also shows the slowing down in growth before the moults. The adult
males did not increase in weight but the females continued to gain weight
(though at a slower rate) until sexually meture. These results show
that the overall daily weight increase (Tabls 33) in fact tells us nothing
about the growth of the insects, but may be used for oomparing one food

with another,
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TABLE 34, Rate of weight gain (in mg. per day) per instar on the
different foods.
The letters &, b end ¢ refer to changes in rate of weight
gain within instars.
Food Tarval affinis thomgoni  decoratus fuligineus sylvaticus
ingtar ¢ Q d Q ¢! Q g Q (ol Q
3a 073 L1035 100 .135 030 .120 +053
3b 015 .060 .050 ,045 Insectary  .050
3c -.015 8xp. not
Nettle ha 127 .187 J140 195 065 .050 comparable .097
seed Lb 090 .065 .103 .155
Lo ~.035 ~.040
5a 160 .097 .180 445 .178 .120 «180
5b 040 ,217 L160 ,235 ,b155 ,150 o127
5¢ ~-.007 ~,090 ~,035 020
Adult e 2013 .107 .030 ,175 .023 .045
" b "0120
3 »095 145  WO47 L050 073 .087 .033 .030 103 ,L137
Erica L 170 .190 .,030 .070 .097 .130 ,035 ,050 .207 ,183
cinersa 5a 170 400 340 L1180 150 L343 .093 163 4300 360
gseed 5b «100 -.017 «130 .008 087 .103
Adult a 0190 020 .090 127 .008 .035 .080
" b »080 047 007 «007
2 «037 030 .043
2a 0110 ,077 013 L,033 .093 .083 .030 ,017
b 023 .030 .010 073 2043 Not
Shep- 3¢ «003 weighed
herds La 110 130 .030 ,028 ,103 .010 ,063 as
purse 4b 037 025 ,L,020 ,077 .067 .110 .,O37 larvase
seed 5a 087 120 046 .063 157 L.210 ,080 ,037
5b 0170 160 .037 0153 ,030 110 .096
5c o011 —-,060 -.,030 ~,027
Adult a 040 100 «013 .037 L.190
"oy 077 ~.030
3a 060 .010 .040 .060 .055 .072 .057 .077 166 .165
b 029
Sorrel La 120 ,093 100 .097 .1l15 .107 073 .077 195 .230
4b 050 120 080 .037 140 .150
5a 097 40 L067 .133 .075 LO070 140 L117 117 .063
5b .010 023 ,117 .083 070 117 ,095 245
Adult 027 .050 -.037 L,023 ,015 .,007 .030 0075

Continued -




TABLE 34 Continued

86

Food Larval affinis thomsoni decoratus fuligineug sylvaticus
instar & Q d Q I5 Q el Q la Q
3a, -.027 .002 047 L0235 L047
3b 057 048 017 .033 .023
30 003
Sweet N} 200 ~-,007 077 .067 .080 .073
chest- L4b .050 027 053 217
nut Lo .003
Sa o113 020 150 137 193  .217
5b 2293 067 037 L073 .097 .197
50 l013 0020 "'1053
Adult 010 ,003
. 3 060 ,057
Chiok~ 083,103
seed S 117 183
5b .010 ,060
Adult 017 040
3 052 048
ha 088 .076
Spmy )+b 0007 0023
seed, Sa 125 G142
5b 016 ,120
Adult 027

Vhen D.sylvaticus fed on beetle larvae the rate of weight gain,

although much less than on suitable seeds, was nevertheless positive

(Table 35).

fourth and fifth instars) was similar to that on seeds (Fig. 9).

The general growth curve on this diet (until death in the

On the

other hand, Scolcpostethus affinis, although surviving to the third larval

instar on a diet of beetle larvae, scarcely showed any growth (Fig. 5)e

TABLE 35, Deily weight gain (in mg.) per instar on C.hemipterus larvae.

Larval instar

3

La
Lb
S5a
5b
5c

067
.083
043
.110
070
.067

sylvaticus

affinis

-010 -

020
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Although the highest value for the actual weight gain per day was
generally greater in successive larval instars from the third to the
fifth, the gain relative to the body weight at the time was greater in
the reverse order of instars. This is shown in Table 36 in which the
rate of weight increase per day (from Table 34) is .xpressed for each
instar as the percentage of the previous weight in the same instar.
Where the figure was available for the second instar larva e.g.

Scolopostethus affinis and thomsoni on shepherds purse seed, it was also

high., The data suggests that efficiency in gaining weight is greatést
in earlier instars.

This was more noticeable on poor foods than on suitable foods.
Thus the larvae may be under an increasing disadvantage in successive
instars in the struggle to survive on a poor food: there was late

mortality on some foods. However, in the case of D.sylvaticus

developing on chestnut the first instar larvae took longer to develop
than the second to fourth instars which is suggestive of a short
period of habituation to a strangs food,

That the female larvae gained weight at a faster rate than the males
is also shown in Table 36. There was a temporary loss of weight at

oviposition in mature females.



TABLE 36.

Rate of weight gain as a percentage of the previous
weight in the same ingtar.

The letters a, b and ¢ refer to changes in % weight gain
within instar se
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Food Larval affinis thomsoni decoratus fuligineus sylvaticus
instar & Q o Q g 2 d 3 d 0
3a, 19.2 27.8 23.3 45.0 8.8 40,0 15.6
3b 2.4 10.5 8.0 8.3 10.0
3¢ -2.5 Insectary
Nottle ke 184 23 20.6 214 10.0 79 exp. mot k.l
Lb 9.4 5.0 12.0 18.0 comparable
Le =-2.,9 =3.0 '
ba 13.6 7.3 15.5 34.5 16.2 8.6 10.7
5b 2.4 13.5 10.5 10.8 9.5 9.5 5.3
5c =03 «L.b&6 =1.3 0.7
Adult a 0.7 5.0 1.7 6.8 1.3 24
" b =l .8
3 27.1 45.6 1ok 143 23,5 28.1 15.0 13.6 20,2 26.2
Erica L 26,2 30.6 4.5 11.7 10.3 148 6.1 8.3 15.7 10.k
cinerea 5a 12,9 30.8 13.0 13.9 8.7 29.3 9.1 16,0 12.1 12.4
seed 5b 063 7e7 =1l.1 5.9 0.6 2.6 2.6
Adult a 8.2 1la2 4.2 5.3 0.6 1.9 1.9
" b 34 1.5 2.5 0.2
2 21.8 15.8 30.7
3a  28.9 19.3 5.2 12.2 33,2 16,3 12.5 6.3
3b 3.8 10,0 2.5 9.6 13.2. Not
Shep~- e 0.7 weighed
herds 14-8. 1502 1900 701 5.1‘- l5el 106 114..0 as
purse l{-b 305 lﬂ-o6 302 7.8 500 l?ol 5.1 larvae
seed 5& 7c}+ 904- 607 5.L|- 1301 lbol{: 7.5 305
5b 11.8 9.5 4.0 9.2 l.6 8.4 7.8
50 006 "2.)-}- "108 "104
Adult a 2.0 4.8 0.8 20 7.7
" b 3.1 =140
3a  18.8 1.8 20.0 21.4 2642 30,0 20.4 30.8 42.6 3647
3b 8.0
Sorrel Lo 16.2 9.4 20,0 20.6 25.0 20,2 16.2 1644 21.9 25.3
seed 4b 6.3 15.8 11.9 4.7 10.9 10.9
5a 8.0 9.7 7.0 1l.1 6.7 5.5 16.9 12.7 6.5 3.2
5b 0.7 2.0 7.3 5.9 5.6 9.2 4.0 11,5
Adult 1.9 2.9 -1.8 1.3 0.8 0.5 1.6 2.9

Continued -
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TABLE 36 - continued

Food Larval affinis thomsoni decoratus fuligineus sylvaticus
instar g Q d Q a ) G Q e Q
3a ~5.0 0.6 17.4 9.2 20.4
3b 16.7 14.8 Lol 10.3 6.2
3¢ 0.6
Sweet La 24,0  =1,3 Up.3 149 15.4 10,6
Chest" l}-b 803 305 700 2308
nut L}-O OoLl-
Sa 8.2 2.0 12.5 18,0 19.7 15.5
5b 17.0 6.3 2.2 6,2 6.2 10.1
5¢ 0.9 1.y =2.1
Adult 0.8 0.2
3 25,0 19.7
Chick~ &4 15.4 21.9
weed 5a 10,3 14.9
seed 5b 0.7 3.4
Adult 1.3 2.1
3 19.3 1hb
ha 15.7 1l1.2
4b 0.8 2,3
SPUTFSY 5a 12, 11.6
5b l.1 6.3
Adult 1.3

Rate of mortality

The survival cf each species on the different foods is shown in Tables

38-42 and is a useful factor in determining the value of the foods to
each species., However, it is also of interest to analyse the rate of
mortality which is shown in Table 37.

On foods that did not support growth to adults the larvae generally
died in the first and second instars. These foods can be regarded as

unsuitable. Nettle seed is an exception for D.sylvaticus for in the

insectary a survival of eleven per cent was obtained and three further
specimens died during the final moult - so for this species this food
belongs in the next group - foods that permitted poor survival to adults.

Nettle seed may also be an exception for Stygnocoris fuligineus.




TABLE 37. Rate of mortality on the different foods.
The letter m refers to those that died during a moult,

Number that died in the No., survival
larval instar indicatsd based on

1 2 3 L 2

Food

Scolopostethus affinis

Green nettle seed 1 5
Ripe nettle seed 1 18
Ericg cineres seed 1+lm 2m 20
Shepheﬁ% purse seed 2 1+2m 21
Sorrel seed 2 2 5+1m 17
Sweet chestnut 3+lm  6+1m 3 7 3 25
Chickweed seed 13 7 20
Spurrey seed 16 2 18
C.hemipterus larvae 8 7 10 25

Scolopostethus thomsoni

Green nettle seed 2 29
Erica cineres seed 1+2m 1lm 2+3m 18
Shepherds purse seed 1 1 L4+2m 1 20
Sorrel seed 3 4 3 17
Sweet chestnut 1 4+1m 7 2 2 19
Chickweed seed 57 57
Spurrey seed 7 6 13
C.hemipterus larvse 8 8 1 17

Cont.inued -~




- TABLE 37 continued

Number that died in the No., survival
Food larval instar indicated based on
1 2 ) L 5

Scolopostethus decoratus
Green nettle seed 3 1 2 9
Erica cinerea seed lm 3 18
Shepherds purse seed 2+1m 10
Sorrel seed 1 5 1 L 20
Sweet chestnut 5 3 3 13
Chickweed seed 18 2 20
Spurrey seed 20 20
C.hemipterus larvae 18 2 20
Stygnocoris fuligineus
Green nettle seed* 2+1m 2m 2+1m 1 S
Erica cinerea seed 1 Im 1 2 3 16
Shepherds purse seed 1 3 12+1m 20
Sorrel seed 1 3 20
Sweet chestnut 2 1 1 16
Chickweed seed 1 2 1 1 L 35
Spurrey seed 1 1 17
C.hemipterus larvase 20 20

* Result from the insectary, not the heated cabinet.
Continued =~
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- TABLE 37 continued

Number that died in the No, survival
Food larval instar indicated based on

1 2 3 L 2

Drymus sylvaticus

Ripe nettle seed 1 1 3+lm  4+lm 2+2m 15
Erice. cinerea seed 1+lm 1+lm 1m 1 1 20
Shepherds purss seed 17 2 19
Sorrel seed 2 2 1 5 19
Sweet chestnut 6+1m 5 1+2m 1 18
Chickweed seed 20 20
Spurrey seed 20 3 23
C.hemipterus larvae 8 4+2m 1 3 1 19

On foods on which survival was poor many larvae pergisted into the
fourth and fifth instars and scme of these died during moults (Table 37).

In the case of Stygnocoris fuligineus developing on shepherds purse

seed the percentage deily weight increase for twelve larvae that died
in the fifth instar was 25.8 per cent in the third instar, but in later
instars it fell to less than one-third the value for those that
survived to adulits,

When there was good survival the few deaths generally occurred
in the later larval instars, and a nﬁmber of these during the final
moult.

Where survival on a food was poor the mortality rate is of special
interest because growth was sometimes completed but more often not
quite completed. This suggests that the food in itself may be

satisfactory mitritionally (as also indicated when other species do



93

well on it) yet is largely unaccepted by certain species.

Value of the foods

In determining the value of different foods to each species it is
desirable to take several factors into consideration. The nine factors
given in Tables 38-42 were included and all are important. Two further
factors, the growth rate index (Table 33 x 100) or the growth curve
(Figs. 5-9) and the stage in which mortality occurred, were also considered.

However, reliance on growth alone without considering reproductive
performance or survival can sometimes be misleading when the few insects
that develop on a poor food do go at almost normal rate e.g. the growth‘

curve for Scolopostethus decoratus on nettle seed (Fig. 7) and for

Scolopostethus affinis on sorrel seed (Fig. 5).

(a) Scolopostethus species

There was some survival to adults by the three Scoloposcethus

species on the same five foods. However, the growth curves for affinis
(Fig. 5) and for decoratus (Fig. 7) were alike and differed from those
of thomsoni (Fig. 6). S.thomsoni did well on nettle seed alone and it
was with this plant that it was almost always associated in the field.
The other two species both did well on the seeds of E.cinereca and
shepherds purse, and affinis also on nettle seed. They are therefore
adaptable to certain habitats. These species did not develop at all on
chickweed seed, spurrey seed or, except for affinis to the third larval

instar, on C.hemipterus larvae.

The foods lis*ed in descending order of merit over all factors

(Tables 38-40) are, for each species:
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S.affinis the seeds of E.cinerea, shepherds purse, nettle, sorrel and
sweet chestnut. Sweet chestnut is not a suitable food, and it
is doubtful if this species could develop and then reproduce
on sorrel seed alone. The size of the adults produced on all
foods was similar.

S.thomsoni the seeds of nettle, E.cinerea,shepherds purse, sorrel and
sweet chestnut.
As in the previous species the last two foods seem to be
unsuitable and the adults produced were smaller than normal
especially on sweet chestnut. S.thomsoni can develop and re-
produce on a diet of E.cinerea seeds although this takes longer,
and the édults ere smaller than on nettle seed (Fig. 6). On a
diet of shepherds purse secd development takes longer still and
the size of the adults produced is almost half normal.
Fecundity is greatly reduced so that this food is scarcely
saitable.

Sedecoratus the seeds of E.cinerea, shepherds purse, nettle, sorrel and
sweet chestnut.
This species showed preferences similar to affinis except that
it did not do nearly so well on nettle seed. However, even
on this diet it did oviposit, and it was the only one of the
three species that seemed capable of reproducing on sorrel seed
(although at a much reduced rate). Swee: chestnut seemed an

unsuitable food and the adulls produced were considerably smaller

than normal.



95

(v) Stygnocoris fuliginsus

Stygnocoris fuligineus (Fig. 8) contrasted with the Scolopostethus

species in doing well on all the seeds except those of nettle and
shepherds purse, and in developing on the seeds of chickweed and spurrey.
There were slight differences betwsen the various seed diets as shown in
Tebles 41 and 33. When reared on a diet of sweet chestnut there was a
long preoviposition peried and reduced fecundity.

The f'oods listed in descending order of merit over all factors are:
the seeds of spurrey, sorrel, chickweed, E.cinerea, sweet chestnut and
shepherds purse.

Table 41 shows that shepherds purse seed was unsuitable for food,
and that apart from the disadvantage of sweet chestnut already noted,
the sultability of the other five foods was about even. The seeds of
E.cinerea, however, fell in the lower end of the group.

(¢) Drymus sylvaticus

The foods listed in descending order of merit over all factors
(Teble 42) are: the seeds of F.cinerea,sorrel, shepherds purse, nettle

and sweet chestnut. D.sylvatvicus differed from the other species as it

did reasongply well on both sorrel and E.cineree seeds, did not develop at
all on spurrey and chickweed seeds, but persisted into the fifth larval
instar on besztle larvae (Fig. 9). Its development on nettle seced was
very poor, although adults taken in winter and provided with nettle seeds
completed their development and oviposited well (Table 47). Further,
larvae taken under spurrey developed to adults on spurrey seed.

Although there is considerable variation in the size of field

specimens, those specimens reared on diets of chestnut and shepherds
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purse seed were very small. Some specimens reared on sorrel seed also
tended to be small.

The obligatory diapause in this species upset the determination of
the preovipositicn period. The bugs were reared in continuous light
but as there is a suggestion that they are nocturnal (Southwood and
Leston 1959) some were reared or kept in total darkness. This did not
induce oviposition. Although the diapause could be broken by subjection
to a temperature of 10°C° for one week, Table 42 shows that when kept in

the warmth it was eventually broken after 45-170 days.

When reared on suitable foods the new adult weight and weight of the
ovipositing female (Tables 38-42) were in the range of the field weights

given in the section on bionomics. In the case of Scolopostethus decoratus

on E.cinerea seed some spocimens were heavier than the field specimens and
this was also the case with newly emerged D.sylvaticus females.

On some poorer foods the new adult weight was sometimes in the range
of the field weights, but the ovipositing female was lighter than in the

field. Stygnocoris fuligineus on sweet chestnut is also included here.

In the case of D.sylvaticus on shepherds purse seed the adults were lighter

than in the field.
When reared on unsuitable foods the adults weighed less than field

specimens e.g. Scolopostethus thomsoni on shepherds purse seed and

Scolopostethus affinis on sorrel seed. Sometimes the males did weigh

about the same as field specimens e.g. Stygnocoris fuligineus on

shepherds purse seed.
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TABLE 38, Overall development and reproductive potential of Scolopostethus
affinis on the different foods to show their value.
Mean values are given with the range underneath.

Ripe Green E.cinerea Shepherds Sorrel Sweet
nettle nettle seed purse seed chestnut
seed seed seed
Larval dvt. 30 30 25 33 3 -
in days & 24 ~40 30-34 18-30 26-48 32-36
Larval devt, 30 33 2L 36 32 )
in days o 2L-3h 33 18-27 28-46 25=37 L3
% survival
to adult 80 oL 80 76 39 L
Max. 5th wt. 1.92 1.57 1.75 2.05 1.60 -
i.n mg. C? 1958"2 055 1088"2 006 1n21-2.21 1649-2 936 1:1}.3-1:176
Max 5th wt. 2.3 2.30 2,38 2,40 2,10 2,60
j.n mg. 9 1.92 3023 2.18"2-1}2 1053-3 002 1.99-2085 1096-2026 2060
Wtu new dl 1.76 1062 1.68 2000 1.:42 -
adult in mgc 1028"2 .61 1«53-1070 1.11"2005 1.50"2.26 1.28"1-52
Wt, new o 2.12 2.07 2.33 2,15 1.87 2.30
&dult in mgo 1.71"2096 1097"21:16 1077"'2.85 1:73"2 075 1-73"2.00 2.30
Wt. ovipos- 245 2,38 2.76 2.77 1.84 -
itingQ mg. 2.13=3071 2.32-2.43 2.27-3.40 2.19-3.48 1,84
Preoviposit- 11 18 5 13 18 -
ion prd.days 7-17 13-22 5-7 6-25 18
Oviposition 34 Not 45 59 1 -
prd. in days 16-52 taken 21-68 18-121 1
Fecundity L2 " 165 297 1 0
Eggs/ Q 13-86 149~209  15-496 1
Adult longe- 69 19 78 103 17 -
vity daysd 19-117 3-35 51-92 52-182 3-30
Adult longe- 36 56 53 72 7 18

vity deys ¢ 6-60 49=63 26-74 29-128 0~-29 18
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TABLE 39. Overall development and reproductive potential of
Scolopostethus thomsoni on the different foods to show
their value.

Mean values are given with the range underneath.

Green E.cinerea Shepherds Sorrel Sweet
nettle seed purse sesd chestnut
seed seed
Larvel devte. 31 36 49 38 60
in days @ 27-41 28-4;. L5-61 31-43 58-62
Larval devt. 30 29 50 26 -
in days Q 27-38 28-54 L4=55 31-41
% survival
to adult 93 55 55 41 10.5
Max. Sth W't. 2001 1068 1019 1035 1051
in mg. dl 1057"’2¢52 1!17"2‘32 0.98"'191{-1 1.28"1.51 1014-1-1061
Max. 5th wt. 2,83 2,03 1.61 1.95 -
in Mg Q 2.28"‘5 022 1.60"2 079 l.’-ll"‘loaj lo?l{-_z 016
Wt. new < 1.72 1.61 1.11 1.18 1.2
adult in mg. 1051}-"2023 1011—2011{- 1.00—1.22 1006'—1-3[}- 1.25-1.21}-
Wt. new Q 2-59 2.15 1.56 1.67 -
adult in mg. 1091}-"3017 1056"'2.77 1012—1.69 1550"200#
Wte. OVipOS" 3007 2.53 1062 L bd
iting 9 mge 2.26"3790 1073"3021 1.14-8"'1071-{-
Preoviposit- 7 8 21 - -
ion prd.days L~11 5-11 15=30
Oviposition L0 51 33 - -
prd.in days 7-62 28-67 5=56
Feoundity Not 92 15 0 -
Eges/ o taken 5-150 L~l5
Adult long- 49 66 63 5 21
evity days &' 1-93 21-125 32-108 1-13 11-31
Adult long- L2 59 69 L -

evity days @ 6-67 39-73 29-108 2-6




TABLE 40,

Overall development and reproductive potential of
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Scolopostethus decoratus on the different foods to show

their value.
Mean values are given with the range underneath,

Green E.cinerea Shepherds Sorrel Sweet
nettle seed purse seed seed chestnut
seed
Larval devte. 38 31 L 31 -
in days © 37-39 29-34 40-51 28-37
Larval devt. 38 35 43 50 L8
in days @ 38 29-49 4244 28-31 43-53
% survival
to adult 33 78 70 45 15
Max.a 5th Wt. 1088 2.19 2»13 1.65 -
in mgl dl l681"1095 1080"2.1}-5 1.60"'2.55 10;3"2032
Max. 5th wte 2.2 2.61 2.11 1.74 1.86
in mga 9 2.214- 1‘71-3.22 1»77"‘2045 1-50"1.93 1.59"2013
Vite new @ 1-68 2.06 1.89 1076 -
adult jn mg. 1.58-1.78 1070-2033 1039"2 lll-2 1-55"2026
Wt. new @ 1.95 2.41 2.08 1.92 1.72
adult in mg. 1.95 1.61~3.06 1.70-2.46 1.82-2,13 1.38-2,05
Wt. ovipos- 2.41 2.81 2,94 1l.74 -
iting mg. 2.4 2.51-3.57 2,94 1.74
Preoviposit~ 9 9 6 25 -
ion prd.days 9 7-1k 6 25
Oviposition 21 60 L5 19 -
prd.in days 21 5-91 45 19
Fecundity 1 364 279 15 0
Eggs/ o /s 6-582 279 15
Adult long- 36 42 L6 10 -
evity days ¢ 31-40 3-113 2-87 L4-17
Adult long- 38 53 51 28 16
evity days @9 38 6-105 51 5-51 2-30
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TABLE 41. Overall development and reproductive potential of
Stygnocoris fuligineus on the different foods to show
their value.
Mean values are given with the range underneath.

E.cinerea Shepherds Sorrel Sweet Chickweed Spurrey

seed purse seed seed chestnut seed seed
Larval devt. 35 57 33 L7 42 35
in days & 32-38 55=-58 30-36 38-53 37-48 33-39
Larval devt. 49 62 46 47 45 41
in days Q 32=73 55-69 36-59 38-56 35-60 34-59
% survival
to adult 50 15 80 75 h 88
MBXQ 5th wte. 1.14-}4- 1.69 1049 1039 1050 1058
in mg. & 1.29-1.57 1455-1.72 1lo45-1.55 1.28-1.48 1.29-1.68 1.46-1.77
Max. 5th wt. 1.74 1.96 1.96 1.86 2.01 2.22
in mg. 9 1052‘1.92{- 1.92-2 000 1067-2 .l;.2 1.70-2.17 102{-3"2 .50 1.79-2.60
Wt. new & 1.32 1.46 1.35 1.2, 1.32 1.39
adult in mg. 1026-1 02{-2 102{-6 1026"1 02{-5 1017"1.37 1.12"1 02{-9 1.31"1 02{-9
Wt. new 1.81 1.75 1.83 1.79 1.96 2.11
adult in mg ] 1059"2 ool 1.69-1 080 1069-2 021 1.66-1 096 1-2{-3"2 02{-5 10814-"2 -2{-5
Wt. ovipos- 1.92 - 2.23 1.86 2442 2.52
iting Q mg. 1.72-2.14 1.56-2.99 1.86 1.63-3.00 2.30-3.09
Preoviposit- 15 - 13 yot 11 15
ion prd. days 6-36 8-15 26-57 6-18 10-27
Oviposition 38 - Ly 13 35 58
prd. in days 25=54 14-66 1-24 11-78 28-90
Fecundity 68 0 118 15+ 91 112
eggs/Q 56-77 28-238 6-24  31-225  47-194
Adult long- 78 Th 49 46 37 29
evity days & 23-139 18-130 22-72 3-89 8-7h 18-40
Adult long- 58 4 52 51 41 23%
evity days Q L7-65 2-6 6-81 27-81 3-87 3-39

+ Only two oviposited
% Excluding females in fecundity check.




TABLE 42. Overall development and reproductive potential of
Drymus sylvaticus on the aifferent foods to show their value.

Mean values are given with the range underneath.
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Ripe E.cinerea Shepherds Sorrel Sweet

nettle seed purse seed chestnut

seel seed
Larval devt. L3 32 L5 32 L6
in deysd 43 28-35 41-51 30-33 41-50
Larval devt. - 30 L8 33 -
in days ¢ 28-33 48 30-35
% survival Insectary
to adult (11) 65 22 53 11
Max. 5th wt. 2.49 3.64 Not 2,55 2.47
in mg.d' 1.93-209? 3003"4.13 taken 2-!{-1-2-69 2-’4-0‘2 |5)+
Max. 5th wt. (3.72) 21 Not 2.92 -
in mgn Q 3.61"3 085 3031-4079 taken 2036-3 a31

Insectary
Wt. new d‘ - 3#3? 1.60 2.3)4- 2'39
adult in mgo 2 569"'3 n?? l 056-1 n6)+ 2 021-2 .ll-? 2 013"2 06)4-
Wt. new 9 (3.65) )-l-oll{— 2‘06 2'6)4- -
adult in mg. Insectary 3.11-4.6L 2.06 2.38-3,14
Wt., ovipos- - Not 2.29 3.35
iting 9 mg. welighed 2.29 3.29~3.40
Preoviposit- - 170 119 6Lt -
ion prd. days 170 119 45-83
Oviposition - 32 27 32 -
prd. in days 31-33 27 31-32
Fecundity - 18 12+ -
eges/Q 38-93 18 8-15
Adult long- - 160 107 68 66
evity days & 57-248 26-160 L-132 4=121
Adult long- - 157 173 80 -
evity days Q 79-213 173 7-154

+ Only two oviposited
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Rate of oviposition

The mean total number of eggs laid per female has been shown in
Tables 38-42. The numbers of eggs laid per week by individual females
reared on the different foods are shown in Tables u3—47. The egg
production of most females increased during the oviposition period and
then decreased, but this peak was slight and the production of eggs was
almost at a uniform rate throughout. The presence of a male (indicated
by a + in the tables) seemed to increase the rate of oviposition, and in

Scolopostethus affinis to double it so that although the oviposition

period was half that of some unma’sed females the total production was of
the same order.

There were differences in the rate of oviposition between females
on the same fogds and there were often marked differences between foods.

For Stygnocoris fuliginsus which did well on several foods the differences

in the rate of oviposition were not so noticeable. Fecundity is considered
to be an important factor in assessing the value of a food for a particular
species. As mentioned earlier, even when survival was poor the few
insects that did become adult often had a growth curve approximating that
on a good food, but in such cases fecundity was low.

Oviposition generally continued until death when one to six eggs

may still be present in the abdomen. One Stygnocoris fuligineus female

laid 10 eggs in nine days after which the ovipositor became blocked.

She lived for a further 26 days by which time the abdomen was greatly
distended and projected beyond the hind margin of the wings by a distance
equal to the length of the pronotum. The body contained 18 eggs which

filled the boéy cavity; the most anterior egg was found in the anterior
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of the prothorax. All the eggs were fully formed - there was only one

egg rudiment which was half developed. Ten of the eggs were dark,
similar to the colour of cggs several days after oviposition. There was
no gut visible and so death probably resulted from starvation. Egg
production appeared to continue until death and was not curtailed when
pressure built up in the abdomen.

Another case was observed in Ssolopostethus affinis. A female laid

139 eggs over 47 days. Death occurred after a further 20 days and the
abdomen contained 13 eggs some of which had collapsed. Similar occasional
cases ocecur in O.fasciatus when egg production continues to the extreme

(Johansson 1958).
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TABLE 43. Rate of oviposition of individual Scolopostethus affinis
females rearedl on different foods.
All females were reared from eggs on the foods except the
three on green nettle seed which were taken as 4th and 5th
instar larvae from the field. Whole weeks only are included.,
A + means that a male was present.

Number of eggs laid on the week number of the oviposition period
indicated

Food % 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
Green 1+ 42 70 56 63 43 64 51 45
nettle 2 25 24 33 27 19 28 25 29 29 31 17 26 34 35 10
seed 3 27 26 27 21 18 20 17 16 21 21 22 23
Har- 4 9 14 10 10 7 7 19
vested 5 4 4 2 3 2
nettle 6 3 9 3 3 3 8
seed 7 17 31
8 12

Erica 9 20 16 24, 26 23 22 1.

cinereal0 11 20 16 22 19 23 16 13 9

seed 11 18 17 13 33 37 21 4LO0 16 10
12 20 20 20 23 29 15 12

Shep- 13+ 53 34 29 47 60 48 50 39 28

herds 14+ 32 69 46 47 20

purse 15+ 26 24, 15 42 52 42 42 31

seed 16 27 10 12 27 24 41 28 37 32 30 28 40 41 36 29 29 19

TABLE L) . Pate of oviposition of individual Scolopostethus thomsoni
females reared on different foods,
The three on grecn nettle seed were taken as 4th and 5th
instar larvae from the field. Whole weeks only are included.
A + means that a male was present,

Number of eggs laid on the week number of the oviposition period
indicated
Food ¢ 1 2 3 L 5 6 7 8 9 10 11

Green 1+ 51 L2 6l 68 37 51 56 59 35 23 33
nettle 2+ 42 30 51 3
seed 3 35 48 53 65 43

Erica 4 25 22 22 18 16 15 16 14
cinerea 5 17 15 13 13 9 9 9 16 16
seed € 14 10 3 N 3l 15 9

7 3 1
Shep- 8+ 2 12 11 3 9 2 0 6
herds 9+ 6 3 L 2 0 1
purse 10 2 1 1 0 3
seed 11 2 0 1l 0 1
‘ ' 12 5




105

TABLE 45. Rate of oviposition of individual Scolopostethus decoratus
females reared on different foods. Whole weeks only are
included. A + means that a male was present.

Number of eggs laid on the week number of the oviposition
period indicated

Food L% 1 2 3 L 5 6 7 8 9 10 11 12 13
Nettle
seed 1 83 3 3

Erica 2+ 17 28 28 31 42 57 54 72 52 54 51 48
cinerea 3+ 34 34 45 18 38 33 65 44 Th L5 ULk

seed L+ 30 26 35 35 34 39 61 65 66 Lb 59
5 18 22 28 25 23 59 K53 61 Bl 62 56 53 55
6 28

Shep-

herds 7+ 32 31 58 64 65 27

purse

seed

Sorrel

seed 8 14

TABLE 46. Rate of oviposition of individual Stygnocoris fuligineus
females reared on different foods.
Vhole weeks only are included. A+ means that a male was present.

Number of eggs laid on the week number of the oviposition
period indicated

Food 1 2 3 4 5 6 7 B 9 10 11 12
Erica 1 7 8 9 8 1. 16 11 3
cinerea 2 13 17 13 11 7
seed 3 7 17 14 15

L+ 11 17 16 35 36 30 36 28 34
Sorrel 5+11 6 22 11 28 27 32
seed 6 16 17 15 11

7 6
Sweet '
chest- 8 17 7
nut

9 9 8 17 19 21 23 26 38 31 25
Chick- 10+ 13 20
weed 11+ 7 8 19
seed 12+ 23

7
13 3 18 13 16 13 13 16 23 19 23 17 20
Spurrey 14 3 10 10 13 15 15 16 19 15
seed 15 9
7

16 11 10 13 L




TABLE 47. Rate of oviposition of individusl Drymus sylvaticus females
reared on different foods. An exception 13 the four on
nettle seed, as they were taken as adults during winter.
Whole weeks only are included. A + means that a male was

present.

Numbter of eggs laid on the week number of the

oviposition period indicated

Food Q 1 2 3 ) 5 6 7 8
Green 1+ 36 2l 22 24 18 19 16 12
nettle 2+ 38 43 6l 63 38 29
seed 3+ 12 21 }5 Ll 40
L+ 34 53 66 53
Erica 5 20 25 26 22
cinerea 6 14 15 18 19
seed 7 10 9 13 6
Shep~
herds
purae 8+ 8 0 L 3 3 ) 0
seed
Sorrel 9 2 1 1 4
seed 10 3 3 7
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DISCUSSION

Food Preferences

Value and preference ranking of seeds

Seeds are the prime item of food in the diet of all five species,
which could be reared through the complete life~cycle on seeds alone.

Earlier workers found that O.fasciatus developed on substitute
foods (although survival and viability were raeduced) but in all cases
the seed coat was oracked or removed (Lea and Niswander 1950, Frings
and Peissner 1952, Frings et al. 1957). Sweet (1960) in feeding trials
with Rhyparochromines on sunflower seeds also hulled the seeds"to provide
pasier feeding". It is possible that their results do not represent the
true response of the species to the food if it had been provided as
found in nature.

In the present study the seed coats were not cracked or removed
except in the cese of sweet chestnuts, and so the results are applicable
to the insect-host relationships in the field.

However, the species of seed is important as there were preferences.
The word preference is not used in the sense of choice for there was no
choice for individual insects, but means that they "do better" on certain
seeds and this represents a preference by the speciese

Thece preferences differed with the species so that some species
did well on seeds +that were unsuitable for others. For example, Sspurrey

seed is an adequate food for Stygnocoris fuligineus but not for the

Scolopostethus speoies, whereas with shepherds purse seed the position
is reversed. Exactly the same situation was demonstrated with chickweed

seed and netvle seed.
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The relationship between species on any two seeds was not always
as simple as this for there were gradations of suitability of a food,
ranging from very good to entirely unsuitable. An example would be when

D.sylvaticus is substituted for one species in either of the above examples.

For one seed (spurrey, chickweed) did not permit any development and the
other was a poor food.

Another relationship is where two kinds of seeds are good food for
one species whereas only one of them is suitable for another. For example

E.cinerea seeds and sorrel seeds are suitable for D.sylvaticus, but sorrel

seeds are not suitable for the Scolopostethus species. Stygnocoris

fuligineus could be substituted for D.sylvaticus in this example.

There were differences between speciés in the order of seed preference

and the degree of suitability. This was so even within the Scolopostethus
species, thomsoni differing markedly from the other two in being far less
adaptable. However, most of the seeds were suitable for Stygnocoris
fuligineus, and it is noteworthy that the seeds of E.cinerea were suitable
for all five species.

Hostl plant selection

The discussion thus far shows that the differences in preferences
are due to the insects rather than the seeds. Insects have exacting or
complex feeding stimuli requirements. Before an insect will feed the
food must provide lhe feeding stimmli that induce a feeding response
which is not inhibited by any other properties or constituents of the food
(Thorsteinson 1960). Some important factors involved in food selection
are the physical and chemical nature of the seed coat, the constituents

of the seed, and the nutritional requirements of the insects. These will
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be discussed in detail.
Seed ooat: The roughness or smoothness, the presence and size of hairs
or spines or their absence, and the thickness and toughness of the seed
coat may have some influence. If the physical nature of the seed coat
of the seeds used in this study were known it would ve interesting to
determine if there is any gradation in likeness amongst those suitable,
poor and unsuitable for food for any one species. As Stygnocoris
fuligineus developed on a variety of seeds it may be that the physical
nature of the seed coat alone is not important. This is supported by
recent work showing that where insect resistance in plants has been
attributed to the nature of the exterior, sensory and nutritional factors
are also involved (Thorsteinson 1960).

The chemical nature of the seed coat may play an important role in
providing & chemotactic feeding stimulus. Beck et al, (1958) showed that
a milkweed seed husk wrapped round a purified diet stimulated the normal

in Q.fasciatus
pattern of feediné?gga—g;EEZh was good, whereas on the purified diet alone
growth was poor because the duration of feeding was greatly reduced.

Seed constituents and insect nutritional requirements: Seeds differ in

their constituents, and insects differ in their nutritional requirements.
This may account of the adequacy or inadequacy or partial inadequacy of
the seeds as foods, or the restriction to certain seeds may be because
the insects are equipped with enzymes capable of digesting some foods but
not others.

Because there is such variation in the degree of suitability of
different seeds, and because E.cinere@ seeds were acceptable to all species

and Stygnocoris fuligineus had such a wide range of foods, it seems
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unlikely that the actual nutritional values of the different seeds

can be the basic reason for the varying preferences of the bugs.

The basis of the selection could, however, be gustatory. Recent work
reported by Thorsteinson (1960) has shown that insects possess a gustatory
sense of unsuspected dimensions. This coupled with very semsitive
chemotactic perception would enable precise selection between seeds having
the same constituents but in different concentrations. Stygnocoris
fuligineus would therefore be regarded as adaptable to a wider range of
concentrations than the other species.

This factor may be of higher significance when valuing a seed for
8 speciesg that feeds on the endosperm and a species that feeds on the
embryo, as the embryo would contain concentrations of growth hormones.,
These would vary with the kind of seed.

~ On the other hand, Fraenkel (1959) has suggested that secondary plant
substances such as essential oils, glycosides and alkaloids may play an
important pert in host plant selection by insects, although they are of no
nutritional value, Certainly the seeds of some Cruciferae contain mustard
0il, one of the substances known to affect feeding responses in some
insects (Fraenkel 1959) and it is possible that these substances may act
as releasers or inhibitors of the feeding response.

The evolution of such precise restriction to certain seeds would
probably involve linking feeding behaviour to all the seed's attributes =
nature of seed coat, exaot chemical constituents, taste, odour - which now
stimulate the optimum feeding response. Other seeds differing in only one
character may then be rejected because they no longer stimulate a threshold

feeding response. Stygnocoris fuligineus retains the ability to feed on




several kinds of seeds. D.sylvaticus appears to occupy an inter-

mediate position where it retains two of the range of seeds of

Stygnocoris fuligineus, and one of them is generally unsuitable for the

Scolopostethus species. Yet Scolopostethus affinis did well on three,
and decoratus did well on two, different kinds of seeds.
Thus for each species the seeds of at least two plants were

suitable, and these plants belonged to different families. This
might at first suggest non-restriction of host plants, but in fact there
is restriction so therefore one may conclude that either the seeds of
the particular plants concerned (although belonging to different families)
have similar contents or contain the same secondary plant substance.
The overlapping and contréat of acceptable foods among the species may

refute this but it may hold for Scolopostethus as the Crucifer seed and

seed of Urticaceae suitable for affinis were not suitable for Stygnocoris

fuligineus.

Foods other than seeds

Whether or not Rhyparochromines consume foods other than seeds is
unknown but if they do the fcods cannot be important for survival.
The vegetative parts of plants do not support growth but may be a source
of moisture. Animal food cannot be important in the diet as it alone
did not suppert life, No attempt was made by the bugs to catch live
Collembola which in any case seemed too active for them.

For D.sylvaticus animal food at first appeared to have some value

as there was fairly good growth on beetle larvae, This species did well
on the seeds of E.cinerea and sorrel alone, so animal food does not

appear to be essential to the Jies, However, survival on seeds was not
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as good as in the other species and the surprisingly poor results on
nettle seed (although the insects were caught in that habitat) suggest

that some animal food may play a role with certein seed diets.

Criteria Used to Assess Food Preferences

The Criteria

The criteria of a suitable food are that it should support good growth
and survival from egg to ovipositing adult and maintain high fecundity
(after a short preoviposition period) and reascnable adult longevity.

The stage in which mortality occurs, the growth rate index, the maximum
weight attained in the fifth larval instar, and new ané mature adult weights
are also taken into account.

For some time now workers have realized that a suitable food for an
insect must support lerval development and normal oviposition (Johnson 1937,
Hodek 1958, Geering and Coaker 1960) end other factors are usad as
supporting evidence.

There was always an abundant supply of food to ensure that each food
had a fair test for Leea and Niswander (1950) found when using milkweed
seeds sparingly "If sufficient food is not available there is a decrease
in egg production, lack of vigour in the individuals and smaller size of
the adults"”,

Important aspects of some of the criteria are discussed below,

Increase in weight

Although approximetely two-thirds of the total weight is added in
the last two larval instars (as also shown by Anderson 1961 for Anthocorids)
the percentage daily weight increase was highest in the second larval

inster and was nrogressively less in later instars. It was also much less
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in the adult female but this is expected because there is only ovary
development and no body growth; in the adult male it was virtually zero.
Thus the percentage daily weight increase seems to vary inversely with
age (in instars). Adults reared on a poor food were often smaller than
normal.

Beck et al. (1958) showed that the larvae of QO.fasciatus feed almoat
continuously. Johansson (1958) by obtaining much reduced fecundity with
varying degrees of intermittent feeding showed that the reproducing female
also requires constant feeding. These facts are also true for Rhyparochromines.

Rate of mortality

On seeds shown to be a poor food development proceeded until the fourth
and fifth larval instars in which there was high mortality, and only a
small percentage attained adulthood.

Preoviposition period

D.sylvaticus has an obligatory reproductive diapause normally broken

by & short cold period during winter, However, young females kept at 23.300.
did complete their development after a long time. Egg production was then
apparently normal. This is rather an unusual phenomenon, especially when it
would normally be considered doubtful if an insect could survive the high
metabolic rate of living at that temperature for the long period required

to complete diapause development. The ability to do this is of no advantage
to the insect in this climate but it might be in the Mediterranean part of
its distribution.

Rate of oviposition

The rate of oviposition on a good food was found to be of the order

of 20, 4O, someiimes a3 many as 50 eggs per week regularly. This contrasts
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with the results of Thomas (1955) and emphasises the effect of inferior
foods and rearing conditions; but it bears out a statement by Johansson
(1958) that the egg production of the Lygaeidae when better known is
likely to be much higher than is thought at present. Johansson also found
that a diet of almonds or hazel nuts greatly reduced the fecundity and
lengthened the preoviposition period of adult O.fasciatus even though they

had been reared on milkweed seeds as larvae.

Suggestions for Future Work

To follow a modification of the line of Beck et al. (1958) by de-
huskirg a poor seed food and enclosing it in the coat cf a good seed food
woull. not provide additional information on the natural food preferences
studied here, as such disguising does not oceur in nature.

However, in order to understand more fully the real basis of the
preferences and the influenoce of the seadcoat, such experiments would be
valuable. Further, another important step in determining the effect of
the seed coat on feeding would be to compare the development and the
duration of the feeding cycle of an insect on a good seed food with these
responses on the same seed minus the seed coat. This has not even been

done with Q.fasciatus and the milkweed seed.
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(C) DESCRIPTIONS OF IMMATURE STAGES >

As some features of the eggs and larvae of the five species are
similer these will be discussed before the individual déscriptions
given, |

The eggs are of the aphanoid type (Putshkova 1956) which he
describes as elongate-cylindriéal in form with the posterior end
especially the anterior ends broadly rounded and the ventral surface
flat or concave, There are three to seven papilliform micropylar
processes which curve slightly outwards as deseribed by Southwood

(1956) in Scolopostethus decoratus end D, sylvstiocus,

In some species at least a portion of the chorion is covered
with smell processes of varying shape - e.g., truncate in

Scolopostethus decoratus (Southwood 1956) - but not within the

crovn of micropyles., The egg of Scolopostethus grandis has

papilliform or hemi-spherical projections over the whole of the
chorion, The egg of D,brunneus has a sparse covering of slender
processes (Putshkova 1956) end is reported to be smaller than that

of D,sylvaticus (Thomas 1955). Five eggs of D,brunneus were

measured (1,06-1.%11 mm.x 0.&4r0.h7.mm.) and found to be larger

than those of D,sylvaticus.

When first laid the eggs are pale yellow or orange, darkening
to a straw yellow or orange colour (see also Thomas 1955). ‘here
the egg of a species has been described previously additional

notes are made here in some cases,
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Larvae
Measurements were teken on ten specimens in each instar
(ten of each sex in the rifth instar) except in the case of

D.sylvaticus of which five specimens were measured in the fourth

irster end four of each sex in the fif'th instar.
Antermae

On specimens of Seolopostethus reared in the laboratory the

colour of the antennae in the fifth, and to a partial extent in
the fourth, larval instars was similar to that of the adult of the
species, This was not consistent in field spescimens many of which,
irrespective of species had the antennal colour as for decoratus,
Thus the colour of the antermae, which is a diagnostic character
in the adults, can not be used to distinguish the larvae,

Trichobothria

The numbers and points of origin of the abdominal trichobothria
for these genera and other Rhyparochromines have been shown by
Scudder (1957). They arise from dark plaques on the ventral surface
and five are conspicuous when the insect is viewed from the dorsal
surface (figs., 10, 11 and 12), 4lthough in this aspect the anterior
one appears to be couing from abdominal segment IV this is due to
the curved boundary between sternites IV and V and it really arises
from segment V, Where there are a pair of trichobothria only the
more lateral one is evident in dorsal wview - hence only five are
visible per side in this aspect. They are longest in proportion

to the body in the first larval instar,
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Y-suture

Putshkov (1958) first described this as the "troughed suture",
whilst Slater and Sweet (1961) called it the "Y-suture" which is unique
to, and widely distrihuted amongst, the Rhyparochrominae, This is
a very conspicuous and euphasised suture between abdominal tercites
III and IV, turning anterad along the lateral margins of tergites
III and IT with a brarch across the posterior of the third pleurite
(Figs. 10, 11 and 12), The suture is a wlde V-shaped groove with e
characteristic hard lining usually of the same general colour as the
abdomen, A light coloured strip on each side of the subure ewphasisecs
it still more, It is first evident in the second larval instar,

The posterior of the second pleurite often has a light coloured
strip on eacn side and also appears to be double, but does not have
the speciel lining of the Y~-suture, Thus the lining is the best
indication of the extent of this suture, for in some species e.g.

Stygnocorls fuligineus a double, dark sutwre appears to continue .

across the anterior of tergite II, and sometimes the lateral amms
to continue to the anterior of the abdomen,

Furthermoré , the boundaries between sternites II and III,
end III and IV stand out very clearly as if two branches of the
T-suture continued right round the venter but neither the 1lining
of the Y-suture nor the licht coloured margins are present,

Larval colour changes from instar to instar

According to their basic body colour Lygeeid larvae cen be
divided into two groups (Putshkov 1958):

(1) those neving a pale (grey, yellowish, pinkish, brownish or
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rufous)uniform colouration of the whole body, though often with

some degree of dark figuring on the head and thorex, and

(2) those having a sharply differentisted dark head and thorax
(brown, black) and a light (grey, brovmish, pink, red) sbdomen,
The second group is restricted to the majority of the
Rhyparochrominae,

The three genera here represented undergo three of the four
kinds of colour changes (described by Putshkov 1958) that occur
during development in the second group: 1) e.g. Stymocoris
fuligineus -~ the colours of head and thorax (black) and abdomen

(red) remain practically unchanged; 3) e.g. Scolopostethus -

pale areas on the head and/or thorax become increasingly conspicuous
from stage to stage, while the abdomen changes from a uniform red

to a greyish colour with an intricate pattern of pink, crimson,

brovn or velvety brown stripes and spots; 4) e,g. Drymus sylvaticus

the whole body becomes paler, the head and thorax lose their black
or fuscous colour and become brownish, while the sbdomen changes
from red, first to a dirdy pink, and then to an almost uniform
greyish colour,

In Scolopostethus the first abdominal tergite and part of the

metanotwa is always pale, like a yellow band across the body. The
first instar larve of thomsoni appeared to be exceptional in having
the first abdominal segment concolourous with the rest of the

abdomen - although it sometimes went paler when the abdomen stretched

after feeding, In Stygnocoris fuligineus and D. sylvaticusg the first

ebdoninal segment and most of the metanotum were concolourous with
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the rest of the abdomen,

Changes in pilosity

As noted by Putshkov (1958) for Rhyparochromine larvae the
nature of the pubescence may vary from instar to instar, Stysnocoris
fuligineus larvae have a dense covering of pubesceace throughout,

but in Scolopostethus the pubescence becomes progressively more

sparse in later instars, This is carried further in D,sylvaticus,

the fifth instar larva of which is almost devoid of pubescence
and contrasts with the conspicuously hairy first instar larva,

Spines on forefemora

The thickened farefemora wnich are characteristic of the
adults are evident in the larvae as also are the spines in some

genera, In Scolonostethus the three species have one small spine

in the first end second larval instars, and decoratus also in the

third instar, S,affinis and thomsoni in the third instar havé, in

addition, one to three small tubercles on the distal side of the

spine., All in the fourth instar have one main spine with up to

six small ones distally and occasionally two proximally. In the

fifth instar there are usually up to seven smaller spines on the
distal side of the large spine and up to three proximally, The

spines are arranged in two rows on the inner surface of the forefemora,

In Stymnccoris fuligineus there is no evidence of spines until the

fifth larvel instar, whilst in D.sylvaticus they appear in the

third larvael instar,

Sexing in the fifth larval instar

The larvae can be sexed accurately in the fifth larval instar,
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The females have a modification around the boundary between sternites
VIII and IX distinguishing then from the males which are ummodified
except that sternite IX is slightly bulged (Figs., 10 and 11). The
females have large darkened areas on sternites VII and VIII in the
midportion, whereas the males have only a small darkened area on
sternite VIII with no or very little darkening on sternite VII, but
sternite IX is usually dark,

This has only been shown in two other Lygaeeidae, in O,fasciatus

(Johansson 1958) end Nysius huttoni White (Eyles 1960) but probably

all members of the family can thus be sexed in the fifth larval
instar,

Recommition of species

Scolopostethus larvae could not be distinguished in the field

end the general body measurements were similar, This led to the
measurenent of many morphological characters in the hope that some
practical distinction could be made between species, but these were

all similar for affinis, thomsoni and degoratus (Tables 48, 49 and 50).

However, when the data from ten measurements on fifth instar
larvae were analysed for each sex on a modification of Wilks'
criterion (Rao 1952), vhich enables one to assess the similarity
of two or more samples in respect of large numbers of characters,
the three species were shown to have a different shape vwhich confirms
that they are distinct species. This anelysis is showvm in Appendix I,
Nevertheless, in practice, the larvae of these three species
(plus S.ggmdi_g) cannot be distinguished and the descriptions, rather

than showing any distinguishing characters, emphasise their similarity.
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This is why only thomsoni is figured, and is one of the reasons

that prompted the hybridization studies discussed in the next
section,

The larvee of the different Stygnocoris species can be readily
distinguished., With the Drymus species the situation may be complex

a8 in Scolopostethus, at least with D, sylvaticus and D.brunneus,

Soolopostethus affinis

Bgp (Thomes 1955): size in ma, (70 eggs): 0.90 (0.81-0,97)
x 0,37 (0.34-0.39).

First larvel instar: size in mm.: length 1,07 (0.99-1.21);

width 0,42 (0,38-0,46); head width 0,31 (0.31-0.32), Head, pro-
end mesonota brown or blackish-~brown; metanotum yellow with two
brown, trienguler arees; antennae brown, apical half of fourth
segment pale; rostrum grey, extending to hind coxae; 1legs grey,
one small spine on forefemur, Abdomen bright orange = near
Marigola orange on the Hortioultural Colcur Chart (Wilson 1938,
1941); first visible abdominal segment (i.e. segment I) yellow

as metanotum; scent glend eveporating areas bounded in white; tody
covered with fine white pubescence, 5

Seaond lerval instar: size in mm,: length 1.26 (1.10-1,42);

width 0,50 (0,54-0.72); head width 0,39 (0.35-0,40). Colour
as in first instar but the ebdomen is a darkei' grange (near
Spanish orange on H,C,C.); Y-suture present, bordered with
pale coloured strips; ebdominal segments II aﬁd III within the
Y-suture darker - greyish or brownish—orange; socent gland

evaporating areas dark, not wounded in white,
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Third larval inster: size (see Teble 48)., Colour of head and

thorax as in first instaf -~ dark brown or black; antennae grey
or black, distel half of fourth segment pale; pronotum usually
pale, yellow, in postericr lateral ccrmers; mesonotum sinuate
on posterior margin; mescnotal wing pads now evicent; now

some smaller spines in addition to large spine on forefemcra.
Pirst abdominel segment pale; remainder of abdomen darker orange
then in the second instar - this is no longer a pure colour but
consists of blotches of different intensities; Y-suture as in
previcus instar; anteriocr of each pleuron pale, whitish; a
brighter crange strip from second scent gland cpening tc tergite
VIII; tergite VIII pale.

Fourth larval instar: size (see Table 49). As in the previous

instar but metathoracic wing pads now evident, and mesotharic

wing pads usually with some pale blotches; wing pads extend on

to abdominal segment I; postericr quarter of pronotum usually mostly
pele, Abdomen more greyish than in the third instar, with an overall
red=brown colcur; tergites II and III within the Y-suture darkerst,
with the cclour becoming preogressively lighter towards the pestericr,

Fifth larvael instar: size (see Table 50), Head black; antemnae,

first segnent black in basal helf and pale in apical helf, second
segment pale throughout (orange or yellow), third segment dark
brown or black throughcut, fcuzfth segment pale in apical portiom,
In some specimens the antennae were black throughout,except for the

pale apex of the fourth segment, Rostrum dark, third and basal



half of fourth segnent pale., Thorax : pronotum black in anterior
two-thirds, pale (yellow) in posterior one-third but with two
triengul ar~shaped black portions towards the midline; mesonotum
with rudimentery soutellum evident and mostly black, remainder
including wing pads pale with grey-black markings roughly in a
figure of 8; wing pads extend onto the third abdominel segment;
forefemora dark brown or black; mld femora pale but sometimes
dark towards apex; hind femora black in mid portion; +tiblae
darker in basal half, end tarsl pale, The abdomen has lost the
basically orange colour of the fourth instar and varies from
red-brown to deep red-brown to grey; otherwise as in earller
instars except that tergites V and VI usually have two pale bars
across the scgment, one each side of the midline (sometimes not
as evident on tergite V); pubescence fine, white and sperce,

Saoclopostethus thomsonl

Egg (Fig, 10); size in mm, (10 eggs): 0.95 (0.92-1,07) x 0,36
(0,34-0,3%8), Three to siz micropylar processes; chorion smooth,

FPirst larval instar (Fig, 10): size in mm,: length 1.03 (0.93~

1,17); width 0,43 (0.30-0,51); head width 0,30 (0,23-0,32).
Colour as in affinis except that the abdomen is a reddish~-orange
(near Nasturtium red on the H.C.C.) approaching the red of

Stymmocoris fuligineus, and that the first segment is not pale,

The scent gland evaporating areas are black,

Second larvel instar: size in mm.: length 1,45 (1,17-1.92);

width 0,64 (0,56-0.74); head width 0,38 (0,35-0.40), Colour of

head and thorax as in affiniz. ebdomen now with first segment

123
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Yyellow, and the remainder darker orange than in the first instar
(near Saturn red on H,C.C.); Y-suture present; tergites II and
IIT within the Y-suture darker.

Third larvel instar (Fig. 10): size (see Table 48)., 4s for

affinis, Sometimes the pronotum has a yellow spol at the posterior
on the midline,

Fourth larval instar: size (see Table 49). As in the previous

instar but with the slight changes as noted for affinis, Femora
and tibiee greyish-black, tarsi pale; sobdominal tergite VI
sometimes with a pale area on the left and right portions,

Fifth larval instaer (Fig. 10): size (see Table 50). As for

affinis exoept the second antemmel segment is dark in the apical
helf;some specimens have the antemmae black throughout except for
the pale apex of the fourth segment.,

Scolopostethus decoratus

Egr (Southwood 1956, Thomas 1955): size in mm. (70 eggs):

0.84 (0.74-0.87) x 0,34 (0.31-0,39)., Three to five micropyler
processes; small, truncate processes over the remainder of the
chorion outside the crown,

First larvel instar: size in mm,: length 0,98 (0.93-1,06); width

0.39 {0,32-0.44); head width 0,30 (0,28-0,31). Colour as in
affinis; anternae grey, distal half of fourth segment pale;

orange colour of abdomen samewhat blotchy or irregularly
distributed; scent gland evaporating areas dark, bounded in white;

posterior tip of sbdomen bleask.



Seoond larval instar: size in mm,: length 1.40 (1.14=1.56);
width 0,59 (0.52-0.71); head width 0,36 (0.34~0.38). Colour

of head and thorax as in affinis; colour of abdomen Orange

(on H.C.C.) - darker then in the first instar beceuse of
overshadowing with grey, end speckled with yellowish blobs;
Y-suture present; tergites II and III within the Y-suture darker;
scent gland evaporating areas bleck; region on midline between
enterior and posterior scent gland openings reddish,

Third larvel instar: size (see Table 48). As for affinis,

but forefemora still with a single spine.

Fourth larval instar: size (sse Table 49). As in affinis
exoept that the abdomen is a lighter orange colour, Legs dark
brown or grey - black, forefemora darkest.

Fifth larvel instar: size (see Table 50)., Differs a little from

the previous two species in the following ways: antennae black
throughott except for the extreme apex of the first and fourth
gsegments and the base of the seoond segment; pronotum usually
with a yellow spot on midline at anterior, and sometimes with
varying amounts of black and yellow in posterior portion;
scutellum, perhaps the most distinct in the three species

is deep maroon or purple in colour; femora end tibiae dark,
tersi pale. Abdomen deep r~d (near Chrysanthemum crimson on
H.C.C.) end more uniformly coloured, elthough a few specimens
were lighter, nearer the dirty orange-grey of the previcus species,

Other aspects of the abdomen. such as warkings, as in affinis,
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Stymocoris fuligineus

Bgg (Fig, 11): size in mm, (50 eggs): 0.79 (0.74-0.87) x

0.3% (0.32-0.40). Three to five micropylar processes, although
three wererare; most of chorion smooth but there is a region of
tiny projections around the orown of micropyles,

First larval instar (Fig., 11): size in mm,: length 0,78 (0,72~

0.86); width 0,38 (0,36-0.40); head width 0,32 (0.31-0.32);
entennal segments I-IV ,009, ,012, ,0094, ,24, Head, pro and
mesonota black or dark brown; metanotum red with two dark
trianguler areas; antermae light brown, apical half of fourth
segment pale - pink or orange; rostrum light brown extending to
hind coxee; legs light brown, forefemora unarmed; abdomen bright
red (ncer Manderin red on H.C.C.); scent gland evaporating areas
and posterior tip of abdomen dark; body covered with dense, fine,
white pubescence,

Second larval instar: size in mm,: length 1.19 (0.94=1.38);

width 0.59 (0.50-0.67); head width 0,40 (0.29-0,40); antennal
segments I-IV 0.011, O.16, 0.13, 0,27, Colour as in first inster
but sometimes the thorax is a reddish-brown colour; abdomen a
bright reddish-orange (Fire red on H.C.C.); ‘I-suture now present,
with slightly lighter red strip on each side.

Third larvel iustar (Fig, i1): size (see Table 48). As in second

instar except that mesonotal wing peds now evident and the darkened
portions on thc metenotum ere semi-elliptical; remainder of

metanotum and abdomen brizh: red (Scarlet on H.C.C, ).



Fourth larval instar: size (see Table 49). As in third instar

(vith abdomen possibly e slightly deeper red) except that
metanotal wing pads now evident and metanotum dark throughout;
wing pads extend onto abdominal segment I; punctation evident
on head and thorax,

Fifth larval instar (Fig. 11): size (see Table 50). As in fourth

instar except that the wing pads extend onkto or to the posterior
of abdominal tergite III; socutellum evident; antennae black,
aplcal half of fourth segment pale; legs blackish-~brown, pale

at Joints; A4-7 small tubercles usually present on forefemora

for first time, but sometimes absent; abdomen darker red (near
Jasper red on H.C.C.), Sometimes in eny instar after the first the
thorax or the wing pads only may be reddish-brown,

Drymus sylvaticus

Egg (Fig. 12), also Thomas (1955), Putshkova (1956) and Southwood
(1956): size in mm, (70 eggs): 0,92 (0.81-1,03) x 0.39 (0.36-0.44).
Three to five micropylar processes; chorion covered with hemi-
Jpherical projections,

First larvel inster (Fig. 12): size in mm,: length 1,05 (0.89-
1,17); width 0,42 (0.36-0.47); head width 0,32 (0.27-0.36).
Body surface shiny and coverad in a long bristly pubescence;
head, pro and mesonoba darh drown; metanotum red as ebdomen with
two brown trienguler ereas; antennae brown, fourth segment red;
rostrum grey, reaching a little beyond hind coxae; legs grey,

no spines on forefemora; ablomen reddish orange (neexr Fire red

on H.C.C.) throughout ine!.~.~: segment I; scent gland evaporating
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areas black, ringed in white; posterior tip of abdomen black;

in unfed specimens the posterior of the abdomen is straight,

not rounded; trichobothria and pubescence on edge of posterior
half of abdomen ocause this region to be distinetly heiry,

Second larval instar: size in mm,: length 1,32 (1.10-1,50);
width 0,59 (0.40-0,66); head width 0,40 (0.36-0,42); antennal
segments I-IV 0,13, 0,21, 0,18, 0.33. Varies from the first instar
in that the thorax is a lighter brown than the head, the Y-suture
is now apparent, the hairiness of the abdomen is less obvlious, and
the abdomen is distinctly "warted" at the points from which the
lateral trichobothria arise. The pleuron of the thorax is pinkish
and the abdomen is lighter in colour - & sort of yellowish-orange
background colour with deeper, irregularly placed orange blotches,
Usuelly no spines or tubercles on forefemoras but occasionally two
to three small tubercles with hairs are present,

Third lerval instar (Fig., 12): size (see Table 48). As in second

instar except that the mesonotum is now a lighter brown than the

pronotum and has evidence of wing pads, and the two brown markings
on the metanotum are now semi-ellipticel in shape, Legs light

brown, forefemora occasionelly bearing one or two small, tubercle
like spines with hairs, Abdomen brownish-orange in colour.

Fourth larvel inster: size (sse Teble 49): As in third instar

axcept that metanotal wing pads now evident and extend half the
length of ebdominal tergite I, and the abdomen is lighter, a
dirty pinkish-orange to ligit fawn colour; entemnae brown, third

segment dark brown or blask, fourth ssgment palg: at apex but with
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a red tinge ecross the centre; rostrum extending to the mid or
hind coxse; forefemora bearing one to three small spines.

Fifth larvel inster (Fig. 12): size (see Table 50)., Head black;

antennae, first segment dark brown in basal helf, light fawn in
epical half; second segment light fawn with dark band at apex
(or dark with fevm only at base); third segment black throughout;
fourth segment black or dark brcvm at base, light brovm in apical
half; rostrum extending to mid or hind coxee, first and fourth
segments dark, second and third segments pale; prothorex light
brown (the lightest of head and thorax); mesothorax light brown
on rudimentary socutellum, dark brown to black on wing pads;
metanotum now dark brown throughout; wing pads extend well onto
ebdominal tergite III, sometimes to tergite IV; legs pale, fawn-
yellowish throughout; forefemorea with one and sometimes two or
three other smaller spines; eabdomen dark reddish-brown, but more
grey on tergites II and III within the Y-suture; Y-suture
narrower than in the preceding species and light coloured margin
not always as evident; scent gland evaporating areas and posterior
tip of ebdomen black; tergite VIII paler than rest of ebdcmen;

very sperce, fine short pubescence.
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Figure 10. BEgg, snd first, third and fifth larval instars of
Scelepestethus themscni. Bottom right: terminal abdominal
sternites of female fifth instar larva; bottem left:
terminal aebdeminal sternites of male fifth instar larva,

& = scale for full drawing of fifth instar larva;
b = scale for the other five drawings,



Figure 11, Egg, and first, third end fifth larvel instars of
Stygnocoris fuligineus, Bottom left: terminal abdominal
sternites of female fifth instar larva; bottom right:
terminal abdominal sternites of male fifth instar larve.

a = scale for full drawing of £ifth i ;
b = scale for the other ?:%v: dre.wiﬂ::g:?st“ rerves
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! Figu__z_'_ e 12, Egg, and first, third, and Pifth larval instars of _Qm
| sxl(raticus. a = scale for full drawing of £ifth instar
i larva; b = scale for the other drawings,

{



TABLE 48. Body measurements in mm, of third

instar larvsae.

Bndy Head Antennal segments Pronotum
width length width 1 2 3 4 width
ant~  post- length
erior erior
Scolopostethus affinis
Mean 0,78 1,77 0.48 0.19 0.28 0,31 0.43 0,47 0.60 0.31
i0.72— 1.58- 0.,44- 0,17- 0.27- 0.28- 0.40- 0.42- 0,55~ 0.28-
Range 10,91 2.01 0,52 0.21 0,30 0.34 0.44 0.t 0.64 0.34
Scolopostethus thomsoni
Mean 0.82 1.79 0.48 0,19 0,26 0,30 0,43 0.48 0,62 0.32
{0.77- 1.64- 0.,47- 0,17- 0,24~ 0,27- 0.42-~ 0,46~ 0,60~ 0.30-
Range \ 0.97 2.08 0,51 0,20 0,27 0.32 0,46 0.%4 0,66 0.34
Scolopostethus decoratus
Mean 0.74 1,66 0.44 0,17 0.26 0,27 0.39 0.44 0.58 0.30
{ 0,60~ 1,49« 0,42~ 0,15- 0,21- 0.26-~ 0.38- 0.39- 0.54- 0.27-
Range { 0.90 2.01 0.46 0,19 0.28 0.28 0,40 0.46 0,62 0.34
Stygnocoris fuligineus
Mean 0.82 1.64 0,53 0,13 0,20 0.16 0,30 0.B0 0,69 0.30
{0.,67- 1.45- 0.52- 0,13- 0,19- 0,15~ 0.30- 0.43- 0.62- 0.27-
Range 1 0,99 1,85 0.5 0,15 0,21 0.19 0.31 0.%4 0.78 0.32
Drymus sylvaticus
Mean 0.89 1.89 0.51 0,17 0,28 0,23 0.38 0,50 0.66 0.32
50.75— 1.57- 0,48~ 0,16=- 0,26- 0,20- 0.36- 0,43~ 0,58~ 0.28-
Range { 1,07 2.26 0.55 0,20 0.31 0.24 0,40 0.60 0,78 0.38

eet



TABLE 49. Body measurements in mm. of Fourth Instar Larvae.

—

Inter- 3rd Pronotum Mesonotum Hind
Body Head ocular Antennal segments Rostral width length length Fore-femur tibia
width length width width 1 2 3 4 segment anter-- poster- mid to wing width 1length length
ior ior pad
Scolopostethus affinis
Mean 0.94 2.12 0.5 0.41 (0,24 0,38 0,38 0,50 0.26 0.56 0.77 0.42 0.23 0.36 0.20 0.60 0.75
Range c.81- 1.81- 0.51- 0.39- 0.23- 0.35- 0.34- 0.44- 0,23~ 0.47- 0.,63- 0.34~ 0,20- 0,27- 0.17- 0.,56- 0,67~
1.05 2.35 0,60 0.44 0,26 0.40 0.40 0,54 0.27 0.62 0.87 0.46 0.30 0,43 0,24 0.66 0.82
Scolopostethus thomsoni
Mean 0.94 2.31 0.56 0.40 0,23 0.34 0.36 0,50 0.21 0.5% 0.75 0,44 0.,24 0.38 0.21 0.59 0.72
Range 0.83- 2.15- 0,55- 0.40- 0.23- 0.31- 0.35- 0.48- C.17- 0.52- 0.71- 0.40- 0.20- 0.34- 0.19- 0.,58- 0.,67-
1.13 2.48 0,59 0,42 0.26 0,35 0.39 0.%4 0.24 0.59 0.81 0.48 0,30 0.42 0.24 0.63 0.77
Scolopostethus decoratus
rean 1.05 2.40 0.56 0.40 0.23 0.35 0.35 0.48 0.27 0.55 0.79 0.46 0.27 0.39 0.21 0.60 0.72
Range 0,98- 2.17- 0.54- 0.38- 0.20- 0.32- 0,30~ 0.44- 0,26- 0.52- 0.,72- 0,39~ 0.17- 0.32- 0.19- 0.,56- 0,66~

1.11 2.55 0.58 0.42 0.24 0.38 0.39 0.51 0.28 0.58 0.86 0.50 0.35 0.s4 0.24 0.63 0.79

Stygnocoris fuligineus

Mean 1,07 2.00 0.64 0.18 0.27 0.21 0.35 C.59 0.87 0.40

Range 0.94- 1.50- 0.62- 0,16- 0.27- 0,20- 0.34- 0.54- 0.82- 0.38-
1.21 2.40 0.68 0.21 0.31 0.24 0.38 0.62 0.93 0.47

Drymus sylvaticus

Mean 1.12 2.61 0.64 0.23 0,43 0.34 0.45 0,61 0.91 0.49

Range 0.91- 2.15= 0,59- 0.21- 0,39- 0.32- 0.42- 0.54- 0.75- 0.42-
1.22 2,89 0.70 0.26 0.46 0.38 0.%0 0.70 1,07 0.52

PET



TABLE 50,

Body measurements

in mm, of fifth

instar larvae: A.

Males.

Body Head Inter- Ante- Antennal segmeats Rostral segments
width length width ocular ocular 1 2 3 4 1 2 3 4
width length
Scolopostethus affinis
Maan 1.25 3.01 0.68 0.46 0.27 0,34 0.50 0,48 0459 0,40 0,42 0,30 0.27
Range 1.01- 2,75~ 0,64- 0,43- 0,24- 0,30- 0,44- 0.,46- 0,58- 0.38- 0.36- 0,27~ 0.27-
1.45 5.36 0.71 0.48 0,28 0,35 0,52 0,51 0.62 0,43 0,46 0.34 0.28
Scolopostethus thomsoni
Mean 1.26 2,91 0,64 0.44 0,24 0,30 0,42 0,44 0,58 0,36 0,44 0,27 0.26
Range 1.02- 2.,35- 0,46~ 0.35- 0,20- 0.27- 0.,34- 0,40- 0,54~ 0,32- 0.38- 0.21- 0.24-
1.40 3.60 0,71 0.48 0,27 0,3 0.46 0.50 0,63 0,40 0.47 0.31 0,27
Scolopostethus decoratus :
Mean 1.05 2.60 0,62 0.42 0,24 0,28 0.44 0,43 0,5 0,39 0.44 0.32 0.28
Range 0.87- 2.35%- 0,58~ 0,39- 0,17- 0,26~ 0,40~ 0,40- 0,58}~ 0,36- 0,40- 0,30 0.27
1,21 2.85 0.67 0.47 0.30 0,30 0.48 0,47 0.60 0.40 0.47 0,34 0.28
Stygnocoris fuligineus
Mean 1.32 2.53 0.74 0.47 0.21 0.37 0.32 0.42 0.32 0,32 0.21 0,26
Range 1,26~ 2.16=- 0.74~- 0.47- 0,21- 0.26- 0,26- 0.37- 0,26~ 0.26- 0,21- 0.26
1.42 2.84 0,76 0.53 0,26 0.42 0.32 0.42 0.32 0,37 0.26
Drymus sylvaticus .
Mean 1.59 3.37 0.75 0,66 0.26 0.53 0,44 0,53 0.40 0,51 0,33 0.32
Range 1,37- 3.11- 0.74- 0,53- 0.26 0,53 0.,42- 0,53 0,37~ 0,47- 0,32- 0,32
1.84 3.58 0,79 0.58 0.47 0.47 0.53 0.37
- continued

cel



TABLE 50. Fifth instar males = continued,

Head Antenna Pronctum Mesonotum Fore-femur Hind Hind tarsus
length width width length length width length tibia length
1 4 anterior posterior mid to winj pad length 1 2

Scolopostethus affinis
‘ean 0.46 0.13 0.15 0,62 0.95 0.59 0.42 0.82 0.30 0.79 0.98 0.38 0.32
Range 0.,34- 0,12-0.13- 0.54- 0.85- 0.54- 0,35- 0,7L- 0.26- 0,70~ 0.,91- 0.34- 0,30

0.54 0,13 0,16 0,66 1.06 0.71 0.54 0.9L 0.34 0.83 1.06 0.20 0,35
Scolopostethus thomsoni
Mean 0.40 0.13 0.15 0,63 0.91 0.5 0.43 0.78 0.26 0.74 0.90 0.38 0.28
Range 0.31- 0.11-0,12- 0.51- 0.75- 0.40- 0,31~ 0.59- 0,20- 0.60- 0.78- 0.35- 0,23-

0.47 0.13 0,16 0,67 1.03 0.68 0,52 0,94 0.28 0.86 1,00 0,40 0,31
Scolonostethus decoratus .
Mean 0.40 0,11 C.12 0,55 0.89 0.55 0.38 0.79 G266 0.71 0.90 0.3% 0.26
Range 0.32- 0,09-0,12- 0,51~ 0.78- 0.51- 0,32~ 0.72- 0.23- 0.60- 0.86- 0.31- 0.21

0.48 0.12 0,13 0.59 0.97 0.58 .40 0.83 ¢.,30 0.78 0.97 0.36 0,27
Stygnocoris fuligineus
Mean 0.68 1,05 0.47 0.47 0.84 0.21 0.58 0.69
Range 0,63~ 1.00- 0.42- 0.37- 0.68- 0.21 0.58- 0.63-

0.79 1.11 0.53 0,53 0.89 0.63 0.74
Dfymus sylvaticus
Wean 0.76 1.25 0.67 0,61 1,14 0.25 0.81 1,00
Range 0,68- 1.21- 0.63- 0,53~ 1.05- 0,26 0.79~- 1.00
0.84 1.26 0.74 0,68 1,26 C.84
-continued
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TABLE 50 continued - B, Females: Fifth instar larvae.

Body Head  Inter- Ante- Antennal segments Rostral segments
width 1length width ocular ocular 1 2 3 2 3 4
width length
Scolopostethus affinis
Mean 1,28 3.07 0,70 0.47 0.35 0.51 0,52 0,31
kange 1.21- 2.51- 0.64- Q,44- 0.32 0,47- C.50- 0,27-
1.3 3.49 0,72 0.52 0.36 0.54 0.54 0.36
Scolopostethus thomsbni
Mean 1.31 3.29 0.71 0.48 0.27 0.30 0.456 0,46 0.46 0.28 0.26
Range 1.14- 2.85= 0.66=- 0.44- 0,23- 0,27- 0.42- 0.43- 0.43- 0,27- 0,21~
1.49 3,76 0,74 0.52 0.35 0.32 0,51 0.5C 0.47 0,31 0.27
Scolopostethus decoratus
Mean 1.22 2.94 0,67 0.43 0.27 0.31 0.46 0.48 0.47 0,35 0.28
Range 1.11- 2,68- 0,62- 0,40- 0.21- 0,27~ 0,38~ 0,43- 0.40- 0,31- 0,27~
1.41 3.49 0.72 0,46 0.31 0.34 0.51 0,58 0.%4 0,40 0.30
Stvgnocoris fuligineus
Mean 1,37 2.58 0.79 0.53 0.24 0.37 0.32 0.32 0.26 0.26
Range 1.21- 2,26- 0.,74- 0.47- 0.21- 0,37- 0.26- 0.32- 0.21- 0,26~
1.47 3.16 0,84 0.53 0.26 0,42 0,37 0.37 0,26 0,32
Drymus sylvaticvs
Mean 1.59 3.37 0,76 0.55 0.28 0.66 0.41 0.49 0.32 0,30
Range 1,42- 2.,74- 0,74- 0,53- 0.21- 0.53- 0,37- 0.42- 0.26- 0,26~
1.79 4,00 0,79 0.58 0.32 0,58 0.47 0.53 0.37 0.32
-continued
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TABLE 50, Fifth instar femeles - continued.

Head Antenna Pronotum Mesonctum Fore-femur Hind Hind tarsus
length width Length length width tibia
1 anterior posterior mid to wing pad length
Scolopostethus affinis
innn 0.99 0.59 0.43 0.87 0.28 1.03
Range 0.91- 0.54- 0.36- 0,77- 0.26- 0.94-
1.06 0.64 0.47 0.97 0.32 1.14
Scolopostethus thomsoni
Mean c.47 0,12 0.15 1.02 0.60 0.44 0.87 0.28 0.98
Range 0.36- 0.11- C.12- 0.90- 0.52- 0.34- 0.67- 0.26- 0.74- 0.19- 0.19-
.54 0.13 0.17 1.14 0.67 0.52 0.93 0.32 1.09
Scolopostethus decoratus
IMean 0.44 0,11 0.13 0.99 0.58 0.46 0.9> 0.28 0.97 0,38 0.28
Range 0.35- 0.11- 0.12- 0,90 0.51- 0,40~ 0.81- 0,26~ 0.85- 0.34- 0.26-
0.54 0.13 0.16 1.11 0.64 0.54 1.3 0.34 1.06 0.43 0.34
Stygnocoris fuligineus
Mean 1.16 0.53 0.47 0.89 0,21 0.74
Range 1.00- 0.47- 0.,32- 0.79- 0,21 0.68-
1.21 0,58 0.58 1.00 0.79
Drymus sylvaticus
Mean 1,26 0.62 0.59 1.09 0.28 1.01
Range 1.16- 0,53- 0.47- 0.95- 0.26- 0,95~
1.37 0.68 0.68 1.26  0.32 1.05

8cT
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(D) HYBRIDIZATION STUDIES
RESULTS

The crosses tried

Three kinds of interbreeding of Scolopostethus species were tried

- within the structural group not having mesosternal spurs (S.decoratus
and S.thomsoni), within the structural group possessing mesosternal

spurs (S.affinis and S.grandis), and between these two groups.

All combinations were tried except the two decoratus x grandis,

the affinisQ x decoratus ¢ and the grandiso xthomsoni & crosses. All

females were kept separated from males until the commencement of the
crossbreeding experiments.

The following crosses were unsuccessful, i.e. no fertile eggs were
produced and it is assumed that copulation either did not take place or
was unsuccessfuls

decoratus @ x grandis g 2 pairs,

thomsoni 9 x grandis € 2 pairs,

Fertility of +he parent cross

In the remaining six crosses many of the eggs began developing but

in the thomsoni @ x. dwooratus ¢ apd thomsoni § x affinis S crosses only
half of these hatched. The fertility of the eggs of some females in each
cross are shown in Tables 51-55, In some cases there were changes in
fertility during oviposition (for a single female). The fertility of the
pure species has been given in the section on bionomics, but that of three
recently emerged thomsoni females which had received only one copulation is

given here (Table 56) for comparison with the data from the crosses.
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TABLE 51. Fertility of thomsoni o x decoratus a.

Successive Number No. of eggs that Number of
L4-day "batches" that atarted to develop infertile
of eggs hatched but failed to hatch _ eggs
Peir one
1 0 0 5%
2 15 13 3
3 12 3 2
L 9 11 1
5 9 7 4
6 17 8 6
R ) — o~
Pair two
1 0 0 13
2 5 8 b
3 5 10 1
b 8 9 1
5 2 5 0
6 1__ 2 1
Total 21 o4 {
Pair three
1 5 4 b
2 13 5 1l
3 25 30 3
4 -8 —_— —2
Total 51 Ly 10
Pair four
1 16 2 6
2 27 5 b
3 12 6 3
4 6 1 14
5 0 0 26
Total 61 14 53

#* Excluded from total because they were obviously
laid before copulation took place.
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TABLE 52, Fertility of decoratus @ x thomsoni & .

Successive Number No, of eggs that Number of
4-day "batches" that started to develop infertile
of eggs hatched but failed to hatch eggs
Pair one
1 0 0 7=
2 28 1 3
3 19 1 1
4 23 0 0
5 12 0 0
Total 82 2 4
Pair two
1 0 0 2%
2 17 0 1
3 16 0 0
4 21 1 2
5 21 1 2
6 11 0 0
Totel 86 2 5
Pair three
1 0 0 8
2 0 0 ¥
3 12 0 2
4 1l 1 11
Total 26 1 13
Pair four
1-9 0 - -
10 8 0 5
Total 8 0 5

* Excluded from total because they were obviously
laid before copulation took place.




IABLE 53. Fertility of thomsoni @ x affinis &', The results are for
the only "successful" pair,

Successive Number No. of eggs that Number of
L-day "batches" that started to develop infertile
of eggs hatched but failed to hatch egzgs
1-3 0 0 16%
L 3 3 2
5 26 13 5
6 1y 6 5
7 9 9 2
8 5 7 7
9 14 10 11
Total 6l 48 32

TABLE 54. Fertility of the single grandis Q x affinis & mating tested.

Successive Number No. of eggs that Number of
4-day "batches" that etarted to develop infertile
of egrs hatched but failed to hatch egEs

1 8 0 20t

2 20 0 0

3 30 0 1

b4 20 0 2

5 35 0 1

6 54 0 0
Total 147 0 L

TABLE 55. Fertility of affinis Q@ x grandis & . The results from one
pair are given.

Successive Number No. of eggs that Number of
L-day "batches" that started to develop infertile
of eggs hatched but failed to hatch eges
1-3 0 0 18%
4 16 0 L
5 25 1l 8
6 2l L 5
7 11 0 2
8 23 0 5
9 11 0 2
Total 110 5 26

*  Excluded from total because they were obviously laid

before copulation took place.
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TABLE 56. Normal fertility of pure Scolopostethus thomsorifemales
that had only one copulation with a thomsoni male.

Sucoessive Number No. of eggs that Number of
L-day "batches" that started to develop infertile
of eggs hacched but failed to hatch eggs
Female oue
1l 17 1 0
2 15 2 0
3 3 0 1
Total 35 — —t
Female two
1 21 1 1
2 10 0 2
Total 51 1 3
Female three
1 7 1 1
2 7 0 2
2 30 2 3
4 23 0 1
5 30 0 0
6 37 3 2
7 38 0 1
8 22 0 2
9 8 0 5
10 0 0 9
11 0 0 3
Total 202 6 29

S.affinis ¢ x grandis d& had a larger proportion of infertile eggs
(Table 55) but apart from this and the anomalous egg mortality in the two
crosses mentioned above (Tables 51 and 53) the normal proportion of eggs
hatched.,

When males were put with females of their own species fertile eggs
were produced within a day, whilst when put with females of another
species there was often a long delay of up to 36 days before the first
Pertile eggs wexe produced. This is considered to reflect a delay in

copulation.
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The hybrid adults produced

A grand total of 173 female and 35 male hybrids was obtained from
the six crosses, The numbers from, and the details of each cross are
discussed in turn.

(1) thomsoni @ x deocoratus &

Fifty-five females were produced by four out of six pairs. The
remaining two pairs did not produce any fertile eggs. Of those that
hatched, the number that survived to adult varied (for each four-day
"batch" per female) from 11-50 per cent, but the overall mean survival from
the four pairs was about 26 per cent.

The mortality was high which indicates a loss of vigour, yet those
attaining adulthood seemed normally active. As only females were produced,
and as half of the eggs began development but did not hatch, it is likely
that only females hatched, and therefore the mortality applies to the
females. .

The complete failure to produce males suggests that a sex-linked
factor is involved and this is incompatible or lethal in this cross.

Most of the females were intermediate in appearance, Thisg was jidged
on two characters, the colour of the antennae and the wing form. Twenty-
seven per cent were )ike decoratus in appearance, but ncne like thomsoni.
However, there were grades of intermediates as shown in Teble 57. Some
were intermediate in that they showed one characteristic of each species.
Others had a decoratus wing but the second antennal segment was inter-
mediate, i.e. half dark and haelf pale or sometimes dark at each end and
pale in the centre. Still others had both characters intermediate. The

macropterous wing form was dominant.
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The antennae of one specimen were coloured as in affinis, whilst
another had mesosternal ftubercles but otherwise appeared like decoratus.

Both of these characters belong to the other structural group only.

TABLE 57. Number of hybrid females from the thomsoni Q x decoratus ¢
matings possessing the combinations of antennal colour
and wing form indicated.

Wing form Intermediate Antennal colour as in

as in antennal decoratus thomsoni affinis
colour

decoratus

(macropterous) 17 1 14 1

thomsoni

(brachypterous)

Intermediate

in form 5 1

(2) decoratus © x thomsoni &

Forty-seven females and eleven males were produced by four, out of
six pairs. The remaining two pairs presumably did not mate as no fertile
eggs were produced. The number of larvas that survived to adult varied
(for each four-day "bateh" per female) from 8-39 per cent, but the overall
mean survival from the four pairs was about 25 per cent.

As in the case of the reciprocal cross, the high mortality shows a
loss in vigour, which this time applies to both males and females (since
both hatched - Table 52). This cross was therefore slightly more success-
ful than the reeiprocal cross, but the males suffered high mortality.

Most had difficulty (and several were assisted) in freeing the old
exuvium from the posterior of the abdomen, some had crumpled wings and life
was very short, lasting one to nine days. Several males died during the

early stages of the final moult.
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Most of the females and all of the males examined were intermediate
in appearance, having the antennal colour of one species and the wing

form of the other (Table 58).

TABLE 58. Number of individual hybrids from the decoratus Q x thomsoni ¢
matings possessing the combinations of antennel colour and
wing form indicated.

Intermediate Antennal colour as in
Wing form antennal decoratus thomsoni
as in colour

Females
decoratus
(macropterous) 10 5 22

thomsoni

ibrachypterous)
Males

decoratus 7

thomsoni 1

(3) thomsoni @ x affinis &

Thirty females were produced by one out of ten pairs = thus there was
a high percentage of barren pairs. Yet the loss of vigour was much less
for these hybrids, between the structural groups, than for hybrids within
the structural groups for 60 per cent of the larvae produced actually
survived. The males, however, all died in the egg and had no share in
this relatively good survival.

Because of an additional character, the presence or absence of meso-
sternal tubercles, the hybrids could be classed into more groups (Table 59).
Thirty-nine per cent were brachypterous individuals identical in appearance
to the pure species (28.6 per cent resembling thomsoni and 10.1 per cent

resembling affinis).
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An interesting feature of the intermediates is that they possess the
antennal colour of one species and the tubercle character of the other,

and both combinations occurred.

TABLE 59. Number of hybrid females from the thomsoni @ x affinis ¢
mating possessing the combination of characters indicated.

Antemmal With tubercles Without tubercles
colour (as in affinis) (s in thomsoni)

as in Brashypterous Macropterous Brachypterous Macropterous
affinis 3 2 7 1
thomsoni L 1 8 1
decoratus 1

(4) affinis @ x thomsoni &

Two out of four pairs were "successful" and produced three female and
four male hybrids. One female was examined and found to possess the
antennal colour for affinis but the mesosternal tubercles were lacking. The
four males appeared to be typical affinis although on two specimens the
mesosternal spurs were small.

This is the second cross in which some males were produced when the

sire is a thomsoni male.

(5) grandis Q@ x affinis &

Twenty-six females and four males were produced by the one pair used
in this cross. The overall survival was 19 per cent, and as in the oase of
decoratus 9 X thomsoni & the males hatched (Table 54) but suffered more
severe mortality than the females. A number of males died prior to the
final moult.,

As macropters were found to be the common form in grandis (see p. 37 )

all the hybrids produced cen be regarded as intermediate between the two
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species (Table 60). As already noted in crosses where decoratus is

one partner the macropterous form dominates. It is of interest that
within this group which has mesosternal spurs, some hybrids were without
tubercles.

TABLE 60. Number of individual hybrids from the grandis ¢ x affinis @
mating possessing the combination of characters indicated.

Antennal With tubercles or spurs Without
colour Mecropterous Intermediate tubercles
as in (= grandis) wing form Macropterous
Females
affinis 11 5 2
grandis
Males
affinis 2
grandis

(6) affinis @ x grandis C

Fifteen females and twenty males were produced by two out of four pairs.
The survival of the larvae was 29 per cent. Although the mortality suffered
was still high, the males survived as well as, if not better than the females.
Thus in producing even numbers of sexes this cross was the only one with
potential success.

The majority of the specimens possessed mesosternal tubercles or spurs
(Table 61) and in this respect also they were more "normal". However, the

mecropterous wing predominated, as did the affinis antennal colour,

Fecundity of the F. females

As the females oviposited normally, their fecundity wes determined
(Table 62). This can be compared with the performance of the pure females
shown in Tables 38-40. The food provided was a mixture of nettle andshepherds
purge seeds except for the females shown in the last column which were given

only shepherds purse seeds.
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x grandis &
matings possessing the combination of charactersindicated.

Antennal With tubercles or spurs Without
colour Macropterous Intermediate Brachypterous  tubercles
as in (=grandis) wing form
Females
affinis 11 3
grandis 1
Males
affinis 12 5
grandis
TABLE 62. Fecundity of the F, female hybrids of the cross indicated.
Mean values are given with the range underneath.
The larval development and preoviposition periods are estimated.
Within the group Between Within the group
without spurs groups* with spurs
thomsoni @ decoratus @ thomsoni ? grandis @ affinis Q
x decoratusd x thomsonid x affinis @ x affinisd x grandis &
Larval 32 31 35 32 35
devt. days 23-L2 24-39 34=-39 31-34 28-39
Preovip. 13 10 6 8 11
prd. days 7-20 6-15 6-8 6-9 9-12
Ovip. prd. 21 26 62 Th L
in days 0-47 3-59 10-100 25-110 15-65
Fecundity 15 57 112 79 50
Eggs/? 0-52 5-115 21-119 40-133 9-79
Postovip. 10 3 30 14 11
prd. days 0-114 0-32 16-52 0-28 0-36
Longevity L2 38 76 86 55
in days 15-151 18-80 16-106 34-126 29-77
No. of 38 25 1y 8 L
females
* One hybrid female of the reciprocal cross laid 159 eggs

in 59 days.
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The fecundity in all cases was considerably reduced, being only
one-sixth to one-third that of the pure females. The hybrids differed
from the pure females in having a noticeable postoviposition period.

In the decoratus x thomsoni hybrids the oviposition period was reduced by

a half and the longevity was slightly reduced. On the other hand, in the

affinis x grandis hybrids the ovipogition period and longevity were normal.

Where males were produced, the longevity was usually less than 15 days,
but three affinis ¢ x grandis & hybrids lived for 22, 31 and 90 days
respectively.

The duration of larval development and the preoviposition period were
normal. Some of the hybrid eggs were white when freshly laid, and many
were the normal light straw colour, Frequently some very short eggs
half, or less than half normal length were found - e.g. one egg of decoratus 9
x thomsoni @ hybrid measured only 0.54 mm, X 0.31 mm. Five thomsoni @

x decoratus ¢ hybrids had blocked ovipositors and two of them did not
oviposit at £11; +the others laid only 1-8 eggs. Their longevity was 19-73
days.

Fertility of the hybrids

As so very few male hybrids were produced the majority of the female
hybrids were mated back to one or other of the parent spzcies. The

fertility of these matings is tabulated below.

The male hybrids seemed infertile when crossed with hybrid and normal
females, Only 2.5 (l.4-4.3) per cent of the eggs leid by the hybrid females
were fertile, and 48 per cent of these showed an interesting failure of the
embryo to revolve. Only three of the apparently normal eggs hatched, but

the larvae soon died.
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1) @ Hybrids of thomsoni @ x decoratus d
(a) Backcrossed to decoratus @
8 pairs 67 total eggs all infertile
(1 seen in cop)

(b) Backcrossed to thomsoni €
(1) 119¢, 8¢ 11 total eggs all infertile
(in 2 groups)
(i1) Group of 70 total eggs 69 infertile 1 started development;
4R, 6T eyespots at wrong pole.

2) @ Hybrids of decoratus Q x thomsoni &
(a) Backerossed to thomsoni &

(1) 4 pairs 15} total eggs all infertile

(ii 1509, 1105 1249 total eggs 1231 infertile (5 started development
(4 groups and (normally: 10 had eye-
1 pair) (spots at wrong pole;

53 hatched but died -
1 in embryonic cuticle.
(1 after 4 days and 1
(in the second instar.

(b) Backcrossed to decoratus &
(1) 6 pairs 230 total eggs all infertile
(ii) 4 pairs 257 total eggs 246 infertile (8 started development
(normally; 3 had eye-
(spots at wrong pole.

(¢) Crossed to & hybrid of the same cross

(i) Jbrother 9 total eggs all infertile
1 pair

(i1) ¢ not brother 8 total eggs all infertile
1 pair

3) @ Hybrids of thomsoni @ x affinis ©
Backecrogsed to thomsoni ¢

1199, 8 & 862 total eggs 835 infertile (19 started development
( 2 groups (normally; 1 had eye-
and 1 pair) (spots in middle; 7 had

(eyespots at wrong
(pole.

L) Hybrid of affinis Q x thomsoni €
(a) Backcrossed to thomsoni O
1l pair 114 total eggs all infertile

(b) Crossed to hybrid brother
1 pair 45 total eggs all infertile



5) @ Hybrids of grandis @ x affinis @
(a) Crossed to ¢ hybrid brothers
Group, 4QQ, 205 159 total eggs all infertile

(b) Crossed to & hybrid of affinis @ x grandis &
1l pair 133 total eggs all infertile

6) @ Hybrids of affinis Q@ x grandis &
Crossed to hybrid brother
1 pair 72 total eggs all infertile

7) & Hybrids of affinis Q@ x grandis &
With grandis 9
3 pairs 49 total eggs all infertile
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DISCUSSION

Saunders (1892) believed that the so-called Scolopostethus species

were races of one species, He considered that the colour of the antennae
and the form of the pronotum and wing membrane were not reliable as
distinguishing characters. He examined the male genitalia, with the

exception of Scolopostethus pictus (Schilling), and found only three forms

with slight but distinct differences, which he considered were modifications
of a common forme. On the form of the male genitalia he suggested that

affinis and grandisg, and thomsoni and Scolopostethus puberulus Horvath,

by synonymous, decoratus remaining distinet. Southwood and Leston (1959)
consider the specific status of grandis doubtful.

Butler (1923) found that the larvae of all species were very similar
and indistinguishable except for pictus. In the previous section it was
shown that although the larvae are indistinguishable in practice, those

of affinis, thomsoni and decoratus have a distinct shape as disclosed by

morphometric analysis.

The important conclusion from the hybridization studies about four
of these species is that their status as separate species is confirmed.
From the point of view of the species, interbrceding was unsuccessful
because no F2 progeny or progeny from the back crosses were produced.

AHowever, the results from this study contribute to our knowledge
of hybridization by emphasising the barriers to hybridization which are
found to be as follows:

(1) The unwillingness of pairs of different species to copulate: This

was shown by the delay which was often considerable, before any fertile

eggs were profuced. This was further emphasised by the number of
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unsuccessful pairs in each trial crossing and these presumably never
mated. Sailer (1954) showed with stink bugs that males will mate with
females of their own species 17 times more readily than with females of
another species in the absence of free choice. Such temporary isolation
is probably mainly due to the different courtship behaviour of each species.

In S.decoratus the antennae of both sexes vibrate and often touch
the opposite mate; the male puts on a great display shaking the body
violently and doing "press ups"; he then pushes his antennae and head
against the side of the female thorax and pushes her over on her side;
mounting follows.,

In S.thomsoni mating eventuates sooner, the antennae vibrate more
slowly, there is no display by the male and the female lies herself down
exposing one side. When one female exposed her left side a male was
observed to cause her to expose her right side by vibrating his antennae
on it.

S.affinis males put on a slight display by cleaning the rostrum,
during which activity they sometimes lie on one side.

S.decorazﬁjj:;ve been observed performing long and arduous displays
in vain before females of other species. The females would scmetimes
come to the males, which was oguclly without effect.

It is interesting to note that the courting "song" of the two closely
allied Kleidocerxs species appears to be an important disolating mechanism
(Southwood and Leston 1959).

(2) The heavy mortality of the hybrid females

(3) The severe and almost complete mortality of the hybrid males: This

generally occurred in the egg stages, but with some crosses in the larval
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stages. Such disturbance in the sex-ratio of the hybrids ensures
that there can be no continuation of the hybrid line.

Disturbances in the proper action of the genes is liable to occur
in hybrid insectrs, and where the growth hormones are affected
abnormalities of growth may appear (Wigglesworth 1953). In hybrid
Lepidoptera it is the female that is affected and in some cases these
do not develop beyond the pupal stage (Wigglesworth 1953).

(4) The infertility of the hybrids: The few hybrid males that were

produced seemed infertile when put with hybrid females and in back-
crosses. The female hybrids were almost completely infertile in back-
crosses; disturbances in embryonic development occurred and none of
the three larvae that hatched survived.

Point (4) does not always apply to hybrids e.g. Sailer (1954.)
obtained fertile F, hybrids of stink bugs, and they exhibited hybrid
vigour. However, in later experiments very few F{ hybrids were produced
and both sexes were infertile (Sailer 1955).

The Scolopostethus hybrids were mostly intermediate in character

between the two parents but there were occasicnal "throwbacks"
possessing a character not possessed by either parent. Even more

surprising was the production of affinis x grandis hybrids without

mesosternal tubercles.

Fl hybrids were produced from crosses both within and between the
structural groups. Thus thomgoni and affinis which belong to different
structural groups as well as often occurring in the same habitat, and
which might therefore be expected to be incompatible, nevertheless

produced Fi hybrids. Again decoratus, although from a different habitat,
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is of the same structural group as thomsoni and when crossed with it
produced F; hybrids.

In conclusion it is opportune to state (in con*radistinction to the
viewsof Sailer, 1954) that hybridization does not normally occur in nature.
The results presented here and in the literatue suggest that when it does
occur it is because (or when) one of each sex of two closely related species
neet in the absence of their own species. For example, Sailer (1954)
reported successful hybridisation of stink bugs but the fertility of the
first cross was so low (1.7 per cent and O.4 per cent in the reciprocal
cross) that the hybrid line would be unlikely to continue - especially as
species prefer to mate with their own kind.

It could be argued that this latter statement would be the very reason
for the continuation of the hybrid - i.e. the hybrid could mate easier with
a hybrid than with a pure species. But if this were so one would expect
to find hybrids in the field, which rarely occurs. No Scolopostethus
hybrids were taken in the field. Lansbury (1956) found one Notonecta
(back swimmer) specimen intermediate in appearance between two known species;
butvno other such specimens have been found. This may indeed be a true
hybrid from a chance cross-mating, but if so it has not perpetuated.

Again Clarke and Sheppard (1953) "successfully" crossed related
species of Lepidoptera but only after considerable trouble in hand
pairing. The hybrids they obtained were incompatible, but they obtained
low fertility in backcrosses and this was increased in repeated back-
crosses. The chances of this occurring in nature are rather remote and
yet they concilude that these forms must betreated as extreme subspeoies

rather than velid species.
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However, when a North African subspecies was crossed with a
European subspecies abnormal development occurred among the F2 hybrids,
which they consider shows the former is distinct from the European
strains (Clarke and Sheppard 1956).

Also with one European subspecies they obtained, on crossing with
another strain, an uneven sex ratio in the Fl hybrids and repgard this as
an indication that it is distinct (Clarke and Sheppard 1956).

This strengthens my conclusions that the Scolopostethus species are

distinct,.
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GENERAL DISCUSSION

The Scolopostethus species are closely allied and as their habits

are similar, previous workers believed that at least some of them may
in fact be subspecies. The similarities of these species are summarized
here.

The life cycles seemed similar, the larvae abundant in.June, and
the young adults in early autumn. Because thay are ground living species
it is difficult to observe any differences between their habitats. That
of decoratus is distinct, as it occurs mainly on heaths, but the other
species are often found together. The larvae of all species are alike.
In the adults, the colour of the antennae is one of the few main dis-
tinguishing characters, but their similarity in most other respects cast
doubt on the status of some species on virtually colour alone.

The present study, however, has shown that although the Scolopostethus
species have close affinities, there are in fact slight but distinct
differences between them on several accounts. These are summarized below,

Life cycles: Development in decoratus is faster than in affinis

and thomsoni, and overwintering occurs only in the adult stage. The life

cycles of affinis and thomsoni are similar and both overwinter as adults

and larvae; however, these two species are structurally distinct. The
larvae of grendis apparently develop to adult by September and this
species probably overwinters as an adult. It is, however, structurally

distinct from decoratus.

Habitat: S. decoratus overwinters under C.vulgaris, and in the breeding
season 1s mainly associated with E.cinerea, but also breeds on arable

land. S.thomsoni was found to keep entirely to nettles for a breeding
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site. Although affinig also occurs on nettles the population density
is much less than that of thomsoni, and it occurs in other habitats such
as disused gravel pits, grassland, under hedges and amongst moss.
S.grandis is probably a grassland species occurring in woods under trees
such as silver birch.

Food: The feeding studies showed that the seeds of certain weeds
growing on arable land are unsuitable, as food for thomsoni, but are

suitable for affinis and decoratus. On the other hand, nettle seed is

an excellent food for thomsoni(and affinis)but a very poor food for

decoratus.
Larvae: Morphometric analysis showed that the larvae of affinis,

thomsoni and decoratus are distinct.

Adulis: The colour of the antennae appears to be a reliable
diagnostic character, and there are rather striking differences in court-
ship behaviour.

Hybrids: In most crosses there was a failure to produce Fl hybrid
meles, and no F2 progeny were produced. The extremely low fertility of
the eggs of the Fl hybrid females in backcrosses was coupled with
chromosomal disturbance during embryonic development: +this was lethal,

From a summation of these differences there can be no doubt that

affinis, grandis, decoratus and thomsoni are distinct species.
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SUMMARY AND CONCLUSIONS
The life histories of five species were studicd in detail
whilst some information was obtained on four other species. It
is shown that all have a single generation a year.

Scolopostcthus species and Stygnocoxs fuligineus have no

dispause but overwinter in a quiescent state. The other
Stygnocoris spccics overwinter as eggs.

D, sylvaticus has an obligatory reproductive diapause which

is completed in early winter., However, even when kept at a
temperature of 23.3°C, this species is able to complete diapause
development in three to six months. )

D. brunncus may ovVerwinter as eggs, larvae and immature adults.

Scolopostethus thomsoni was found to be associated permsnently

only with nettless This spccies and S, affinis deposit eggs on the
nettle secds on the plant. The other species (and probably S,affinis
in other habitats) oviposit in the soil,

The habitat of Stygnocoris fuligineus on arable land is

dependent on bad cultivation. Absence of cultivation or good farm
practice are both inimiecal to it.
The proportions of the wing forms are given, and in particular

no brachypterous speciments of Scolopostethus grandis were found.

Cinochira atra was found to be an occasional parasite of

four species, and this is the first record £ om England. Alophora

pusilla was found to be an occasional parasite of Stygnocoris.

There is a definite assodation of a Paecilomyces fungus with

Scoloposhcthus and Stygnocoris fuligineuss
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Ocecasionally a larval colour variant occurred in

Séolopog’cethug_ affinis when 20 per cent had yellow instead of
orange coloured abdomens, This differs from the larval colour
variant found in Stypgnocoris fuligineus in which the thorax of'ten
did not darken,

It has been shown that seeds arc the prime item of food in the
diet of these insectse The value of tho secds of seven plants
representing six plant families and of a beetle larva, was shown
for the five specics.

Stygnocorig fuligincus "did well" on all but two of the seeds;

the Scolopostethus spocies did well on those very two seeds plus

E. cinerea seeds but not the others; whilst D._sylvaticus did well
on only two seeds, one that was suitable for the Scolopostethus
species and one that was not.

Those seeds acceptable to the Scolopostethus species varied in

order of ranking and/or food value with each bug.

It follows that the differences in food wvaluec shown are due to
the insects and not to the seeds, and therefore a brief discussion
is givenof the major factors involved in host plant selection.

The total grewth curve for these specics is sigmoid and the
growth curve for each instar is also sigmoid.

The actual wwignt g'n is greatest during the fifth larval
instar, but the percemtage weight gain is least in this instar
and progressively greater in earlier instars.

As D._sylvaticus were rearcd to the fifth larval instar on

beetle larvae alione with an almost normal growbth curve, it is
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probable that animal food could play at least a partial role in the
diet of this species.

The larval stages of five species arc described and figured.
Further information about the extension of the Y-subture recently
described as unique to the Rhyparochrominae is givens It is shown
that the larvae can be sexed in the fifth larval instar by modifioca-
tions on the terminal abdominal sternites.

It is shown that although Scolopostethus larvae are indistine
pguishable in practice, those of affinis, thomsoni and decoratus each
have a distinct shape as dlsclosed by morphometric analysis,

Hybridization within the gemus Scolopostethus was attempteds
Crosses (and their recipxoocals) both within and between the two
groups of structurally similar specles were made.

The specific status of the four species involved is confirmed,

A low percoentage of hybrid females were produced, but no, or
very few and short lived, maless The fecundity of the females was
greatly reduced, and when orossed with parement males occasional
eggs started to develop ( some with the embryo orientated at the
wrong pole) but only a negligible murber hatched and the larvae
soon dieds

The majority of the hybrids were intermediate in eppearance
between the pareny specici, Sometimes a character of a member of

the genus not possessed by either parent was exhibited.
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APPENDTX T

Differences between fifth instar larvae of Scolopostethus affinis,
thomseni and decoratus.

Test used: Wilks' Criterion.

A Females
p = no., of variables
A= IW n = total d.f,
W+Q k = no, of speccies
A= ’—2-0—11§Z q= k"1
- 52.073 = 10
A = 0,040591 Pl %
Jio= 0,20147 k = 3
g = 2

Variance ratio for q = 2 and any p:
1 -VExn-p-1 with 2p and 2(n-p-1) d.f.

.F'
p

_0.79853 x 1.8

- 0.20147
= 7.134335‘! d. fe 20, 36.

B liales

A o 207285

T 42,3525
A= 0,064,423

JE = 0.25381

'F'= 0074-619 X 108
0, 25381

'Ft= 5, 20K def, 20, 36,
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1. INTRODUCTION

Nysius huttons White, endemic to New Zealand, is the only species of Nysius recorded
from that country. It was described by Buchanan White (1878) from adult
specimens collected by Hutton and Wakefield. Hutton (1897) gave a brief descrip-
tion of the species in a list of Hemiptera then known in New Zealand. A key to the
New Zealand Lygaeid genera and species is included in his paper. Myers (1926),
unable to identify four species of Nysius other than N. hutton:, sent specimens to
Dr. Bergroth for description, but the outcome does not appear in the literature.
Usinger (1943), on examining eleven specimens of N. huttonz, noted such variability
‘“ in colour and even to some extent in structure that two species may be represented .
Usinger’s paper comprises a history of the tribe Orsillini in New Zealand, and descrip-
tions of five new species, including Brachynysius convexus Usinger, which genus he
here also erected.

Evidence that N. huttoni occurs throughout the North and South Islands of New
Zealand was given by Myers (1926), Usinger (1943), Gurr (1957) and Cumber (1959).

TRANS. R. ENT. 80C. LOND. 112. PT. 4. (JULY, 1960). 4
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Alfken (1903) and Kirkaldy (1908) have both recorded it from the Chatham Islands,
whilst Woodward (1954) recorded it from the Three Kings Islands.

II. DESCRIPTIONS OF STADIA

Definitions of terms wsed.—The terminology follows that of Usinger (1942),
except that head length and anteocular length were measured from directly above the
insect when the latter was in a horizontal position. In addition, the following were
measured ; legs, each segment measured individually ; total length of forewing and,
where possible, total length of hindwing ; and length of hindwing exceeding posterior
of abdomen. Adult measurements are given in microineter units: one micrometer
unit = 0-24 mm.

(1) Imago

Redescription (based on group I, larger individuals ; figures 1 4 and B, 2 4 and B, and Table I).

Head : approximately two-thirds broader than long, 3-6 : 2-2; extending well beyond middle
of first antennal segment ; covered by a fine pubescence ; cyes less than half as wide as interocular
space, 0-§: 2:0; length of eye equal to anteocular length, 1-0 : 1-0. Bucculae scarcely decreasing
in height posteriorly and suddenly ending hefore posterior margin of head. Rostrum extending
to posterior coxae, and resting in a groove on underside of head, and partially in a shallow groove
on ventral surface of thorax; first segment shorter than head, 2:0:2-2; segments one to four
2:0:1-9:1-7:1-4. Antennae 2 little longer than twice width of head, 7-3:3:6 ; as long as head,
pronotum and scutellum together, 7-3 : 73 ; segments one to four 1-2:2-3;1:7: 2:1.

Thorar : pronotum almost one-third longer than head, 2:9:2-2; approximately as broad
anteriorly as long, 3-1:2-9; two-thirds broader posteriorly than long, 4-9:2-9; sides straight ;
posterior edgeslightly convex ; punctate, but sometimes only in paler, posterior portion. Scutellum
broader than long, 3-2:2-2; with a triradiate elevation in the eentre ; sometimes very sparsely
punctate. Pronotum and scutellum covered by eoarse hairs, but, in the female, only by a fine
pubescence.

Hemelytra : scarcely to slightly convex ; exceeding tip of abdomen by one-fourth length of
membrane, 1-5:6-2; membrane one-seventh shorter than costal margin of corium, 6-2:7-2;
the portion of membrane posterior to level of apices of coria approximately as long as the portion
anterior to this, 3-2:3-0; costal margins straight but diverging almost to apex of scutcllum and
then arcuaste. Three black blotches more or less eonflucnt along suture between corium and
membrane ; embolium distinct, 0-12 mm. at greatest width ; clavus and corium covered by a fine
pubescence ; membrane veined and opaque, but sometimes clear. Hind wings slightly shorter
than fore wings, 9-6 : 10-6 ; usually extending a little beyond posterior of abdomen.

Legs : femora spotted, fore femora shorter than mid femora, mid femora shorter than hind
femora, 3-0:3:5:4:6; fore tibiac shorter than mid tibiae, mid tibiae shorter than hind tibiae,
2:8:30:4-8; sccond tarsal segment shortest, 0-5; first and third tarsal segments of equal
length on fore and mid legs, 0-8; but first segment longer than third on hind tarsus, 1-3 : 0-9.

Female : larger in general, and in particular broader across hemelytra ; ovipositor cleft more
than half length of abdomen.

Size (in mm.)—Meale: mean length 3-74; mean width (head) 0-86; (hemelytra) 1-37.
Female : mean length 4-00; mean width (head) 0494 ; (hemelytra) 1-67.

Colour.—Head : black (Ostwald series IT, 2 pm)! sometimes eompletely, but usually mid-dorsal
surface lighter in colour to reddish-brown (varying in extent) ; eyes reddisli-brown (0. IV, 5 pl) ;
antennae yellowish-brown (0. VIII, 4 lc) on first and second segments, third and fourth scgments
dark brown (0. IV, 4 pl); rostrum black (0. II, 2 pn). Pronolum : with a densely black (0.
series O, p) transverse band one-third total length from anterior margin; usually black (O. 1T,
2 pn) in anterior half and mainly pale buff or dull straw yellow (Q. IV, 2 g¢) in posterior half,
but sometimes completely black. Scutellum black (0. II, 2 pn). Hemelyira: usually pale buff
or dull straw yellow (O!IV, 2 gc) but sometimes variegated with black; membrane varies from
pale buff to cloudy white to almost clear; three black blotches along each corial suture. Legs -
also pale buff, femora spotted black, third tarsal segment dark brown (0. IV, 4 pl).

1 Thronghout the deseriptions, Ostwald’s Colour Standards (as arranged by Taylor, 1931) are
referrcd to, and each reference is abbreviated on the pattern (Q.11, 2 pn).
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Fic. 1.—Nysius huttoni, adults (dorsal): (4) maeropterous male, group I ; (B) macropterous
female, group I; (C) sub-brachypterous female, group I ; (D) brachypterous female, group II ;
(E) sub-brachypterous male, group III; (¥) sub-brachypterous female, group IIL.

TRANS. R. ENT. SOC. LOND. 112. pT. 4, (JUuLY, 1960). 4§
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Plesiotype, male (selected from a series collected by L. Gurr, Nelson, January
1950), lodged at Massey Agricultural College, New Zealand.

Other Forms

As no evidence of the various adult forms is given in the original description,
it is desirable to mention them at this point. Varjation is discussed in detail in
Section IIT.

N. huttoni appears to be unique amongst the Orsillini in oceurring in three forms
in both sexes. These forms are: (1) macropterous, in which the wings extend
beyond the posterior of the abdomen ; (2) sub-brachypterous, in which the posterior
of the wings is level with, or scarcely exceeds, the posterior of the abdomen; and
(3) brachypterous, in which the posterior of the wings does not reach the posterior of
the abdomen.

2mm

Tra. 2.—Nystus huttoni, adults (lateral); (A)-(C) as in fig. 1; (D) sub-brachypterous male,
group ITT.

Turther, what is now designated as N. huttoni is shown later in this paper to
comprise three size groups. From the sizes given in the original description, there
can be no doubt that it applies to the larger individuals, and accordingly, the
redescription was made on group I individuals. The ranges of size (in millimetres)
for the three groups are :—

Grour I. LarGeR INDIVIDUALS—Male : length 3-55-3-86 ; width 1-32-1-39.
Female : length 3-74-4-34 ; width 1-61-1-75.
Grour I1. MEDIUM SIZED INDIVIDUALS—Male : length 3-00-3-48; width 1-15-
1-32. Female : length 3-36-3-74 ; width 1-44-1-53.
Group 111, SMALLER INDIVIDUALS—Male : length 2-38-3-00 ; width 0-94-1-15.
Female : length 2:47-3-19 5 width 1-20-1-32.

In group I (larger individuals), the macropterous form, only, has been observed.
In both group II (medium sized individuals) and group IIT (smaller individnals)
the three forms, macropterous, sub-brachypterons and brachypterous occur. Thus
there are seven differing “ kinds ”” of individuals within the species (depending on
size and wing-form). There is also considerable colour variation.

The sub-brachypterous forms are characterized by distinctly convex hemelytra,
reaching or slightly exceeding the posterior of the abdomen. The membrane is
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shortened, exceeding level of apices of coria by less than one-fourth the total length
of the membrane. The veins on the membrane are sometimes not apparent.

Representatives from each size group are illustrated in figures 1 and 2, which
also depict the three wing-forms over the total species, but not all wing-forms from
each size group. Sub-brachypterous and brachypterous forms of N. huttoni have
been lodged, by the author, at the British Museum (Nat. Hist.) and at Massey
Agricultural College, New Zealand.

(2) Egg (Fig. 3)

Longer than broad, ratio length to width, 3:1; slightly concave ventrally, convex dorsally
and laterally ; blunt anteriorly, pointed posteriorly. Four to six papilliform micropylar processes
surround cephalic pole ; no operculum or pseudoperculum ; external chorionic surface sculptured
in anterior third with longitudinal grooves, almost converging at cephalic pole. Size: mean
length 0-77 mm.; mean width 0-28 mm. Colour (soon after oviposition) : straw yellow (0. X, 2 la),
darker area at cephalic pole marigold orange (0. XIV, 4 pa).

During incubation, the grooves or wrinkles in the chorion may extend. The
colour of the freshly laid egg has been described by Gurr (1957) as “ creamy white ”’
and that of Nysius coenosulus Stal by Usinger (1942) as “ almost water white or
colourless and shining.”” N. huttoni eggs observed at the moment of oviposition
were very pale and were either () almost water white, or (b) a very pale yellowish-
orange. The (b) type of colouring probably resulted from retention of the egg within
the abdomen for a longer period before oviposition.

(3) Nymphal instars
Table II shows the measurements from which the descriptions are taken. All
nymphal measurements are in eyepiece scale divisions: one scale division = 0-063
mm. The means are from 11 first stage nymphs, 17 fifth stage nymphs (including
both sexes) and 10 nymphs from each of the second, third and fourth instars.

First nymphal instar (fig. 3 and Table H)

Head : broader than long, 4-5: 3-4; eyes one-fifth as wide as interocular space, 0-64 : 3-2,
and approximately one-third as long as head, 1-0:3:4. Rostrum extending beyond posterior
coxae, the first segment approximately two-thirds length of head, 2-0:3-4; total length over
two-thirds length of body, 7-4 : 104 ; segments one to four 2:0: 1-9: 1-4: 2-1. Antennae almost
one and a half times as long as width of head, 64 : 4-5 and approximately two-thirds length of
body, 6-4 : 10-4 ; segments one to four 1-0: 1-0: 1.6 : 2-8.

Thorax : pronotum almost five times broader than long, 4-6 : 1-0, slightly longer than meso-
notum. Mesonotum slightly longer than metanotum. A narrow strip extending slightly on both
sides of midline on pronotum, and more so on mesonotum, lacks black pigmentation. Metanotum
devoid of black pigmentation except for a narrow, oblique line extending full length of segment
on each side. Ploura of thorax narrow, flattened, transparent.

Abdomen : shorter than head and thorax together, 4 : 6; slightly wider than head, 5-4 : 4-5.
Two distinct mid-dorsal abdominal scent gland openings intersegmentally disposed between
segments four and five, and five and six. Pleura narrow, flattened, opaque. Eight abdominal
segments.

Tarsi : two-segmented, distal segment longer than proximal, 1-8 : 0-7 (hind tarsus).

Size (in mm.) (when fed) : mean length 0-84; mean width (head) 0-28; (abdomen) 0-34,

Colour®: Head : brownish-black (0. 1V, 4 pl) ; seven head stripes and ecdysial suture of head,
orange (0. XTI, 8 pc) giving impression of portions not darkened; eyes red (0. XIV, 7 pa);
antennae and rostrum grey-black (0. IL, 1 Z); distal rostral segment black (O. series O, n).
Thorax : pro- and mesonota brownish-black (0. IV, 4 pl), the undarkened, mid-dorsal strip,
orange (0. XII, 5 na). Metanotum basically orange as abdomen ; two narrow, oblique, lateral,
black markings extend length of segment. Pleurs undarkened, as abdomen. Ventral thorax :

2 At eclosion, the nymph is pale orange in colour, but darkening occurs gradually over a
period of seven hours until definitive coloration (as described above) is assymed,
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TarLe 1.—Body Measuremen

(All measurements are in micrometer units : one micrometer unit = 0-24 m

Inter- Ante- Rostral segments

Head Head ocular  Eye ocular Eye — A

length  width width  width fength  length 1 2 3 4
Males
Mean . 22 3-6 2-0 0-8 1-0 1-0 20 19 17 14
Range . 2-0-24 3538 19-2:0 0809 1-0-11 1-0-11 1921 18-2-0 1:5-1-8 1:2-1
S.D. . 018 0-12 0-05 0-05 0.07 0:07 0-07 0-10 0-14 0-20
Females
Mean . 22 3:9 24 08 1-2 111 2.1 17 15 15
Range . 2:0-2:5 3840 2:3-24 08 1-0-1-3 1-0-11  2:0-22 1-5-2-0 1-4-1-7 1-4-1
SD. . 021 011 007 0 007 007 001 020 013 010

Hemelytra

r A A}

Length of membrane Hindwings

p A —_—

Beyond Beyond‘ Length Total Total Length Femora
apices abdo- of wing wing beyond — A

Total of coria men  corium length  length abdomen  Fore Mid Hi
Males
Mean . G2 32 1-5 72 10-G 96 0-4 30 35 4-6
Range . 58-66 25-37 0819 (878 99-11-0 94-9-7 0304 2-8-3-1 32-36 425
S.D. . 031 0-50 0-38 041 0-46 0-31 0-31 0-11 0-16 028
Females
Mean . 69 36 17 8:3 11-5 10-3 1-0 32 3-5 52
Range . 6-5-7-8 3042 1.4-1°9 7-9-9-0 10-2-12-8 9-7-10-8 0-7-1-3  3-0-3-5 3-2-3-7 4-9-5
S.D. . 050 0-49 0-20 041 1-05 0-55 0-44 0-21 0-19 0-24

subcoxal plates, only, darkened ; rest orange. Legs lighter than head, grey-black (O. II, 1 &).
Abdomen : basieally orange (0. XII, § na); abdominal scent gland openings dark ; three red
(0. X1V, 6 pa) spots occur on dorsum, two laterally, and one towards anus ; anus black (O, series

0, n).

Second nymphal instar (fig. 3 and Table II)

Head : broader than long, 6-4 : 5-0; cyes approximately one-fourth as wide as interocular
space, 1-0:4-4, and approximately one-third as long as head, 1-5:5-0. Rostrum extending
beyond posterior coxae, the first segment one half length of head, 2-5:5-0; total Iength almost
half length of body, 9-8 : 19-5 ; segments one to four 2:5: 2-5: 2:0 : 2-8. Antennac one and o third
times as long as width of head, 84 : 6-4 ; less than half length of body, 8-4 : 19:5; segments one
to four 1-6:1-7 : 18 : 3-3.

Thoraz : pronotum slightly longer than mesonotum ; broader than long ; broader posteriorly
than anteriorly ; sides straight or slightly arcuate, rounded posteriorly. Metanotum approximately
same length as mesonotum ; black pigmentation slightly extended on first stage, two semi-lunar
patches visible on each side, reaching to one half to two-thirds length of metanotum. Black
pigmentation absent from narrow strip on midline of pro- and mesonota. Pleura of thorax narrow,
flattened, transparent, Femora longer than tibiae, 4:8; tarsi two-jointed, possessing bi-lobed
ampullac ; proximal segment shorter than distal, 1-0 : 1-9 (hind tarsus).

Abdomen : same length as head and thorax together, 10 : 10 ; one and « half times as wide as
licad, 9-8 : 6-4. Two distinet mid-dorsal scent gland openings intersegmentally disposed between
segments four and five, and five and six, Pleura narrow, flattened, opaque. Light abdominal
segments,
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Nysius huttoni Adults

1e measurements were taken on 5 males and 5 females)

Pronotum
— A
Width
Antennal segments —A— Scutellum
A ~ An- Pos- —_— Body Body

1 2 3 4 Length  terior  terior Length Width length  width
-2 23 17 2:1 29 31 49 22 32 156 57
0-14 2-0-25 1:6-2:0 1-8-2-3 2-6-3-0 31-32 4850 2:0-25 3:0-3-4 14-8-16-1 5-5-5-8
‘14 019 017 024 017 010 0-10 020 019 0-50 012
-2 23 1-8 22 31 3-6 57 . . 167 69
2-1-3 2:0-26 1-7-1.8 2:2-23 3:0-34 3339 54-59 . . 15-6-18-1 6-7-7-3
07 0-22 0-07 0-07 0-20 025 020 . . 090 0-24

Tarsi
[ —A- hY
Tibiae Fore Mid Hind
r A ) r A A r —A A

Fore Mid Hind 1 2 3 1 2 3 1 2 3
8 30 4-8 08 05 08 0-8 04 07 13 05 09
3-33 2.7-3:5 40-54 07-08 0405 07-09 07-09 04-0-5 0508 11-1-5 0406 0-8-0:9
40 0-32 052 0-05 0-05 010 010 0-05 0-12 017 0071  0-071
0 34 55 08 04 07 08 04 08 1-6 05 09
9-3:2 3-0-37 49-60 06-1-0 04-05 0-5-09 07-1-0 0-4-05 0709 1-.2-1-.8 05-07 0-7-1-3
‘11 0-28 0-46 017 005 019 012 0071 0-10 026 0-10 024

Stze (in mm.): mean length 1-23; mean width (head) 0-40; (abdomen) 0-62.

Colour ; anteriorhalf of body similar to first stage except that black pigmentation on
metanotum has extended. Pleura transparent to pale grey (0, IV, 1 eq), flattened. Abdomen .
dorsal surface basically dirty orange (0. XIV, 3 pa), offset by markings of red and white; red
spots arranged irregularly; scent gland openings black; pleura grey. Ventral surface lacks
markings except for lateral red streaks, black edges of two segments anterior to anus, and portions
of viscera showing through cuticle. Anus black (0. II, 2 pn).

Third nymphal instar (fig. 3 and Table II)

Head : almost one-third again as broad as long, 8:0: 56 ; cyes a littlc more than one-fourth as
wide as interocular space, 1-4 : 5-1, and a little longer than one-third length of head, 2:0: 5-6.
Rostrum reaching posterior coxae, the first segment approximately two-thirds length of head,
3-3:5-6; total length approximately half length of body, 11:8:23-0; segments one to four
3:3:3:0:2-3:32. Antennae longer than width of head, 10: 8 ; not quitc half length of body,
10:23; segments one to four 2:0:2:0:2-1:39,

Thorax : pronotum broader than long ; broader posteriorly than anteriorly ; strongly convex
dorsally ; sides straight, rounded anteriorly and posteriorly. Pronotum longer than mesonotum,
mesonotum longer than metanotum, 3:2:1. A dark black line now present across centre of
pronotum. Black pigmentation absent from narrow strip on midline of pro-and mesonota. First
signs of wing pad development appear as slight, rounded, laterally disposed projections on posterior
margins of meso- and metanota, but less obvious on metanotum. Black pigmentation on meta-
notum further extended than in second stage, now bicornuate and almost reaching posterior
of segment. Pleura narrow, flattened, opaque.

TRANS. R. ENT. SOC. LOND. 112. PpT. 4. (JULY, 1960). 488§
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TasLE I1.—Body Measurement

(All measurements are in eyepiece scale divisions

Inter- Ante- Rostral secgments
Head  Head ocular  Eye ocular  Eye — —A
length  width width  width Iength  length 1 2 3 4
First stage nymphs
Mean . 34 4-5 32 064 . 10 2:0 1-9 1-4 21
Range 3-0-40 4:2-5-0 3-0-3:5 0:5-0-8 . 1-0 17-21 1-5-2-0 1-0-17 2-0-2-
S.D. . 042 0-18 0-21 0-10 . 0 0-13 0:16 0:20 0-20
Second stage nymphs
Mean . 50 6-4 4-4 1-0 . 1-55 2:5 2:5 20 28
Range 4:0-59 6-:0-6-6 4-0-46 1-0 . 1:2-1-9 2:4-277 2:0-2:6 1-8-2:0 2-5-3
SD. . 060 0-21 0-21 0 0-22 0-:075 031 0082 017
Third stage nymphs
Mean . 56 80 51 14 . 2-0 33 3-0 2-3 32
Range 4-7-6:5 7-8-8'1 50-55 1-2-1-6 . 1-8-2-2 3.0-3-6 2-8-32 20-25 3-0-3
SD. . 059 0-11 0-21 0-16 . 0-11 025 0-12 0-24 025
Fourth stage nymphs
Mean . 69 10-6 6-5 2.0 39 2-7 48 40 3-0 4:0
Range 6:0-8-5 10-0-11-3  6:0-7-0 2-0-2:2 3-56-5.0 2:5-3-0 4-0-50 3544 3-0-3-3 3-5-4
SD. . 090 0-52 0-50 0-082 0-53 0-23 0-33 0-23 0-10 0-30
Fifth stage nymphs
Mcan . 83 12:4 79 2:2 45 31 6-0 53 41 4-7
Range 6-0-11-511-2-13-0  7:0-9-0 1-8-2-8 4-0-5-8 2-9-3-5 52-70 40-6-0 3-5-5:0 4-:0-5
SD. . 176 0-65 0-60 0-33 0-62 0-197 0-40 0-51 0-38 038
Fifth stage—continued
Pronotum
Length of foreleg
Width — A
Mesonotum Metanotun length (pos- Tarsus  Tars:
width at middle Length terior) Femur Tibia 1 2
Mean . 20-0 1-3 70 157 74 77 2-0 40
Range 14-6-24-0 1-0-1-8 6-0-8:0 13-5-19.0  6-0-8-0 7-0-84 1-8-2:5 384
SD. . 227 0-27 0:57 1-52 0-65 045 0:15 0-087

Abdomen : slightly shorter than head and thorax together, 10-8 : 12-1; one-third again as
wide as head, 11-8 : 8:0. Dorsal abdominal scent gland openings, and pleura as in first stage.
Eight abdominal segments,

Tarst : proximal segment to distal segment, 15 : 2:5 (hind tarsus).

Size (in mm.): mean length 1-5; mean width (head) 0-5; (abdomen) 0-74.

Colour. ITead : black (0. I, 2 pn); seven head stripes and cedysial suture of head, orange
(0. XI1, 3 pc); cyes duark red; antennae, rostrum and underside of head, lighter than dorsal
surface of head, brownish-black (0. IV, 2 pl). Thorax : pro-and mesonota and pigmentation on
metanotum, black (0. II, 2 pn); a dense black linc across centre of pronotum; undarkened
mid-dorsal strip, orauge (0. XII, 3 pe); remainder of metanotum as abdomen; pleura pale
grey (0. IV, 1 ew); coxac and subeoxal plates black (0. IT, 2 pn); remainder of ventral thorax,
pale orange to grey (0. II, 1 ge); legs brownish-black, (0. IV, 2 pl). Abdomen : white spots
surrounded by red (0. XII, 7 pe) spots, extending almost length of segment, are regularly arranged
in a row across each segment. Background colour, still orange, is paler than these markings.
Dorsal pleura marked by one red (0. XII, 7 pc) bar along centre of each segment, whilst two
parallel red bars occur ventrally on cach segment. Dorsal scent gland openings black ; two light
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f Nysius huttoni Nymphs

ne scale division = 0-063 mm.)

Length of
mesonotum
Antennal segments Body length ~ Abdomen width — A -
A- — — — To tip of
1 2 3 4 Unfed  Fed Unfed Fed At middle wing pad
0 1-0 16 28 10-4 13-4 50 54
‘0 1-0-1-1 1-5-17 2-5-3-0 95 - 145 40 - 60
0-045 0-071 0-16 0-66 0-82 0 0-82
Fed Fed
6 1-7 1-8 3-3 19:5 98 . .
-4-1-8 1-6-1-8 1:7-1-9 3-0-37 18-22 9-11 . .
14 0-094 0057 025 1-44 086 . .
0 2:0 21 39 230 11-8
820 1-8-2:5 2:0-2-5 3441 18-25 10-14
087 019 0-18 021 2-55 1-51
7 35 30 53 325 174 38 60
4-3-0 3:04-0 2:5-3-6 5-0-5-9 28-38 15-20-5 3-04-5 50-7-2
22 041 031 033 3:00 1-62 0-51 0-75
‘8 51 40 65 40 19-7 65 13-3
-0-4-0 4:5-6-0 3545 6-0-7-7 3647 15-27 5-1-8-0 11-7-16-0
-32 046 026 045 295 274 075 1-01
Length of midleg Length of hindleg
A N r A )
'emur Tibia Tarsus 1 Tarsus 2 Femur Tibia Tarsus 1 Tarsus 2
-9 78 2:2 39 10-0 109 30 4-2
«0-9-0 7:0-9-0 2:0-35 3840 9-0-12-0 9-8-12-0 2:6-4-0 4048
68 0-54 039 010 077 072 0-27 028

fawn areas approximately one segment in diameter surround them; a dark line on each side of
anterior scent gland opening. Anus black (0. II, 2 pn); two segments immediately anterior to
anus, blackened on mid-ventral edges.

Fourth nymphal instar (fig. 3 and Table II)

Head : more than one-third again as broad as long, 10-6 : 6:9 ; eyes almost one-third as wide
as interocular space, 20 : 8:5 ; eye length approximately three-fourths anteocular length, 2-7 : 3-9
and approximately one-third length of head, 2-7:6-9. Rostrum extending to posterior coxae,
and resting, partislly, in a very shallow groove on ventral surface of head and thorax ; the first
segment a little over two-thirds length of head, 4-8 : 6-9; total length almost half length of body,
15-8: 32:5; segments one to four 4-8:4-0: 3-0 : 40. Antennae almost one and a half times as
long as width of head, 14-5 : 10-6 ; less than half length of body, 14:5 : 32-5 ; segments one to four
27:35:30:53.

Thoraz : pronotum broader than long ; broader posteriorly than anteriorly ; sides arcuate,
rounded posteriorly ; posterior edge may be slightly sinuate or straight ; slightly convex. Meso-
notum at middle, four-fifths length of pronotum, 3-8 ; 4-8 ; posterior margin between hemelytral
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pads at middle, arcuate. Length of mesonotum laterally to tip of mesonotal wing pad, one half
as long again as mesonotum at middle, 60 : 3-8. Wing pad deveclopment considerably advanced
on third stage ; mesonotal pads overlap metanotal pads except at inner bases and sides ; extending
usually one-third to one half length of first abdominal segment. Metanotum very short at middle,
black pigmentation extended over wing pads but absent at middle.

Abdomen : slightly shorter than head and thorax together, 160 : 16+4 ; almost one and three-
fourths times width of head, 17-4: 10-6. Scent gland openings and pleura as in carlicr stages.
Eight abdominal segments.

Size (inmm.) : mean length 2:05 ; mean width (head) 0-67 ; (abdomen) 1-10.

/ T

Hlaatisror N\
%_,, ;
N

Fia. 3.—Nysius huttoni : egg and nymphal instars.

Colour : Head : black (0. II, 2 pn) ; seven head stripes and ecdysial suture of head, pale orange
to yellow (0. VI, 3ic); eyes brownish-red (O. VIII, 6 pg); antennae black, white bands at joints,
distal half of fourth segment brown. Rostrum orange-brown (0. X, 4 pc}, fourth segment black.
Thoraz: except for mid-dorsal strip and portion of metanotum between wing pads, black (0. II,
2 pn) ; dark band across centre of pronotum densely black (O. series O, p) ; narrow, pale orange
(0. V1, 3 ic) mid-dorsalstrip on thorax ; two or three similar eoloured Iengthwise strips on mesonotal
wing pads, and one on each metanotal wing pad; pleura pale grey, almost transparent (Q. series
0, ¢) ; legs dark brown. Abdomen ; mainly a dirty orange (0, X, 3 nc) ; red (0. XTI, 7 pc) markings;



Nysvus huttons White (Heteroptera : Lygaeidae) 63

many have extended laterally to enclose parts of the whitish or pale grey background colour,
resulting in & row of white spots with red borders; such markings confined to posterior half of
each segment. Dorsal abdominal scent gland openings black ; a dark line on each side of anterior
opening (as in third and fifth instars), A circular area, reddish throughout, radiates from anterior
scent gland opening to middle of third segment anteriorly, and anterior of sixth segment posteriorly;
a smaller brown-edged cireular area extends from posterior scent gland opening to anus. Pleura
flattened, each segment marked by one red (0. XII, 7 pc) bar dorsally, and two parallel red bars
ventrally. Ventral abdominal surface now marked similar to dorsal surface, but sometimes the
red markings are orientated lengthwise across, and not along, the segments ; anus black ; segments
six to eight black on ventral edges.

Fifth nymphal instar (fig. 3 and Table IT)

Head : half again as broad as long, 124 : 8-3; eyes a little more than one-fourth as wide as
interocular space, 2:2 : 7:9; length of eyc almost three-fourths anteocular length, 3-1 : 4-5, and
more than one-third length of head, 3-1 : 8-3. Rostrum extending to posterior coxae, and resting,
partially in a shallow groove on ventral surface of head and thorax; the first segment three-
fourths length of head, 6:0 : 8:3; total length half length of body, 20 : 40 ; segments one to four
6-0:5-3:41:4-7. Antennae one and a half times as long as width of head, 19-4:13-0; & little
less than half length of body, 19-4 : 40-0 ; segments one to four 3:8:5-1:4-0: 6-5.

Thorax : pronotum more than twice as broad at posterior as long, 15-7: 7-0 ; sides straight,
rounded anteriorly and flaring posteriorly to humeral angles ; posterior edge may be sinuate or
straight ; slightly convex. Mesonotum at middle & little shorter than pronotum, 65:7-0;
posterior margin between hemelytral pads at middle, arcuate. Length of mesonotum laterally to
tip of mesonotal wing pad, twice as long as mesonotum at middle, 13-3 : 6-5. Mesonotal pads
overlay metanotal pads, except at inner bases and sides, so that tips of both are level and extend,
usually, to posterior of second or third abdominal segment. Metanotum at middle short, one
fifth as long as mesonotum at middle, 1-8:6-5. Lega: forefemora shorter than midfemors,
midfemora shorter than hindfemora, 7-4: 7-9 : 10-0 ; foretibiae shorter than midtibiae, midtibiae
shorter than hindtibiae, 7-7:7-8:109; tarsi two-jointed, second segment longer than first;
foretarsus one shorter than midtarsus one, midtarsus one shorter than hindtarsus one, 2:0:2-2;
3-0; forctarsus two longer than midtarsus two, but shorter than hindtarsus two, 4-0: 3:9 : 4-2,

Abdomen : approximately three-fourths length of head and thorax together, 16-9:231;
one and a half times width of head, 19-7 : 12-4. Two mid-dorsal abdominal scent gland openings
intersegmentally disposed between segments four and five, and five and six; a dark linc oceurs
laterally on each side of anterior scent gland. Pleura narrow, flattened, opaque. Eight abdominal
segments, the eighth tergum platelike, projecting slightly beyond anus. Ventral abdomen (male) :
sternites seven and eight darkened on mid-ventral line ; external genitalia not evident. Ventral
abdomen (female) : sternites six, scven and cight darkened on mid-ventral region, sternite six
sometimes darkened on one border only ; external genital rudiments evident as more heavily
pigmented area on mid-ventral line of segments scven and cight,

8ize (in mm.): mean length 2-52; mean width (head) 0:78; (abdomen) 1-24.

Colour: Head: black (0. II, 2 pn), seven dorsal head stripes and ecdysial suture of head pale
orange to pale grey (0. II, 1 ca) ; eyes reddish-brown (0. IV, 6 pl); ventral surface of head dark
brown to black except for white bases of antennae and a light grey (O. series 0, ¢) area under eyes;
antennae dark brown almost black, white bands at joints of segments, distal half of fourth seg-
ment lighter brown. Rostrum dark brown almost black, fourth segment black. Thoraz: black
(0. 11, 2 pn), not a decp black but denser on tips of wing pads; dark band across centre of
pronotum densely black (O. series 0, p) ; in placeslighter pinkish to pale grey (0. II, 1 ca) markings
on wing pads; narrow mid-dorsal, thoracic ecdysial suture line, white to pale grey (0. II, 1 ca)—
this strip, wider in earlier instars, is here reduced to a line; pleura pale grey (0. I1, 1 ca). Legs:
coxae and subcoxal plates black (0. II, 2 pa); trochanters dark brown; femora dark brown,
tibiae lighter brown, proximal tarsal segment dark brown, distal tarsal segment black. Abdomen :
to naked cyc appears grey-brown but on closer examination appears mainly red; background
colour of dorsal segments greyish-blue (0. IT, 14 ge); white spots in a row across each segment,
each spot surrounded by a red (0. XII, 7 pc) border; abdominal scent gland openings black
(0. I1, 2 pn); a dark line on each side of anterior scent gland ; a dark edged circular area lighter
in interior, encircles anterior scent gland opening and extends from segment four to segment six ; a
similar coloured but smaller circular area extends from posterior seent gland opening to terminal
segment ; eighth tergite black (0. II, 2 pn); pleura flattened, white to grey (0. II, 1 ca), each
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segment marked by one red (0. XII, 7 pc) bar dorsally and two parallel red bars ventrally. Ventral
surface of abdomen similar in colour to dorsal surface except that background more of a bluish
or greenish tinge, and white spots and red markings not as regular. Mid-ventral markings on
segments six to eight in females, and seven and eight in males, dark brown to black.

From the foregoing deseriptions it is seen that eaeh nymphal instar is readily
distinguished by size, by eharaeteristie blaek pigmentation on the metanotum in the
first three instars, and by wing pad development in the fourth and fifth instars.

III. VARIATION WITHIN THE SPECIES
(1) Immature stages
(a) Lgg dimensions

A total of 176 cggs were measured under a Zeiss low power stereoseopie miero-
seope, using an eyepieee seale (one seale division = 0-063 mm.). Beeause of the shape
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Fia. 4.—Nysius huttoni : distribution of egg length.
(Measurements are in eye-piece scale divisions : one scale division = 0-063 mm.)

of the egg, it was neeessary to take three measurements of length and width on eaeh.
Most of the eggs were measured either on the day of oviposition or the following day,
but it was found that even after one week there was no ehange in egg dimensions.

Length.—The mean length, 0-77 mm., was obtained by averaging the means of the
three measurements taken on individual eggs. The distribution of egg length is
shown in figure 4.

The total distribution was not normal. As maeropterous and sub-braehypterous,
and medium sized and smaller individuals were present among the females which
laid the eggs, this then prompted two reelassifications of the data into (i) wing-form,
and {ii) body size, of the maternal parents.

(i) Indiwviduals differing in wing-form.—The eggs laid by the sub-brachypterous
females seemed, in the main, to be smaller than those laid by maeropterous females,
but the latter’s eggs still showed a bimodal distribution whieh overlapped the sub-
braehypterous distribution. The means of these (so ealled) two groups differed
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by one scale division, or 0-063 mm. The mean length of eggs laid by the sub-
brachypterous females was (in scale divisions), 11-5 4- 0-75, whereas the correspond-
ing figure for eggs laid by the macropterous females was 12-5 4- 0-63. However,
this arbitrary division into two groups differing in wing-form is unsatisfactory because
of the overlap, and does not explain the bimodality.

(i1) Individuals differing in size.—The eggs laid by the smaller females fell into
a separate group from those laid by the medium sized females. There was less
overlap, and a more marked modal peak for each population. The means of the two
groups differed by 1-4 scale divisions, or 0-088 mm. The mean egg length (in scale
divisions) of the smaller and medium sized females was, respectively, 11-4 -1 0-67,
and 12:8 4 0-60. The division into two groups according to size of adults compared
with the division into two groups according to wing-form, gave a greater difference
between the group means, a lesser difference between their standard deviations,
and a better explanation of the bimodal graph for total eggs.
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F1a. 5.—Nysius huitoni : distributions of egg width.
(Measurements are in eye-piece scale divisions : one scale division = 0-063 mm.)

Width—The mean egg width, 0-28 mm., was obtained by averaging the means of
the three measurements taken on individual eggs. The data on egg width (see fig. 5)
received the same treatment as that on egg length. The total distribution was
normal, and the mode of all five graphs was the same, but the graphs for eggs laid by
the smaller and medium sized females tended to separate out, thus supporting the
more noticeable difference shown in egg length. Because of the small width of an
egg (mean 0-28 mm.) and the small total range (3:5-5+0 scale divisions) it is considcred
that the difference shown, which seems slight, has some importance.

(b) Progression in Growth

Dyar (as mentioned by Usinger, 1942) suggested that the sclerotized parts of the
insect body increase in size in a more or less regular geometrical progression during
successive instars, there being a growth factor for each species representing the
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increase in size at each moult. Przibram (Przibram and Megusar, 1912) has extended
this principle and gives a theoretical progression factor of 1-26 (the cube root of 2)
for insects in general.

Head widths of 100 nymphs of each instar were measured, and the frequency
distributions are shown in figure 6. The five instars were shown to be distinet,
but there was some overlapping of the third and fourth, and fourth and fifth instars.
There was more spread in the fourth instar and still greater spread in the fifth instar
which exhibited a trimodal curve. A sex difference was expected because in the
adults males are smaller than females, but clearly more than a sex difference is
represented. Tor N. coenosulus, a bimodal distribution in the fifth nymphal instar
was demonstrated by Usinger (1942). Although he could not distingunish their sex,
he attributed the double peak to a sex difference. The author was able to distinguish
the sex of fifth stage N. huttoni nymphs and considers that the trimodal curve may
indicate three size groups.
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Fra. 6.—Nysius huttont : distribution of head width showing the five nymphal instars.
(Measurements are in cye-picee scale divisions : one scale division = 0-063 mm.)

At this stage it was necessary to determine whether or not a sex difference was
involved. Tor the fifth nymphal instar description, body measurements were talen
on nine males and cight females. There were slight size differences between the sexes
in most chavacters. To elucidate this, analyses of variance were applied to four
niain characters, v1z. head width, length of mesonotum at middle, width of mesonotum
and width of pronotum. In the first three characters no significant differences
between the sexes could be demonstrated. For width of pronotum there was a
difference between the sexes, significant at the b per cent. level. The trimodal graph
(which was drawn on head width data) is clearly not influenced by a sex difference
and is regarded as representing three size groups.

By dividing the mean head width for each instar by that of the previous instar,
the growth ratio between any two successive instars was obtained. The calculation
of tlie mean growth ratio for N. huttoni is shown in Table ITT. Usinger (1942),



Nysius huttoni White (Heteroptera : Lygaeidae) 67
TasLe II1.—Calculation of mean growth ratio for Nysius huttoni

{One scale division = 0-063 mm.)

Mean head widths
Instars (in scale divisions) Growth ratio
ngc(ll g—g 1-30
ah o 1-30
o Bl 1.22

Mean growth ratio for nymphal stages 1-31
Adult 8 13-3

il N . 1-10
Adult 6th & 12-1
S 1-11
b AdultQ 140 1
5th Q 12-6

Overall mean growth ratio from first instar to adult 1-266

working on N. coenosulus nymphs, obtained a mean growth ratio of 1-38 which is
near Przibram’s theoretical progression factor of 1-26. With N. Autfons the mean
growth ratio for the nymphal stages was 1-30. Head width measurements of 50
adult males and 50 adult females were used in calculating the growth ratio between
the fifth stage and the adult. The ratios obtained, 1-10 and 1-11, were also in reason-
able agreement with Przibram’s factor and showed that there was the same relative
increase in growth in males and females. The overall mean growth ratio, from first
instar to adult, came to 1-266 correct to three decimal places, and this almost equals
Przibram’s factor.

(2) Adults

(a) Effect of Temperature on Wing Form

Wigglesworth (1952) showed, with nymphs of Rhodnius prolizus Stal, that a
high temperature (34° C.) in the fourth stage produced larger than normal wing pads
in the fifth stage, whereas a low temperature (18° C.) produced smaller than normal
wing pads. He showed that the optimum temperature for nymphal development was
28-30° C.

Accordingly, fourth stage nymphs of N. huttoni were subjected to one of three
temperature ranges, to test the possibility that high temperature favoured macrop-
tery, and low temperature, brachyptery. The temperatures chosen were: high,
34° C., in a controlled temperature cabinet ; low, minimum 9-4-15-6° C., maximum
17-21° C., under a Dutch barn in December ; normal, minimum 6-7-13-9° C., maximum
27-8-34-4° C., in a greenhouse. The nymphs were kept in glass tubes (6 in. X 11in.),
covered at one end by butter muslin and stoppered at the other with cotton wool
plugs. A sprig of twin cress (Coronopus didymus (L.) Sm.) was replaced daily for food.
In the high temperature group, relative humidity was maintained by the presence of
a bowl of water in the temperature cabinet. Five nymphs were placed in each tube.
The results are summarized in Table IV,
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TasLe IV.—Effect of temperature on wing form of adults reared from
Sfourth to fifth stage nymphs

Normal temperature

High 6-7-34-4° C. Low
temperature —N— temperature
34° C. 1 2* 9-4-21° C.
Number of insects reared through 23 19 90 9
to adults
Macropterous . . . . 8:7%, 10-5%, 17-89%, .
Sub-brachypterous . . . 91-3% 73-7% 67-89%, 4449,
Brachypterous . 15-89, 14-49, 55-69%,

* These insects were reared from eggs over a complete breeding season (September-March
1957-8) and hence werce kept scparate from the remainder which were reared from fourth and
fifth stage nymphs.

It is clear that the sub-brachypterous form was the most common at normal
temperatures, and this was so in both sexes. This form was also the most common in
field samples. Of the macropterons form there were twice as many males as females,
but of the brachypterous form there were twice as many females as males.

High temperature did not favour macroptery (as the sub-braehypterous form
was still the most common) but tended to suppress it, and also suppressed the
brachypterous form. In N. huttoni moulting was not retarded at high temperatures
(34-42° C.) asitisin nymphs of R. prolezus (Wigglesworth, 1952), but rather hastened.

Subjection to low temperatures caused some increase in the brachypterous form,
but suppressed the macropterons form. However, the number of insects used in
this case was rather small.

When it was discovered that there were three size groups in N. huttons, all the
insects included in this experiment were examined and found to belong to groups
II and III. Therefore, the above results and conclusions apply to these two groups,
and may not necessarily apply to group I. Temperature is probably not a major
factor in the determination of wing form in this species.

(b) Crossing of Forms

Crossing was necessary to determine whether or not the three wing-forms were
merely different forms of one and the same species. The forms intercopulated freely.
Later examination of field specimens, preserved in copula, showed that intercopulation
occurred in all (7.e. nine) combinations.

Eleven experimental matings were made. The 22 insects had each been kept
separate as fifth stage nymphs. Five sub-brachypterous females were mated with
macropterous males, one brachypterous female was mated with a macropterous male,
and five macropterous females were mated with sub-brachypterons males.

All eleven matings were successful, for eggs were laid, which later hatched,
and the progeny also mated and bred. All three wing-forms were produced, but there
was a majority of the sub-brachypterous form, thus: macropterous 17 per cent.,
sub-brachypterous 70 per cent., brachypterous 13 per eent. These percentages
approximate the normal occurrence of forms in the species, as shown in Table IV.
There was no noticeable reduction in fertility (hatchability) in comparison with a
normal breeding experiment in which pairing was random.

When it was discovered that there were three size groups in N. huttont (sce (c)
variation in size) the insects used in the above experiment were examined and found
to fall mainly within group II. Three were of group III, and one was of group I.

The experiment clearly demonstrated that the three wing-forms are members of
one and the same species. There are a few Hawailian Orsilline species which have
relatively short wings, but in almost every ease one form only occurs (Usinger, 1942).
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The appearance of even two forms in the one species is very rare amongst the Orsillini ;
there are about two cases in the Hawaiian species (Nysius terrestris Usinger, 1942,
and Nysius longicollis Blackburn), but in both it is a sex difference, there being a
somewhat shorter wing in the female. Therefore N. Zuttons appears to be unique
amongst the Orsillini in occurring in three wing-forms in both sexes.

(c) Variation in Size

The N. huttoni specimens examined differed in size, and there seemed to be three
size groups. It was now clear that if any divisions were to be made, they would be
on size and not wing-form.

Body measurements were taken on 164 specimens, including both sexes, from the
following localities : Kaimai, Taumarunui, Horotiu, Westshore, Havelock North,
Maraekakaho, Marton, Foxton, Waitarere, Hokowhitu, Massey Agricultural College,
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Fios, 7-10.—Nysius huttoni : Adult females, Distribution of: (7) head width (solid line and upper
scale) and length of head plus pronotum; (8) body length to wing tip (solid line) and
body length to posterior of abdomen ; (9) width across hemelytra ; (10) wing length. (All
measurements are in micrometer units : one micrometer unit = 0-24 mm.)

Blenheim, Nelson, Tuamarino, Seddon and Leefield. Six characteristics were
measured, namely :

head width (including eyes) body length {to posterior of abdomen)
total wing length width across hemelytra
body length (to wing tip) length of head plus pronotum

The two measurements of body length were taken to counteract the tendency for
sub-brachypterous forms to fall into a smaller size group for this character. The
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results are shown graphically in figures 7-10 for females, and in figures 11-14 for
males. All measurements are in micrometer units : one micrometer unit = 0-24 mm.

A trimodal graph was obtained for head width and wing length in both females
and males, and for width across the hemelytra in males.  Six of the remaining graphs
showed bimodal distributions, ¢.e. for body length (to wing tip) and length of head
plus pronotum in both sexes, and for width across hemelytra and body length (to
posterior of abdomen) in females. The distribution of this latter measurement in
males was monomodal,

On all characters, except the one in males mentioned above, a group of small
sized individuals (group III) was shown to be distinct. The fact that half of the
graphs are merely bimodal may be interpreted as showing that there was no clear
distinction between groups I and II. However, closer study should be made of
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Fios. 11-14.—Nysius huttoni; Adult males. Distribution of: (11) head width (solid line and
upper scale) and length of head plus pronotum; (12) body length to wing tip (solid line)
and body length to posterior of abdomen; (13) width across hemelytra; (14) wing length.
(All measurements are in micrometer units : one micrometer unit = 0-24 mm.)

figures 8 and 9. In the graph of body length (to wing tip) in females, group III was
shown to be distinet, but the second peak showed greater spread and an overlapping
of groups I and IL.  On the other hand, in the graph of width across hemelytra in
females, group 1 was shown to be distinct, but the first peak showed greater gpread
and an overlapping of groups II and 11I. These two graphs combined, therefore,
point to three size groups. This conclusion is supported by figure 13, a trimodal
graph for width across the hemelytra in males. Therefore in the summation of all
the graphs the balance was moved to over half, z.c. T out of 12 (4 characters out of 6)
showed three distinct size groups.

The above conclusion is further supported by the trimodality of head width n
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adults and fifth stage nymphs, and by the bimodality of egg length. What status
should be assigned to these size groups has yet to bz tested by interbreeding.

IV. VaLpiTY OF Brachynysius

Sub-brachypterous forms of N. huttoni seemed similar to the B. converus descrip-
tion. Using the N. huttons redescription (which was made on group I individuals)
it is seen that the two species are similar (except for the wings). In both species
antennal proportions are similar, the ratio width of scutellum to length of scutellum
is similar, the length of the first rostral segment is similar, the bucculae are similar,
and the antennae are as long as head, pronotum and scutellum together. Of the
Brachynystus head, Usinger (1943) said ““ Head as in typical Nysius . .. ”

Thus the proportions of the group I N. kutton: individuals are very similar to
those of B. convexus, although actual measurements are slightly larger. In all three
N. huttoni groups the proportions are similar. Sub-brachypterous forms (which
were reared from maecropterous forms) of group II were found to conform to the
B. converus description. But all forms of group II were proved by interbreeding
experiments to be members of one and the same species. Examination of a paratype
of B. convezus showed it to be identical to these specimens.

Usinger (1943) in a “ key to the genera and species of Orsillini in New Zealand ”’,
gave the following condensed description of Brachynystus :

‘ Hemelytra distinetly convex, costal margins strongly rounded beyond basal
fourth. Membrane small, exceeding level of apices of coria by less than one-
fourth the total length of membrane, without apparent veins . . . Brackynysius
convexyus n. gen. and sp. ”’

Usinger had seen only 14 specimens of this complex—11 N. huttoni specimens
(which would have been macropterous) and 3 sub-brachypterous specimens which he
described as B. converus. It seems that he had in fact studied two extremes of N.
huttony which were so different that he separated them. The author found that
extremes went from macroptery, beyond sub-brachyptery to brachyptery, and there
were all grades in between. As all forms appear to occur in the localities sampled,
this represents simply variation within the species, and thus is not even a cline.

It follows then, that Usinger’s key to the genera and species of Orsillini in New
Zealand should be amended so that Brachynysius is sunk, and Nysius is extended to
include all forms (this would then include the brachypterous form here first recorded,
and the sub-brachypterous form which was formerly designated as B. convexus).

V. SunmMarY
The imago of Nysius hutton: White is redescribed, the immature stages are
described, and all stages are illustrated for the first time.
The variation exhibited in wing-form and body size is discussed, and appears to be
unique amongst the Orsillini.

Brachynysius convezus Usinger is shown to be identical to the sub-brachypterous
form of N. huttons.
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INSECTS ASSOCIATED WITH THE MAJOR FODDER
CROPS IN THE NORTH ISLAND

I. THE GENERAL PICTURE

By A. C. EviLes,* Entomology Division, Department of Scientific
and Industrial Research, Palmerston North

(Received for publication, 16 August 1960)

Summary

A survey of insects associated with fodder crops in the North
Island was carried out during the summer of 1959. The 129 crops
studied comprised mainly chou moellier, swedes, turnips, maize, and
lucerne. Information on techniques used, location, and condition of
crops, and the numbers of insect species associated with the various
crops, is given.

INTRODUCTION

The purpose of the present survey, which is one of a series aimed
at covering the non-forestry agricultural crops, is to provide up to
date information on species and their abundance on specific crops.

Fodder crops play an important part in the seasonal production
of some 659% of New Zealand dairy farms (N.Z. Dairy Board 1955) and
on a great number of sheep farms. They aid in maintaining stock-carrying
capacities during winter and summer pasture growth shortages, and
assist in preparation of land for pastures. Table 1 shows, by land
districts (1956-57), the areas sown and relative importance of the
fodder crops sampled in the survey. The major crops studied were
lucerne, maize, chou mocllicr, swedes, and turnips, limited samples of
inangels, rape, and pampas also being taken.

In the New Zecaland literature some 80 specics of insects, of which
about 15 are presumed to be beneficial, have been associated with
crops—about 60 with crucifers, 15 with lucerne, and 10 with maize.
The more important papers are those by Myers (1921). concerning
lucerne in the Marlborough seed-growing areas, swedes (Cottier 1932),
and cruciferous crops (Todd 1957, 1938, 1959; Lowe 1958). Most
of the records, however, concern specific outbreaks rather than
attempts at assessing the complex as a whole.

TECHNIQUES

The technique used in the collection of samples was similar to
that described by Cumber (1958). which involved a sweep-net equipped
with detachable end-socks. A sample consisted of 20 sweeps, the
net being reversed for successive sweeps of approximately 6ft in
progressing forward, and covering in all about 15 sq. yd. In the
case of maize, sweeps werc taken up the full height of a plant and
down another, and sometimes across the tops of plants.

* Present address: Imperial College of Science and Technology, London, S.W.7.
N.Z. ]. agric. Res. 3: 779-791



TABLE 1.

DoxixtoN ArREAs ForR MAJor FobpEr CroPs AND PERCENTAGE
Growx 1N NorTH IsLaxDp DistricTs, 1956-57%

Dominion Area

Crop (acres)

Lucerne for hay and
silage 137,908
Maize for green feed 4,953
Maize for grain 5,186
Chou moellier 110,722
Soft turnips 166,319
Yellow turnips 57,604
Swedes 179,599
Rape 147,532

Northland

0.6
16.3
+.9
3.0
+.3
1.4
2.1

0.+

|
|

South

Auckland |

8.4
37.9
23.0
11.6
13.0

5.9
15.1

1.0

Percentage of Dominion Area

Gisborne Haﬁ\;];e’s Taranaki  Wellington

0.5 3.5 0.7 2.5
6.0 6.1 5.8 19.8

67.5 4.1 0.07 0.3
0.+ 17.5 44 27.9
0.4 2.9 1.1 5.
0.2 1.6 0.9 +.8
0.4+ 1.5 3.2 5.
0.2 +.8 0.1 +.2

* Source: N.Z. Farm Production Statistics.
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On removal, the detachable end-sock was closed with a rubber
band and placed in a killing jar to which a few drops of ethyl acetate
had been added. Samples were transferred to 2-oz holding jars at
least one hour, and preferably not longer than four hours, later, since
transpiration from crop leaves often present tended to dampen and
adversely affect the materials. To facilitate transfers, a wide-mouthed
(9 in. diameter) funnel adapted to screw on to holding jars, and
a small brush, were used. To assist the further drying out of samples,
a hole about } in. diameter was drilled in the screw-on lids. This was
covered with fine muslin. Picces of absorbent paper were also added
to samples. Insects likely to damage the rest of the sample, ec.g.,

Fig. 1 Fig. 2
Fig. 1.—Map showing location of lucerne crop sampling stations.

Fig. 2.—Map showing location of maize crop sampling stations.

soft-bodied caterpillars and Nezara adults and nymphs, were discarded
after counting at the time of transferring samples to holding jars.
Thus the insect materials were kept in good order. On arrival at
headquarters 1-2 weeks later they were transferred to petri dishes
and held on filter papers, together with a little flake naphthalene.

Soil samples were studied on the spot, and the insect materials
were collected and recorded. Most of these samples were six random
spade-square samples, including actual plants; they were taken to a
depth of about 6 in.
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The sampling periods were as follows: East Coast areas, 9.2.59-
13.2.59; Northland and Auckland, 23.2.59-5.3.39; West Coast. 16.3.59-
20.3.59; Manawatu, 24.3.59; Wellington, 25.3.59; and Wairarapa,
8.4.59.  Weather conditions were adequately fine. It was found
desirable to delay morning samplings usually till about 9 am., by
which time the dew had dried off the crops.

Crops were sampled in order of sighting, usually with a minimum
distance of 20-30 miles between similar crops, and were numbered
consecutively. In all; 129 crops were studied (Table 2), and the
distributions of these are shown inFig. 1 (lucerne), Fig. 2 (maize),
Fig. 3 (chou), Fig. 4 (turnips), and Fig. 5 (swedes, mixed chou and
swedes). Mangels were sampled at Sanson, Kimbolton, Tiakitahuna,
and Ashhurst, rape at Feilding, pampas at Kotemaori, and mixture
of rape, swedes and turnips at Feilding and Awahuri-Sanson. At
each sampling site details of topography, time of day, weather, soil
moisture, height of crop, and weeds present, were recorded. This
information is summarised in the Appendix.

RESuLTS

This furst paper gives only a general picture of the survey.
Subsequent papers will discuss details of identity, distribution, and
frequency of occurrence, of individual species. The crops considered
together yielded in sweep-sampling the following numbers of species:
Coleoptera 42, Diptera 50, Hemiptera 50, Hymenoptera 73, Isoptera
1, Lepidoptera 14, Neuroptera 1, Odonata 1, Orthoptera 7, Psocoptera

Fig. 3.—Map showing location of chou moellier crop sampling stations.



TABLE 2. Numsers oF Species TAKEN SWEEPING
| | | |

Crop Cl\rI(?}')s Coleo- | Di- Hemi- | Hymeno-“ Iso- Lepido- " Neuro- | Odo- Ortho- | Psoco- Thysano- Totals

Studied | Ptera } ptera | ptera  ptera ‘ ptera  ptera ptera | nata ptera | ptera ptera }

Chou, Swedes ‘

mixed 19 11 23 12 1 23 — 8 1 1 2 1 3 85
Chou 24 10 23 17 1 32 — 7 1 — 1 — 5 96
Lucerne 15 19 21 | 1 28 | — 8 — | = 3 1 6 10+
Maize 3+ 21 23 28 | 41 — 9 1 1 4 2 7 137
Mangels + 2 15 3 9 — 3 5 — 1 1 2 1 37
Pampas 1 — — 2, — — — = — — — — 2
Rape 1 — 6 3 10 — S — 1 - 1 23
Swedes 8 8 25 7 21 — 3 1 — — I 2 68
Turnips 21 17 35 22 38 1 8 1 2 4 2 7, 137

Rape, Swedes, ‘ l
Turnips mixed 2 1 2 + ‘ 4 | — 2 1 — — 1 J\ — 15
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3, and Thysanoptera 11-—a total of 253 species. The figures do not
differ greatly either in numbers of species or in the relative magnitude of
order representation from the data shown in the pasture survey
(Cumber 1958). Many of the species taken, as in the pasture survey,
have occurred in small numbers only.  Many of such species are
common {o both surveys, and are to be regarded as casual associates.

Table 2 shows the numbers of species in each order taken during
the sampling of pure and mixed crops. The figures should be
examined in the light of the varying numbers of crops of cach category
studied.

Discussion

While the limitations set by available [acilities are fully realised,
nevertheless  this survey represents a considerable advance in the
understanding of the complex. It is only by seeing repeated occur-
rences or absences over widespread arcas that the full significance of
individual speciecs may be gauged. The precise importance of cach
species, however, must await the results of detailed studies.

The majority of the species encountered were present in small
numbers, and many will prove to be only casual associates. However,
numerical representation is not necessarily an index of importance.

Fig. 4 Fig. 5

Tig. 4.—Map showing location of turnip crop sampling stations.

Tig. 5—Map showing location of mixed chou mocllier and swedes
(black circles), and swede (black triangles), crop sampling
stations.
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The complex involves an order majority in that group of insccts which
is largely parasitic, and parasite and host often balance at relatively
low populations.

It would seem apparent that surveys such as this will become
increasingly affected by the more widespread use of insecticides and
that future investigations may possibly show declining insect popula-
tions. In the present survey no attempt was made to obtain
information on any such treatments which crops had received.
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APPENDIX
DETAILS oF SAMPLING STATIONS

CROP OR STATION

NUMBER

] 5 Z ¢
S S c z
= ] 2 - 25 £
= COg | =& D ~ =Y
5 & =5 | EE s = 5
LOCATION 2 - - ©
2 < Wiy | ZEE o.. oy =
= ; | BEE | QuE | AEz L%k
a @ ¢ g€ S = " =
B gL Léz | 828 2R 265 | %
= =€ 2 0L, | O &L K
=) =7 240 | Fwe | aRE V09 =
Lucerne }
Takapua plains 9.2 10 A F : D
Waipawa, Argyle Road 9.8 12 A F | D 6-12
Grreenmeadows 9.2 2 A F D
Gisborne, 6M. South 1.2 2 B r M 18-24
Waiotapu 12.9 + B F M 1 6-12
Kapibro (Waipapa) 2402 11 A F M 12-18
Cambridgre 338 1 A F M 13
Bulls, 4M. West W b i R M 12-15
Tre Awamutu, SN West 193 12 A F M
Otorohanga, West 19.3 6 B H M
Taumarunui, ast 208 11 B R M
Ohingaiti. IM. South 203 4 B R M 12-15
Loungburn 243 ' 4 A R D
Martinborough, 7M. South 8.4 12 A r D C 34
Grrytown 8.4 2 A F M S
Maize (ft)
| Waipawa, 2M. North 9.2 11 A F D
| Waipawa, 2M, North 9.2 11 A F D
Taradale, 3M. South 992 2 A F D
Wairoa, IM, North 10.2 10 \A F M
Hangaroa 10.2 2 \J R M
Talaga Bay 10.2 4 BC F M
Te Kaha, 2M. North 11.2 6 A | F M
Torere 12.2 10 A F M
Whakatane 12.2 11 A r D
Kaitaia, 4A. North 3. 3 AC F M
Kaitaia, 4M. North 3 AC I M
Kaitaia, 6M, South 3 AC r W 6
Mangamuka 5 B F M 5
Pakaraka, HM. South 9 A R M
Ngawha 9 B r M 7
Tahceke 11 B F M 6
Whirinaki 12 A F D
Dargavilte, GM. North 5 . A F M 3
Dargaville, 5M. South 10 A ¥ D 2
Whangarei, 3M. South 4 ‘ B H D
Awarua 6 B r M G
Kama 12 A F D
Hetensville 5 A F M
Ohinewai 12 A r D
Eurcka 3 A F M
Tanranga 11 A T M 6-8
Papamou 12 A R D 7
Pio Pie 6 A L D 4-b
Rukuhia 12 A F D 10
Te Kawa 2 A R M 6
Longburn 4 A F M 10
Shaunon, 3M. North 4 A r w 3
Dannevirke | S S B F M C 3
Chou moellier (ft)
2 | Waipukuran 10 A R D
i Waipawa, 5M. North 12 A R D
Whakatune, 4M. South 2 A F M
Rotorna 3 A F M
Bay View 1 A F D S b
TPuketona 9 B 11 w
Pakaraka | {(] A R D S 34
Waitoki 4 A R D
Mercer 11 A ¥ D
Cabridge 2 A R M
Bulls, 3M. West 9 A R W

NS T oo

|

= T
Qw@@w-‘h
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P = s o 5
O - -] B 2
= £ 0z .. b g
IS = O3 ‘Ez" I D - S
n = e B o] e ; [
w2 LOCATION 2 e z‘ﬂ: e . na '.:: I8}
OE - = =Ll P Leol-4 9 S =
= - . mEE | oz | Ang Z£% -
o = wE | =EX pre =& =
g2 & 22 0284 | 8 =°F 2385 3
&7 = g | 4710 S g
C a A S S Az - OJv T
Chou maellier—Cont. (1)
70 | Urenui 3 A I M 4
76 Rukuhia 11 A P M ! 5
78 Kihikihi 2 A F M 5
B> Tanmarunui, 6M. North 10 B R M 1
90 Patimerston North, 1M, West 9 A I M b
9 Marton. 2M. South 10 A R MM 2L
100 Cheltenhanm 4 A F D 4
106 Manakau, 7M. South 11 B R M 2
108 Pahautanui 2 A F Al , 2L
114 Ashhurst, 1M, South 10 B F D 1
117 Dannevirke 11 B F M +
121 Grrytown, 5M. South 1 A F W 1
124 Cartertan, 4M. North 2 A F M 4
Chou moecllier plas swedes ()
8 Kotemaari, 3M. South 5 A H D
10 Maungaturoto 12 B H D i 1
57 ] Waihi, 3M. South i A H N 14
61 Wharepaina i A ¥ AL 2
62 Irirangi 11 AG H M S 11
65 Wanganni 1] B F AL 3
68 Inglewood 2 B H M 1
71 Makan 4 A R D 1
72 Mahoenui. 2M. South 5 A H M S 1
75 Pio Pio, 4M. North 6 A R M 4
81 Te Raumoa, 2A. West 3 A H A 11
83 Otorohanga, 2M. West 6 A H A 2
89 Ohingaiti. IM. South 4 B F M 44
M | Kimbolton 2 A R M 2
103 Foxton, 3M. Narth 10 A F w 4
110 Levin 4 A I M 4
118 Piritea 12 A F AL 2
125 Mastertan 3 A F D 1§
127 Konini, M. South 4 A T M 14
Turnips (in.)
11 Marumaru 10 B 1 M S —
12 Tiniroto 12 B F M
20 Te Teko 2 A R M 10
6 Oruaiti 12 A R M
RX] Puketona 10 A I M
41 Maunguturoto 12 B 11 D 12
43 Parakao 4 3 R D
47 Silverdale 3 A H D
3l Rangirirt 11 A I D S —
56 Waitou A F M | 12
60 Te Puke 12 A F M ! 12
73 Mohoenui 5 A H M ! 12
84 Tr Kuiti 9 B H M , 10
87 Ohingaiti 13 F M ' 12
93 Marton, 4M. East 12 A F M | 12
101 Te Arakura 3 A F M S —
107 Pukerua Bay 12 A H D
109 Otaki 3 A F D 10
112 Makerua 5 A H D 10
122 Grevtown 1 A F M 12
126 Masterton, 5M. North {3 A F D 12
Swedex (ft)
29 Waimangu 4 B F A
66 Eltham I A F M
67 Nueaery 2 A R M 2
69 Waitara 3 B F M 2
94 Marton. 4M. East 11 A F M Iy
113 Makerua 3 A H | 1}
119 Pirinoa ' 12 A R D . 13
128 Pahiatua 4 A R W : 1}
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07 | Feilding. 4M. West [RCE T 12 A 11 D 2
|
!
Pampas : ({t)
9 | Kotemaori 9.2 5 A H M 5
Rape, Swedex, Turnips, mixed (0
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INSECTS ASSOCIATED WITH THE MAJOR FODDER
CROPS IN THE NORTH ISLAND

II. HEMIPTERA

By A. C. Evres,* Entomology Division, Department of Scientific
and Industrial Research, Palmerston North

(Received for publication, 16 August 1960)

Summary

A survey of fodder crops in the North Island, carried out during 1959,
revealed 50 species of Hemiptera, Two are new records [or New
Zealand. The identity, distribution, incidence, and possible economic
importance of each species are discussed. A list of the species occurring
on each crop is appended.

InTRODUCTION

A survey of the insects associated with fodder crops in the North
Island was carried out during the summer of 1959. A general account
of this survey has already been presented (Eyles 1960). The major
fodder crops sampled werce lucerne, maize, chou mocllier, swedes, mixed
chou moellier and swedes, and turnips.  There were, in addition,
minor samplings of mangels, rape, pampas, and mixtures of crucifers.

The present paper lists the species of Hemiptera taken in the
survey, and gives information on their distribution, incidence on the
various crops, habits (where not covered in Cumber’s pasture survey
1959), and economic significance.**

The majority of species were represented by few specimens.
Distribution maps for the seven specics most commonly cncountered
are given, a black square indicating at least one occurrence within
the area.

REsuLTS

HemipTERA-HOMOPTERA
Fam. CicapipAE

The cicada larval stages are spent below the surface of the soil,
where nymphs feed upon roots of various plants. Here they may be
regarded as damaging, but they may be more obviously damaging as
adults when they affect aertal portions by feeding, and, more especially,
with their oviposition scars.

He. 58. Melampsalta muia (Fabr.)

This indigenous species is widely distributed in both North and
South Islands, and is present in the Chatham Islands (Myers 1929).
In the present survey two adults were taken from pampas at Kotemaori
on 9.2.59. Myers states that M. muta occupies a mesophyttc but open

* Present address: Imperial College of Science and Technology, London, S.W.7.
** Where further information is contained in Cumber's pasture account it is
indicated by an asterisk after the species.

N.Z. ]J. agric. Res. 3: 994-1008
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country habitat. "The species is of no cconomic importance on fodder
crops.
He. 57. Meclampsalta sericea (Walk.)

Myers (1929) shows that this endemic species is restricted to the
North Island. In the present survey, a single adult was collected from
maize at Dargaville on 26.2.59. Myers records the ccological habitat
of this species as dry open spaces and exposed banks. M. sericea is
of no economic importance on fodder crops.

Fam. Jassmae (Leaf-Hoppers)

This is a very extensive [amily of cconomically important insect

species.  Cereal and fodder crops, and f{ruit and forest trees, are

commonly affected; injury results from direct mechanical means,
production of toxins, or spread of virus discases.

He. 5. Erythroncura zealandica Myers®

This species is widely distributed in New Zealand. The distri-
bution shown by the present survey is given in Fig. 1, which indicates

M
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Fig. 1 ‘ Fig. 2

Fig. 1.—Distribution map for the jassid Erythroneura zealandica He. 5,

Fig. 2.—Distribution map for the aphid Brevicoryne brassicae He. 8.

a mainly southern distribution in the North Island. Tt was taken on
lucerne (5 crops), maize (6), chou (4), chou plus swedes (1), turnips
(1), swedes (1), and rape (1). It was never taken in large numbers,
however—seven on lucerne (Greytown 8.4.59) and five on maize
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(Shannon 25.3.59) being the greatest catches. This situation contrasts
strongly with that met in pastures, where very considerable numbers
were taken. This species is not considered to be important in fodder
crops, except perhaps in possible virus transmission in lucerne and
maize.

He. 19. Deltocephalus sp.*

Only onc specimen (maize, Taradale 9.2.59) of this widely-
distributed species, which is commonly present in pastures, was taken.

He. 13. Thamnotettix sp.*

This species is widely distributed south of Auckland in the North
Island. In the present survey a single specimen was taken from maize
at Taradale on 9.2.59. Damaging members of this genus occur on
cereals in North America (Osborn 1939). This species occurred com-
monly in pasture sweeping.

He. 14. Thamnotettix sp.*

A single specimen of this specics, which is widely distributed in
the North Island, was collected from turnips at Makerua on 25.3.59.

He. 11. Xestocephalus sp.*

The genus is cosmopolitan,  Cumber (1959) shows that the
distribution of this species in pastures is south of the Bay of Plenty.
Two specimens were collected in the present survey—one from lucerne
at Bulls and one from maize at Pio Pio (both on 16.3.59).

He. 54.? Idiocerus sp.

The genus Idiocerus occurs in Australia and New Zealand
(Tillyard 1926). In the present survey an adult and nymphal exuvium
were collected from mangels at Ashhurst on 26.3.59. This was probably
associated with Lombardy poplars at one end of the field rather than
with the crop.

He. 55. Undetermined.**

One adult and a nymph of this as yet undetermined species were
collected from lucerne at Greenmeadows on 9.2.59. The habits of the
species are not known.

Fam. DELPHACIDAE
The family includes many specics which are injurious to
agricultural crops.
He. 7. Delphacodes tasmani Muir*

This species occurs throughout the North Island. In the present
survey onc adult was taken from lucerne at Greenmeadows (9.3.59),
and a nymph from maize at Tauranga on 4.3.59.

He. 4. Delphacodes sp.*

This species occurs in the North Istand on pastures from widely-

separated localities. A single adult was taken from turnips at Te Puke
on 4.2.59.

*# Undetermined species are held under the numbers shown, in the collections
of the Entomology Division sub-station, Palmerston North,
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Fam. DIicTYoPrHARIDAE

The {amily i1s of minor economic importance.

He. 21. Thanatodictya tillyardi Myers*

Cumber (1959) records this species in pastures from four widely
scparated North Island arcas. In the present survey small numbers
were taken from turnips at Te Teko on 12.2.59, and from maize at
Whangarei on 26.2.59.  Mpyers (1923) and Cumber both record
bracken fern (Pteridium esculenium Hook) as host plant.  The turnip
crop referred to above was bounded on one side by manuka
(Leptospermum scoparium Forst.) ; while the maize crop, on a small
hillside arca, was surrounded by rough grasses and weeds which
included blackberry (Rubus sp.), dock (Rumex sp.), inkweed
(Phytolacca oclandra L.), pennyroyal (Mentha peledeum L.), and
thistles. The species was probably associated with these attendant
weeds.

Fam. FraTibar
The family is of minor economic importance.

He. 35. Sephena cinerca Kiek®

This introduced Australian species 1s widely distributed 1n the
North Island and the north of the South Island. A small number of
adults were taken from lucernc at Bulls (16.3.59) and Ohingaiti
(20.3.59), maize at Mangamuka (23.2.59), chou at Cheltenham
(24.3.59), and pampas at Kotemaori (9.2.59). The species is known
to attack a wide varicety of plants in New Zealand, but no detailed
studies have been made. It is unlikely to prove ol importance in
fodder crops.

Fam. Ricannpar

The family is of minor cconomic itmportance.

He. 28. Scolypopa australis (Passion-vine Hopper)®

This Australian species is widespread in the North Island and

in the north of the South Island. Single adults were collected from

maize at Kaitaia and Mangamuka (23.2.59), from turnips at Te Teko

(12.2.59), and from chou plus swedes at Wailit (3.3.59) and Mahocenui

(16.3.39). This occasionally associated species is not important in

fodder crops. The heavy populations encountered on native vegetation
must cause considerable harm, however.

Fam. PsyrLrmar
The family includes some important pests of agricultural crops.
He. 31 ? Ctenarytaina pollicaris Ferris and Klyver®

This species occurs in North and South Islands. A single adult
was taken [rom lucerne at Te Awamutu on 19.3.59. There was no
Leptospermum, which is regarded as the usual host plant (Tuthill
1952), in the vicinity,
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He. 59. Trioza sp.

A single adult was taken from mixed chou and swedes at Te
Raumoa on 19.3.59.

He. 63. Psylla sp.

Three adults were collected from chou at Whakatane on 12.2.59.
These were probably associated with the gross weeds rather than with
the crop.

Fam. AprHIDIDAE

This is an extensive family. Although there are only a limited
number of endemic species, many overseas introductions arc present
in New Zealand.

He. 42. Aulacorthum solani (Kltb.)*

This species was taken from a mixed chou and swede crop at
Konini on 8.4.59. It has a great number of host plants, and its
occurrence is widespread in both Islands.

He. 8. Brevicoryne brassicae (L.}*

This world-wide species, commonly a series pest of cruciferous
crops, is of widespread occurrence in both Islands. It occurred in 35
cruciferous crops (Fig. 2), being taken from chou, rape, swedes, and
turnips, during February, March and April.

He. 41. Capitophorus elacagni (Del Guerc.) *

This world-wide species is known to occur in both Islands, on a
number of host plants. In the present survey it was taken from
lucerne at Takapau 9.2.59, Otorohanga 19.3.59, and Longbum 24.3.59;
from chou mixed with swedes at Pio Pio 16.3.59 and Rauamoa 19.3.59;
and from turnips at Masterton 8.4.59.

He. 6. Hyperomyzus lactucae (L.)*
This world-wide species is apparently of widespread occurrence

in the North Island. The present survey yiclded specimens from maize
at Dargaville 26.2.59 and Whangarei 26.2.59.

He. 46. Lipaphis erysimi (Kltb.}*

This species, which is of world-wide occurrence, was taken from
chou at Cambridge 3.3.59 and Urenui 16.3.59; from chou mixed with
swedes at Wharepaina 4.3.59; and from turnips at Ohingaiti 20.3.59.
It is widely distributed in the North Island, and is known on occasion
to be damaging to cruciferous plants.

He. 44. Macrosiphum avenae (F.)*
This world-wide species is widely distributed in the North Island.
It was taken from turnip crops at Puketona 24.2.59 and Silverdale
2.3.59.
He. 45. Macrosiphum cuphorbiae (Thos.)*
This world-wide species has been reported from many host plants
in both Islands. Tt was taken from maize at Pakaraka 24.2.59.
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He. 47. Macrosiphum sonchi (L.)*

This world-wide specics is found on thistles. It was taken prob-
ably from the associated weeds, in crops of chou at Ashurst 26.3.59;
chou mixed with swedes at Maungaturoto 26.2.59 and Konini 8.4.59;
maize at Waipawa 9.2.59; swedes at Makerua 26.3.59 and Pahiatua
8.4.59; and turnips at Marton 24.3.59, Te Arakura 24.3.59, and
Tokomaru 25.3.59.

He. 65. AMyzus ornatus Laing

This species was taken from lucerne at Te Awamutu on 19.3.59.
Cottier (1953) records it from Trifolium subterraneum L., Lavatera
arborea 1., Primula sp., Anemone sp. and Bellis perennis L., at
Palmerston North.

He. 37. My:zus persicae (Sulz.)®

This is a world-wide species that is widely distributed in New
Zealand. In the present survey it was taken on 35 occasions during
Fcebruary, Marclh, and April, mainly from chou, rape, swedes, and
wurnips (Fig. 3). It is known to have a great number of host plants
and may often reach damaging proportions.

ydl
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Fig. 3 Fig. 4
Tig. 3.—Distribution map for the aphid Myzus persicae He. 37.

Fig. 4.—Distribution map for the aphid Rhopalosiphum padi He. 39.
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He. 64. Rhopalosiphum maidis (Fitch)

This species was taken from maize at Kaitaia 23.2.59, Whirinaki
25.2.59, and Ngawha 25.2.59, and from chou at Pakaraka 24.2.59.
Cottier (1953) records it from maize at Auckland and Palmerston
North, and from Avena sativa at Palmerston North. He remarks upon
its occasional occurrence and non-economic importance.

He. 39. Rhopalosiphum padi (L.)*

This world-wide species is of widespread occurrence in New
Zealand. At times it is troublesome in grain crops (Cumber and
Todd 1959). In the present survey it was taken on 18 occasions
(Fig. 4), during February, March and April. It occurred for the most
part on maize crops.

He. 38, Rhopalosiphum splendens (Theo.) ¥

This world-wide species is of widespread occurrence in the North
Island. In the present survey it was taken from chou at Martin-
borough-Greytown 8.4.39, and from turnips mixed with chou at
Greytown 8.4.39.

HEMIPTERA-HETEROPTERA
Fam. NaBIDIDAE

The majority of species in this family are predacious, many being
regarded as highly beneficial insects.

He. 12. Nabis capsiformis Germar¥

This species, now ncarly cosmopolitan, is widely distributed in
New Zealand. In the present survey it was taken in most North
Island districts (Fig. 5).

A total of 56 adults and 29 nymphs was collected from lucerne
(10 crops), maize (7), chou (7), mixed chou and swedes (1), turnips
(4), and swedes (2). Numbers in excess of 3 were taken in 3 lucerne
crops, in one swede crop. and one turnip crop. Higher numbers
included 9 adults on lucerne at Gisborne (10.2.39), and 8 adults on
swedes at Pirinoa (8.4.59).

Adults and nymphs were present {rom early February to early
April. This species is actively predacious on other insects and must
be regarded as beneficial.

He. 16. Nabis maoricus F. Walker®

This endemic species occurs throughout New Zealand. In the
present survey it was taken from lucerne at Bulls (3 adults 16.3.59)
and Longburn (2 adults 24.3.59). In testing sampling techniques,
single adults were taken at Palmerston North from turnips and mature
chou late in January 1959. This species must be regarded as beneficial.

Fam. MIrRIDAE

This very large family of insects contains many pests that damage
agricultural crops. A few beneficial predacious species are known.
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Fig. & Fig. 6
Fig. 5. —Distribution map for the nabidid Nabis capsiformis He, 12

Fig. 6. — Distribution map for the mirid Furystylus australis He., 17.

He. 27, Calocoris norvegicus (Gmelin)*

This Furopean species is now well distributed in the North Island.
A single specimen was taken from chou at Cheltenham on 24.3.59.
It is probable that this species, il shown to be damaging, will be
important in the carly part of the scason.

He. 26. Deracocoris maoricus Woodward*®

This species is widely distributed in the North Island, and occurs
in the north of the South Island. In the present survey it was taken
in small numbers from turnips at Marumaru (10.2.59) and Rangiriri
(3.3.59), and from maize at Shannon (25.3.59). This specics, which
was taken in greater numbers in pastures, is not considered to be
important in fodder crops.

He. 17. Eurystylus australis Poppius®

This Australasian species occurs throughout the North Island,
and In the north of the South Island. In the present survey it was
taken in all North Island districts (TFig. 6).

A tetal of 82 adults and 36 nymphs was taken from 67 crops,
the species being present on Tucerne (10 crops), maize (16), chou (12),
chou plus swedes (7), turnips (12), swedes (3), mangels (4), rape
(1), and mixed rape, swedes and turmnips (2). The insect occurred
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in excess of 3 individuals in 17 crops, of which 7 were turnips
(apparently a major host). The greatest catch, however, was from
chou at Mercer on 3.3.59 (18 adults and 6 nymphs).

Adults were taken for the duration of the survey, ie., from
carly February to carly April. The species occurred far more
frequently on fodder crops than in pastures, being the most common
hemipteron taken. Although crop damage by this insect was not evident,
the species may prove to be more important than is at present realised:
its fceding habits make it a potential transmitter of virus or fungus
discase, or a potential pest through causing mechanical injury.

He. 18. Halticus tibialis Reuter*

This widespread Javanese species is well distributed in northern
North Island districts. In the present survey small numbers were
taken from lucerne at Te Awamutu (19.3.59) ; maize at Kamo (2.3.59),
Eurcka (3.3.59), and Paparoa (4.3.59); and turnips at Te Tcko
(12.2.59) and Waitoa (3.3.59). This species, which occurred in far
greater numbers in pastures, does not appear to be of importance
in fodder crops.

He. 50. Lygus sp.

Two specimens taken from maize at Hangaroa on 10.2.59 have
been determined by Dr T. E. Woodward as Lygus sn. He indicates
(pers. comm.) that it is impossible to give specific names to New
Zealand Lygus until the genus in this part of the world has been
revised. He believes that New Zecaland probably has several
undescribed species.

He. 10. Megaloceroea reuteriana White®

This species is widespread in Australia and New Zealand.
Cumber (1959) collected it in moderate numbers from pastures and
showed that it is well distributed in the North Island on such herbage.
In the present survey it was taken only from maize—one adult and
one nymph at Awarua on 26.2.59, and one adult at Helensville on

2.3.59.

Fam. ANTHOCORIDAE

The members of the family are predacious, for the most part upon
small arthropods.

He. 51. Lyctocoris campestris Fabr.

This predacious species is now almost cosmopolitan (Dr T. E.
Woodward, pers. comm.). In the present survey a single adult was
taken from maize at Taradale on 9.2.59. If beneficial, this specics
plays a very minor role.

He. 52. Poronotellus whitei Reuter

This species is widespread in Australia and at least the North
Island of New Zealand (Dr T. E. Woodward, pers. comm.). In the
present survey single adults were taken from maize at Taradale
(9.2.59) and Ohinewai (3.3.59). The species is unimportant in fodder
crops, but, being predacious, could play a minor beneficial role.



1960) Eyvres—HEMIPTERA 1003

Fam. Lycarmar
The family includes many pests that damage agricultural crops.

He. 9. Nysius huttoni White®

This endemic species is widely distributed in the North and South
Islands. Single adults were collected from lucerne at Waipawa
{9.2.59), Te Awamutu (19.3.59), and Martinborough (8.4.59), and

a nymph was taken from chou at Cambridge (3.3.59).

This species, which lives close to the ground surface, prefers areas
where vegetation is sparse and where the sunlight strikes through to
the ground. Myers (1921) records it on lucerne, and Gurr (1952,
1957) records it as damaging crucifer seedlings in the South Island.
It appears that the population does not build up to pest proportions
in the North Island. The dry and sparse *“edge” vegetation which
favours the insect may be a more common feature of the South Island
crops. Detailed informaticn on the hiology and ecology of this insect is
given by Eyles (1958).

He. 23. Pachybrachius nigriceps (Dallas)*

This species is widespread in the Pacific area, and is well
distributed in the North Istand. In the present survey it was taken
from maize at Dargaville (1 adult 26.2.59) and Papamoa (2 adults
4.3.59). 1t is unlikely to prove of importance on fodder crops.

He. 34? Rhypodes clavicornis (F.)

The genus 15 endemic.  In the present survey a single adult was
taken from lucerne at Greytown on 8.4.59. Although this species is
commonly found on some garden plants there is no evidence that it
is Important in crops.

Famn. PENTATOMIDAE

The family includes many importiant agricultural pests and some
predacious species which must be regarded as bencficial.

He. 61. Antestia orbona Kirkaldy

This species is an introduction from Australia. Woodward (1953)
recorded material collected near Hastings in March 1950, In the
present survey a specimen was laken from the vicinity of a turnip
crop at Masterton on 8.4.59. Other adults have recently been col-
lected from bush at Palmerston North (27.9.58, J. M. Esson, and
30.4.59, A.C.E.). 'These records indicate a wide distribution, at least
in the southern part of the North Istand. The species is unlikely to
prove of importance in fodder crops.

He. 1. Dictyotus cacnosus (Westwood) *

This species occurs in Australia, and throughout the North Island
and northern portion of the South Island. In the present survey small
numbers were taken from 1 crops, namely, lucerne at Waipapa
(24.259), Greenmeadows (9.2.39), Waipawa (9.2.59), and Martin-
borough (8.4.59); maize at Papamoa (4.3.59): chou at Masterton
(8.4.59); and turnips at Maungaturoto (26.2.59), Ruakaka (2.3.39),
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Silverdale (2.3.59), Waitoa (3.3.59), and Masterton (8.4.59). It
occurred more frequently on lucerne and turnip crops. This species,
which was commonly taken in pastures (Cumber 1959), may prove
of some importance where crops are being held for seed production.

He. 62. Cermatulus nasalis {Westwood)

This species occurs in Australia and New Zealand (Tillyard 1926).
Five nymphs were taken from chou at Waipawa on 9.2.59. Nymphs
were observed at the time on a secedhead of Amaranthus retroflexus L.
Tillyard records the species as attacking the pear slug (Caliroa limacina
de Geer). It must be regarded as a beneficial species of minor
importance.

He. 56. Cuspicona simplex Walk.

This species, which was first recorded from New Zealand by
Spiller and Turbott (1944), is well distributed in the North Island,
and occurs on the Three Kings Islands (Woodward 1953b). In the
present survey one adult was collected from mangels at Ashhurst on
26.3.59. Woodward records this insect in association with solanaceous
plants. The species is not important in fodder crops.

Fig. 7.—Distribution map for the pentatomid Nezara viridula He. 22.

He. 22. Nezara viridula (L.)*

This cosmopolitan species is distributed throughout the North
Island, and occurs in the northern portions of the South Island. In
the present survey it was taken in most North Island districts (Fig. 7)
—128 adults and 28 nymphs being collected from lucerne (3 crops),
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maize (17), chou (11), chou plus swedes (9), turnips (10), and
swedes (1), It occurred in greatest numbers in Northland, irrespective
of the type of crop. It also occurred in large numbers south of
Auckland, ec.g., turnips—Te Kuitt (22 adults) and Tauranga (9

nymphs); maize—Pio Pio (5 adults); chou plus swedes—Kotemaori

(6).

Accounts of the habits of this spectes are given by Cumber (1949,
1951).  Adults and nymphs were present for the duration of the
survey (carly February till early April).

It is interesting to note that maize crops in seven Northland areas
showed only low infestations. It would scem that erther this insect
reaches pest proportions only in localised areas, or that its cgg parasite,
Microphanurus basalis Woll., is effective in local arcas only.

N. viridula 1s a major pest of maize in Northland, occurring in
such numbers as 11, 12, 15, 17, 20, and 26 per plant, and 7, 11, and
12 per cob. Damage to the plants is quite evident. Reddish-purple
spots on the stems and cob sheaths mark the feeding punctures.
Examination of ccbs showed that the rostrums penctrated the sheath
and picrced the grains.  Many grains were split and many cobs
malformed.

Chou was also found to suffer damage from this pest. At Waitoki,
the inscct occurred in recorded numbers of 4, 8, 11, and 20 per plant.
The insects tend to congregate, groups of about 10 bemg quite
common. Damage was evident as extensive puncturing on the stems.
At Pakaraka, 28 adults and an empty cgg-raft (no evidence of para-
sitism)  were taken.  Heavy infestations of chou and swedes were
seen at Maungaturoto and Kotemaori, hut no such infestations of
swedes alone were encountered.  Heavy infestations, with feeding on
bulbs of turnips, were observed at Ruakaka and Te Kuiti.  Lucerne
did not appear to be hicavily infested.

He. 53. Occhalia schellembergti (Guérin-Ménville) #%

This species oceurs in Australia and New Zealand (Tillyard 1926).
In the present survey 5 specimens swere collected from  lucerne
{Gisborne 10.2.59), maize (Mangamuka 23.2.59), chou (Puketona
23.2.59}, mixed chou and swedes (Waihi 3.3.59), and turnips (Te
Kuiti 20.3.59). An cgg-ralt was taken from chou at Waipawa on
9.2.59.

This is to be regarded as a benefictal species. since it is predacious
on lepidopterous larvae cte.; but the numbers taken suggest that it
plavs a minor role in fodder crops.

He. 60. Philapodemus ausiralis (Erichson)

This species occurs also in Australian and Oriental regions
(Woodward 1953). A single adult was taken from lucerne at Waipawa
on 26.3.59.

**% Previously known as O. consocialis (Boisd.)
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DiscussioN

Some 50 species of Hemiptera have been taken during this fodder
crop survey. As was to be expected, many were taken in small
numbers and probably represent casual associates as individuals of
dispersions or associates of attendant weeds.

The following remarks concern the Hemiptera-Homoptera. ‘The
cicada species arc casual associates, except in the case of pampas.
Nymphal stages occupy several scasons, so that they are unlikely to
be of importance in annual crops.  Erythroneura zealandica would
appear to feed on a large number of plants and must be regarded as
a potential virus transmitter.  The same potential exists for the
remaining jassids and delphacids, but they were present in small
numbers and on a limited number of occasions, as were Thanatodictya
tillyardi, Sephena cinerea, Scolypopa australis, and the two psyllids.
In the aphids, the majority of the species are casual associates. The
importance of Brevicoryne brassicaec and Myzus persicac in cruciferous
crops is well known, however. It seems probable that Rhopalosiphum
padi is of more importance in maize crops than is generally realised;
perhaps its importance occurs during establishment, rather than at
later stages.

Turning now to the Hemiptera-Heteroptera, there are a number
of interesting considerations. The two Nabis species occurred
commonly, and in their predacious capacities are doubtless useful
biological control agents.  Calocoris norvegicus did not appear in
significant numbers, and perhaps prefers a cooler climate than is
generally encountered in the North Island. Amongst the mirids the
introduced species FEurystylus australis was consistently present, and
warrants study to determine its precise importance.  There is no
evidence for important species among the lygaeids, although Nysius
huttoni is known to be damaging to crops in some South Island areas.
Amongst the pentatomids only Nezara viridula would appear to be
important. It is still a serious pest of many crops in Northland—
especially of maize and chou moellier—and warrants further attention
in the biological control field.
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APPENDIX
SPECIES oOF HEMIPTERA ASSOCIATED WITH

NEW ZEALAND JoURNAL OF AGRICULTURAL RESEARCH

(Drc.

Fopper Crors

Lucerne

|

Maize

Chou Moellier

|
1

Chou Moellier,
Mixed Swedes

Turnips

Swedes
Mangels
Par:pas
Rape

Melampsalta muta
Melampsalta sericea
Erythroneura zealandica
Deltocephalus sp. He 19
Thamnotettix sp. He 13
Thamnotettix sp. He 14
Idiocerus sp. He 54 (?)
undetermined jassid He 55
Xestocephalus sp. He 11
Delphacodes tasmani
Delphacodes sp. He 4

T hanatodictya tillyardi
Sephena cinerea
Scolypopa australis
Ctenarytaina pollicaris
Trioza sp. He 59
Psylla sp. He 63
Aulacorthum solani
Brevicoryne brassicae
Capitophorus elaeagni
Hyperomyzus lactucae
Lipaphis erysimi
Macrosiphum avenae
Macrosiphum euphorbiae
Macrosiphum sonchi
Myzus ornatus

Myzus persicae
Rhopalosiphum maidis
Rhopalosiphum padi
Rhopalosiphum splendens
Nabis capsiformis

Nabis maoricus
Calocoris norvegicus
Deraeocoris maoricus
Eurystylus australis
Halticus tibialis

Lygus sp. He 50
Megaloceroea reuteriana
Lyctocoris campestris
Poronotellus whitei
Nysius huttoni
Pachybrachius nigriceps
Rhypodes clavicornis (?)
Antesdia orbona
Dictyotus caenosus
Cermatulus nasalts
Cuspicona simplex
Nezara viridula
Oechalia consocialis
Philapodemus australis

*
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Rape, Swedes,
Turnips, Mixed
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