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ABSTRIGT,

Aspects of the biology oi foliege~fregenting Psocoptera were
studied at Silwood Park, Ascot, Berkshire from Autwmi I965 to Snring
I968,.These insects wore considered especially in relation to the total
arboreal psocid fauna and to their mein habitat i.e. the foliage of
different tree species.

Psocid samuples from litter and from trees were token concurrently
and were counted and identified. Descrintions of the early stages and
life histories of nine species are based on field and labovatory data.
Several species were found only on some tree species and nuibers of
others showed large differences on different trees. Some of the factors
that may influence the relative numbers of the szme species of Psocoptera
on difierent trec species were investigated, Counts of ezms on
different {tree species also revealed verlations in psocid abundance,

Aerial dispersal of Psocoptera was assessed with the aid of
suction traps. The potential food supply of psocids on foliage of a
range of tree gpecies was compared at different times of the yesar and
also with that consumed by psocids. The fecundity of several psocid
species fed on foods from different trees was coumpared, Laboratory
experiments showed that selection of oviposition site was related to
characterisgtics of different leai surfaces . The biology of two sroups
of hymenopterous parasites of Psocoptera were examined, especially in
relation to their fecundity and host specificity. A serles of arthropods
were identified as predators of psocids and their nuwibers on different

species of tress vere coupared.
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INTRODIE TIOK .

Psocoptera are one of the more neglected orders of insects, and
have atiracted the attention of very few entomologists. Host species
have no economic importance snd all are small and inconspicuouss Nearly
90 species have been recorded from Britain (Broadhead, 1964), and these
may be divided into three broad ecological groups:

I. OSpecies associated with stored products, soil and ground
litter, birds' nests and similar habitats.

2. Species found mainly on bark of meny kinds of trecs.

3 Species found mainly on arborecl folisge, rarely on bark.

Pearmen (I1928a,b,c) in a series of classic papers laid the
foundations of viological knowledge of the Britisn Psocoptera and since
then Broadhead and Hovby (1944) have discussed the biology of a species
of Liposcelis fregqenting stored products end Broadhead and Thornton (1955),
Broadheod (1958) and Broadhead and Wapshewe (I96Ga,b) have given detailed
accounts of the ccology of various species in the second of the above
groupse Mo comprehensive accounts exist of the biology and ecology of
species in the third category, i.es, the foliage-Irequenting psocids.

The present work is an attempt to provide such an account. Nine species

are consideved nemely Trichonsocus dalii (Mclecihilen), Betopsocus brigesi

Mclachlan, Stenopsocus immsculstus (Stephens), S.stigmeticus (Iuhoff

and Lebram), Graphopsocus sruciatus (L.), Caecilius burmeisteri Brauer,

C. flavidus (Stephens), C. fuscopterus (Latreille in Cogquebert) and
.g:rgfgpgi_Tetens. The last seven belowys to the Polypsocidae, and the
other two to the Pseudocaeciliidae, The familiar classification of
these insects is in doubt, but the above groupings, and all nomenclature

in this thesis , follows that given in the most recent list of British
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speoies (Broadhead,1964) (soe, hovever, . Lee and Thornton, I$67 4 Thornton
and Vong I967 ;Smithers,fl967‘)}.l The biology of Echopsocus brigssi,
which is found in a variety of habitais, was discuened by Veber (1931)
and Sofner (1941), but only fragmeniory sccounts exist of some aspects of
the bionomics of the more characteristic foliage~frequenting pseocids which
belong %1 the Polyvsocidae ( Kolbe,I88¢; Ludwig, I908; Fuie, I1916;
Stdger, I9I7; Pearmsn, 1928a,b,c; lledem, I95I; Brosdhead and Wepshere,I960)

It was hoped to describe the life histories of all arboreal

foliage-freqenting psocids found in Britain, but one species (Znderleinella

&

obsolete (Stephens)) has not been found during the present study, and it
hes not been poseible to obtain motepial from elsevhere. The other nine
species were collected at Silwood Park, Be:kshire, where most of the work
described in the following peges was cariied ouil. They all oviposit on
foliage, and all stages live on and feed from leaf suriaces.

The aim of *this work was to investigote the biology of this
group of psocidsy to relate it to the total psocid fawue on trecs, and
algo to the foliage that they fregente In a study limited to two to three

"

seasons it scemed more valuable to investigate oionomics on the broadest

more detciled work,

@

possible basis, and to lay a foundation for futur
rather ten to concentiate on one aspect im dedail, Descrivtions of
the life histories: and of early steges are followed by data on the
numers of psocids in leaf litterand on a number of tree species.
Verious foctors influencing the nwmbers of foliasge-Iiregenting psocids on
different trees are considercd in later scctions of this thesis.
Literature relevant ¢o each gection is quoted in context. Tables of

deteiled date are given in appendices, but figures are placed in context,



SECTION I. Dearing Methods for Psoconiera

troduc tion.

e
Compavatively few cuthors have sttanpted %o rear species of
foliage~frequenting psocids,; but there sve several sccounts of rearing
stored-products neocids {see Broadiend end Fobby, 1944; Broadhead, 1561;
Allen, 1960; Winlayson, 1949 ), ard bark-frequenting psocide (Droadhead,
19475 Tertmoed, 1966; Jentscl, 19395 Mockford, 1957, Sofner, 1941;
Somaerman, 1943 a, b, d, 1944}. &1L nethods used are eszsentially
sialler, and provide [or the uaintenance of a high humidity and easy
renevel of food supply. Thornton and Broadhead k19?4) found that
leboratory attewpts to wear Flinsocus resulied in o very high mortality.
There ave no couplete accounte of rearing arboreal Polypsocidae, although
Medenm (1951) gives some fragmentary data. Pearsen (in 1it., 1967) did
not succeed in rearing foliage~frecuenting nsocides, but he found that
the otlier types were essier to breed. Several foliage species were
maintained oy Schneider (1955) in the laboratory, but he omits any account
of rearing methods.
During the present work, 31 species of nsocids were reared in
the laboretory through at least one co.mplete generation. Mortality
end duration of development of some were coimared under conditions of
stalldard tewperature and relative hwiidity. The species reprecented

s

a wide wronze of ecological types, from those in stored producis to the

hine species of folinge frequenters here discussed.

ilethods.
Several kinds of rearing containers ware used with varying

depgrees of success. The most useful aethods are of general asnvnlication
& & oY

but others were designed for special nurpoces, which are mentioned in
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context. Sommezman's (1942 prime cgnviderations in desizning resring
cages for peocids, i.e. the maintengnce of a high hunmidity and the ease
of renewal or food sapply, have been followed.

1. Small tube reaving cage (Mg.lA ). A 75 x 25 ua clear
sless specimen - tube containing food snd peocids was clozed by & cork
with a large central hole covered with fine muslin ou the end inside the
tube. The tube wacs invérted’énd the orotcuding nart of the coric was
tapered to fit into the neék of a 50 x 25 mn tube contcining water or a

K n

sait solution. Supersaturated solutions of different salts were used
to‘provide the required relative humidities in the cages, and the two tubes
were sealed together with "Vaseline'. This caze was suiteble for
'keepiﬁg and rearing neocids individually or in small groups. lLarge
muvers of cage units oould Bé méderémd stored cheanly, and could be
easily transported in 'hoﬁéy;ooﬁb' on trays. ALl parts of tlhese ceges
are fﬁlly interchangeable, aﬁd théir éontentn can be ingpected easily :nd
répidly. ffood,; on a small length of twi; or single leaf, was renewed
when neces sry, usually twice weekly. Thig unit issidilar in cize and
uge to the Sommermsn Fo. 1 Tage. 3imilsr units were used by Broadhead
and Thornton (1955) for kesping adult psocids at constant humidities.

2. Tolystyrene dishes. Zircular clesr polystyrene dishes, of
10 cm diameter, with close-fitting clivn-on lids were uged for clonal
cultures. This substance is pérmeable to waver wvapour, and a ligh
humidity can be maintained in the dishes by keepipg a trangniring leaf
in them (for foliage nsoeids), or by stending the dishes in shallow
traye of water. Some nymphs gre drowned in water condensing on the
sides of the dishes unless the excess molecture is wiped off neriodically.

These dishes were very useful for stock reering, siuce they are large
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enough tq hold an adequate food supply for mwy” psocidg, and require only
infrequent ipgpection.

Various other polystyrene bozes were used. A1) are gaticfactory,
but that described is of a convenient size, cheap, and easy to clean
and exa ine, as there are no vertical corners.

3. rotted trees. Small ozsk, hawthorn, and holly irees were
used to nainvein lerge stock cultures of various arborezl nsocids for a
whole season. They demanded little or no ottention. Trees up to 80 cm
high were selected in the field and tronsplanted into 40 cm diameter pots.
Bech was esurrounded by o cylinder of clear celluloce acetate and covered
by muslin.(Fig. 1B ). Cellulose acetnte has been reported to be toxic
to folisge (Kicchefer and [fedler, 1960) but only a emall proportion of
the foliage of any one tiee vas in contact with the cylinder, and no
toxic effigcts were noticeable. These sapll frees were pariicularly
suitable for keening the foliage procide. - A thousand or more could be
kepf on a single small tiree, and the nsocids were easily re.oved with a
‘pooter when required.

4. Leafl suvrface coge

42

(Pig, 10 j. At %imes it was necessary
to confine psocids on leaves of different kinds, and to prevent tlem

from straying onto any other surface such as the sides of. a cage. vhole
fresh leaves weire c¢lipped [lat onto sheets o 2.5 ca thick expanded
polystyrene by rings of cellulose acetote sheeting. The rings were
coated with 'Fluon' on the inner surface; and standard areas»of leef were
provided. In many cxneriments leaves remained fregh for several weeks
when the polystyrene was stood in a tray of water: this also maintained
o high humidity in the cages. Gommlete gener:ztions of psocids were

reared in these cells without cny further attention. Very iew nyaphs
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esoopod, and 'Fluon' vas an efiective bervrier to wdulde if dhe wings woro

clipped.
5. hgar plates. Single peocids «re easily meintained in
clear polyctyrene potri dishes conterining e plate of melt agar. Tungi,

from undizested spores in the peocids' faeces (SectimilO), soon appear
on the agar. Alternatively, leaves cen be imprinted onto the suiizce
of the piate. Particuler species of funyl can be subculiured onto
fresh plates and the different food constituents isolated and their
effects coumared. Small clonal cultures of B. brirgel were reered for
three generations on a single nlate.

The snecies of psocids whieh were successinlly reared in each
of the above cages sre showm in Table 1 . The first two recring methods
are of general apiplication and can be used for rearing alivel any
British psocids. Potted trees ave useful in rearing -large nuubers of

the foliage species, and ager plates msy prove to have wide epplication.

The effect of teimerzture and humidity on develonment.

Psocids were reared individually in the small tube cages at
different congtant temperatures and relative humidities. Humidity wae
contolled by using mper=saturated salt solutions (Solomon, 1951) in
the lower tubes. Several cages were c:librated with cobalt thiocyanate
paper (Solomon, 1945) and in all casees the relative humidities in the cages
gtabilised close to the theoretical value of the salt solution nrovided,
and reseined almost constant throughout the experimental neriod.

Four constant-tenperature rooms at a photoperiod of 16 light
houvrs and at 15°C, 2090, 25% and 30%C vere used in the rearing experiments.

1. Duration of tho egr stege at differvent femyeratures.

Pemalos of the sumaer gencr:bions of the nine species of follage-.
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frequenting pegocids were confined singly at the above femporatures, and
the dates of ovinosition and celosion.were recorded,

The rate of development of all the species increased markedly from
15°¢ to 25 (Table 2 ), but most egre failed to hateh at 30%. Similar

/

results were obtained for Egtonsocus brigegsi and E. meridionetis iib. by

Sofner (1941} and Cerobasis suestfalica by Jenisch (1939).

b. Dgg developament =t different relative humidities. Tsocid
egge laid on bavk and leaf surfaces cre subject to & wide and varying
huwnidity ronge. The egge of most species of foliage~frequenting psocids
are covered by a silken web which may confer some nrotection against
desiccation.

Botches of freshly laid (-1 day old) C. flavidus eggs were kept
at eight r2lative humiditics. The web wee removed from ten batches at
each humidity and the duration and mortaslity of the webbed and unwebbed
batches were compared (Table 3 ). TFclosion wrc clmost complete at all
hunidities over 50 per cent, but there wassome mortality at lower humidities.
Very few cggs hatched at very low humiditics, but there was no striking
difference between the two sets of batches. Duration of development did
not change at different humidities., Smaller numbers of batches of other
foliage~frequenting nsocids gave s imilar results, (Table 4 ).

Amnhigerontia) were also kept at the eight reclative lumidities., Most

of them hatched ot humidities as low a: about 20 per cent, but the pro-
nymphe sometimes failed to emerge commletely ot these low humidities.

It is probeble that the 'cuuent' covering of eggs of Elipsocus end
Amphigerontie effectively reduces the rate of water lossc from the egzs, end

the sculptwred chorion of Cerobasis mey have a similer effect. The thin-
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shelled smooth eggs of foliage psocids are less resistant to desiccation
but are usually laid in a comparatively wet habit.t, namely on a leaf
surface. They are also laid in batches, which may provide some protection
from desiccation. In the Lepidoptera, Bartell (1967) showed that there
was a strong relationship between oviposition sites and resistance to
desiccation of eggs. Egzs of species which laid in wetter habitats
often had thinner, less elaborzied, chorions than those habitually laid
“in dry situations. A similar scheme was proposed by Southwood (1956 a)
for the eggs of terrestrial Heteroptera. Fig. 2 shows the main
oviposition sites of some British families of Psocoptera, and notes the
appearance of the chorions (partly after Pearman, 1928). Bggs of
families laying on bark have a sculptured chorion or are covered with
faecal material, whereas most thin-shelled eggs are either laid on
foliage or become covered with scattered particles. There is thus some
correlation between the type of egg and oviposition site, Most eggs of
arboreal psocids are laid in sites where the humidity is high and death
due to desiccation is rare. In Britain few eggs die from unfavourable
humidities and temperatures. Other mortslity factors of the eggs are
discussed in Section 8.

(¢) Duration of nymphal stages at different temperatures.
Single eggs of the nine species were kept in the tube cages at 100 per
cent relative humidity at 15°C, 20°C or 25°C. The cages were inspected
daily after the eggs had hatched and the presence of an exuvia was taken
as evidence of a moult. Ixuviae are only rarely eaten when adequate food
is available, and food from different kinds of foliage was renewed twice
a week. Developmental duration of nymphs of each species is summarised

in Table 5. These figures are based on at least 20 complete rearings
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of each species at each temperature, and show that development is
accelerated at higher temperztures. The later nymphal stages of all
species were of longer duration than the younger ones, but all stazes
developed faster at higher temperatures up to 25°C. Mortality was very
high above 3000, while below 10°C the nynphs were comatose and fed little,

In his study of the development of Cerobasis guestfalica, Jentsch

(1939) found that the optimum temperature for nymphal development was
2500, and that development was retarded at temperatures above or below

this, Jentsch stated that the nymphs of S. stigmaticus showed a similar

development, which was curtailed at EOOC. The optimum tempcrature fox
nymphal development of two species of Ectopsocus is also 2500 (Sofner,
1941).

(4) The development of nymphs at different relative humidities.
The nymphs hatching from eggs at different relative humidities were
maintained at those humidities at 20°C,  Several species of bark-
frequenting psocids were also used for comparison with the nine foliage-
frequenting species. There were ne large differences in duration of
nymphal instars at different relative humidities, but there was a large
difference in survival (Table 6 ), and this reflects the resistance to
desiccation of these nymphs. Table 7 shows mortalities that occurred
in three days after transference of last instar nymphs from 100 per cent
to lower relative humidities. 1IMortality was high below 50 per cent
humidity in all the species, and in many of them there was considerable
mortality even at 70 per cent relative humidity. The nymphs of foliage
psocids were very susceptible to desiccation, and those of some bark
frequenters less so. This difference may be related to the primary

habitat differences between these two categories.
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SECTION 2, Early stages and life higtorice of British foliage-
freguentin:; Psocoptera.
Introduction.

This section contains descriptions of the early steges and
life histories of nine species of Psocopterz which frequent arboreal
foliage in Britain. The eaxrly stages were obtained by breeding from
parent stock caught in Berkshire., Their identification arose from the nee-
to interpret field samples of these Psocoptera, and it was eventually
possible to identify living or freshly killed nymphs of these psocids to
species and instar. No characters were found which enabled specific
identification of all preserved material. The texonomy of the early stagas
of Psocoptera has hcen largely neglected in the past, but there are short
accounts of many of the British species (see Broadhead, 1947, 1961;
Broadhead and Datta, 1960; Broadhead and Hobby, 1944; Broadhead and
Wapshere, 1960; Jentsch, 1939; Xolbe, 1880; Medem, 1951; New, 1968;
Pearman, l9é8, 1932, 1955; Sofner, 1941: Thornton and Broadhead, 1954)
and of other species (Eertmoed, 1966; Mockford, 1957; Sommermzn, 1943 a,

b, c, 1944). The species considered below are E. brigesi, T. dalii,

G. cruciatus, S. stigmaticus, S. immaculatus, C, flavidus, C. kolbei,

C. fuscopterus, and C. burmeisteri. Of these nine species, C. kolbei is

found on bark and foliage, and =t Silwood Pork some overwintering eggs of

S. stigmaticus were found on bark. The other species examined wexre

confined to foliage in the arboreal phase.
bggs.

The eggs of all species are ovoid and, except in T. dalii,
are laid in small batches overlain with & web of labial silk., Those of
T. dalii =re often partially coated with black faecal material and sus-

pended above the leaves on silken lines (Pecrmen, 1928). They are laid
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singly, but several eggs may be found on one leaf.

Twenty freshly laid eggs of each species, from at least three
females, were measured using a micrometer eyepiece. The dimensions of
these are summarised in Table 8 . The eggs of the two species of
Stenopsocus are larger than those of the other genera, but those of

S. stigmaticus, are consistently smaller than those of S. immaculatus,

and taper more. The eggs of E. briggsi are the smallest examined, but

those of G. cruciatus and the four species of (aecilius are all similar

in size. The chorions of hatched eggs of all species were stripped of

the fine overlying pellicle, and pieces mounted in water and examined under
high power. The chorions of all the eggs are smooth, with faint traces

of an irregular hexagonal sculpturing. This sculpturing is sometimes

more pronounced in C. fuscopterus and the chorion of this species is more

granulzr (Pearman, 1928), but no consistent differences were found in
chorionic characters in different species.

The freshly laid eggs of all the species are pale, but some
darken considerably within a few days, and the colour then aids further
identification (Table 9 ). More advanced eggs with developing pronymphs
show traces of the nymphal oviruptor (Pearman, 1928) and this is usually
retained with the pronymphal cuticle protruding from hatched eggs. The
form of the oviruptor differs considerably between different genera, but
to a much smaller extent between species within a gemus (Fig. 3).

The oviruptor of T, dalii resembles that of many bark-freguenting
psocids. It is a simple knife-like blade, curving slightly towards the
posterior end, and bears no teeth. The oviruptors of the other eight
species with web overlying the eggs have numerous teeth. These are

least developed in E. briggsi, which has a single row of 18 - 30 shallow
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teeth along a median keel. The arms (brachia) are smooth. Stenopsocus

and Grarhopsocus have better developed teeth on their oviruptors, but the

brachie are smooth. Graphopsocus has a dark grey oviruptor with a single

row of deep comblike teeth along the whole length. The number of teeth on
20 oviruptors of this species ranged from 30 to 37. In Stenopsocus

a smaller number (12 -17) of similar teeth are concentrated at the anterior
end of the oviruptor, in front of the brachia. The posterior part is
produced into a long spine projecting along the ventral side of the pro-
nymph.

In oviruptors of Caecilius the brachia also bear teeth, and all
teeth are weaker and more irregular than in the other genersa., There are
often a few secondary teeth forming partial secondary rows along the blade
of the oviruptor. A1l species of Caecilius examined have pale oviruptors
which are not clearly visible through the chorion of unhatched eggs. No
constant differences in tooth number or development were found in the four
species, but Sommerman (1943 b) figured the oviruptor of C. menteri Som.
without teeth. The oviruptor provides a ready generic identification of
hatched and well developed eggs of this group of psocids, but is of vexry
limited use in specific determination. The following artificial key
enables partial identification of eggs of the nine species. TFreshly-~

laid eggs of Graphopsocus and Caecilius species are at present indistinguish

able, but subsequent development allows specific separation of all but

a small proportion of Caecilius eggs.
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Key_to eges of some British foliage-frequenting psocids.

1I

Bggs 1aid singly on threads suspended above leaf surfaces, or occasion-
ally on leaves, patrtially -enveloped in dark rectal material. Oviruptor

a simple knife-like blade. - Trichopsocus dalii (Mclach

Fggs laid in batches, occasionally singly, overlain with a silken web.
Oviruptor toothed. - ~ 2e
Egss small (0.32 - 0.37mm), Often small amounts of faecal material
incorporated in web.  Oviruptor with shallow teeth. -

Ectopsocus br&gﬁsi Mclach.

Eggs larger (O.42v.— 0.6% mm). Web without traces of faecal material.
Oviruptor with well-developed comb-like teeth. - B
Lggs longer than 0.55mm. Oviruptor with long free shaft extending along
abdomen of pronymph, and with teeth only anterior to brachia. -

(Stenopsocus) - 4.
Eggs shorter than 0.,55mm. Oviruptor without long free shaft. 5e
Eggs regularly oval, length 0.5% - 0.61mm. Pale cream, white,

greenish or bluish. - Stenopsocus immosulatug (Steph.)

Eggs often tapering towards one end, length 0.55 =~ 0.61lmm. Pale cream

or greenish. = 'S. stigmaticus (Imh., & Lab.

Oviruptor dark grey, with single row of deep teeth along median keel.
Brachia toothless. Eggs pale yellow-white, darkening to deep yellow. -

Graphopsocus cruciatus (L.

Oviruptor translucent, with keel and brachia irregularly toothed. -
(Caeciliug) - 6.
Eggs laid on conifers. Size 0.42 - 0.45'mm. Darkening to iridescent

brown/black. = Ceecilius burmeisteri Brauer.

Bggs laid mainly on broadleaved trees. - Te
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7a. Length 0.4% -~ 0.4 5mna. Darkening to glossy grey-black.- C. kolboi Tciens

b..length 0.42 ~ 0.46mm. Darkening to glossy iridescent blue-black.

Chorion with slight sculpturing. - Co fugcopterus (Latr. in Cog.)

c. Length 0.43 - 0.4€ mm. Darkening to grey-yellow, with matt dark brown at

one end. - . flavidus (Stenb.)
Nymphs.

411 the species considered here have six pre-imaginal instars.
Medem (1951) gave brief notes on several species, and Broadhead and

Wapshere (1960) briefly described the nymphs of S. immaculatus and

G. cruciatus. Sommerman (1943 b) described the instars of C. manteri Som.

and Weber (1936) and Sofner (1941), those of E. briggsi.

The first instars of all nine species have eight antennal segments,
and all later stages have thirteen. There are no traces of wingpads in
the first instar. Small meso- and meta-thoracic prominences are present
in the second instar and small wingpads are clearly discernible in the
third instar. The tarsi of all stages have two segments. All nine
species have simple claws with an expended pulvillus, and any psocid nymph
possessing this character found in Britain can be assigned at once to the

Polypsocidae, Ictopsocus or Trichopsocug. This character does not vary

greatly between instars. An expanded pulvillus appears to have arisen
several times in the order, and is closely correlsted with the foliage-
frequenting habit. It is found in several taxonomically anomalous psocids,

such as Matsumuraiella radiopicta ¥nd, (Tsutsumi 1961, in 1it. 1967).

Most bark-frequenting psocids have claws with a subapial tooth, and slim

rod-like pulvilli,
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The nymphs of these species in Britain therefore form a well-
defined taxonomic unit. Their identification is often difficult,
especially if only preserved material is available. The colours given in
the following notes are those of living or freshly killed nymphs; the
nomenclature is after Ridgway (1912). Most nymphs turn pale after storage

in alcohol, but the dark markings of Trichopsocus and Ectopsocus may be

partially retained: those of the other species are retained to a lesser
degree,

Different characters have been used in the past in attempts to
separate nymphs of closely related psocid species (Pearman, 1932; Thornton
and Broadhead, 1954), but there have been no attempts to evaluate a
comprehensive range of structural characters for the identification of
psocid nymphs in general. Identification beyond the generic level has
proved difficult, and sometimes completely unsuccessful (see Broadhead and
Datta, 1960, on Perigsocus). 4 Tfew structural characters can be used in
the generic classification of the nymphs of foliage psocids, notably the
shape of the terminal segment of the antenna, and the number and shape of
the bristles on the inner border of the paraprocts. All body hairs on
the nine species are simple and unexpanded. Specific determination of
all nine species are based on pigmentation, but some preserved material can
be reliably identified only to gemus. The nymphs of all Polypsocidae
examined are structurally very simidar, The value of characters of
paraproct hairs are limited. Minor variations occur, and the nymphal
bristles do not necessarily resemble those of the adult. The antennal tip
is often lost in preserved material.

It is probable that a full multivariate analysis of measurementé

of nymphs may prove to be of value, but the small linear differences which
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have so far been found between small nymphs of closely related species

are offen obscured by the variation within any one species. Measurements
of the head capsule and anterior wing-pad made on 20 unmounted nymphs

of each instar of the nine species are given in Tables lQa-i, but there
was sometimes considerable overlap between the same instars of different
species, Other measurements, mede on mounted specimens, proved of little
value for identification: these included measurement of various antennal
and leg segments.

Measurements of the head capsule and anterior wing pad together
enable determination of the instars of each species, and the simple key
to instars given below is based largely on characters of the developing
wing pads. - The key does not, therefore, include later stages of

brachyptexs individuals (some G. cruciatus, E. brigesi and C. kolbei),

but these have simialr head measurements to macropters and can be separated
from the Tables 10 . This key in some ways resembles that given for
heteropterous nymphs by Southwood (1956b).

Brief descriptions of freshly-killed first and sixth instars
of each of the nine species, and notes on the intervening stages are given

below, and are followed by a key to species.
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Key tao instars of some British foliage-freguenting psocids.

1.

3.

4.

5.

Antennae with eight segments, - Instar I
Antennse with thirteen segments (later stages) 2.
Wing pads indistinctly formed. Small lobes on lateral borders of
meso- and meta-thorax. - Instar II
Wing pads clearly differentiated (later stages). - 3,
Anterior wing pad not extending beyond posterior border of meta-thorax

- Instar III
Anterior wing pad extending beyond posterior border of meta-thorax.

- 4,

Anterior wing pad extending beyond posterior border of meta-thorex
by not more than the greatest length of meta-thorax. - Instar IV
Anterior wing pad longer. - ' 5e
Anterior wing pad slightly shorter than posterior wing pad. TUsually
not extending beyond third tergite of extended abdomen, Adult wing
pattern and hairs not visible, venation very indistinct. - Instar V
Anterior wing pad as long as, or projecting slightly beyond, the
posterior wing pad. Adult wing pattern, venation and hairs usualiy

distinct, =~ Instar VI

Trichopsocus dalii(MclachlaxQ

Previous accounts:~ None. Measurements:- Table 10a.

First Instar (¥ig. 6B ) : Ground colour pale ivory yellow, with traces of

castaneous stripe laterally along thorax and extending forwards to eye.

Usually a castaneous patch between eye and base of antenna. No other

markings. Antennal segments all with sparse long hairs. Terminal

segment constricted (Fig.5a ). Lyes iridescent green/black. Head and



thorax sparsely heiry, all hairs pale, simple. Legs translucent,
Abdomen pale, hairs shoxrt.

Second -~ fifth Instars : Traces of lemon yellow on vertex, posterior

borders of meso- and meta-thorax, and dorsal abdomen. Iateral castaneous
streak darker, passing through eye to base of antenna. Body hairs adark,
wing pads without markings, unicolorous ivory-yellow.

Sixth Instar (#ig.TD ) : Ground colour ivory-yellow, lemon markings on

vertex and thorax more pronounced. Iateral castaneous stripe as in
earlier instars, extending dorsally in front of eye. Ocellér markings
dark castaneous. Thoracic lobes tinged laterally with pale grey.
Posterior border of anterior wing pad darkened with two lines of dark
bristles. Similar dark bristles scattered on body. Antennae with
numerous pale hairs, terminal segment congtricted. Legs translucent.
Hairs on inner borders of paraprocts (Fig. 4b ),

Tictopsocus brigesi Mclachlon

Previous accounts:- Weber (1931), Sofner (1941). Measurements:-~ Table
10b.

First Instar (Fig. 66 ) ¢ Ground colour pale olive-buff. Traces of
lateral transverse strize on abdomen, only slightly darker than ground
colour, Ho other markings. Antennae with numerous pale hairs, terminal
segment unconstricted. Byes dark grey. Head and thorax with short pale
hairs, Legs translucent grey.

Second - fifth Instars : Ground colour darker. Head with dark

castaneous and grey tinges along dorsal sides of eyes. Grey flushes
across base of postclypeus, and inaistinctly flanking epicranial suture
at posterior of head. Scattered dark bristles in later stages, inter-

spersed with more numerous short paler hairs. Thorax pale medially, with
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darker markings on lobes and laterally. Wing pads translucent, neo
markings. Abdomen with dark castaneous loteral markings along posterior
borders of tergites, and smaller median patches.

Sixth Instar (Fig. TE ) : All markings more pronounced than earlier

stages. Pale grey flushes extend forwards along epicranial suture to
ocellar region, then diverge towards bases of antennae. Pogt clypeus
with irregular castaneous markings. Eyes dark grey. Thorax darker,
wing pads grey, no merkings. Abdominal striae darker, median markings
often coélesced. Ocellar markings dark castaneous, lateral ocelli
elongate, arciform. Head and thorax with sparse long black bristles and
large numbers of shorter pale hairs. Abdominal tergites each with 1 - 2
rows of dark bristles, directed posteriorly. Legs translucent grey.
Hairs on inner borders of paraprocts as in Iig. 4z.

Stenopsocus_immaculatus (Stephens)

Previous accounts:- Lolbe (188C), Broadhead and Wapshere (1960).
Measurements:- Table 10c¢

First Instar (Fig. 61 ) : Ground colour white, or towards pale olive-buff.

Sometimes yellowish-white. No markings. Antennal segments with sparse
pale hairs, terminal segment elongate, unconstricted (Fig. S5e). Eyes
black. Head, thorax and abdomen with numerous simple short pale hairs.
Legs translucent,

Second-fifth Instars : Ground colour white, or faintly tinged with lemon

yellow or light grey. Slight grey markings on thoracic lobes, more
pronounced on basal half of wing pads.

Sixth Instar (Fig.7Lh ) : Ground colour as in carlier stages. Eyes black,

Postelypeus unmarked. Ocellar markings small, black. Head with many

short dark hzirs. Antennae grey-white, slightly darker than head, hairs
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dark. Thorax pale, but with grey merkings on lobes, sometimes pronounced
and dark brown. Wing pads grey or vpale brown on basal half, pale apically.
Abdomen pale, no markings. Hairs on inner borders of paraprocts zg in
Fig. 4d.

Stenopsocus stigmaticus (Imhoff and Labram)

Previous accounts:- Kolbe, 1880. Meosurements:- Toble 10d

First Inster (Fig. GH) : Ground colour white or tinged with pale lemon

yellow. Vertex and frontal region with definite yellow tinges.  Abdomen
with conspicuous white band (internal) across tergite VI, often interrupted
medially. VWhite material also ooncentrated at posterior end of zbdomen.
No other markings. Eyes red-brown-black. Antennae pale yellow, 2ll
segments with sparse pcle hairs, terminzl segment elongate, unconstricted.
Head and thorax with short pale hairs. Legs translucent.

Second -~ fifth Instars : Ground colour pale lime green and lemon yellow

on head and thorax, paler on aobdomen. Abdominal band across tergite VI,
white or bright lemon yellow. Antennee, femora and tibiae pale lime
green, Wing pads translucent green-yellow, no markings.

Sixth Instar (Fig. 7B) : Ground colour as carlier stages. Eyes red-

brown~black. Ocellar markings small, red-brown. Head with many short pale
hairs. Antemnae with numerous hairs, some dark. Thorax sometimes with
darker green loteral markings. Wing pads usually unmarked, sometimes with
slightly darker shading near base. Abdominal band proncunced, white or
bright lemon yellow - similar internal concretions at posterior. Paraproct

hairs as in S. immaculatus.

Graphopsocus cruciatus (Ia)

Previous accounts:~ Kolbe, 1880; Huie, 1916; Broadhead and Wepshere, 1960

Measurementss~ Table 10c.
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Piprst Ingtar (Fig. 6F) : Groand colour lemon yellow. Faint castaneous

markings on vertex. o other markings. Hyes very derk red, sometimes
appearing black. Antennasl seguents with pale hairs; ferminal segment
elongate, unconstricted. Tead, thorax and abdomen with mamerous élort,
pale, elmple hairs.

Second - fifth Instars : OGround colour male lemon yellar - lemon vellow.
e it (it & 2 2l

Head with faint castanecus markings across posterior border, verying amount
of casteneous markings on frontal and ocellar rerions. Often alzo small
castaneous markings dorsal and anterior to eyes. Post clypeus mainly
castaneous in later (IV - V} stages. Thorax with castaneous patches on
meso- and meta-thoracic lobes, underlain vith pele grey in IITI and later
stages. Wing pads with irregular traces of diagonal bar.  Abdomen
unicolorous, except for faint median cestaneous siripe externding back-~
wards to tergite IV in some specimens.

Sixth Inster (Fig. Tc) : Ground colour pele to dark lemon yellow. FHead

markings as in earlier eteges. Eyes dark red-black. Ocellar markings
small,; black. Head hairs nuwmerous, pale, short, - also antennal heirs.
Discrete castanceous patches on meso~ and meta~thocacic lobes, underlain
with mid-grey. Basge of anterior wing pad dark inged, both pads with
broad mid-grey traneverse stripe extending from about 1/2 - 2/3 distence
along costal edge across wing. Abdomen unicolorous, many short; pale
hairg. Hairs on inner border of paraprocts as in Fig. 44 .

Caecilius flavidus (Stephens)

Previoug accounts:~ Fone.. leasurements:~ Table 10f.
First Instar (fig. & J + Ground colour lemon yellow. No markings.
Byes dark-red to black. All antennal segments with pale hsirs,

teiminal scgment elongate, constricted at tip (Fig. Se ).  Head with



nuwnerous short, pale or castaneous, simple hairs. Thorax end abdomen
with short, pale hairs.

Second - fifth Insftars : Ground colour lemon yellow. Variable amounts

of castaneous ecross posterior bovrder of Lead and along epicranial suture.
Occasionally on post clypeus. Tracee of castaneous on uweso- and meta-
thoracic lobes.

Sizth Instar (Fiz. 7B ) : Gouwnd colour lemon yellow - sirontian yellow.

Head mavkings =g earlier stages. Byes darvk red - black. Oceller
markings small, derk castaneous. Fead hairs numerous, pale. Meso-
and meta-thoracic lobes with discrete castaneous patches. Slight
castaneous markings at bases of wing pads, wing vads unicolorous, pcle.
Abdomenn wunicclorous,; with many chort,-pale hairs. Hairs on inmer

borders of parvsprocts -g iln Pig. 4c,.
) ; &

C. burmeisteri (Brauer)

Previous accounts:- None. Measurements:~ Tablc 10g.

Pirgt Instar (Fig.6A ) : Ground colour aniline yellow to sulphine yellow.
Prothoracic lobes slightly darker laterally. No other markings. Eyes
dark red<plack. Antennae tranglucent grey with numerous short hairs,
terminal segment as C. flavidus., FHead, thorax and sbdomen with nuaerous
ghort, pale, simle hairs,

Second-fifth Inetars : Ground colour as above, sometimes towards pyrite

yellar., 8light lighter patches dorsal to eyes. Post clypeus with 5
or 6 darker lines ecither side of mid-line, converging anteriotly.
Rumerous short, dark hairs,

Sixth Instar (Fig. TA ) ¢ Ground colour as earlier stages. Varkings

as above, except for darvker traces on thoracic lobes. Ocellar markings

red-brown, Iyes dark red. Wing pads unicolorous. Tairs on immer



borders of paraprccts as €., flevidus.
C. fuscopterus (Letreille in Cocuebert,
Previous cccounte:- Hone. leasurements: - Toble 1Oh.

First Tnster (#ig.6B ) ¢ Ground colour pale fxcscous.  Slightly darker

on laterel narts of 2ll thoracic lobes. Mo other warkinge. Eyes dark
red-bleck. Antennal scgmente with numerous pale hoirs, terminal segment
as in C. flavidus. Head,; thorax cnd cbdomen with numcrous short, pale,
simple hairs.

Second - fifth Ingtars : Ground colour fuscous-black fuscous. Slightly

darker morkings dorsal to eyes. Post clypeus with irrcegular darker
merkings. IHeso- and meta-thoracic lobes darker.  Abdomen paler,

Sixth Ingtar (Fig. 7TC ) : Ground colour cg above, often glossy black-

fuscous. Ocellar marking e dork castaneous, smell. Fyes black, Head
heirs devk. ing pads tronslucent fuscous, no markings, dut characteristic
adult wing natterning visible later., Abdomen nedium fuscous, no meckings.
Hony short nale or dark hairs. Heaiwe on iuner border of paraprocts os

in C. flzvidus.

C. kolbei Tetens

Previous accownts:~- None. Mec.curements:s - Table 10i.

First Tnstor (Fig. 6D )t Ground colour nzle fuscous. Grey-fuscous
tinges slong pocterior of head and on thoracic lobes. No other markings.
Byes dark red-bleck. Antennse translucent grey with numerous short hairs,
terminal segment os in C. flavidus. Head with short pale hairs. Thorax
end abdomen with numerous short.vpale,simple hairs.

Second - fifth Ingtars : Ground colour fuscous to dork fuscous. Darker

merkings onterior sand dorsal {o eyes.  Thorax with bleckish fuscous

markings on mego- and mete- thoracic lobes.
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Sixth Tnster (Fig. 7D ) : Ground colow fuscous to blackish fusoousa

Moxkings as in earlier stoges. Ocellar merkings dark fuscous. Head

haire dark. Meso=- and meta~thorax loves darker, wing pads uniforn grey-
fuscous, no morkings.  Abdomen dark fuscous, no markings. Hedrs on

inner border of peraprocts as in C. flavidus.

Key to nymphs of some British foliare~frequenting psocids.

1. Wymphs with castansous lateral siripe, extending at least along
thorax. -

- Nymphs without such lateral stripe. -

2. Eyespale, iridesecent g;r‘een/black. Terminel segment of antenna

conetricted as in Mig.ba .« Ground colour pale ivory~ycllow. -

Trichopsocus dalii (lcLochs

2.

- Dyes dark grey. Terminal segment of antenns unconstiricted. Ground

colour pelec olive-buff, with dorker merkings on thorex and abdomen.

o

Tetongocus briggred iieloch.

3. Nymmhe with clongated terainal segment of antenna, apex not con-

stricted (Figs5d-e)s Ground colour white or ycllow, zometimes liue

green., Pareproct hzirs nes figure 4&. -
- Hymphs with cpex of terminal segicut of antenna constricted. Hairs
on imner border of narsprocts as in Fig. 4e . - (Caeciliug)
4 Fymphs smaller,lemon yellow. Cactaneous mavkings on thoracic lobes

underlain with grey (later instars). Wing pads (VI) with transverse

de

G

grey bar. - Granhopsocus crucistus (L.)
-~ Nyaphs larger, white or linme green/yollow. Wing pads without trens-
vevce bar. - (Stenopsocus) 5.
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5 Wymphe »nale, white or yellow-ivhite. Head hoire of lerger nymphs dark.

¥o distinet bond ceross ebdominal torgite VIL -
Stenoncocus imieculatus (Steph.)
- Nymohs dosker, rean or yellow. Head h&j rs of larger nymphe palc.
e ? S

Transverse band of thite or lemon yellow across abdominal tergite VI,

somotimes interrupted medinlly.-Stonopsocus stigmaticus (Tmh. & Lebr.)
6. Ground colour predomincntly yellow. - Te
- (seound colour predominantly fiscous to blackich fuscous. - 3
Te fniline reollow to sWphine yellow, with no distinet dorker wmorkings

Found mainly on conifers. - Cocciliug durmeldsieri Brauer
- Lewon ycllow.  Some castencous rodlkings on head snd thorar. Found

meinly on broadleaved trecs. - Coeciling flovidus (Sterh )
8. Pogt clypeus with irreguler devker merkings.  Ving pads fuscous. -

Goeciliue fusconterus (Latr. in Coq.)

- Poet clypeus usually wiform. Wing peds grey-fuscous. -

o

Coccilius kolbel Tetens

Life Histories.

o

The outline life hiciorics given belov ere barsd on deta from
leboratory rearingsmd reguler ficld ecmpling.  The phenologiss of the
different species any differ «lightly from veoar to rear and in differeat
localities:  the following date were obtained in 1968 end 1957 in
Berkchire.

A1l epecier overwinter mainly in the cgg stage, but some adults of

;L_a

G. cruciotus, aad adulbs ond nyiphs of E. brignsl cleo overvinter. The
eggs of ©11 gneeciles hateh fromlate Moreh to early !y, ond oll nine specles

have two or threc generations in the spring and swmer. The species

loying on dewiduous folinge pose tie first (V)rinr.;) goneration in the
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ground litter, and 40w adulte f£ly onto twees wheore therc ar. ons or two
subsequent cneratiom. The e/irep re-enter the litter ot autummel leofl-
fcll.  Those speciles loying on cverproons are lovgely confined to the

trees,; and oll species are fouwnd on trece throushout the period of June
to October. All deges moy be present simulianconcly toworde the end of

the swmer, ond distinet gonerations are detectable only by regular

sampling throughout the sccson. Threo specics (B. brigeel, C. flavidus,

znd _(; Du"dr.,l“'bcI‘J. are regulovly trivoltine, and the others cre all

bivoltine. The feuw overwintering adultc of . cruciatus and B. brigged

lay egge which hoateh by the end of Iiy, and overwintering nymphs of

B. briggei oll matured by ecorly April. This speciesr iz wweual in thet
several stages may be found together at any time of the yeor. Adults
from tne spring gencrotion often remrin in ths litior ~nd the adults
the next (zecond complete) ceneration flr onto trecs in August,; vhers o
third geunerction occcurs.

There is very little informetion on the 1ife histories of thewse

speeies in other parts of the world. XKolbe (1880) briefly deseribed the
life cycles of £. flavidug cod S, stimaeticus. Visknickove (1959) shoved

that C, flovidus wos trivoltine in the ifoscow cres (U.8.8.R.), rad the
igolated obscrvetions of Bodounel (1943), ILudwig (1903), Stoger (1919) and
Yiedom (1951) suggest that the life historiecs of severcl of the other
species on tiwe mainlond of Burope correspond closely to those given obove.
fortin (1892) wecorded Ge ciruciatug in Indio, ond found it from April to
December,

The life historics of the nine species cre commarcd end swimarised

in Fig. 8.
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OQvervdntering in some Psocoptera.

liost spceles of British out=door Psoconters pass the winter as
diancueing »ronyumhs in the cggs, but o proportion of a few species over-
wintor as nymphe and/or adults. Elinsocus hralinue (Steohens) mey over-
winter in the adult stage, o loter instor nymohs;or e egge (sec Broadhead
and Vepshere, 1966 o), E. briggsi has o similer 1ife cyele to this, sad

large nymphs of Reuterells helvimocule cre somstinmes found in winter

(Pearmen, in 1it)e 4 fow adults of Cerobasis gmvoetfszlica(Kolbe)overwintor

on or under bark. All other bovk-freguenting snecles examined at
Silwood overwinter only in the cgg ctage. Very few specimene of Caccilius
were found after mid-lovenber, ond none from December onwords.

Several pogsible overwvintering sites were cxzomined during the oo

winters of 1965-6 and 1966-7, but fer nsocids were found. (. crucictus

occwrred in small muters sheltering on the foliage of broadleaved

A <

o

cvergrecns; notedbly Ilex, on which this specles ie foun other times of
the year (fcetion 4 ). Moet specimens of E. brigeei were found on deod
folinge remcining on onk trees, and very few on dead leaves on the ground
under the trees (Toble 11 ). None werc found on or under bark of the onk
trecs examined. Mo speeimens of T, dolii were found during the winter,
but Pecraon (1928) believed this speeies to overwinter in the nymphal

2.0

> tu.bvs L]

6]

tost of the psocids found in winter wore cctive. Ilny of thosc
dissected had food material in the gut, ond those kept alive outeide
produced foeces ond apneered to be feoding. It thus secmed that there
wo.s no truc ~diapausé, and cxperimonts were covried out during 1966-7
to escertain wvhether feeding continued throushout the winter, whether

noulting occurred, and whether rerroduction ceoscd at this time. Three
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species of poocids, namely B, briggsi, G. cruciatus and E. hyalinus, were

used,

Groups of 15 adult females of each species were kept in muslin
topped polystyrene boxes in the field, with dead twigs and oak leaves as
a source of food. At the end of each -month from November 1966 to larch
1967, one box of each species was brought to the laboratory. The psocids
were dissected, and their crop contents and state of reproductive organs
was recorded. All other boxes in the field were examined on each occasion,
and the numbers of eggs laid and deaths of psocids were recorded. Boxes
of 20 E, briggsi nymphs were also examined each month, and any newly
moulted adults recorded. The results of this survey are summarised in
Tables 1l2a-c,
(2) Feeding. The dissections showed that food was present in the gut
of all three species throughout the winter. There was usually food in
bcth crop and rectum, and numerous faecal pellets were always present in
the boxes. Faeces produced in the laboratory in February and March
contained digested material, and feeding continued through the winter.

(b) lMoulting and death. Several adults of all species died during the

winter. Very few nymphs of E, briggsi moulted to the adult stage until
March, but mortality was low. Development is evidently greatly retarded

through the winter. Pearman (in 1lit.) considered that R, helvimacula

nymphs pass the winter without growth, although they feed normally. A
few nymphs of E. hyalinus were examined: all remazined as nymphs until
late March.

(¢) Reproduction. The ovarioles of all three species contained

mature oocytes in November, but very few large oocytes were found from

then onwards. The ovarioles were small during Jamuary and February, and
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no ezgs were loid during theee months. A few oggs were laid in early
Decomber,

It is clear that thesce three species of peocids remain active
throughout the winter: olthough develonment is /weatly retorded.  The
egue of other foliege-frequenting nsocids can be induced to hatch during
the winter by keeping thom at 20°C in the laborotory, and oggs werc laid
by some femoles of E. brigesi ftrensferred from the ficld to this femperature
in Jonuary. A form of reproductive diacpeuse occurs in the field during

the winter.



SECTION 3 Psocoriera of Leaf Litter.

Introduction

Many groups of small arthropods are found in leaf litter; the
most abundant and characteristic of these are some Mites, Spiders, Pseudo-
scorpions, Opilionids, Centipedes, Collembola, and smaller numbers of
larvae and adults of many groups of higher insects. The faunz is in many
vays intermediate in character between that of soil and that of low
vegetation. Numerous studies of soil fauna have been made in recent years
(see Kevan 1955, 1962), but there are fewer accounts of leaf litter arthro-
pods. Psocoptera use part of the active mesofauna (sens Fenton 1947) of
~ the litter, in which they comprise only a small proportion of the total
arthropod fauna. There have been no ecological studies of Psocoptera in
this habitat, but a number cf edaphic psocids have been described from
various parts of the world.

Some workers on other groups have enumerated small numbers of
psocids extracted from soil or litter in Burope, but these have not in
many instances been identified (see Salt et 21, 1948). Stringer and

Herrington (1963) recovered a few specimens of Lachesilla pedicularia (L.)

and Liposcelis sp. from Black currant litter at Long Ashton, Bristol.

Strickland (1947) recovered species of Ectopsocus, Liposcelis and

Psocatropos from litter under Cacao in Trinided, and Salt (1952) and
Belfield (1956) both obtained small numbers of unidentified psocids from
pasture soilg in Africa by flotation methods. Two specimens of

Lachesiella (sic) were found in soil from Giza by E1 Kifl (1959).

The aims of the present work were to discover the range and
numbers of psocids in leaf litter throughout the year, and to examine the

distribution of psocids in different types of litter.
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&xtraction Methods.

Extraction methods for soil and litter arthropods are similar,

and have been reviewed by Levan (1955, 1962, and MacFadyen (1962).

Two methods of extraction were used in the present study; Tullgren

funnels were used for the bulk of the extractions, and a Kempson Bowl
Extractor (Kempson, Lloyd and Ghelardi, 1964) was also used. Both methods
depend on dovnward movement of the animals in response to heat applied
from above, but the latter provides for maintenance of a high humidity
towards the bottom of the sample and in the air immediately under it.
Comparative calibrations of the two methods should give a measure of

the loss of animals caused by desiccation in the Tullgren funnels. Two
sizes of funnel were available of 7.5 ecm and 25 em in diameter. Up to
eleven of the larger fummels were used at any one time, and six of the
smaller funnels were used at intervzls as described below; because of
their small size and the low density of psocids in litter they were useless
for comparative extraction. The larger funnels were heated by 60 w bulbs
suspended 15-20 cm above the samples.

Kempson et al (1964) discussed the efficiency of their extractor
and methods of estimating this. Bl Kifl (1957) compared Tullgren funnels
and 'Salt and Hollick flotation' as methods of extracting arthropods from
soil. He obtained four psocids from Tullgren funnels and seventeen by
flotation and, solely on this evidence, staied that funnels were more
efficient than flotation for extracting Psocoptera. Iloyd (1967)
extracted animals from Beech litter in Tullgren funnels after a preliminary
sieving, but recorded that, in general, the funnels were a much less
efiicient extraction method than the Kempson bowls. The large fumnels
and the four-chambered Kempson extractor were calibrated by the following

method (after Van der Drift;1551). All psocids woere extracted from
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samples of Pinus and Quercus litter by treatment in the fumnels for
fourteen days, after which extraction was assumed to be complete. The
‘clean! litter was left in the funnels for a few days to cool thoroughly,
and then damped from the top., Xnown numbers of psocids of different
species and stages were introduced near the top of the samples, which

were then extracted for ten days. The collecting jars, which contained
70 per cent alcohol, were changed daily, and the rate of extraction was
thus found. Comparison of the total number of psocids extracted with

the number introduced was taken as a measure of the extraction efficiency
of the funnels, Samples of psocid-free litter from the funnels were
transfered to the Kempson bowls, and the above procedure repeated. The
bowls of picric acid were changed daily, and all sample bowls were covered
to prevent the escape of psocids. Ten samples of each kind of litter
were examined in most cases for each psocid tested and for each extraction
method. Results of these extraction tests are given in Table 13+ The
different types of psocids were all extracted more efficiently by the
Kempson method, and some variations were seen in the Tullgren extractions.

The young nymphs of foliage psocids (such as Caecilius flavidqﬁ) are more

susceptible to desiccation than the other stages and were extracted less
efficiently.

The amount of water in the ground litter varied considerably;
during the winter, especially, drying samples to constant weight reduced
the original weight by up to 85 per cent. The relative humidity on
bare ground beneath the litter was rarely less than 60 per cent
(measured by cobalt thiocyanate paper), and not infrequently the litter
contained free water and appeared sodden. A comparison of the extraction

efficiencies of Tullgren fumnels for dry and sodden litter was made by
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tre above method, and ten samples of each were extracted. The results
are given in Table 14 , and indicate that a higher proportion of psocids
is extracted from dryer than from sodden litter. It is likely that many
small active animals become entrapped in water films in wet litter, and
drown in the large amount of frce water. Corpses of introduced psocids
were found in the sodden litter on subsequent examination, but no
conclusions could be drawn as to the cause of death.

Times of extraction.

The collectirng tubes under the Tullgren funnels were changed
daily and the numbers of psocids in them were counted. The figures
given in Table 15 are the sums of psocids from numerous samples of
various kinds of litter from April to August 1966. The majority of the
psocids were extracted in the first three days, and only a very small
number was found after seven days. The figure for £, briggsi may appear
anomalous; this was due to a large incidence of first instar nymphs from
eggs hatching in the litter, which may be dissociated confidently from
the psocids present in the litter at the time of collection., The duration
of the first instar of BE. brigesi is 1-3 days and presence of this instar
after the fourth day of extraction must result from hatching of eggs.
This misleading trend may be found also in other species which have eggs
in the litter.

The extraction time for .all samples was standardised at seven
days.

Types of litter sampled.

The kinds of leaf litter sampled, all from Silwood Park, Berks.,
are enumerated in Table 16 . The sample unit was standardised as the
amount of litter covering a 30 x 30 cm square of ground. This sample

is accurately replicable, although the actual amount of litter varies
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throughout the year. The main alternative, a known weight of litter,
is incovenient to use as the gamples cannot be sized until after
extracting the psocids and drying to constant weight.

The amounts of littexr per 900 cm2 of ground at different times
of the year are shown in Table 17, These figures are based on total
leaf counts in fifteen samples of Oak litter per month from March to
December 1966, FEach petiole base found was counted as a leaf. The
greatest amount-»>f litter was found after autumn leaf-fall, and it
progressively decreased to a minimum in July and August, This trend
c¢losely follows that found by Gabbutt (1956) in Oak litter in Devon,

Tach sample extracted in the Kempson bowls consisted of one
of the above units., The large funnels each contained four samples and
were used for comparative bulk extractions from different types of
litter. Three funnels were always used for Oak litter, and contained
four bulked samples from under large ocak trees, under small oak trees, and
open ground between trees, respectively. Only Oak samples were used in
the Kempson extractor, for comparison with the above, and both series of
Oak extractions were continued throughout the year. llost of the other
kinds of litter were sampled only from March to November, but samples were
also taken at irregular intervals throughout the winter.

Psocoptera obtained.

All psocids extracted from leaf litter were identified to species
and where possible, to ingtar. The total numbers obtained are shown in
Table 18, which shows that the great majority of psocids were from Oak
litter (41.3 per cent) and Cupressus litter (52.4 per cent), and that many
types of litter were extremely poor in these insects.

Sixteen species of Psocoptera were recovered, most of them in
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very small numbers., Three spacies, C. flavidus, E, briggsi, and

Epipsocus lucifugus_(Ramb.), together formed 98.6 per cent of the total.

The first two of these were largely confined to ozk litter, but

E, lucifugus was more widely distributed.

The numbers of each stage of C, flavidus found in oak litter in
1966 and 1967 are shown in Table 19, There was a simple succession of
of instars throughout the period april to early June, and after this time
occurence of C. flavidus in the litter was sporadic. The first generation
of this species is passed in the litter, and the resulting adults fly
onto trees. Individuals found later in the season are likely to have
been washed or blown off the trees, or result from eggs on leaves which
have entered the litter.

E, brigesi was found in the litter in small numbers for most of
season, and there was a succession of instars in early summer,  Adults
fly onto trees in August, and from that time only a few are found on the
ground.

E, lucifugus was found from June to September (Table 20).

It is univoltine and apparently confined to litter. All the stages of
this species are readily distinguishable from all other British psocids
by the form of the lacinia (figured in Badonnel, 1943), and there are five
instars, The adult female is wingless; the male is winged but very rare.
A male fourth instar nymph taken from cek litter in July 1967 appears to
be only the fifth recorded specimen of this sex.

The psocids found in leaf litter can be conveniently divided
into three ecological groups:-

1. Primary litter dwellers, such as E, lucifugus, which

spend their whole life history in the litter, and do not
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frequent éthei types of habitat.

2. Secondary litter dwellers which have generations in two
distinct habitats, at least one in litter and others
elsewhere. All the British species which oviposit on the
leaves of deciduous trees arc in this category, which is
exemplified by C., flavidus.

3 Casual litter dwellers, which do not normally breed in the
litter. Individuals of many arhoxreal species are knocked
off the trecs in bad weather and enter the litter. Nymphs
often complete their development in the litter and adults
then re-enter the trees. This category includes most of
the species found in very small numbers, and in late summer
species included in category 2 above are also casual in
the litter,

The two species of Lepinotus and the Liposcelis are believed

to be primary litter frequenters. Lepinotus is normally a stored-products
psocid but Guermonprez (in Donisthorpe, 1927) considered that the natural

habitat of L. ingquilinus Heyd. was in 'the nests of ants and other insects'.

The primary habitat of Pteroxanium kellogzi (Ri’o)has not been clearly

defined. Pearman (1922) considered that this species feeds on a grey

Pleurococcus on trecs,. The few specimens obtained at Silwood were from

litter under Cupressus: none were found by beating the trees and it secmed
that P, kelloggl was confined to the‘litter in this area. It has been
beaten from Box (Buxus) in Bucks. {Pearman, 1953) and at Woiingham, Berks.,
and has been recorded also from other trees and bushes. Adults of this
univoltine species weré found in July and August. The first nymphs found,

in mid-June were already large, and the number of instars is unknown.



Digtribution in different types of litter.

Table 18 indicates that many species of psocids are limited
to a few kinds of litter at Silwood, and are absent from others which
appear to be equally suitable habitats. Psocids included as 'casual
litter dwellers' are largely limited to the litter under or near the
canopies of the trees they normally frequent, and this is partially true
of the 'secondary litter dwellers'. These species normally overwinter
as eggs in the litter, and much mixing and redistribution of the litter
occurs both during and after leaf-fall, The changing compositions of
the litter near a lerge oak tree and a large pine tree ace shown in
Table 21, These changes in amount and composition of the litter are
largely dependent on climatic conditiaons, but the figures given are
sufficient to show that psocid eggs attached to leaves may come to lie
in a litter type different from that of the 'parent' tree. An attempt
was made to assess the proportion of leaves on a largeocsik: tree which
remained under or near it throughout tie winter, by marking large numbers
of leaves at different heights with coloured paints. The results were
sufficient only to indicate that in calm weather the majority of leaves
from lower branches are deposited in the litter under the tree, and that
the proportion of leaves from higher up the tree decreases. It is
likely that even under calm conditions populations of eggs of psocids
from different trees and tree gpecies become mixed. Litter on flat ground
tends to form a progressively even cover and to become a mixture of all
the different kinds of leaves in the area. The digtribution of eggs of
foliage frequenting psocids will become increasingly random in the litter.
The figures given in Tables 21 and 22 for C. flavidus support this,

It will be shown in a later section that the numbers of this species on
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different tree species become clearly non-random during the arboreal
phase, and the digtribution of casual re-entrants to the litter is then
correspondingly non-random. C. flavidus was virtually absent from pure
grass litter and the Juncus litter, neither of which contained many tree
leaves but otherwise appeared suitable.
were placed on Juncus leaves and an constituents of oak litter and their
survival on these media was compared. Table 23 shows that there was a
high survival rate on dead oak leaves, rather less on dead grass, and
heavy mortality on Juncus leaves, live grass, and bare soil. On soil,
the nymphs fed at first but did not survive for more than one or two days.
None were seen feeding on Juncug or live grass (Holcus), but the leaves
appeared dirty and the food suitable. The nymphs seemed unable to reach
the food on the surfaces of these leaves, because of the dense coating of
short hairs. There appears to be a limitation in the litter distribution
of this species linked with the availability of suitable food; it is only
able to take food from comparstively 'smooth! surfaces. The same limit-~
ation probably applies to some other arboreal psocids.

Young nymphs of E. lucifugus, which has a wider distribution

in the litter, are able to feel from hairy and rough surfaces. This
species was abundant in loose coniferous litter in which complete leaves
predominated to a depth of 15 em. Vertical cores of this litter of
depthe 0-5, 5-10, 10-15 cms were extracted in the small funnels for

seven days. The numbers of E. lucifugus extracted from ten samples of

each stratum (Table 24) showed that it was almost completely confined
to the top 5 em of litter. Strickland (1947) sampled soils separated
into 0-3.75 and 3.75-7.5 cm strata. Most of the few psocids he -recovered

were from the upper layer, and many of the psocids from his 'cacao?plot
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were in the shallow litter above the soil surface. Belfield (1956) found
a2 similar tendency for psocids to be in the upper layer of soil.

The abundance of #, lucifugus varied greatly in different

kinds of litter, but it was never completely absent (Table 25 ). The
factors affecting the distribution of this species are not at present
understood,

Temporal separation in litter.

The three dominant species of psocids were clearly separated
in time in vak litter, and it is clear that there could not he any
competition between them. The numbers of species taken in different
months are shown in Table 27 , and show that the greatest diversity
occurred at the time of least abundance, towsrds the end of the summer.
The whole of the litter psocid populations are then of casual origin, and
because of the extremely low density of these insects, competition is
again unlikely to occur,

Habitat alternation and re-entry to the litter.

in attempt was made during 1966 to assessthe numbers of psocids
dropping into the litter from trecs, hoth as insects and as eggs attached
to leaves, Ten polythene covered frames, each 60 x 60 cm were covered
with 2 film of banding gum ('Sticktite' - I.¢.I. Plant Protection Ltd.)
and placed on the ground beneath or between oak trees. These frames
were examined at weekly intervels from June until October, and the
numbers of psocids and of fresh leaves on them were recorded. The
leaves of the current season were pliasble and often partially green;
they were easily distinguishable from the brittle brown leaves of
previous seasons, which were often blown onto the frames, A few fresh

leaves were found on the frames every weok; there was a small amount of



£y -

-56«-

casual leaf-fall throughout the summer., The numbers of leaves rose
drasticallyQin mid-October, and leaf-fall from these trees was almost
complete by the end of November. 4 few eggs of C. flavidus would
therefore re~enter the litter during the summer.

The number of psocids recorded on the frames are shown in
Table 26 . The majority of these were C. flavidus, but several bark
frequenting species were also obtained. Large numbers of foliage
frequenting psocids are 'knocked'! off trees during bad weather, and will
be regarded as 'mortality’ when samples from the trees are considered
alone, but most of them will complete development in the litter, and the
adults re-enter the trees before laying. All the species found on the
frames have been reared on damp dead leaves from litter.

The species regarded as secondary litter dwellers show a well-
defined 'alternation of habitat'!', in which generations are passed in the
litter and on the trees. A schematic life history of C. flavidus, which
exemplifies this phenomenon, is shown in TFig. 9 . A certain
amount of casual re-entry is found in both arboreal generations.

Psocids form only a minor constituent of the litter arthropod
fauna, but the few species present may be divided into three distinct
ecological categories, based on their degree of dependence on the litter
as a habitat., The distribution of secondary and casual litter psocids
is related to that of their uther habitats - that is, of the trees they
frequent at other times of the year. The distributien of the only

abundant primary litter-dwelling psocid at Silwood, E. lucifugus, was

broader but still tended bo bhe non—-random in different sarts of litter.
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SBCTION 4. Psogonters on arboreal folirye.

Introductione

Mony nsocid swecies are totally arborezl and others are also
largely confinel to trees.  Althoug Psocoptera often occur on trees in
considersble numbers, they arc frequently oaitted from accounts of
arboresl insects, or receive only o token mention. The papers considering
thase ilusccts range from discussions of collectlons of all psocid species
from the aveilable tree swecies ( Broadhead, I958; Fartmann, I95I;
Folzapfel, I936; Vishniakova, I959 ) or of psocid smecies froa one
particular tree ( Broadhead, 1958; Broadhead and Thornton, I955;

Broadhead and Vapsheve, I966 ) to intensive studies of one or two species
on one tree species ( Brozdhead and ‘anshere, 1985h o  The muibers of
particuleir psocid species on different trees are recorded in most of

lad

these accounts and aay differ congiderably between the trees. There is
thus some casual evidenoé of 'host'~tree prefevence in at 1easf sone
psocid swecies.

The present camling nrogram.e was underteken to see the extent
to which psocids were randomly distributed on diffevent tree species, and
to attempt Yo find whether any apperently non-random distributions were
real or accidental phenoumens. About I5 snhecies of trees were sa pled
weekly from April to Iovember in I956 and I967 at Silwood Park, and irees
in other parts of Berkshire were examined at infrecuent intervals., All
psocids found were identified later end these date cre discussed below,
together with those from the literature. As differvent tree species in
different regions vary congiderably in many charactereg, it ig perhaps

unlikely thet the some trends in psocid distridbution will be evident in

different areas. Tie date below reflect the distributionsl trends of
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psocids at one place over two secasonse The causztive faciors of an
apperent host-tree specificity are likely %to be of geneval occurrence,
but their relative effects may vary from region to region.

Sampling Hethods.

Nuuierous autiiorg have given: brief notes on methods of sampling
populations of arboreal insects and nzny of these are reviewed by
Soutlwood (I9G6). Tree vegetvation is a difficult hebitat from which to
teke accurate end replicable snmmles of insects, end arboreal foliage is
particularly difficult. Previous compaorative accounts of arboreal
psocids have been based on samnles taken by beating or by direct
examination of standard lengibs of branch. Broadhead (1958), Broadhead
and Thornton (I955), end Broadhead and Wapshere (I966ez,b) all adonted a
semple wnit for beating based on a length of vranch sulfficieat to cover
a stondard beating tray. Such a samnle provided a replicable unit of
habitat for bark-frequenting psocids. The mein variations in total bark
aree are caused by relatively few fnctors, such as branch diameter and
the nuabers of side branches., On the same species of tree this tipe of
samnle can be standardised within narrow limites  The unit cen also be
uzed to coupare the nwibers of species on different iree speciesg, but
difficulties arise when accurate measurements of the density, that is
the nwaber per unit area of substrate, of a psocid speciles on different
trees are required. This difficulty is much greater in follage-
frequenting psocids as the folisge density, i.e. the number ol leaves
per unit volume, varies groatly between different tree species and also
from one tree to another of the some species. Aspect of tree, distance
from other trees and height from grownd are sumong the meny factors

which affect folisge density and the aaount ( total avea ) of foliagze

&
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Beating wase
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then stiuck shorply with a sticl ten tlues.
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densex eppearsnce to the foliage. Betule and Crateegus both ha;é émaller
leaves, but the folicge of Cratoe us appears superficially to be ﬁﬁéh the
denser.

It is impossible to stondardise o wnit arves of foliége for
beating samples, and it is evident thet anumbder of wite of the above trees
will differ betvcen tree speeles in Ausust, The foliage density of other
treoes sammled, cspecially sonifers; moy be very different from those
considered cbove, At Silwood Pork the psocid faune on foliage of conifers
and on broadlecved trees are génorate and distinctive ond no abiempt has
therefore been made to assess the follage arca of conifers. It is

believed thot the differences in folieage aren between samples from

£

fferent treces cre not large enough to obscure the major differences in
psocid numbers or fheir distribution. The stondord length of branch, on
which thie somple wnit is bazed, provides o basls for wreplicable, if not
identical somplese Until further accurate work on the cstimation of
folioge density of different plonts ic done, on the lines recently
sugsested by Philip (I9656, b, I966) end Warren-iilson (I965), it is
congidered to be the wost suiteable type of semmle for work on folisge
insects vhich are too mobile o encble one o scaveh directly.
Bagh 'somple! in the folloving account refers to two of the

above~-defined sample units toaken from one tree on the same occasion.
Bach sample ou a partialor-date vwae from e different tree, and no tice was
saanpled on two consccutive sampling datess It was honed to take samples
from the different trees ot weckly intervals from April to Hovember, but
becting is o satisfectory sanmling method only in calm weather ond vhen the
foliage is dry. Thus minor irreggularitics in sampling dabes vere unavoidables

ALY semples were token betwecn T10.00 and I6.00 BuSeTes The nunbers of



samples froa difierent twee swecles varied considevobly and were

1,

apyrosiaately pronortionel to the relative sbundance of these trees &t
Silwood. Thig difierence in nubere of samnles periially avoided
overgompling the nsocids on the lesf common ireces. There is 1ittle
advaittase in having ecual nwibers of samnles from each tres swecies,
provided that sufiicient samples weoe taken from esch to be renresentative
thie tirece specics rather than of en individual tree. All trees sampled
were in a coaparatively small erea of about 400 x 250m .
The Humbers of Peocids on dirfferent Iress af different tizes of the year.
The total numbers of psocids collected fro.: differont tree species
et Silwood Park from April to October in 1966 and I967 are shown in Table
30 , and the average numbers per saumle ave given in Table 31, e numbers

Y

of different gpecles of wsocide on different twecs in itne two seasons are
civen in Table 22 It ig ¢lear that some snecles wvere muech more
ebwidant or widely distribused than otheks. Commarison of large numbens
of scvarate sarmles fkom tie same trec species at eny time indicated that
the differcnces iA nwbers of & pnsocid ou tirees of the same species gere
often small compered with those on different tree species. The distrivution
of the foliage species dta tree species with healthy folisge was fairly
unifori Zrom tree to treec.

-

Thiee species, D. origgsi, C. {lavidus and B. hvalinus, were taken

onn all the tree shecieg evanined. Conversely several species of psocids,
notably 5. stigmaticusz, C. burneistasri and C. cyvanong, weve found in lazge

nwmers oily on one or two gpecles. Thug, over a whole geaszon several

3

pgocid species showed & strongly non—random digtribuiion between iree

specics., There is & cleaw distinctian betvween snecies nzevalent on

conifers and species prevalent on broadlecved trees and bushes, snd in the
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lattar group juerons end Crotnegng, especizlly, had psocid species which
ammeared to be asrociated with them. The totel nuwvers of psocids werc

67 then in T965, but the seme trends in distribution

O

far greater in I
were evident in both years, These trends becoime more apvarent when only

the fol.ae~Trequenting pooecids: are congidercd (Table z3), end it scems

Thet e bark-Irecuenting psoclds are wore unlformly distributed between
different broadleaved tre

Only a few psocids were found in the eavly pont of the year, and
thege were moinly overwintecing adults and nyumhs of 5. eruciatus,

EER) Table 24 shows that the total nuiabers of

naocids increased grodually to o wmazian in Sentember ond October. his

was general on aost of tho tree snecles eramined, dbuv the me.mitude of

increase varied considarobl; between diffevent trecs. il ouares 10~ 14
show the votal numders of psocids fteken on selccted frce speciec Several

trees, notably jcer, fLesculug, Betuls, Populus, Tilia and Ulmus had very

few psocids at any tine of the year: heress the nusbers ol psocids on all

.

the declduous tres rmecics weve gmall iun Aprll and iy, they did not
increece si nificantly on the above trecc.

Fig. 13 shows the mwbers of pgocids taken fvom & greup of
Cratasgus » Io boil years theve was & large peak in numbers early in the
swrer, mainly of young ny.ﬂ.m_s:- of the univoliine Y szopsosus specics,
Sevéral cpecies contributed to & larger peal in late sumaer, dut the

BN

coeyv epwadant constituent vas S. gtigmaticus which; ot 3ilwood, iz coniined
%o Cratasmus.  The nwmwers of this gnecies build up from July onvards and
aere ot a mwrzimum in nid Sentember.  Flushing of thesc trecs occurred

azinly during the hatching perlol of thoe bavk-frecuenting Mesopsocus and

entuwmal leaf-fall wac coumlete by ecarly Noveibor.



POPULUS

M,/ T a - L

A O & & &

TILIA

Number of Psocoptera

20}
10 I

Pig .10, A
1y - 11 (3 i
Totel nmumbers of Py ; - . .

n ere of Psocontera (my mhe and adulds) ia scamles from diffevent
trees at Silwood Park in I966.,



Number of Psocoptera

FigdITe - - o -
P P - .- - . . . ’ . - 4 -

Totel numbers of Psgcontera (nymphs and odults) in sasples from lavge
\ L e, A i a e . o et .

ock twces atb Silwood Pirk in IS36 and 1967,

-8 Total 0-0 E.bripzsi A-A C.flavidus.



s
Q

1966 N

—r
N
(@]

g

0]
(@]

S &

Number of Psocoptera
@
O

1967

of Psocoptera

Number

Figel2. - - - o ST
Total mubers of Fsocortera (mymphs and odults) in samples from saall
(Yo ¢7i1) ool trecs at Silwood Park iiI66 auid 1567,

0-8 Total 0-0 E,oriei A-AC.flavidus,



Number of Psocoptera
8

3 8 2

Number of Psocoptera

“lbolEo
Total b er's of Psocoptera (nvnmhu md ud.ulim) in .sa"*nlco from

Crg toogus atb Silwood Poxk in 1966 and T967.
-4 Totul 0=0 Mesonsocus A~#C.flovidus A-AS.etigmaticus.




-59—

1867

L.

i
-
-

May Jun dy Ay SepOct

-b mad

b

Number of _‘Psoc optera

May Jun Jy Aug Sep Oct

FigeIds
Potal numbero 01 Psocmtera(hym'\hs ond a.d;ul'b ) :{:’fsur@ples from
Cupe \fcscu..‘. (I) and Ile:: (2) S:Llwood P: arl: in I967’

4-8 Total 9_133;‘033115 : 0-0 € burmcisteri

Ilex: 0-0 C.flovidus A=A G.cTruciotus.




~70-

The munbers of P;gci&s on rmsll and Tasr:e cek troce arve showm
in Pigs. 11and 12,  These nunbers were very lovw watil the end of lay,
when sdults of Q. flovidug inveded frow the litter. There was then a
nrogsressive increase in nuabers throughout the two arboreal psenerations
of this snecies

vhich foried the major naret of »socid nonulations on

H

ruercus until late Auguct.  Large nwacerg of I, brigesi flew up feom the

w

litter end further increased the nwbers, and in Sgptenber and October
virtually the vhole of the msocid fruna on ook consisted of there %
sneciezs Te brizsi persicsted later into the autwm ond geadually
replaced C, rlavidus as the nuaerically dominant species. On ozl iost
of the buds onen before ¢, flevidus reaches the trees fwom tie litter, but
mogt of the auntum:al leal-T2ll did not oceur until wld fovember.  The
lenves remained on soae trees througiout the wintew,

In contrast to the two deciduous species, Tigd4,.2chows tho
nuabers of neocids teken from a broadleaved evergreen, Ilex in I967.
gmall uumbers of psocids overvintersd on the foliase of this tree, but the

overall trends clos:ly rezembled thosc on Oratsegus and Quercus.  Iore

A1

then on Quercus, o8 uhe

DI A erar T an a4 .1 R -
HeOCLGE Veke Dlsgenviearyy 1h tiie gorson oL

T some foliage-frequenting psocids hatel ov the trees.  Recrultment

o
&
W
o

By end Jaie and the increasz in total psoclid

v

Prom the litter osccuvrred in

nwbers thronghous the sumier resulted almost v@ly fyoum the increcge

in nuabers of the foliage-I{requenting cpecleg.

The numbers of the most abundent foliage »socid on coniferes at

Silwocd; C. burmelg elso increased throuzhout the season; but there

.

ie no well=defined phase in the litter in this speciess All large increases
of numbers on broadloaved teces  were due Yo follogo-fuoquenting

ngoclds. It is implied that the folisge of some specles of trees



~71-

provides more suitable habitats in which some species of psocids increase
in numbers to a greater extent. AllL the trends outlined sbove were
evident in two consecutive seasons at Silwood, and bull: sampling of psocids

from Crataegus and Quercus in Vindsor Great Park gave similar results

(Teble 35).
Most ofthe bark-frequenting psocid species are not found for

the whole season, but E. hyalinus was present on most tree species for much

of the year., Table 36 shows the distribution of E. hyalinus on tree specks
in May and October. There was no striking difference in distribution in
these two periodss Similar calculations for C. flevidug are given in
Teb:ile 37« This species was found in small numbers on most broadleaved
trees early in the swmer, at the time of its movement from the litler
there is little or no selection of tree species by the adults of this
species. However, in September C. flavidus showed a markedly non-random
distribution. It was largely confined to oal, but small numbers were also
found on most other trees.

E. briggsi bred in large numbers on oak and only a few adults

were found on other trees such as Betula and Populus,

Thus, increase in numbers of some foliage-frewenting p§ocids
coincided with an increase in epparent specificity of hebitat. The number
of psocid species on a particular tree was generally grectest in mid-summer,
and only a few species were found at the time of the greatest total numbers.

The relative sbundance of C. flavidus on different tree species
was not related to the distribution of the trees. Large beech and oak
trees grow closely together, sometimes with their foliage touching, in one
area of Silwood. There were distinetly fewer (. flavidus on beech than

on oak, despite the fact that they formed a continuous habitat.
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Similarly, osk and béeh grov close together in this arcea, but the psocid

fovmas on these tkeos were difforent. Hawthorn grovwing as an understorey

g

to oak in Windsor Great Park had a distinetly dificrent psocid couplement
to ite In this area S. stignaticus was the deminont folisge species on
hawrthormn but was absent from oak, on which C. flevidus was abundant.

i iized series of tre@s thaet touched consecutively were summled in July
TO67 and the peocids found ave chowm in Taole 38. C. ¢yanons was
confined fo Pinus end several other nsocid epecies were found only on the
othek, broadleaved, trez epecies. Theve is e warked Jdifference in tie
fauma of coniferous and broadleaved trees in the Psocoplers, as in many
grouns of strictly phyltophasous insects. In This varticular instence the
different psocid species were at different stages of their life histories,
and it may be wnwise to say more afler a single sampling occasioil.

Thegz resulbs were borne oub by a complebe seasors sampling from other
frece of these species. Broadhead end Thornton (I955) drew attention %o
the error of comparing nwabers of difierent species of psocids on a
narbticular tree when only o single semplinge occasi-m wes used, but the
population densities of one nsocid species on different trees can be
commared on & sinisle sempling date.

The effect of frec size on nsocid nuibers.

The nwibers of psocide talen frou small (to 49 ook trees and large
old trees did not differ grsatly et any time of the swmaer ( Pigs. 11-12 )
Yolzapfel (]’9)() found more psocids on large trees than on small ones.

The environuents provided by botly gizee of vroee for foliasge psocide are
similar, and althoug:: the larger trees can support morce psocido, thelr
densities did not difier markedly on osks of the two sizes. idegular

samples were also token from a number of seedling oaks ( up o Ie5m high)
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which were abundan® in the same areas =n the lavger trees. No foliage-

frequenting peocide were found on theso youny; tress

\D

aeltho:sh conditions

@

o

vaon.od to be sultehle fox theai. e £lisrht of the first generation of
gy (P )

o

C. Flevidus would talze bhem away from these seedlings, but it is! likoly
that taere woull Le come casual colonisation later in the sceacon. It

) ~or

apvecred that these trecs did not »roject sufficiently above the

gurirounding herdoge.

Dis

Gripubion on single irsce.

Pour isolated large Guercus trees were sclected in I9€6 on which
Yo assess the distribution of C. flavidus ot differvent tiues of the sunuer.
Tubers of eg batches were sclected as a suiteble index of distiddbuvion,
in preference to sammliineg small mobile inscets high sbove the growile

ienty saumples of a humdred leaves were taken at three helghits ( 0=%m,

~Tm, I2-I%m) in Junc, fuzust and Ocdober. Thesc samnles were teken firom

()

all asnecte and weres intersnersed betiem the four treas. The muibers oI

on there leaves are shorn in Toble 39,

Toble 40 showe the nwsbevs of M, flavidug eg;, botehee faken from

a wmell evenly Formed ol trec zZrowin: out of contact with nearby trees

in October I967. £11 leaves wore removed Irom tals trec and examined,

The distribution of ess baiches is ascuwacd to reflect the
digtribution oi adults. The sommlces from Fhe lerge trees were similar on
the dlifceent treer ot tic same time, but showed clesr diffcrences on the

three smpling occaslons, In June, most of the ege batches vere found in

the lower parts of the irees, i.c. in the vegion vhich adulte flying firon

the litvter will roach first.  Later samples show a progrescilvely more even

distribution of ex.s tlorow iout the trees and in Qctober the distrivution

n..AL)

bocomes uniform, Thie was also evident on the =mall tree. There wers
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no consistent differcnces in the densities of egg batches on different
agpects of the trecs or at difforent distances from the hole. A nwiber
of cgg batches of B, brigysi were also found in the October samples. The
density of these did not differ groatly on dif ‘erent partes of the trees.
It appears that adults of C. flavidus entering trees from the

litter remoin in the region of their landing site, and that later trivial

movement of nymphs and adults results in a more even distribution.

The sampling programme outlined above has sheowh thatoone trec
species were frecuented by more psocids than others and that increases in
nunoersofl soime follage-frequenting nsocids occurred only on some tree
snecics throoughout a season. It is evident -that host-tres specificity
becomes progressively clearer durings a season, and itwasalso implied that
there was little or no sclection of tree species by psocids flying un from
the litters These differences in numbers tdwards the end of the season
may be caused by eny, or a conbination,of many factors which affect both
the physical and biotic enviromments.

Several authors have noted that the numbers of psocids on
different broadleaved trees varied, bubt there have been no attempts to
investigate the possible causes of these differences., None of these
authors have talen account of the relative chanzes in numbers of psocids
on different trees after their establichment; although different trees
vere sampled over an extended poriod. Folzapfel's (I93%6) results in
some weys resemble those obtainedAat Silvoods He foumd (. flavidus on
a wide variety of trees, but it wes most abundant on Quorcus. Badonnel
(1943) considered this specics to be especially coummon on oak, but

n

Hartmann (1951) found greater nwibers on larch. The nurbers of samples



taken ere not given in the above accounts; there anpears to be s markedly
non-random distribution in some cases, but this cannot be canfirmed
without fuller data. Although such species as 8. stigmaticug are often
largely confined to one or two tree specics, the trecs ere different in
different accounts. It appears that host~tree specificity in a given
arca to a larye extent deponds on characters of the different trees in
that area. or this reason the results obtained at Silwood 1ill not be
of seneral apnlication unlese the underlyin:; mechanisms affocting the
relative numbers of the same psocid species ou different trec species cen
be clarifieds Some of the factors vhich appear to be important in the
develonpuent of thie hebitat specificity vwill be discussed in the

)

remaining sections of {his theslis,.
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SECTION b5. The Disnersal of Psocontera,

Digpersal of psocid egrs.

Eggs of avboreal psocids are firmly cemented to the substrate,
and any dispersal results from redistribution of the substrate ond only
rarely from detachment of the egms from leaves or barks As wos shown in
Section 3, some cagsunl leaf fall occurs from Quercus throwshout the
sumner.  Thals process is »robably widespread in declduous trees, and smell
aunbers of egze of the follage-frequenting nsocids will be removed fronm
the treec on vhich they were laid. More nronounced passive disperszal of
eszs of these svecies occurs at autumal leaf fall, involving vhole
pooulations of some psocid species on deciduous trecs., Subseguent mi:xing
and redistribution of the litter leads to further dispersal of the

overwintering egss. Paseive dispersal of eggs lald on bark is negligibles

Digpersal af nymphs of follaze-fieguenting nsocldse

There ore no large scale digpersive movements in nyuphs of the
folisge~{requenting nsocids hich have been examined. However, much
trivial movement occurs and resulis in redistribution of the insecte
in and arocund the original heobitat. Some of this trivial movement is of
regular occurrence in response to pariticular stimuli, ond primary ov
secondary cgrregations of nymphs are found in some species.

The young nymphs of several species are nositively phototactic,
and tend to rewmein on the upper surfaces of leaves, where food is also

most ahundanty. ihen these nyurhe are disturbed by contoct they imnedicte-—

ly run to the underside of the leaf and remain stotionary.  An apparent

P
w

chain reaction mey ensue when one of o number of psocids on o leaf
touched, and all the insects move to the lowver surfoce. This mechonism

of fTevasive disnersal' noy be similor to the ‘'spacing-out behaviour!
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(Xennedy and Crawley ,I.967); in both cases a disturbance at one point is
propagated throughout the whole groun of insects on the leaf; and results
in their redistribution. ibvement onto the lower leaf surface occurs also
when the leaf is agitated, by raindrops for example. The nsocids were
only rarely seen to run off the leaves onto bark when touched, but rmch
redistribution by this route occurs at other times.

Unlike Drepanosiphunm the psocids are not, in this case, gregarious.
They do not appear to show any intraspecific e:‘;trac ticn betwsen individuals,
a factor which.Badonnel (I9SI) stated was strongly evident in nymphs of

Neopsocopsis pyrenaicus (3ad Jand Psococeragtis giboosus (sulz.) and which

Broadhead (I1958) indicated in nymphs of Blipsocus nclachlani Kimuins.,
After hatching the young nymphs of some species tend to remain

in a primary sggregation near the original egg batch. Two of these species,

Ss sticmaticus and . gruciatus, often form a nymphal feeding web, under
which most of the early life is passed. Iymphs of soveral geneva of psoecids
such as Reuterella, regularly remain wader feedingz webs spun by the adults.
The nymphs of some species of Ectopsocus are son®iiues found in small
groups under loose webs (Mockford, I957), but no nymphs of E. briggsi were

found under webs at Silwood. Several small groups without webs were
found. HNymwhs of G. cruciatus and S. stigmaticus only rarely regroup
when they are artificially dispersed fyom their primery aggregation.
Several small oak trees were ringed with banding gum during MYay
and June in I966 and I967. No nymphs of C. flavidus were found on this
gun and the first psocids beaten from these trees in June were adults.
It is thus clear that nymphs do not ascend the trees. Two experinments

were undertaeken in an attempt to detect any large scale dispersal
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movements of ¢, flavidus in the litter in spring. These utilised a grid
of gum-covered canes and a series of concentric roved circles around a
centiral release points The fev svecimens recovered indicated that sone
of the larger uyuwhs moved un to 4m in 24 hours. These experinents were
conducted on ground at the edge of the canony of a large oak itree. There
was no preferential novement towards or away fron the tree.

Digpersel of adults.

There are very few records of psocid flight in the literature.
Imme (I957) cormented that nost winged forns are ' curiously reluctan®™ to
take flight', and other authérs such as Badonnal (1934) have also implied
that it is rare to find a psocid in flight. Winged psocids, &s many other
small ingsects, are likely to become incorporated in the ' aerial plankton!
either during active f£light or after being blowm off vegetation. Lewis
and Taylor (1965) comnented that at times psocids ' fly in considerable
nuibers and drift through the air like winged sphids.' Freeman (I1945)
trapped at heights of I0-277 feet (33 84.431) over Lincolnshire by using
nets attached to wireless masts. He obtained 2355 psocids, and calculeted
that this group constituted I0.2 per cent of the aerial foawa. Glick
(1939) trapped & fev psocids when sammling the aevial fauna over Louisiana
from a plane, and Thornton (1964) recorded various Psocontera trapped on
ghips and plames in various parts of the Pacific. -Hardy and MMilne (1938)
also recorded a psocid et a height of 850 feet (25%1m) over the North Sea.

In gome instances the trapped Psocoptera have not been fully
identified, but in several cases most of the nsocids caught have been of

a single species, Lachesilla pedicularia (Ls)s This species comorised

98.5 per- cent of Freeman's cateh and wes recorded also by Glick and by

Hardy and Milne. Pearman (I928) considered that nost emergence migratory
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£light occurred in sone pgocid spocies, and suarns of L. nedicularia have

been observed in Bolgiwa (Let.toge, 1935) and in Britain (lMelechlen, I900;
Scott, I9I6; Burion, 1950). These flights were all in late summer, as was
the catch of 437 Le pedicularic in a suction trap at Rothamsted obtained
by Lewis and Taylor (I965). iLechlan commented that this species was

the only psocid voluntarily on the wing, and that it was seen on caln hot.

avturm doys.  Althoush L._pedicularis hes been the subject of most of the

=1

notes on psocid flight, warious other species have also been recorded.
Britten (I916) recorded five species which he sow flying in the early
mornings ond Lewis and Taylor (I965) recorded muibers of R. brigesi,

S, immoculatus and Te delii, ALl of these were found in late sumier and

were cantured mainly in the day time. Swmell nwbers of Elipsocus species
were tolen on sticky traps situated near larch trees by Broadhead and
Trornton (1955), and these authors considered the thiree specles of this
genus to be reluctant fliers. A few unidentified ngocids were teken in o
light tran by Williens (I939). | |

These records indicate that more psocide fly in late swmer than
at other timee of the year, and irmly that only & few species are active
fliers. Johnson (I950) compared the efficiency of verious trapning methods

for Psocontera, and obtained higher densities of L. vedicularia on sticky

traps than in suction trapse

The nresent wérk ig on attempt to assess the importance of aefial
dispersal in psocid biologys. Aerial Psocoptera were scmpled by suction
traﬁs at Silvood Park over scven geasons, and analysis of the data so
obtained forms the basis of this accounte. Other techniques were used for

one oir two seasons and will be described later.
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Tropping liethods.

o, Suction Trapse Two I8 inech (45 cm) diameter Propellor type

suction traps were operated fron the beginning of llay to the end of
Septeilber for the seasons 1961—1967 inclusive. The tireps remained in the
same gites for the seven years; ond were onerated in o treeless area
surrounded by grassloand ond avable land. One trap was operated at & height
of T.31 ebove the grownd and the other at 9.2: above the ground. fhe
catches were segregeted deily, except at weekende, and preserved in alcohol.

b. Sticky Traps. Sticky trons were used duringe I966 to capture

psocide in the air under the canopies of trees ond in the onen spoces
between close grouns of trees. ooden boards, size 30 x 10 cu were
nailed to wooden stakes at heights of 20 en or I20 cm from the ground.

One sgide of cach board ms covered with nolythene sheeting, which was
coated with a layer of banding greasc ('Stictite! - I.C.I. Plant Protection
Ltde )s Eight boards were attached to each stake cnd I8 similar stokes
were interposed betireen smell ook trees, among havthorn trees, and in the
open spaces between lerge oak trees., On threc large otk treaes hoards were
also attoched to ropes on pulleys; and »neocids flying under the cenoples
of these trees were samled at vestical intervels of Te3 n to o height of
7.8 ne 3Both sets of sticky trans were inspected wveekly from April to
Foverber, I966. They were left in position throughout I267, but wore
examined only infrequently.

c. Water Traps. Thres sots of water traps were used in 1966, These
consisted of trays (485 = 3440 X 2.0 cr) supported T5cm above the ground.
Four trays, nainted black, vhite, green and yellow,; werc used in each sget,
and were cmptied weekly from April to Novembers The three sets of trays

were in an area of broom, in open grassland and near a large ogk trec.
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de Light Trope. Threo mércury vopour light traps were operating in

or near Silwood Park in I965. Tvo of tiese wore necar the oak trees around

which eticky traps and water ¥raps werc sited. They vore overated fron

dusgk to dawm end ecimtied doily from April to November.

The nuzhers end snecics of Psoconters toapoed.

All psocids caught were identified to species, and vhen nossible
they were also secxed. By for the grectest nurbors of msocids were obtained
in the suction traps, and this materisl +will be considered first. The
small nuwibers of psocids cought in the other frape are discussed separately
loter,

Psocontera in Suction Trons, A total of I998 psocids was identified
in the two trops over the seven scasons. ny of the speclaens sorted from
the totel cetches wers incomplete, 04d wings and other freognents in each
sample were sumed md the minimun nuwibers of individuals which ¢ould be
present oare Included in the totals vhich are given in Tables 41 and 42
Twenty specics of Psocoptera wers found in the suction traps, but only
five of thesc werc nwicrous; most of the others worce represented by a few
individuale only. The musbers of differwnt speciecs obteined in cach year
are showvn in Teble 43. It is ovident that some species wore nresent

every year in greater numbers while those of otheors fluctuated considerably,

The w@ost cbundont specics, L. pedigularic, commrised fron I5 ver cent to

nore then 90 per cont of the catches by different traps in different

yecrs, Zlinsocus hyolinus was caught in . both treps in each

sE0OS0N. Cp flevidus ond Avphigérovitia contéudnata (Stephens) -

wore also regularly present, but in smaller nusbers, Z. brigesi was
extreacly voricble in its incidence in the trops; in some years only low

nubers were found, but it wos common in other scasons. o other species
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Lormed significant fractions of the catches, but geveral of them were
present in smgll numbers in several seasons,

The temporal variations in the catch sizes are shown in Figs. 15
and 16, in vhich the occurrence of the five most abundant species is also
indicated. Although the numbers of psocids caught varied in different
seasons, several clear trends emerge from the figures. The numbers of
psocids cought vere much greater in August and September than in the
ealy part of the year, and it is implied that more psecids fly during the
late summer. Adult psocids are generally most sbundant at this time of
the year.

The greatest numbers of C, flavidus occurred in the early part of
the years The adults of the first generation move up from the lititer onto
the trees in late ey and June, and most of the trap catches of this

species coincided with this period of movement. Elipsocusg hyalinus made

up the greater part of the catches at the beginning of the season, and was
found in verying numbers in August and September. At Silwoood Park, as at
Harrogate, Yorkshire, (Broadhead and lepshere, 1966a) a proportion of this
species overwinters in the adult stege. The peak of numbers early in the
seagson corresponds with the period of movement from overwintering sites,
and those caught in the late summer may have been moving to overwintering
sites. A distinct pesk in numbers of I, briggsi is discernible in August.
This species resembles C, flavidus in that the adults move from the ground
litter onto trees: most of this movement occurs in August. IMany adults
of B brigosi overwinter and the specimens caught later in September may
be moving to overwintering sites (but see Section 2). Aerial semples

of L. pedicularia also showed a peak in autumn, when many individuals

have just become adult.

Thus, distinet pecks in numbers in the twap cebhes of all the
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nore abundact species coincided with tines vhen they werce actively noving
from one hobitet to cnother. The trop catches of these species, therefores
reflect flizht activity, ond the periods of flight cctivity outlined above
arc an integral poart of the life histories of thesc psocid species in

southern Englond.  The flight of B, hvalinus nay bo considered as o true

o

(e}

nigrotion, in the sonse of movement betwieen & breeding cnd o non-breeding
habitat, but several of the otlier snociocs breed in the habitats they loave
and those they enters Both ithe Ammhipgerontic species are bivoltine at
gilwood Park end nost of those trapped were cdults of tie first gonefation.
Soue exbonsion of brecdin, range noy occur affer disperscl by flight of
the first generotion of memberas of this genus.

The tincs of first appecrance of the different specics of
pgocids in the suction traps orc shown in Table 44. The data in this
table also confiriy that dispersnd by flight is a remular feature of the
life historics of the morc abundent species. C.flavidus and E. hyalinusg

both rogularly cppecred corly in the scason, folloved by the Amphigerontis

specics, In conitrast, D. briggei woe noever present in the cerial soirles

until Julye

Voriation in cateh with height of tiep. The totel nuwbers of
_ 2EE EAU 0L TICD.s

psocids cousht in eoch trep in each season are showa in Tebles 41 ond 42 .

The totol nwibers did not differ sreatly betweon the fwo tuong, ouv

the cotmositiond of the cotches frou the two traps showed sore clear

Qifferoncess 1IN genacal, it ie likely %hot the speeimens in the higher

trap hove boen tronsporied pessively for groator distances than thesc in
3 o 122 L/L

the lowver one,

token in the higher frap throughout

o

dany sore Z. hyalinus wor

i Lnn e e et

the season, and there were also nore specinens of A. conteminoto and
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Ce flavidus in the higher trape IMore E.briggsi were teken in the lower
trop and lexge nunbors of L, pediculorin wvere obtained in both traps; but
ggoin rether nore were caught in the lower than in the higher trov.

It is possible to correclote the relotive ocbundonce of these

species in the two traps and their nrimory habitats, All the snecies are
A w0 o -

arboreal for ot least o part of the yeor, but L. pedicularic is prinorily

o psocid of ground litter, hay sitocls and other dead vegetotion. Ie brigosi

occurs in litter for much of the corly powrt of the year, The other three

species are more characteristic of living trees, and less of low vegetation.
Sex Rotio. Mnles of two of the specics found comaonly in the

suction treps, namely of Es hyolinug ond C. flavidus arc unknown in

24

Britain. The nale of Peripsocus subfasciotus (Rcmbur) is clso unknown, and

the femnles of Mesopsocus species are wingless. The remoining spocies
cre represented inm Britain by both sexes; both nales and feuales arc
winged and, therefore, moy occur in suction trops. In most cases the
sex ratio was close to unity, but in some yeors there was a preponderance
of males, Only two bisermual speciecs were sufficiently cbundant to be able

to commare their sex rotio in different years. These werc L. pediculario

and B. briggsi, and their sex ratios are given in Table 45

Psocontera on Sticky traps. ez npgocids were cantured on the

sticky traps, ond they comprised rcpresentotives of only a fow specices.
The total nurmbers of psocids taken on the 'stoke! traps oach month are
showm in T¢ble 46, The smnll nuimbers cought to some extont corroborate
the data from the suction traps, as the largest numbers of Z. hyalimus
and Ce flavidus were both token eerly in thce scosone These traps were

mostly situated anongst smell trees, and o highoer proportion of some

arboreal snecics - notably L. foscinta and Se imaculatus - were token
A~ v
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then in the suction trapse Those cotches are likely to represent either
trivial flight or inscets Dlowm off trecs,.

The nwiers of psocids-token on the sticky traps on ropes in-the
trecs wos disappointingly low (Table 47). They were sufficicnt only to shoy
that C. flavidus was the most abundant cericl nsocid under the ook canopies.

Psocontera in weter ond light traps. Only o few psocids were

token and again these do 1ot add to the information given above. The
notericl in these traps was usuelly obpoined in fresh; disscctablo,
condition,

The Ronge of Psocids that fly.

Altogether 21 snecics of psocids were conght in the wvarious
trops. It has been shovm that the specics occurring in the greatest
nunbers are active flicrs, but it is not clecar vhether some of the species
represented by only o fow individunlg fly cctively, or are paszive
nembers of the plankton. On mony oceesions when neocids were beaten from
trees ot Silwood Park they were watehed, end the nusbers which tool off
from the beeting troy vere recorded, Thesc observetions are swmnrised
in Table 48, It is evident that the mojority of individuels of mony
specices d4id not fly voluntarily,under these conditions, although some
nsocids of 2ll spocics did toke offs This voluntary flight was more
pronounced on warn sunny deys thon at other times, but occurred outside the
nornal hebitat, Lowis and Taylor (1967) surgest the use of Stenopsocus
os an experinontol animal that readily flies in the laboratory, ond many
of the other snecics listod above will also do this. It is tlms possible
thot specimens of these species found in the traps were flying actively.
Only o few of thesc, the foliogo=frequenting nsocids, are knowm to fly

sctively at porticular times of the yeor, and these all oceur ot low



densitics ot Silwood Park. ilost individucls of thesc species, ag well as
sonc of the norc abundent gpecice arc likely to bo planlztonic. All psocide
are small insects, and during windy or rainy weather moy be knocked off
trecs (Section 3). As their toke-off is passive they come under tho
influence of air currents passively and nay thon be carried to consideresble
distences. In goneral, the highor the toke-off point is above the sround,
the grecter will be the distance tiowvelled. Alighting moy be voluntary
but psocids, like thrips (Lewis, I965) can probobly select their landing
sites only in comparatively ccln conditions, Most of them con become
estoblished on o variety of trecs; although not all plant hosts arc
equally suitoble to every psocid specilese

The Renroductive Stote of flying nsocids.

Johnson (I966) rcforred to Pearman's (1928) paper in which he
stated his belief thoet mony vsocids fly as soon as they are 'flight-nature!
lMost of the specles excmined at Silwood Perk attain this state within
cight to ten hours after the final moult. Although at this time the wingsﬁ
are still slightly soft flight can oecur - but it only rarely docs so.

At this stoge ovarioles are small, and no well-developed eggs are nresent.
Most species lay their first cggs within a few days of beconing adult and
in C. flovidus, for cxamnle, ench overiole contains one or two fully
develored cges ofter cbout 36 hours of cdult 1lifc. Ieny of the female
nsocids traopred ot Silwood werc dissccted, and most of them hod cezgs
vhich were almost ready to be laide Although Johuson postulates that the
mojority of migratory flight in insccts oceurs in sexuclly iunmature
femnles, which uature and loy egys in néw arecs, it is unlikely thot this
is 80 in ~o0st psocidse. Temoles of C. flovidug of the first generation

teken from the Yitter~ that is, vefore the flight onto the frees - usually
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contained moture egrse The sane condition wos found in forwles of
Ee brigrsi in August and thoce of Ee hyalinus in late Lpril and May.
ihturc eggs are aliost continunlly prosent in these ingects in spring and
swwer fron the second or third dey of adult life to o commaratively
short tine before deathe. It is thus unusual to find on  imoature femole
psocid ot these tines, and most of the flight that occurs will inevitably
include o high oroportion of faumnlas with osrne HMoting is not necessory
for meturaticn of the ovarioles, ond mony speciern aie obligotively
or facultatively northenogenctic. The repid rate of cgg moturation of
psocids, coombincd with the long oviposition period, sugaests that ncerial
dispersal vill extend the breeding ronge of wany of the individunls
knocked off trocse In many insccts (Johnson, I966) flight and disperscl
occurs corly in adult life, butb in psocids flight and oxtonsion of
breeding rangc nay occeur ot ony tine of adult life,

Flicht iluscle Autolysiss

Autolysis of flight rusclecs following migrotory flight has becn
described in aphids (B.Johnson, I957,7959), in some beootles (sce Chopnan,
1956) and rosquitoes (Hoclking, 1952). Lewis end Taylor (I965) suggested
that this phenoncenon night occur ir vnsocidse Two sets of data wirich
provide informntion on flight nusclo autolysis clearly showr thoet it does

not occur in tho spocics omnnincde.

e Adults of C. flovidus oud B brig.si were beaten from trees

onto vhich they had retently flowm and kent elive in the laboratory. Io
diminition in their obility fto fly wos covident after neriods of sixz wecks
or until the insects dicds Meny other nsocid specics werc kept alive,
fion aftor flight had occurred, ond oll of thosce tested wore oble to

Ly

[}

Hy
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be Nusbers of C,. flavidus werc fixed and the flight msclos

were oxoiiined nicrosconically. Four cotegorice of adult femnles werc
exomined := i, Teneral unflown females

ii, Fennles which had flowm, and wvere killed about onec
week aftoervords.

iii, Fernnles which had flom and were killcd about three
wecks aftervards.

iv. Femnles in vhich the wings vorc cut off vhile
tencral and were killed about three wecks aftervorde.

All the psocids were fixed in Dubosq-Brasil after remowval of tho
tip of the abdomen, cmbedded in Ester Wax, cut ot 8 u and stained with
Mnllory'!s Triplc Stoin. The scetions were nownted in Buparel. The flight
ruscles were then examined in T.S. oB L.S. ; and thosc of ten females of
cach of the cbove cotegorics were coimored.

Badonnel (I934) described ond discussed the flight muscles of

Stenopsocus stignaticus. The ncsothorax and netothorox of this specics

have siniler arrangeniente of muscles, but thosc of the mesothorax arc noxre
strongly doveloped. The nost congpicuous and largest flight muscles are the
tergo-sternals ond the dorsal obliques (clevetor rmscles) and the dorsal
longitudinals (depressor mmscles)s A nurber of other, smaller, nuscles

are also involved. The arrongoment in C. flavidus is almost identical to
that of Stonmopsocus, ond the differcnt muscles arc of the sane relative
sizcose No consistont differences in the size of flizht muscles were
detoctoble between the four scis of insccts exmmined, and there was no
evidence of histologicol zubtolysis oz described in aphids by Johnson (1957).
As no differcnces wore dotecteble betwoen the £1iht muscles of the freshly

eneysed Co flavidus ond those thet hod flowm scveral wecks before killing,

]
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it is clear that the flight museles do not autolysc in this snecics. This
speciles tends to remnin in the sance hebitat after flight of the spring
generation cnd is thus onc in which cutolysis nisht e supposed to occur.
Psocids occupying morc teumporary habitots i.ee some other types of
vegetation fSouthwood, 1962) would be less likely to undergo Jdegencration
of the flight rmuscles. If this supposition is correct, it is probeble
that this process does not occur in the Psocontera.

Alary Polynorphisn,

Hony psocid species eilther hawve fully doveloped wings or show
worious grades of reduction in wing size culirineting in aptery. This type
of polymorphism hos recontly boen reviewed by lMockford (I9652), who
recognised threc basic coterorics vhich he termed macrontery, brachyntery,
and apterys. lockford revicwed the occurrence of brochyptery in the

order ond also discussed the snell anount of date on the poseible control

mechanisms. Bodonnel (1959) used clonsl rinterial of Psyllipsocus

ranburii Sélys to demonstrate that nyrmhs rearced in igelation invoriobly
produced adults, while those rearcd in grouns of four or more olwdys
developed into the mocropterous form, Similer obsorvations on the offcet
of grouping have been node on Archipsocus (Mockford, 1957) and Psoquillg
(Broadhead, I96I). Huwiidity has beon susgested as o contolling factor in
the wing size of G. ciuciatus, ond this foctor probobly operated in
combination with low tomporaturcs.

The most abundontly cawsht flyins psocid, L. pediculeriz, shows

nany degroes of wing reduction, cond thesc varintions have been illustrated
by several vorkers (see Hertmenn, 195I)s Those veriations appear to be

confined %o the fennle sox, and tidis is also tiue of G.cruciatus. About

30 per cont of the fomalcs of Gs cruciatus token froa vegetation ot
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Siluood Pork showed o tondoncy towards wing reduction. In most of these

insccts the wings readgyed noarly to the end of the abdouen, and very shd t-
vinged individuelsg werc rorce At Silwood this tondency towerds brachyptery
vas apparent in fencles of both spring and sumadr jencrations, but in
Svitzerland Hortnan (I95I) found that it was limited to the later
goneration, About half of tho femnles of C. kolbel at Silwood were
brachypterous, and brochyntory woe olso found in two other folinge-

frequenting specless  All pradations betwecn macroptery and extrence

brachyptery were found in o single populetion of E, brizrsi on broom, and

Q

o single shord-winged fonnle C. flavidus wos boaton from osk in August I967.
ﬁ ( n

I have ropeated sonc of Badomncl's 1959) oxperinents

Psyllipsocus with G.crucisotug ocnd B, bricgsia. The psocids vere reored ot

densities of I, 5 and 20 pex smell tube (50 x 25 m), and fed on natural
food from leaf surfoecese.. Offspring of both nocronterous and brachyntcrous
perents woere uged, The results of these experinents are given in Tohle 49,
ond indicote that crovding hos little cffeet in controlling wing length in
these speeciess ALl the offspring of nocropterous femcles were macronterous
for tuwo consecutive goncrations, ce were cll bubt o small proportion of those

from the brochypterous parents. fo brachynterous offspring rere ever bred

et b

a
\

from meeropterous perents, A1l individuals in vhich the forcwing did not
rooch the tip of the abdomen arc cnumerated os brachypterous in Table 49,
&lthougi: there are no well defined size grades in thesc specics.

The single brochypterous C. flavidus laid 76 eggs, from which 63
nocropterous adults were reored.

It appears that the mechonisms controlling olary polymorphisa in

Ge cruciotus and B. brigesi orce diffcerent fron thet denmonstrated by Bodonnel
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in Psyllinsocuse The duration of dewvelormant of the diffcrent forns of
these two specics do not differ eignifiocantly. In the Heterontera, Teyrovsky
(1920) suggested that short wings werc somctiloes a result of o shordened
life c¢yecles lockford (I965a) statced thoet the mieronterous malos of
Archingocus had only five nymmhel instors, vhereas mocropierous femoles

hol eix. Brachyptery has beon considered os a Jjuvenile character by

mony authors (see Southwood, I96Ic¢) , snd future investigations should
extond to the nouro-cndocrine commlex, os has beon sugposted by lockford,
and algo to deteiled work on the genetic control of alary polymorphism in
Psocoptera.

Broghyntory moy limit sovements fronm o hebitet, ond there noy
bo some value in the retention of o proportion of a population in one
habitot, by tho production of brachypterous Lomnles, sinde this moy be o
safogmord cgoingt futile or suicidel cuigration, Conversely, production
of winged fomales in spocics which are normelly brachyntorous (Broodhend,
196I) possibly onobles extension of the breeding ronge. Badonnel (I95I)
remarked thot thoe indirccet flight muscles of brachyptorous psocids arc
alyrnys less developed than in fullye-winged formse

No brachypterous or apterous psocids wers cougnt in cny of the
flight traps ot Silwood Park, although cpterous ond brachypterous psocids

(Liposcelis and Lepinotus) werce recorded in the upper cir by Glick (I939,

1952) and Preemen (I945), cnd on shine by Thornton (I964). Thornton
sugoested thet the presence of Iiposcelidece in the upper air wey be duc to
their snnll size. It oppears fron my rosults thet there is much less
noriel dispercscl in cpterous and brochypterous nsocids then in the fully
wingod adults. Probebly, in port, this is due to the greater buoyancy of

the winged foims, but this is clso o reflection of the much greater



nurbers of winged vsocid sneeics in tho crcon of this study.

The nodn tronds of psocid disperscl mny be swrierised ag follows:
In folingo=frogquenting peocide therc is reguler small-scale pessive
disperscl of cggs throughout the year, with an increcscd dispersal ot
cuturmal leaf fall. The nymhs of thesc specics do not appecr to show
any large scale disperscl movenents, olthough o certoin anount of trivial
short range movement is comuon. Adult winged psocids form o minor
constituent of the acriol fauns. Hore are fownd in the lote sumier thon
at other times of the yoar, Much of the corinl disperscl of psocids is
nlanktonic, but certain species undertoke definitc flightbs vhich result
in & well-defined change of hebitote These flights erc an integral port

of the life historics of thesc specles.
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SECTIUN 6. The Inscct Parasites of Psocontorie

Introduction.

Psocoptere arc parasitised by two groups of hymenopterous
insects. Species of Alaplus; a genus of Mymaridae, are frequent
parasites of psocid eggs, and several euphorine braconids attack psocid
nymphs., Several species of both groups have been found at Silwood, and
in other parts of Britain, and their biolegy is considered below.

There are several records of Protozoa and fungi being found
in Psocoptera (Noland, 1924; Vishnizkova, 1959), but there is no
evidence that these are pathogenic.

Parasites of psocid eggs.

The Mymeridae, without exception, are parasites of the eggs of
other insects. Many of them are strictly limited in their range of
hosts, and different mymarid genera have been bred from eggs of Hemipters,
Coleoptera, Odonata, Lepidoptera, Dipters, Hymenoptera, and Psocoptera
in this country (Hincks, 195C).

The genus Alaptus has been recorded from coccids (Mani, 1942),
aleurodids (iikolskoya, 1952) end Psocoptera.  snnecke and Doutt (1951)
gave the known distribution of the genus as 'Burope, Africa, U. S. A.,
Haiti, Peru, Hawaii, Australia, China, India': it may well prove to be
cosmopolitan. Hincks (1959) recognised five British species of Alaptus

and more recently (1961) described A. richardsi from eggs of C. flavidus

at Silwood Park. A second new species (A. magnus Clark ms) was
found in Yorkshire (Clark, 1962 - unpublished).

Vishnialrova (1959) recorded rezring mymarids of the genera
Farvulinus and uinaphes from egas of several psocid species in the Soviet

-

Union. She has kindly zllowed me to examine her material, and only
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Alaptus wes found in the =amples. Pz rvullnu° Mercet 1912 is now
considered to be a synonym of .laptus Hal. in Westwood 1839, but wag
separated in Nikolskaya's (1952) key to soviet Chalcidoidea.  Alaptus
is the only genus of lMymaridae of which material bred from psocid eggs

is available, and seems to be the only genus which parasitises psocids.

Species of several other mymarid genera (Qoctonus, lymar, Anaphes,

@g@gﬁi&g)were given psocid eggs at Silwood, but they showed no interest
in these possible hosts.

There are o number of references to specific psocid hosts of
Alaptus, but early specific identifications of these mymarids cannot be
accepted unless the actual material is available for examination. In
the present work, Hincks's (1959) key was used as a basis for identifica~
tion and additional information obtained from works by Soyxa (1939),
de Bauche (1948), and Kryger (1950). The taxonomy of some of the
British species is to be reviewed in the near future (Broadhead and
Clark, in prep.), and it is not proposed to discuss the adult taxonomy
in this account.

About 1100 mymarid spescies are known, but the biology of only
about twenty of these has been studied. Jackson (1958, 1961, 1966)

discussed the biology of faraphruzctus cinctug Walker in great detail

and (1961) reviewed the kinds of mymarid larvae known up to that date.

Carephractus, which parasitised egzs of various waterbeetles, is a

comparatively large mymarid. The average body length of an adult
Alaptu (O 2 mm.-_,.35mm. ) is about one quarter that of Caraphractus.
The larva of Alaptus minimus Hel.in Walk. was briefly described by

Bakkendorf (1934), and the early stages of 4. fusculus Hal. in Yalk.

mentioned by Broadhead =nd Wapshere (1966v). Sorurt (1927} gave notes
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on the biology of 4, psocidivorus Gahan, but there are no fuller accounts
of the life histories and biology of the genus.
Methods.

Bgg batches of mony foliage-frequenting psocids collected in
the field at Silwood Park regularly chowed about ten per cent parasitism
(Section 8). Fggs of bark-frequenting psocids were also parasitised,
often to levels of from 20 to 30 per cent. Host eggs brought into the
laboratory usually yielded parasites witiiin a week, and development of
the parasites could be hastened or retarded by keeping the eggs in
warmer or colder conditions. Aduvlt Alaptus readily laid in newly-
laid unparasitised psocid eggs, and a constent supply of host eggs was
available from caged psocids. Host eggs of known ages could easily be
supplied, and the duration of development of the parasites found to
within a few hours., In order to mezsure the duration of early stages,
the parasites were observed ovipositing and the host eggs dissected
after = known time. Psocid egzs were dissected either in Insect Ringer
Solution, or in Kahle's Iluid, in cavity slides. The chorion was cut
with fine needles, and the eggs and young Alaptus larvae examined after
mounting and staining in eithev Hoyer's Fluid with lignin pink or
lactophenol with aniline blue. The larger lsrvae znd pupae of mymarids
are usually partially visible through the chorion of the host egg, and
are easier to dissect out. sdult mymarids were dissected after
hardening in Kashle's Fluid and mounted in lactophenocl containing aniline
blue.

Barly steges and life history.

The egg of Alaptus is pedunculate, of the general form found
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in many mymarids (Clausen, 194G). The freshly laid egg is slender with
a relatively short pedicel, but this soon develops into a more ovoid egg,
with a longer pedicel (Fig.ITA j.
Lexva.

Bakkendorf (1934) considered that Alaptus had two larval instars,
but later authors (Jackson, 1961; Broadhezd and Wapshere, 1966a) implied
that three instars might be present. Three distinct stages were found

in A. pallidicornis and A. richardsi, and these corresponded well to

those noted in 4, fusculus by Broadhead and Wapshere. (Figs.I7 B-D).

The first instar has distinct mandibles; but no other
sclerites, or other cuticular projections. There is a small frontal
process, and a tapering caudz. No segmentation is visible. Size
0.07~0.20 mm.

The second stage larva has lost the mandibles =nd much of the
canda, and is rather larger.(0.,16-0.24 ma)a

The third stage larva almost wholly fills the host egg. It
is cylindrical, but no external structure is visible; there are no
mouthparts, and no setce or spines on the cuticle. Size 0025-0.3%3 mm ,
The posterior part of this larva usually contains an irregular white or
yellow patch, which is absent in earlier stages. These concretions
probably represent waste products, and have been found in other mymarids.
Bakkendorf (1934), however, failed to find mid-gut concretions in Alaptus,
but the particles found resembled the white spots described by Jackson
(1961) and Broadhead and Wepshere (1968b).

There is a short prepupal stzge, which resembles the last
instar larva, but has no gut novement. The pupa is at first pale, but

darkens to resemble the adult insect. Mo gpecific differences were
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found in the early stages of A. prllidicornis and A. richardsi until just

before habching wvhen the pupa shows the adult characters.

The life cycle of both 4, pallidicornis and i. richerdsi
contrasts markedly with that of the univoltine A. fusculus (see Broadhead
and Wapshere, 1966b): the life histories of the different parasites
are closely correlated with those of their hosts. Eggs of foliage
frequenting psocids are continually present on trees from June to
October, and form possible hosts to parasites throughout this period.

The duration of the life cycle of 4., pallidicornis in an outdoor insectory
was 18 ~ 25 days, and this, togéther with the unchanging levels of
parasitism throughout the summer, suggests that there are six to eight
overlepoing  genorations through  the summer.  Overwintering does

noet occur solely in one stage, although most parasites found at this

time were diapausing as pupse wi%hin the host eggs. Prepupae, larvas;
and a2 few eggs were also found during the winter.

The effect of host on the parasite.

The size and duration of development of many polyphagous egg
parasites differs in different hosts, The times of development of

A, pallidicornis in eggs of three psocid species are shown in Table 50 .

All parent females woere from clonsl material bred in C, flavidus eggs,
and then transferred to L. briggsi (smaller eggs) or $. immaculatus
(larger eggzs).

The size of parasites reared from these three hosts are
compared in Table 51. lorger parssites were bred from larger host eggs,
and also took longer to develop. Table 52 indicates that the larger
females lived slightly longer, but their fecundity did not differ greatly

from that of smaller parasites.
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Parthenogenesis and sex ratio.

All species of Alaptus examined ore regularly parthenogenetic.

The males of A&, richardsi cre unknown, and this species appears to be

thelytokous: the bisexual species are all amphitokous, Mating has
not been observed, despite numerous attempts which involved confining
virgin pairs in small capsules.

The sex ratio. of 4. pallidicornis reared from wild-collected

eggs of C, flavidus in 1966 is shown in Table 53%. Collections of
parasites at several times of the year all guve sex ratios close to
wnity. Similar results were obtained from the progeny of isolated
virgin females, and on host egys of several ages (TableSBb). These

controst markedly with Jackson's (1966) results from Caraphractusg, which

is arrhenotokous: female progeny were reared only from mated females.

Longevity, oviposition, and fecundity.

In the laboratory, Alaptus adults lived for periocds ranging
from five to nineteen .days. They were kept in polystyrene petridishes
and provided with small pieces of raisins and pads of sugar solution,
but were only rarely seen to feed, although adults provided with food
lived longer than those deprived of food (Table 54 ). An experiment in
which single adults were kept in small bores with food indiczted that
females live longer than males (Table 55 ).

Female Alaptus can oviposit immediately after emergence.
Oviposition was repeatedly observed in four species of Alaptus and was
closely similar on all occasions. There are no clear differences in
ovipogition behaviour in the different species. The female runs around
until a batch of host eges in found. She then moves onto the batch,

continuously tapping the substrate with the clubs of her antennae.
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When a 'suitable' egg has been found she straddles the egg or overlying
web and may remsin motionless for several minutes. The abdomen is then
raised and the ovipositor inserted in the egg. The wings are held

flat along the body throughout this period, and the antennse point
forwards and diverge; when testing possible host eggs the antennae are
held close together, and may touch, Slight rocking movements of fthe
body usually occur during oviposition but the legs are not normally
moved., The ovipositor remains inserted for several minutes (Teble 56 ),
and whilst ovipogiting the female does not react to external stimuli
such as bright light, heat, tapping the substrate, and wven of being
touched by other parasites. Up to three females have been seen
simultaneously ovipositing in the same batch, without mutual interference,
An cgg batch with an ovipositing female can safely be moved and carried
around without fear of losing the insect,

Withdrawal of the ovipositor tskes about half a minute; and the female
may then flex her wings and clean her antennae before moving to another

ege. There does not appear to be any clear marking of parasitised eggs

by the female, but Alaptus very rarely oviposit in an already parasitised
egg, although they may examine it for several minutes. Female Alaptus
will also examine very old (previous season) dead or hatched eggs, and
occasionally probe them with their ovipositors. ILloyd (1956) considered
that parasite egg laying was often accompanied by deposition of a
characteristic secretion from the accessory gland. This 'marking'

has been shown to occur in some egy parssites (see Wilson, 1961) but
close observztion of isolated female Aleptus has failed to coveal any

fluid deposited onto the egz. Jackson's (1966) observations showed that
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deposition of a2 mymurid egg into a host epg rendered the hosts unaccept-
able to future parasites. She suggested that a repellent substance was
injected into the host at oviposition, and that the ovipositor bore
scnse orgens which perceived this substance. The female Alaptus has
a small reservoir at the base of the ovipositor, similar to that in
Carephractus, and it is likely that a similsy method of host marking
ozcurs in both genera.

iore than one egg or larva of Alaptus has never been found in
one host egg at Silwood; superparasitism is thus extremely rere.
Broadhead and Wapshere (1966b) sometimes found two individuvals of

A. fusculus in liesopsocus eggs, but again this was rare. Conversely,

one or more egss in a batch are often unparssitised. All the eggs in
a batch of foliage psocid eggs are of about the same sge, but females
may move off the batch before laying in 21l the eggs. This is not due
to inability to lay several eggs at short inteirvals, as several young
females which had left partially 'clean'! batches would lay in eggs in
other batches immediately afterwards.

Wild egg batches of C. flavidus from which A, pallidicornis

emerged are cnumerated in Tablas 57. Ratches of 2 ~ 11 eggs were found
from which both parasites and psocids emerged: there was no evident
correlation between baich size and amountv of purzsitism. Twenty batches
each of 4 -~ 10 eggs were given separately to young female A. pallidicornis
under one week old. Some batches of all sizes were incompletely
parasitised (Table 58 ).

The age of the female parasite does not markedily affect the
extent of parasitism up to about ten days (Table 59 ). Ovipouition

ceases soon after this btime, and the maximun field longevity of females
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is probably lititle more than ten to twelve days.

Alezotus have mature eggs in the two fan-shaped ovarics at the
time of emergence, Teeding ic not necesz: ry for initial oviposition
and although the longevity of adults incresses when food is available,
the fecundity does not change greatly. It is inferred that food causes
little further differentiation of ococytes. Dissections of adult
females of known ages showed that they contained the greatest number of
egzs soon after hatching, and that there was a pregressive decline with
age.

Single females of A. pallidicornis and A. richardsi were

provided with freshly laid (1 - 2 days) egg batches of C. flzvidus in
petridisiies maintained at 100 percent R.i. I'resh butches were provided
on alternate days, and all batches previously present were removed snd
dissected. At least 40 eggs were always available to each pavasite.
Total counts of egzs and young larvae of Alaptus in the host eggs gave

2 measure of the fecundity of the adults. The results (Table 60
showed that from 50 to 80 eggs wore usually laid by females of these two
species. These figures are probably rather higher than would result in
the field, as a regular supply of fresh suitable hosts was available in
a2 small space. The adult parasites are active and will seek out many
available egg batches. They were bred from wild egg collections on
all species of trecs examined and different areaz of trees: they occurred
in all the habitats where host eggs were found. Several unrelsted
females may also oviposit in different eggs in the seme batch, znd any
subsequent mating between unrelated progeny from the saw: batceh ensures

some genetic interchange.
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Host finding and specificity.

The adult parasites fly readily in the laboratory, but appear
to search for hosts largely by running and short flits. It is likely
that such small insects as Alaptus, and other mymarids, can control
their flight vexy little in even gentle breezes, and much loss and
redistribution of the adults must occur by this method. Host finding
by walking, without taking to flight, may thus conserve a higher proportion
of the parasite population in the original habitat, where there may
be a constant supply of host eggs thioughout the summer.

Single young females of A, pallidicornis were confined on

small potted ozk trees on which numbers cf fr=sh C. flavidus egz naiches
were pimned at different points. These batches were replaczd on
alternate days, and the 'old' batches were dissected. Several of the
parasites were lost in this experiment,; but others oviposited in most of
the available egg batches ( Table 6L ). The greaiest distances between
parasitised egg batches in this experiment was 80 - 85 cm., with inter-
vening foliage and branches.

Only young eggs are acceptable to A, pallidicornis and

A, richardsi. Ilaboratory tests (Table 62 ) showed that oviposition was

attempted, sometimes successfully, in older egss, but parasites only
rarely developed after host eggs had developed to the stage wherec The
embryo eyespots were vigible, bggs of Alaptus were sometimes found
in host eggs dissected at this time, but no later stages of parvasites
were ever found,

The few reliable specific host records in the literatbors of
the Alzptus species parasitising psocids indicate some hoet specifichty.

A, pallidicornis and A. richardgi have been bred msinly fuom Foliasze--
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frequenting poocids, and nok rrom havk-tregnentera, wherens the reverse

is true of i. fusculug and A, minimus. The species of Alaptus found

at Silwood Park were teateld in the laboratory with fresh eggs of a1l
available psocid species. Attemr-ted ovinositions and successiul rearings
were recordsd (Table &% ), and each result given is based on at least

five parasite females and twenty eggs of each host spacies. The results
closely bear out the inferences in the literature. There was a very

~

clezr division of parasite species affecting foliage and bark psocids.

et

t is notable that T, dalii, a foliage psocid with eggs resembling those
of bark psocids, was successzfully parasitised by A, fusculus in the

laboratory and not by A. pallidicornis., Both categories of Alaptus
D _ £L8PTUS

sonetimes ecttempted oviposition in alien host eggs, but were very rarely
reared from these species. {lark (1962 - unpublished) found that

there was a correlation between the lengths of Alaptus ovipositors and
the thickness of chorion and protective covering of the host eggs.

The short ovipositors of Alaptus species affecting foliage psocids
prevent their penetruting the thiclk coating of rectel m-terial which
often surrounds the eggs of bark psocids. Thig does not, however,
explain the reverse situation, in which slapius species with long
ovipositors do not varasitise the eggs normally attacked by species with
short ovipositors. 411 species of Alaptus are likely to encounter varied
types of psocid egys in the field and may attempt oviposition in them.
The roactions of different host eggs to different parasites have not
been stvdied, but may differ. Wone of the few mymarid egrs and young
laxvae found in alien hosts showed any signs of encapsulation.

Perasites of psocid mvmpi:s snd adults.

Mmrale el e armaden

The only insect parmsites recorded from psocid myuphs in
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Britain are euphorine braconids of the genus Leiophron hiees. A
closely relazted genus, Luphoriella, has been bred from many psocids in
North imerica (Sommerman, 1956; luesebeck,1956) but this insect has

not been found in the 014 World. The genus Leiophron is known to
parasitise Heteroptera and Psocoptera, and there are several accounts of
the taxonomy and biology of species attacking Heteroptera (Brindley, 1939;
Loan, 1964, 1966; Richards, 1967: Waloff, 1967). DlNotes on a species
parasitising Psocoptera were given by Broadhead and Wapshere (1966b),
and Vishniakova (1959) found braconid larvae in several species of
psocids in the Soviet Union. There are no accounts of the biology and
life histories of the Leiophron species attacking psocids; and their

taxonomy is uncertain (Richards, 1967). 'Leiophron similis Curtis!

appears to consist of several very closely related species, all of which
parasitise Psocoptera. Species of this group have been bred from
psocids at Silwood. The adults and larvae are extremely similar, and

I consider it unwise to erect new species at this stages these
specimens are therefore all. referred to . oinilig Curtis. A
British list on the basis of a few adult specimens {(Richards, 1967), and
no host has hitherto been known for this parasite. It has been bred

from Mesopsocus immunis (Steph) and I, unipunctatus (Mill) at Silwood

Park. Broadhead and Wapshere (1966b) recorded rearing L.sp. n. similis

Curtis fron Mesopsocus.

Methods.
Regular collections of nymphs of many psocid species from

many species of trees weire examined for parasites. Nymphs were identified



~108~

Lo mpecice and instar (Seckion 2) and each colleetion wag divided
approximately into half. Cne hall wag dissected in alcohiol, and the
other half kept alive in an outdoor insectiry. Yhe levels d paracitism
in the field were thus found at intervals throughout 1966 and 1967.
Psocid nymphs containing lar:e parasite larvae are rezdaily detectable

by the swelling and trinslucent appearance of the abdominal wall, but
nymphs with small varasite lorwe o eggs are not externalliy separable from
healthy nymphs. Living parasitised nymphs wore kept in polystyrene boxes
with a layer of moss and sand on the fleor: the »navasite larvae pupated
in this after leaving the nymohs, and emerged The following season.

Tarly stoges of the broconids were examined after mounting in Hoyer's
Fluid, sometinmes after staining in lignin pink. Head capsules of larvae
were digsected from gpecimens softened in five per cent sodium hydroxide,
and woere then flaftened znd mounted unstained in Hoyer's iluid and
examined under oil immersiom. Heagurements of whole larvze wore nade
from material stored in alcohol.

Amount of parssitism.

The numbers of braconids found in dissections of nymphs of
various psocids in 1965 and 1967 are shown in Teble O4. Nine species
were found to be hosts of Leioshron. At least two species of Leiophiron
were reared, and the esrly stuges and 1life histories of these are

described below., L. claviventris is a univoltine parasite mainly

infesting univoltine hosts (Mesopsocus), whereas the hosts of the
univoltine L. similis are often bivoltine or trivoltine., fig. 19
shows clearly that there was a high level of parasitism of C, flavidus

by this species during the first arborcal generation (June - July),

whereas the second srboreal generation was completely free of parasitism.
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Co# cctions of nymohs in early swumer from meny fres species showed
gsimilar levels af parceoitisn, and most psocid species were affected.
The absence of these parasites from Cuneopslnus nymphs is surprising,
especially as Elipsocus nympls from the same trees showed about 15 per
cent parasitism (FWew, 19458).  The Leiopnhron species attacking liridae

are not strictly host specific (Waloff, 1967), and those atiacking Hsoccids

have a similarly wide ronge of hosts. However, L. claviventris has

been bred only from bark-frequenting psocids at Silwood, and L. similis
enly from felisge psocids.,  Brozdhead and Wanchore!'s (19§80 Tcinhron from

Veropiotus s morphologically similar 0Ll teimilis?, but adoenate dota on the
s s - < e ettt o % !

D

carly stoges are not awveilable. There seems to be a division of
these parasites into those found predominantly on bark psocids and those
mainly parasitiging foliage psocids, e parvllel division to the Alaptus
species attacking psocid eggs.

It was rare to find more that one young larve in a single
host (Table 65 ) znd no more than one non~caudste larvi. wes ever found.
A similer suppression of supernumary lcxvae to that found in other
Leiophron species (Waloff, 1967) prohably occurs. Hyperparasitism wes
alsc extremely low: an occasional small ichneumonid larve was found,
probably of Mesochorus, but no adults have been reared.

Nzrly stages and life histories.

The eggs of both L. cloviventris and L. similis are very
small when laid, but enlarge to resemble those of related species
(Waloff, 1967). Mcasurements of three stages of the larger eggs found
in wild nymphs are given in Teble 663 their outline shepes aie shown

in Fig. 12, The chorions arc sometimes smooth, but more often appear
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slightly granularn. Eggs were found invariably in the abdominal haemocoel
of the host nymph, although larvae sometimes extended into the thorax,
Towards hatching time, the young coiled larva is visible through the
chorion, Hatching wes not observed, but the caudas of the young larva
may be used to 'flick' the larva out of the egg-shell (Jackson, 1928).

Larvae of Leiophron species were described by Ammah-Attoh (1959)
and Waloff (1967). The young larvae are caudate, but the cauda is lost
in later stages. General details of the larval form are given in
Waloff's account.

The number of larval instazrs in this genus has not been
satisfactorily clarified in the literature. Ammah-ittoh (1959)
found fcur instars, and Loan (1964) considered there were five-instars.
Both these authors worked on the species parasitising Heteroptera.
There appear to be four instars in the two species I examined, although
the first two are distinguishable only with difficulty.

These may be separated as follows:
Instar I: Caudate, with small trapezoidal slightly sclerotised head
bearing a conspicuous pair of heavily sclerotised falcate mandibles, and
a pair of conical papillae on the antero-dorsal surface. A small pleural
sclerite on each side of the head, probably representing the hypostoma
and pleurostoma of later stages. No setue or projections on the body
cuticle, The last abdominal segment contains a conspicous dorsally
placed analvesicle. The cauda is rounded at the tip and besrs a few
small distal spines.
Instar II: Caudate, and much resembling Inster I. Mandibles becoming

progressively enclosed, and the bases of the conical papillae are less
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conspicuous, due to resorption. The cauda shows two distinct layers of
cuticle, the first instar cuticle having separated.

Instar IIX: Usually slight remains of resorhed ceuda, Mandibles mainly
internal, small pointed triangular tips externally. Papillae almost
completely resorbed. Head definitely hemispherical. No spines or
setae on cuticle. Anzl vesicle xesorbed, but traces may persist.

Instar IV: No cauda, Head capsule progmnathous and non-~retractile.

Well defined head sclerites (Figs. 20) intennae conical. Cuticle
with microscopic setuze and spines, the larger ones of taxonomic value,

Larvae showing the last combinotion of characters left the
host and spun coccong. There was no evidence of an additional ecdysis
near the time of leaving the host, as Loan (1964) reported in L. pallipes
Curtis. the early instarsof the two szpecies are not separable, but
the final inster larvae can be specifically identified on the form and
chaetotaxy of the head cepsules (Figs. 20). The taxonomy in these
figures follows Short (1952), and the slight variations found in chaeto-
taxy are shown in Table: 57. Overall mecsurements of larvase are given
in Table 68 ; +there is considerable size overlap betwecn the stages,
but the division into caudate and non-caudate larvae gives a primary
separation into age groups.

The larvae leave the host leterally towards the anterior of
the abdomen. The hosgt mey remain alive for up to a day, but invariably
died. The larvae drop to the ground where they actively move into moss
or into cracks in soil and spin cocoons within a day or two.

Cocoon and pupa:

The oval cocoons consist of three distinct layers of opaque

white silk (Ammsh-Attoh, 1959). Dimensions are given in Table 69.
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The pupae of both species, examined after slitting open the cocoons, were
distinet within a week of cocoon formation. At this stagze the pupa is
grey-white, with the eyes and ocellar markings pale cagtoneous, The
mature pupa is more heavily pigmented, and resembles the general form of
the adult.

The instars cf L. claviventris and L. similis found in hosts

of different stages zre shown in Table 70, iMost parzsite eggs end
young (caudate) larvae were found in sccond to fourth instar nymphs of
the host psocids. larger larvae were found in later instars and in
most cases left the host during the last (sixth) instar. 4 large
parasite larva was occasionally found in an edult C, flavidus.

In 1967, a larger proportion of the older nymphs of Mesopsocus
contained small parasite larvae. Tield samples indicated that the nymphs
appeared earlier in 1967 than in 1966. Paragitism commenced abput the
gsame time in both years, but the age range of available hosts differed.

In the laboratory, the parasites would oviposit in all lesopsocus insturs
except the small first stage, which could not easily be held by the
parasite. Waloff (1967) recorded that the specieg of Leiopkggg she
studied oviposited through the cervical membrzne, but the ;éocid—infesting
species do not have such a well-defined routine. Oviposition was seen
t0 occur through the abdominal wall and rarely in the thorax, as well

as through the cervical membrane.

Both these species of Leiophron are univoltine. They over-
winter as pupae in cocoons on the ground, and the adults emerge in the
late spring. Six specimens of 'L. similis' taken by Varley and Gradwell
at Wytham Woods, and now in the Hope Department, were found on dates

varying from 25th liay to 24th June in five separate years, and the few



adnlfe frund @b Silwood during this work were 011 around the begimmirg
of June. Richardc (1987) tceovded +this upeeies hetween mid June and
early July, and all species of the genus appear to have 2 closely similar
univoltine life history. Young nymphs of (. flavidus are prascnt on
trees from about the middle of June onwards, but no braconids were found
in nymphs from the earlier gencr tion, which occurs in ground litter
(Section 3 ). ‘fhere is a close synchronisztion between parcsite
emergence and host aveilability, end any minor discrepancies in this are
offset by the parasite's ability to oviposit in several instars of the
host.

The synchronisation of L. similis with C, flavidus is ef .-
particulaer interest in producing a hesvy mortality due to parasites in
one host generation, which is followed by a parasite-free gencration.
There is no evidence for =z divided emergence of the parasite, and the
second arborecal generation of C. flowvidus was frce from parasites. 4
fairly uniform level of perasitism on 21l tree species examined indicates
that the searching capacity of the adult parssites, or their numoer,

~

varied with the numbsr of aveilable hosts, The mumbers of odult
parasites on porticular trees are likely to reflecet the nunbers developing
on those trees the previous sexzson, and overwintering in the litter under
the treecs. The arce of discovery of the adult Leiophron appeared to
increcse when smaller numbers of hosts were prescnt. Very small numbers
of adult Leiophron were found in the field., Varley and Edwards (1957)

showed that the area of discovery of lormoniclla decreased at high host

densities, and Walofi (1967) indicated that L. heterocerdyli Richerds

had a smgller arca of discovery when the parasite density was high.

The maintenance of a constant level of purasltism, by which 2 constznt
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proportion of hosts exe destroyed.in all the different habitats froquented,
will have o greater destructive effect when the hosts wre initially
present in low densities. The greater the initial density of hosts,

the greater will be the number of survivors. It has been siown that the
distribution of adult C, flavidus on different trees in June, although
reflecting the numbers develeoping in the litter under the trees, is much
more random than later in the season. Thus, more nymphs of this species
were produced on Quercus than on the other trees examined, but parasitism
was of the seme level as on other trees. ~More nymphs. survive and other
factors, as well as freedom'from'parasitism in the second arboreal .-

generation, enable a vast increase in numbers of C. flavidus on (Quercus

to occur by late summer, The initial host nymph density iz less on
some other tree species, and far fewer nymphs survive, even ot o constant
level of parasitism. Fewer adults result than on Quercus, ind by the
end of the first arboreal generafién fhere is already az large discrepancy
in the total numbers o C. flavidus on' different tree species.

Bffect of varasite on host.

Parasitism by Leiophron has several readily detectable effects
on the host psocid, before death ensues. The .ovaries, which are usually
fully formed in the last instar nymph are very small, and the few
parasitised adult psocids examined had reproductive systems resembling
that of the normel sixth instar nymph.

| The ‘durations of healthy and parasitised nymphs in an outdoor
insectery are shown in Table 71 , It is clear that some nymphs of
C, flavidus had longer developmental times when psrasitised., This was
especially noticeable in later instars, and the amount of retardation

appeared to be related to the size of the parasite larva. If small
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larvae were precent in finel instar nymnhs ( indicated by slight
chdominal swellingz ) the nymoh still woults into an aduli, but if a
large larve is pregsent the nyuph remoing ~s such until the parasite
larva is fully doveloned, Nyaphs speat up to thres tiuwes the noraal
period in this instar, but the duration of previous instarg war little

affected
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SECTION T The Arthropod Predators of Psoconteris

Introduction.

There are surprisingly few records of urthropod predators of
Psocoptera. Broadhead (1958) listed the animels he found with psocid
prey in Yorkshire, and summaries of earlier predator records were given
by Weber (1936) and Badomnel (1943).

Many predatory arthropods are arboreal, and may eat psocids,
Whereas many phytophagous insects are strictly host-plant specific, only
a few totally predacious insects are known to be similarly limited in
habitat. Southwood (1961 a, b) demonstrated that different numbers of
insect species were associated with different tree species, and although
he primarily considered phytophagous insects the number of predctor
species are likely to vary similzrly. lMore predator species may occuxr
on trees where there are abundsnt and diverse prey than on trees where
the prey are very limited. Southwood did not define the rather nebulous

term 'insects associated with trees', but implied that he meant '...limited

to or predominantly feeding or breeding on ...'. Host predators will
accept a wide raenge of prey and are consequently likely to be found on

a variety of trees. There are few accounts of prey selection by
predacious insects, but recent work by Dempster (1963) indicated some
preferences by Anthocorids, several species of which are strictly limited
in host tree range (Anderson, 1962; Collyer, 1967). Some other groups
of bugs, such as the Miridae, contzin arboreal species which feed both
on the host plant and animal matter. British Weuroptera show a partial
separation into groups fregquenting coniferous and broadleaved trees,

but thiere is little evidence for prey-specificity. The possible

predators of Psocoptera were collected from different tree species by
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beating, at epproximately monthly intervals throughout the summers of 1966
and 1967. Psocids were always scarce on some of these trees (Section 4 ),
and on others only became avundant in late summer. Records were kept
of the few predators found with psocid prey.

It was hoped to gstudy psocid predators by serological methods
(see Dempster, I 1960 ), but the rabbit available for injection
proved exceptionally unresponsive to psocid antigen, and the great amount
of labour involved in collecting several grams of dried psocids prohibited
further attempts. Simple laboratory experiments were used to detect
whether some of the possible predators would readily feed on psocids or
select psocids from other prey.

The numbers and kinds of arthropod predztors on different tree species.

The numbers of possible predators taken in ten samples from
each tree species on each sampling date are shown in Table 72 . The
main groups of predators and the numbers of species are given in
Table 73 .

The numbexrs of predators and predator species differed greatly
on different tree species. Few predators were found on some trees, and
these trees often supported few psocids. Host predators were found on
Quercus, which also supports the greatest range of prey (Southwood, 196la).
There were also numerous predators on Crataegus, but they were much less
abundant on conifers. The figures obtained in some cases resemble the
numerical trends of Southwood's data, but a large proportion of the
predator species were found on more than one species of tree.

The numbers of predators were large during late summer, when

peocids were most numerous. Psocids (C. burmeisteri, €. suestfalica)

were virtually the only prey available on Cupressus, but there was a
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wider range of prey on most other tree species.

Predators tzken with psocid prey.

The few records of predators with psocid prey found in the
field by searching (egg predators) and beating are given in Table T4
The latter figures are probably not a true representation of the
number of predators taking psocid prey at any one time, as many predators
release the prey when dislodged from the trees. Broadhead (1958)
considered that the tenacity of the mite Anystis in holding its prey
after being dislodged from trees accounted for the larger numbers he
found with psocids. A few simple experiments in which various predators
with psocid prey were dislodged from small potted trees by shaking
showed that most insect predators released their prey. inysiis released
the prey less frequently than the other animals tested, and Opilionids
were also tenacious.

The beating records are thus rather misleading if to be used_
quantitatively without supporting serological and labor-tory evidence,
but are still useful in indicating some of the possible predators of
psocids. No assessment was made of the predators not living on the trees,
such as the few acvleate hymenoptera known to take psocids.

The egg predators are discussed in Section 8 . Larvae of the
three common species of Coniopterygidae were all found fesding on egys,

and larvae of Conwentzia psociformis Curtis also fed on large nymphs of

¢, flavidus. Several species of Hemeroliid and Chrysopid larvae also

preyed on psocids (see also Broadhead, 1958§. Prey selection in these
insects seems to be related to the activity of the prey rather than the
kind: psocids move more than aphids, but many still appear to be eaten

by larval Heuroptersa. Several species of all three arboreal families
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are common on many broadleaved trees at Silwood. Cnly one snthocoxrid

higtrionicus (l.) and Iryophilocoris flavoouadrimsculatus (de Geer) were

found with nymphs of C. flavidus on Zuercus. UThere are few prey records

for these mirids, which are thought to be predominantly plant feeders.
In contrast, Ploizralia, found on Cupressus, is kuown to prey on psocids
(Richards, 194%).

Selection of prey in the laborstory.

Laboratory experiments on prey selection by captive predators
are of very limited value. Siiple experiments can, however, be used to
indicate whether particular predators 'preferentially' take dead or living
prey, any particular size or age of prey, or whether there is any
exclusion of poszible prey species. A sharp distinction must be drawn
between prey killed and prey eaten: in laboratory conditions the number
killed and uneaten may be much larzer than would occur fndexr field
conditions, and is misleading in attempts to assess mortality. Laboratory
models are also of value in studies of the detailed behaviour of a
predator (see Holling, 1966, 1968). The nresent work was undertaken to
detect whether some of the pospible predators of psocids found commonly
in the field selected psocid prey of any particular stage, or whether all
would readily take a wide range of prey. In the absence of serological
data from field-collected predators, any further deductions are unwarranted.

Single predators were starved for 24 hours in petri dishes and
then presented with prey. A1l vprey provided for a given predator
species was that found in the predator's natural habitat. o more than
two kinds of prey were ever simultaneously availahle to one predator,

and the numbers of prey killed an@/or eaten were noted after 24 hours.
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The predator was then staerved for a further 24 hours, and a test
repeated. Several different choice cxperiments were conducted with each
kind of predator. The nsocid prey comprised various steges of

C. flavidus and S. immaculatus for predators from broadleaved trees and

of C. burmeisteri for predators from conifers.  The results of these

tests aie given in Table 75.

Small predstors (Anxstig and Coniopterygid larvae) took moxrs
inert and small prey than large animals, but did not select any particular
type of prey. Baker (1962) revicwed earlier records of the prey of
Anystis, and indicated that the only deterrent to Anystis was the size
of prey. He stated that some prey, such as adult Collembola,‘were
protected by a hardened exoskeleton, and suggested that differeﬁf stages
of Anystis would take different prey in the field. Only adult Anystis
have been recorded with adult psocids at Silwood (see also Broadhead, 1958),
and also with eggs. Both Anystis and Coniopterygid larvae are active
predators, but it is likely that they tzke a high proportion of relatively
smagll and inert prey.

The other Heuroptera tested did not select any particular kind
of prey, but killed indiscriminately as the prey was encountered.

Few eggs were eaten, especially by spiders. None of'the predators
refused stationary prey, and none showed any large dcgree of prey
selection. Most of the species found probably tazke some psocids in

the field.
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SECTION 8, Distribution and Mortality of egas of foliage~frequenting
T Psocontera.

Introductione

The nuwibers of some species of foliage-frequenting psocids are
mich smaller in the early swmer than at the end of the sumner, This
discrepancy could be partially accounted for by a large moritality in
overwintering egss, and the differences in psocid numbers on different
species of trees may be related to the survival of psocids on them, l.e.
to differential mortality. The aim of the present investigation was to
determine the main factors caﬁsing mortelity of psocid eggs and to compare
the incidence of these factors on different tree species at different
times of the year,

Some gpecies of bisexual psocids which fail to mate lay infertile
eggs but otherwise steriliyy is rare, The egys are attacked by various
parasites and predetors and "bad" weather removes eggs and leaves from the
parent tree and thus afiects their distribution. Temperature and humidity
effects were briefly considered in Section 1 : their effects are not likely
to differ significantly between different irees unless the degree of
exposure of the oviposition sites of folisge~frecuenting psocids on these
trees is diiferent. It is possible that the overwintering egss are
especially susceptible to low temperotures and desiccation just before
hatching, as several authors have sugsested for anhid eegs (see Way and
Banks, 1962). s the ovinosition sites of foliasge-frecuenting psocids do
not differ greatly between irees, comparative climatic factors are not
considered further.

Methods.
Collections of egy baiches of foliage-frecuenting psocids were

made from several sites in Berkghire in I96¢ and I967. All batches weve
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retained in the leboratory and their fate recorded. Commarison was made
between egy batches from different iree species at each of the three main
laying veriods (June, August, late Septeuber-October), between different
regions on the same trecs, between trees and litier; and between various
overwintering sites, Dach sample from broadleaved trees comprised I00
leaves telten and examined at rendom: Cupressus was sampled by examination
of the foliage accompanying €0 cm termincl lengths of branch, The bark
of a similar 60 cu sample was examined in conjunction with each foliage
sample from all tree species, but only eggs of the foliaga-frequenting
psocids weire recorded. Twenty foliaze samples were token fiom each tree
species at each of the three sampling periods. Egg batch samples were
taken frowm the litter by examining all leeves on grouwnd area: 30 x 30 cm .

The eggs of these psocids were identified to species, but only
six species of folisge psodids wsre comucn enough to provide meaningful
results. The egus collected wese divided into seven categorics, namely
(1) hatched, (2)~pfédated, (3) parasitised -'parasites cmergzed, (4)
parasitised - not emerged, (5) infertile, (6) 'dead' ( fertile egus killed
by fungus, fungus-infected eg:s) and (7) healthy ogss (see Tigs.2la-f )
Laboratory tests usin:z various possible predators were used to indicate
the difierent signs of predation by different enimalss The above
categories were distinguished by the following charcciers:=

(I) Hatched egus = in most cases recognisable by the preseﬁcé of
the pronymphal cuticle with the oviruntor, left »rotruding from thé‘égg
and througi: the web, |

(2) Predated egzgs have the overlying web torn or holed to some
extent, except rarely whenr the egs of a predacious mite was nresent on the

. &

oviposition site or laid through the web, In these few cases
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a small oribetid mite wao ocecazionally found in this situation. The

degree of tearing of the web indicated the type of predator. Some eggs
had collapsed or were completely missing., Laboratory tests indicated
the following types of predator damage:-

(a) Mites - Web with nany small irregular holes. Usually all
eggs in a batch were attacked, but collapsed and remained in position.

{(b) Spiders and opilionids - Web with pairs of punctures which
vary in size and may coalesce, Eggs usually with a single tear, in any
visible position. Collapsed.

(¢) Neuropterous larvae ~ Web with pairs of punctures above
the eggs. Often only one or two eggs attacked, and each egg shows small
holes in the dorsal surgage of the chorion.

(d) Anthocorids ~ Web with a conspicuous tear rather than a
small puncture. Generally all the eggs of a batch attacked, and may be
dislodged.

(e) Zarwigs,carzbids - Web much torn, and eggs often removed
completely.

(3) Parasitised - emerged. iggs with round hole towards one end,
and a corresponding hole in the web. Chorions uncollapsed, no trace of
nymphal remzins.

(4) Parasitised - vnhatched. Eggs in which the mymarid is
well developed show a median pale streak towards one end. Parasite
pupae are visible through the chorion, but very young larvae are not
detectable until they have developed further.

(5) Infertile eggs were taken as those which did not hatch
after prolqnged kegping, but which could not be placed in any of the

other categories.
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(6) 1'Dead' eggs. 4 few eggs were found filled with fungal
hyphae or black spores. It is often difficult to distinguish primary
infection from fungal invasion following predator attack. fungus~
infected eggs under an apparently undamaged web were classed as 'dead’
eges.

(7) Healthy eggs are those from which nymphs subsequently
hatched. The eyespots and oviruptor are visible in well developed eggs,
and any darkening also indicates healthy eggs.

The numbers of ege batches on different trees.

Tables 76~ 80 show that the numbers of egg batches found on
different tree species varied considerably at different times of the year.
The numbers of C. flavidus egg batches closely followed the abundance of
adults (see Section 4): the egg batches of the first generation females
were far more evenly distributed than those of subsequent generations.

The eggs of C. burmeisteri and S. stigmaticus were confined to Cupressus

and Crataegus respectively.

The factors causing egg mortality on the various tree species
at different times of the year are also shown in Tables 76~ 80, There
were no large differences in total egg mortality between different tree
species at the same time, but different factors were predominant at
different times of the year. Parasitism by Alaptus was rarely more than
ten per cent, and remained nearly constant between generations. Only a
small proportion of psocid eggs showed any signs of predation, but this
proportion sometimes increased slightly throughout the summer as predators
became more numerous. Other factors contributed only slightly to egg
mortality. The overall differences in egg mortality cn different trees

were very small, and a more or less constant proportion of eggs survived
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on all the tree species examined. Psocid eggs from different regions of
the same trees also suffered similar mortalities (Table 80).

Mortality of overwintering eggs from different sites.

The mortalities of overwintering eggs from different habitats in
two seasons are given in Tables @8land 82 . ILgys were collected from the
various sites in November and late March, as any significent differences
between the survival of eggs collected during these two periods will
indicate mortality occurring during the intervening months.

A proportion of the overwintering eggs of $. stigmaticus asre Ledd
on the stems of Crataegus, mainly below axillary buds. These are included
in the tree samples in Table 81, Hggs of the other species overwinter
either in the litter or on the foliage of evergreens.

The total foliage of four small Ilex bushes was examine in
November 1966. All the psocid eggs were removed from two of them at this
time and from the other two in March 1967. These data (Table ©2) gave
an exact measure of the loss of overwintering eggs on these trees.

There was no large difference in percentage survival in eggs
collected in November and in March, and the sawme proportionsl mortalities
were found on both occasions. The parasites overwinter in the host eggs,
and no increase in parasitism thus occurs during the winter. L number
of possible predators, notaebly opilionids, cargbids and cantharid larvae,
are active in the litter during the winter months, but there was no large
increase in egg predation. A few batches disappeared completely from the
Ilex trees during the winter, and some of these were probably removed
incidentally by birds. The increasing number of 'hatched' eggs throughout
the summer on all trees reflects both the extended oviposition period

of the adults, and the persistence of hatched babches frow previcus
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generations.

Function of web _covering egg batches.

The egg batches of foliage-~frequenting psocids arc weunally
covered by a web of silk produced from the labial glands of the female.
Possible functions of this web have been discussed by several authors
(Stager, 1917: Pearman, 1928; Sommerman, 1943 b; Medem, 1951), but no
definite conclusions were drawn. The following simple experiments were
undertaken to examine some of the possible functions of the web: in all
cases 'unwebbed batches' refer to egg batches of C, flavidus from which the
web has been carefully removed with fine needles without disturbing the
uﬁderlying eges,

(a) Protection against predators. Stager (1917) and Pearman
(1928) indicated that the web was not a deterrent to or protection against
predators. Although predation is low in thé field, larvae of several
Coniopterygidae, nymphal Anthocoridae, a mite (inystis) and an opilionid

(Nemostoma, 1ugubre(M&ller) have been observed feeding through the web,

Laboratory choice experiments in which these animals were confined with
webbed and unwebbed batches in petri dishes showed that there was little
discrimination between the two types (Table 83); both were attucked
readily by hungry predators.

(b) Protection against parasites. Clark (1962 - unpublished)
showed that there was a correlation between the ovipositor length .of
Alaptus and the type of psocid eggs they attacked. The primary egg
web of foliage psocids is usually in contact with the eggs and forms a
very thin barrier. 4 secondary egg web may confer some protection against
parasites when it is placed well above the primary web. The parasites do
not select webbed or unwebbed eggs, but attack them indiscriminately

(Table 84).
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(¢c) The web as a food trap. Sommerman (1943) suggested that
the egg-web acted as a trap for drifting fungal spores, and thus provided
food for the first instar nymphs. Twenty wild webs of C. flavidus
were examined after mounting in aniline blue in lactophenol and very
little food was found on any of them; in all cases far more food was
found on the leaf surrounding the egg-batch. The nymphs move off the
web soon after hatching, and have not been observed to feed on the web.
The presence or absence of a web does not affect successfwl completion
of hatching.,

(&) Retention of eggs on the leaf surface. The web may help
to keep the eggs in place on the leaf (Pearman, 1928), and also afford
protection against climatic extremes. Wind, rain and freezing may
remove some of the firmly cemented eggs from the leaves, and 2ll are
likely to be more important during the winter when the eggs are on the
leaves for up to c¢ight months.

(i) Wind. 1Twigs and individual leaves bearing webbed or
unwebbed batches were violently shaken on a lahoratory shaker for periods
of up to 36 hours. Thir%y batches of each kind were tested, but no
eggs were dislodged.

(ii) BRain. Leaves with webbed or unwebbed batches were
supported in streams of running water, or bombarded with drops of water,
for up to 24 hours. No eggs from 20 webbed batches were dislodged, and
only three eggs from 15 unwebbed batches. 4 similar result resulted
from keeping egg batches submerged in tubes o water: after 18 months a
small proportion (7/138) of unwebbed eggs had become detached, but none
of the webbed eggs.

(iii) TFreezing. Alternate soaking and freezing, and warming and
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drying may affect overwintering eggs in the litter by breaking up the
leaves and Aislodging eggs. These conditions were repeated in the
laboratory on 10 batches ~ach of webhed and wnwebbed batches. After six
freezings eggs from three batches of unwebbed eggs were dislodged as
well as well as one whole web of another batch. wo further eggs were

subsequently removed on further freezing.

Medem (1951) observed that denser webs were produced on batches
collected after night frosts, and also suggested that the web gave
protection against desiccation, It was shown in Sectionr 1 that both
webbed and unwebbed eggs can survive fairly low huniditges and, although
no comparison was made of relative humidity inside and outside the web, it
is unlikely that any death from desiccation occurs when the web is absent.

The web does not afford protection against parasites and
predators, and no clearly defined function was discovered during the
present work. There is probably slight protection against climatic
extremes., The egg-web is most fully developed in the Polypsocidae but
the eggs of members of several other families of psocids may be covered
with a few loose strands of labial silk. Several of these species also
coat eggs with rectal matter, and apart from Clark's (1962) suggestion of
protection from parasites,, the precise  furction of this dis equally -
obscure. The Polypsocidae are among the highest Psocoptera, and the egg-
silk may be a remnant of the greater amount of silk production which
leads to a form of colonial existence in some of the more primitive
families, such as the Archipsocidae (see ilockford, 1957). A few traces
of nymphal webbing behaviour have persisted in the Polypsocidae (such as

in G. cruciatus and S. stigmaticus), but the egg-web is found in most
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known members of the family. This suggests that it is functional, but
in the absence of experiméntal proof of a protective function, the
possibility of the egg-web being a relic of more pronounced silking

behaviour cannot be ignored.



SECTION 9. Ovinosition and fecundity of foliage-frequenting Psocontera.

Introduction

It was shown in the previous section that the factors effecting
egg mortality did not vary greatly between different tree species. The
numbers of eggs, however, varied considerably and corresponded closely to
the numbers of foliage-frequenting psocids, which were outlined in Section

. These differing numbers can now result from two categories of factors.
The survival of nymphs and adults may vary between tree species, and the
fecundity of adults may also differ on different trees. Oviposition and
fecundity of several species of foliage-frequenting psocids are discussed
in this section.

The female reproductive system,

The reproductive system of female psocids consists of two ovaries,
each with a small number of polytrophic ovarioles. The two oviducts join
in a comuon oviduct, which leads to a highly modified and reduced ovipositor.
4L spermatheca is usudly present; but other accessory glands are in most cases
very small or absent.

The number of ovarioles is constant in 2 species, and it is often
characteristic of the genus and of the family. Wong (unpublished) included
most available data on ovariole number in different species, and many newly
examined specles in a Table which showed clearly that most Peripsocidae
have five ovarioles in each ovary, as have Liposcelidae and Trogiidae.
lMost other species have four, and a few only three ovarioles in each ovary.

I have compared Wong's figures for the Hong Kong psocids with those of the
same or closely-related species in Britain, and for the most part they are
the same. The small amount of data from Korth American psocids agree

with these figures: Eertmoed (1966) showed that Peripsocus guadrifasciatus
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Harris has five ovarioles., There was no variation in the number of
overioles in large numbers of individuals of the scme species dissected
at Silwood, and it seems that the number is both conztani und
characteristic, Geographical variations in ovariocle numbers have been
noted in some insects, such zs Orthoptera (Waloff, 1954), but i3
appears that this variation doos not occur in tho Psocopicera.
The numbers of ovarioles in the British foliage-frequenting psocids are
shown in Teble 85,

Fach oocyte is accompanied by three trophocytes. Goss (1954)
showed that in Liposcelis there are four similar cells initially; omne
differentiates to form the oocyte and the other three become trophocytes.
The number of trophocytes is remarkably constunt in all the psocid species
examined, and the arrangement shown in Liposcelis is probably general in
the order. Different stages of ovarial maturation are found at different
times in a psocid's life. There are small, fully-formed ovarioles in the
last instar nymphs of many species. Sofner {1941) depicted different
cvarial stages of lctopsocus, and females of severzl species of known ages
were dissected at Silwood., The ovariolss were removed z2nd mounted either
in polyvinyl-lactophenol containing aniline blue or in Sudan III (see
Heron, 1966). Both methods facilitate counting of the oocytes, and the
latter enables distinction between mature egzs and immature oocytes and
trophocytes. Mature eggs remain unstained, as Sudan III does not
penetrate the chorion,

Three categories of cocytes were recognised:-

1. Mature eggs. These had a regular shape, a shining chorion, and did
not stain with Sudan III.

2. Large immature oocytes. These varied from nearly mature eggs to
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oocytes at least twice as long (measured along the ovariole) as their
accompanying trophocytes.

3, Small immature oocytes. These include all ococytes smaller than the
above which were sufficiently differentiated to have a distinct group of
accompanying trophocytes. Numbers of smaller rudiments were fregquently
present in the long ovariole filament, but .these were not counted.

These categories are shown in Figs.22-3, which also show the
ovarioles of C. flavidus of known ages. The numbers of oocytes in
several species reared in an outdoor insectary in 1966 are shown in
Table 87 . In order to determine whether oocyte counts can provide an
accurate basis for measuring reproductive capacity it is necessary to
deternine the extent of oocyte maturation during different periods of adult
life.

Teneral females never conteined mature eggs, and only rarely
any large oocytes. Mature egys are present after 48 hours, end the first
egg batch may already have been laid. Seven days later, that is after
twe or three further batches have been laid, the total number of visible
oocvtes does not decreasc significantly, and differentiation must still
be occurmring, After three weeks there was a decrease in oocyte number
and a small progressive decline in numbers occurred from then onwards,
only a few rudiments being present towards the end of the adult life.
Under outdoor conditions therefore, differentiation continues for the first
three weeks of adult life. No differences weve found in any of the
foliage psocids examined.

Normally, a meximum of two msture eggs occurred in any ovariole
at any time. Dissections of femzles immediztely after completion of

laying a batch showed that 21l mature eggs were laid: none were found in
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over a hundred C. flavidus, 76 Stenopsocﬁs or 23 Graphopsocus dissected at

this time. If no more than two eggs mature at any one time in an ovariole,
and all these are laid in one batch, the normal batch should show a

moximum size of 12 (Graphopsocus), 16 (Caecilius, Stenopsocus) or 20

(Egﬁggsocus) egITS, The numbers of egzs in many wild-collected batches

are shown in Table 86 , and these figures largely bear out the above

hypothesis. C. flavidus showed an average batch size of eight or nine
egzs and large batches (over 12 eggs) were unusual. Similar results were

found in the other species. Batches of more than 16 eggs have nut been
found at Silwood, although one batch was often found overlapping another
giving the superficial appearance of an abnormally large batch. The few
records in the literature of egg hatch size of these species correspond
well with the above, although Pearman (1928) recorded z batch of 31 eggs

as 'the first laying of a reared female G. cruciatus'. This is certainly

exceptional. Some bark-frequenting psocids regularly lay larger batches,
and the presence of two mature eggs in an ovariole of Stenopsocus does

not prevent maturation of further ococytes. Two specimens of S. immaculatus

bred at Silwood were unable to laoy; in one of them an egg had lodged
across the common oviduct and prevented passage of further eggs. In
both these insects oocytes continued to mature as long as feeding was
posgible, One eventually burst, and at the time of their deaths these
two females contained 47 and 62 mature eggs. Pearman's unueual

G. cruciatus might have laid only after a week or two of adult lifé.

The number of egg batches laid,

The intervals between deposition of successive batches reflect
the time taken for the eggs to mature. 30 females of C. flavidus were

reared separately on Quercus foliage at each of three temperatures, 1500,



_159..

20°¢ and 25°C. They were kept at these temperatures znd examined daily.
Abundant fresh food was 2lweys availabhle, and the cages were kept at
100 per cent R.H. Table 88 shows that the time of laying of the first
batch decreased at the higher temperatures, but the tptal number of eggs
laid and the number of batches were little affected. Smaller numbers of
other psocid species (Table 88 ) gave similar results. A female sometimes
leid two small batches on the same day, but the eggs laid in = single day
never totzlled more than 16, The' intervals between successive batches
tended to be smaller at higher temperatures, and rate of oocyte maturation
increased.

The total numbers of eggs laid by isolated females of the nine

species reared on a mixture of foods from Quercus, Cratzegus -nd Cupressus

foliage arc shown in Table 89, These numbers do not vary goeatly
between species, except that T. dalii laid consistently fewer eggs than
any of the other species.

The eggs laid total more than the number of oocytes present early
in adult life. Towards the end of adult life, however, a few oocytes
are present but laying becomes sporadic, or ceases altogether. The
oviposition rate of reared parthenogeneticfemales of C. flavidus and

S. stigmatucus on Huercus and Crataegus food respectively are shown in

Table S0 , The greatest rates of egg production occurred when the females
were one to three weeks old; subsequently there was a gradual decline to
zero within a few days of death. This decline in egg production with age
is widespread in Psocids. It has been found at Silwood in Elipsocus,

Cuneopalpus, Amphigerontia, Mesopsocus, Lepinotus znd Cerobagis, as well

ag the above species. Psoguille, merginepunctata Hagen shows an increased

oviposition rate soon after mating (Broadhead, 1961), and the gradual
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declines recorded in the zbove geners were 211 in isolated unmated females,

The effect of food on fecundity.

The smount znd type of food avoilable to psocids differs greatly
between leaves of different tree species (see Section 10 ). Quality and
gquantity of food are known to affect the fecundity of many insects, includ-

ing o psocid (Liposcelis grznicola Broadhead and Hobby: see Broadheod and

lebby, 1944), and the available foods on different trees might affect the
fecundity of psocids, and therefore the numbers of psocids found on those
tress. Broadhead and Hobby showed that different foods significantly
affected the numbers of eggs laid by Liposcelis females, and also their
length of life and the duration of nymphal development. The food giving
the shortest adult life-span was yezst, which also gave the largest toial
numbers of egzs. The oviposition rates of several species of bark-
feeding psocids vary on differcnt diets (Broadhezd, 1958), but their
fecundity 'was not compared.

Iixcess leaf debris and microflory on polystyrens chips (Section

10) was provided for isolated young nymphs of C. flavidus, C. burmeisteri,

S. stigmoticus and L. brigesi which were then rcared at ZOOC and 16-hour

day length a2t 100 per cent L.H. The 'debris! was obtained from leaves

of Guercus, Crotoeegus and foliage of Cupressus; a green Pleurococcus
from Quercus bark was also provided. 30 nymphs of esch of fhe four species
were reared on each food, and the fecundity of the adults recorded
(Table 91). Teneral females recrsd on the food from their natursl tree
were trensferred to other foods and their faecundity was compared.

Table 91 shows thot there are consistent differences in both

longevity and fecundity of the different species rezred on foods from
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different trees, The differences were more. pronounced between females,
which had been reared on particular foods,thon the tranferred teneral
females. It is notable that, under these conditions of excess of food,
these species had higher fecundity on resources from the tree species on
which +they are mcst commen at Silwood Park. The fecundity of C. flavidus

was greatest on oak food, and that of C. burmeisteri greater on Cupressus

food than on the other diets. S. stigmaticus did slightly better on

hawthorn food.

The quality of food affects both longevity and fecundity.
Differences in kind and amounts of available food on the above trees are
discussed in Section 10. TFemales of lMesopsocus lay more eggs when food
was more abundant (Broadhead and Wapshere, 1966 b). When food is scarce
or absent, the above species lay few or no eggs, and the number of eggs
produced depends on both the gquantity and quality of available food. The
numbers of particular psocids species found on different trees to some
extent depend on the fopd available. It seems that the availahility of
highly suitable food may be an important factor regulating the relsative
abundance of psocid species on different trees.

Selection of oviposition sites,

The ovipesition sites of several bark-frequenting species of
psocids coincide largely with the feeding sites of the adults (Broadhead
and Thornton, 1955; Broadhead and Wapshere, 1966 b) and many domestic
psocids scatter their eggs indiscriminately. The eggs of foliage-
frequenting psocids were wusually - found on foliage, the only exceptions

being E. brigesi and S. stigmaticus. The leaves of different tree species

differ considerably in many physical and chemical characteristics, apart

from the food present on their surfaces, and the following simple experiments
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were undertaken to detect selection of oviposition sites. The suitability
of leaves of different tree species for oviposition were compared in several
species of psocids. Ireference for lesves showing certain chaimcteristics
may influence the ocewrencc of a psocid species on different species of
trees.,

1l. Smoothness of surface. The leaves of the different trees from which

psocids were sampled at Silwood Park differed greatly in their surface
textures. They range from Ilex (hard, glossy, xerophytic leaves) to
Ulmus (very rough, hard leaves) with many intermediate grades. It was
shown in Hection 3 +that young nymphs of C. flavidus were unable to feed
from very rough surfaces and if tais is also true of the adults, few eggs
may be laid on leaves of this type. Ulmus supports very few psocids at
Silwood. Tifty reared females of each of three species, C. flavidus,

E., briggsl and 8., stipmoticus were divided into groups of ten individuals

in petri dishes. They were provided withclezpged leaves of Ulmus, Ilex and
Querecus, and a mixture of bark Pleurococci as food. The floors of the
petri dishes were covered with damp filter paper, and the walls and roof
coated with 'fluont'. 10 cm2 of ecach of the three leaf types was used in
each dish, and the egg batches laid on each kind of leaf were counted after
seven days (Table 92 )., Very few egzs were laid on Ulmus, and all three

species laid most eggs on Ilex. B, briggsi laid more randomly distributed

batches than the other two species, but still laid most eggs on Ilex leaves.
If this difference in batch numbers is due to the texture of the

leaf surfaces rather then their chemiczl properties, similar differences

in oviposition responses should result from providing the psocids with

a choice between chemically similar surfaces of different textures.

Blank microscope slides were coated with 'seccotine', and well~washed sand
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scattered tevenly on one side, These were allowed to dry thoroughly and
then prescnted to psoeids in petri dishes, The nwabers of batches after
seven days (Table 93%) were far greater on the smooth unsanded surfaces
than on the sanded sides. This experiment indicated that 2 smooth surface
is attractive to ovipositing females of these three psocid species.

2. Chemical properties. Maony phytophagous insects are attracted towards,

or to remein on, their host plant by some olfactory or gustatory stimulus
from the plant, and may leave the plant if such stimvli are absent, The
chemical characters of leaves of different tree species are likely to differ
greatly, and any substance on their surfoces having an attractant or
repellant influence on psocids might influence the choice of oviposition
site, as well as the nvmber of psocids initizlly present. The above
experiment indicated that the differences of suitability of Ulmus, Ilex

and Quercus were due primarily to surface texture, but chemical factors
have not been satisfactorily eliminated.

Four species of psocids, C. flavidug, C. burmeisteri, E. briggsi

and S. stigmaticus were used to test the effect of leaf surface washings

and of agueous and alcoholic leaf extracts on the adults. The trees

used were Ulmus, Ilex, guercus and Cupressus, and the test substance was

placed in the end chamber of a rectangular 'gradient apparatus' (ILuff, 1964)
(Fig. 24 ). Digtilled water was used in the other end compartment as a
control and to avoid large gradients in humidity, which themselves affect
the movements of some psocids. Heplicates of ten wsocids were introduced
between these extremes and their positions noted every five minutes for an
hour, The apparatus was turned through 180° after every second reading,
and constant top lighting was provided throughout, with a water filter

between the psocids and the lamp.
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The numbers of psocids in the different parts of the apparatus are

shown in Table 34 . (. burmeisteri was slightly attracted to Cupressus

leaf extracts, and these appeared to repel C. flavidus. The other psocids
showed no strong or consistent responses to any test substance. These
rather crude tests were of a very preliminary nature, and the concentrations
and constitutions of the substances tested were unknown. It has been
suggested (Section 4) that adult psocids flying from the litter do not
actively select the species of tree on which they land, but the above
results suggest that the marked coniferous/broadleaved division shown by
some psocids may in part be due to an olfactory response, C. flavidus

was very rarely found on conifers at Silwood, and C. burmeisteri not else-

where, Nevertheless, when these two species are confined in the laboratory
with leaves of the trees they do not normally frequent, given an adeguate
food supply, they will lay on those leaves; the scent of the leaves does
not prevent oviposition.

3. 'Shape' of leaves. Distinct depressions on leaves, such as those along

the mid-rib and larger veins of some species are often selected as
oviposition sites. In Ilex, for example, the points around the edges of
the leaves are often turned downwards, and the angle so formed is often

selected as an oviposition site by G. cruciatus and other species present.

A secondary egg-web is often present in these situztions, which may provide
more sheltered conditions than on the blade of the lamina.

4, Movement of leaves. The amount of movement leaves undergo in wind

may affect the number of psocids which settle and remain on them, and
the number of eggs laid on different tree species may be thus affected.
An_ experiment in which females of (. flavidus were confined in small cages

on leaves of Betula, ﬁhich were-agitated on a laboratory shaker, showed
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that this species will lay on rapidly shaking leaves.
Sprigs of different trce species were mounted in a small wind

tunnel (Bartell, 1967) and subjected to low constant winds. Leaves with

long slender petioles (Jetula, Populus) were rapidly agitated by low wind
speeds, whereas the larger more sessile leaves of other trées move very
little in wind speeds up to 20 m.p.h.

Adults of C, flavidus were confined in a muslin cage containing
twigs of Betula, which were then sheken rapidly for five days on a
laboratory shsker. Only four egg batches were laid on the foliage by
50 females, whereas this number of females confined for the same period
with stationary Betula foliage produced 83 batches on the leaves. In
both cases, adequate artificial food was provided. It is probable that
the small nmumbers of foliage-frequenting psocids on Betula and Populus
is partizlly due to the amount of movement their leaves undergo.

It is cleaxr that svme charaocteristics of the leaves affect the
numbers of eggs which may be laid on them by o particulsr species of
psocid, cither by affecting the numbers of insects originally present,
or by their differcntial attractiveness as oviposition sites. Smooth
leaves are particularly attractive to some species of foliage-frequenting
psocids, and depressions on these are often selected for oviposition.
Trees with rough leaves support very few foliage-frequenting psocids.
Although little food is present on Ulmus at Silwood, the paucity of
psocids is probably lorgely detcrmined by the roughness of the leaves.
These leaves were avoided as oviposition sites in the laboratory.

Trees with small mobile leaves also supported few foliage psocid
Elton (1966) considered that Betula had few psocids because of its general

lack of Pleurococcus, Adequate Pleurococcus is usually present in
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localised arcas on the bark of this tree, but psocids are easily dislodged
from the foliage. This may prevent initial colonisction and probably
accounts for the small numbers of foliage-frequenting psocids found on
this species. (Crataegus has similar small leaves on long petioles, but
the foliége apbears to be much denser and the branches are much less

flexible than those of Betula and Populus. The individual leaves do not

move as much in wind, and fewer psocids are likely to be dislodged.
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SECTION IO. The leof surfoce and psocid food.

Introduction.

This section is concerned with the feeding requirements of
foliage-frequenting psocids, and with the food available on leaves of
different tree species. The psocids graze on leaves, and all stages of
their life cycles are spent in the immediate environment cof leaves. It
was shown (Section 9) that some physical characters of leaves influence
selection of oviposition sites: tie amount of movement leaves undergo is
also likely to affect the numbers of psocids dislodged from them. The
fecundity of several psocid species differed when fed on food from different
trees, and indicated that these psocid species would perform differently on
different trees on which the available foods may differ in gquality and
amount. This hypothesis is further discussed in this section, in which
the available foods are compared in several tree species, and in turn
compared with the food ingested and digested.

The potential food of psocids on leaf surfaces.

There is only a small amount of literature on the microflora and
other adventitious matter of arboreal leaf surfaces, other than accounts
of pathogenic fungi. The region immediztely surrounding the leaf, the
phyllosphere, was studied by Ruinen (1961). She showed that micro-
organisms formed a layer up to 2%y thick on leaves in Indonesia, and this
thickness is probably greatly exceeded by some sooty moulds (see Fraser,
1935). The term 'phyllosphere' was used earlier by Last (1955) and
Ruinen (1956), but Kerling (1958) preferred 'phylloplane' when considering
actual leaf surfaces. Last and Deighton (1965) summarised most of the
available data on non-pathogenic microflora of leaves, and there is evidence

for at least a partizl limitation of host range for several of these micro-
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organisms. Most groups of microflora are limited to the upper surfaces of
leaves, but some are usually restricted to the lower sides. Various
factors affect the amount, kind znd distribution of microflorz on leaves
of different tree species; some of these will be considered below.

As well as microflora, many other plant and animal particles
are found on leaf surfaces. Pollen grains of many kinds of plants, and
bark flakes, usually occur in small numbers, and exuviae or remains of
many small animals.are often found. A1l plant and animal matter present
on leaves constitutes possible food material for grazing insects. It has
been shown (Section 9 ) that the fecundity of some psocid species differed
when reared on this material taken from difterent tree species: the
amounts and kinds of microflora on different lezves are considered here.

Technigues for examination of leaf microflora and debris.

In order to compare the amounts of potential food for psocids on
different leaves at any one time, the amount of food present on identical
areas of different leaves was assessed. Attempts have been made to
characterise leaf microflora by washing (see Voznyakovskaya and Khudyakov,
1960), but similar attempts at Silwood proved unsatisfactory because of the
difficulty of recovering the wished-off material, the incompleteness of
removal, and the difficulties of washing only a particular defined area of
a leaf. Thus washing proved very time consuming, and provided results of
uncertain value. Most conventional scraping materials may damage the
leaf, and much of the adventitious matter is often lost. A satisfactory
scraper of expanded polystyrene was duveloped in which the metier on
known areas of leaves adhercd to the scraper blade by electrostatic forces:
very little was lost, and the area scraped could be standardised accurately.

Expanded polystirene is a cheap, easily obtainable dielectric vhich is
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soft enough not to damage theé leaves and can eceily be cut to any required-
size. Chips of this substahcé were cut with scraper blade length cne

cm, weighed on a torsion balance reading to 0.01 mg. and scraped several
times over & known zvea of leaf, by moving the blade along a straight

edge whilst held by clean forceps with the one cm zxis at right angles to
it. They were then reweighed and the difference in the two weights is the
weight of debris removed from the area scraped. £11 figures in the follow-
ing tables refer to areas of one cmz. At least 200 such samples wcere
taken from different leaves of each tree species at each sampling occasion,
and no leaves with free water on the surfazace were used. Very little of
the potential food material waslost or left on the leaves. The material
can be stored on polystyrene chips for several months, and used for psocid
food as required. For detailed examinztion of constituents it can be
examined microgcopically in aniline blue in lactophenol, after teasing
from the polystyrene with fine necdles.

This method was used to assess amounts and constituents of leaf
surface adherents. The dispersion of particles on different leaves was
examined on collodion peels of whole leaves. Various other substances can
be used as peels, but collodion provides a useful permeable film, through
which mutrient solutions can be diffused, and the microfloras grown in the
absence of the leaf. This method has not been fully explored, but
preliminary tests have shown that much of the leaf flora grows readily on
collodion films,

.
The amounts, types and dispersion of adventitious matter on gome leaf

surfaces.
Approximately monthly samples of at least 200 x 1 cm2 samples

were scraped from different leaves taken from lower branches of each of
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several species of trees from April to November in 1966 and 1967. Twenty
or thirty cellodion peels of whole lcaves were also taken on each sampling
occasion,. The total amounts of debris per cm2 of adaxial surface recovered
from these leaves are shown in Table 95. The ranges of amount of debris
found are also given for each date. The amounts of debris on all the
deciduous tree species were greater later in the season than in May and
June, but during the late summer there were clear differences between
specieg. PFig. 25 shows the monthly increments for selected tree species
during 1967. An evergreen, Ilex, had more constant amounts of debris on
leaves throughout the summer, and many of the deciduous tree species

showed only a small increage in amounts of potential psocid food on the
leaves. Quercus showed by far the greatest rate of increase, and in late
summer the amounts of debris on the leaves greatly exceeded those on any -
other tree examined. The maximum amounts of debris were reached by
Avgust, after which no significant increase in weight was found. Large
amounts of potential psocid food are therefore available on Quercus

throughout late summers. Smaller amounts are found on Crataegus and Ilex

but very little potential food is present on Fagus and Acer, and only

negligible amounts on Betula, Populus and the other trees examined.

Comparison of the amounts of debris on upper and lower surfaces
of leaves in late summer (Pable 96 ) showed that most of the potentially
available food was limited to the upper surface. This was not the case
in samples taken from the litter in winter (Table 97 ) when there is a
large amount of secondary colonisation by fungi hastening decomposition of
the leaves (see Hering, 1967). Many of these are pectin-splitting fungi,
which are universally amongst the first colonisers of dead leaves (see

Smit and Wieringa, 1953). The amounts of debris recovered from oak
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Nd'a‘lv:‘;l;;;sﬁét‘hasb'een‘&ﬁéde-:‘bo compile fvll;‘flore.l lists for each kind of leaf; the
particles present have been categorised simply into fungal spores, hyphae,
algae, pollen grains, other plant particles and animal particles. No
account has been taken of the bacteria and small yeasts. The first
colonies of leaf surfaces are generally nitrifying bacteria which build
up nitrogenous matter which enables progressive colonisation by other
bacteria, yeasts, fungi and algae, but the flora of leaves +towards the
end of the season contained comparatively few bacterial elements.  Some
authors (Kerling, 19585 Etchells, Costilou, Bell and Rutherford, 1961)
have shown that bacteriz outnumbered fungi on several fruit and leaf
surfaces throughout the year, but volumetrically and gravimetrically they
are in a minority. The larger, non-bacterial particles which are present
in far greater weights than bacteria are likely to be the more important
food sources for insects requiring a large and rapid protein tdrnover for
continuous egg production.

Potter (1910) developed a method of demonstrating microfloras
of leaves by pressing the leaves onto gelatine plates, which were then

incubated. Ten leaves each of Crataegus, lagus, Ilex and Quercus were

pressed onto plates of malt agar in September 1967,.and the number of
species of fungi developing on each plate after a week in the laboratory
were recorded (Table 98 ). Only one or two fungal species were abundant
on oak. More species were found on the other trees, but all were in very

small numbers, and only grew from a few points on a leaf. the collodion
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peels indicated that there was a marked concentretion of microflora along
the large veins of all the species examined, and also in other depressions
on the leaf; this tendency was again evident from the agar plates.

The main constituents of the oak lcaf microflora were a black
coccoid alge and black ‘'honeydew moulds'. The algal cells had parietal

chloroplasts and appeared to be Pleurococcus. Most authors consider

that this genus is monotypic, and the dark small cells found on leaves
may represent a nmutritional variety of this alga, resulting from honeydew.
Samples have been sent to several experts, but the taxonomy of these algoe
is badly in need of revision, and no definite identification has been
possible. This alga was present in large quantities towards the end of
the season and represents the climax vegetation of deciduous ozk leaves

at Silwood. It was found only on Quercus, but a similar alga was
common on the bark of Crataegus, but no alga was found on ozk bark which
resembled that on the leaves. The foliage of Cupressus is often covered

with a green Pleurococcus, as found on the bark,

The 'honeydew moulds' were always present on oak, but the taxonomy
of these is incompletely known. Their classification was discussed by
Fraser (1933) and Fisher (1939). Spores were found which resembled
Fraser's (1935 a) figures of Capnodium and (1935 b) Atdchia. Fisher
recognised six families of sooty honeydew moulds, but beyond noting that
members of the Capnodiaceae and Atichiaceae (sens Fisher, 1939) were found
commonly on oak at Silwood Park, identification is uncertain.

Leaves on different species of trees growing close together, in
some cases with contiguous foliage, bore microfloras of very different
kinds and amounts., Different constituents of the microflora appeared to

be partially host-tree specific, but the flora on ocak leaves was
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exceptional both for its amount and its uniformity. Hany fuercus leaves
were covered with a black layer of adventitious fungi and algae, but this
was only rarely found on other tree species. "here is some evidence that
the amount of microflora increases with increasing age of the leaf (Kerling,
1958; Ruinen, 1956; Stout, 1960), but extraneousfactors are also important
in influencing the a2bundance of many micro-organisms. The trees examined
at Silwood had very small weights of microflora on the veiry young leaves
early in the summer, but the weight per unit area became finite on older
leaves. There is considerable evidence (See Last and Deighton, 1965) that
leaf materials entering water droplets on the leaf surfaces, and the differ-
ing chemical charactecs of leaf exudates, influence the development of
fungi. Both inorganic and organic guttation products are important, and
the relatively small amounts of data in the literature suggest that the
fungal products are to some extent host-specific. Several typical leaf
colonisers have been recovered from sugar solutions exuding from plint
wounds and can probably also grow in insect honeydew (Lest and Deighton,
1965). Honeydew has specific microflora associzted with it: +the sooty
moulds characteristically grow in this hzabitat. The range of insects
which produce honeydew, which are often extremely host-plant specific, have
been reviewed by Zoebelein (1956). Honeydew is an important factor
influencing the amount of microflora on leaves. It acts as o 'sticky
trap' for spores, thus increasing the proportion of drifting spores trapped,
and limiting dispersal of subsequent generations, and also greatly reduces
the amount of microflora which is washed off by rain. On ozk, which had

abundant honeydew (produced by Tuberculoides annulatus Htg.), leavew on the

inside and outside of the canopy did not differ in amounts of microflora,

whereas other tree species without honeydew had most debris on the less
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exposed leaves. Honeydew also enables more rapid colonisation of leaf
surfaces to the 'climax' stage. Ruinen (1961) implied that a succession
of nutrient stages occurred on leaves, with o build up of mutrients from
successive groups of colonising organisms. Some sugars in hioneydew

are unfavourable to some fungi, but & preponderance of honeydew early

in the summer was probably the main cause of the large amounts of potential
psocid food on oak at Silwood. Honeydew was also present on other trees

at Silwood, notably Tagus (Phyllaphis sp.), Tiliz (Eucallipterus tilise L.)

end Acer (Drepanoriphm platanoides Schr.); all these occurred much

later in the year, and little food was ever found on the leaves of these
trees., Bird-droppings may also provide a source of available nitrogen for
fungi, but are usually washed off the leaves within a comparatively short
time.

The appzoximate percentage compositions of the debris and micro-
flora from 40 collodion peels of each of several tree species are shown in
Table 99 . It is again clear that there are notable differences in the
flors of different tree species. The total potential food available to
psocids grazing on the leaves differs markedly in both amount and type.
These differences are related mainly to characters of the leaf surface, but
also depend on the exposure of the kaves to wind and rain, and to some
extent on the age of the leaf,

The actual food of foliage-frequenting psocids.

It has been shown that the total potential food available to
psocids differs on leasves of different tree species. The following account
considers tha actual food of these psocids., Any selection of, or
preferences for, individual constituents of the microflora would be

important in congidering the comparative diets of these animals, and
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necegsitates examination of the food ingested and digested, as well as
that‘available. Selection of food particles by psocids may occur at
two levels, namely (1) at the time of ingestion and (2) during the passage
of food through the gut. If no selection of food occurs, and the inSects
graze haphazardly, the differences in the leaf microfloras can be direéfli
taken &s the diffeérenceés in the diets of psocids feeding on the leaves.
The fecundity of the psocid species examined differed when they were fed
on food from different leaf species (Section 9 )., This implies either
that the microflora, that is the total foods available, differ in their
suitability for these psocids, or that one or more particular constituents,
which are actively selected as food, are present in different proportions
on different leaves.

There is evidence that some bark-frequenting psocids prefer a
particular kind of food when others are available (Broadhead, 1958),

but this selection occurred mainly when the foods, lichen and Pleurococcus,.

were growing in discrete areas on dead and living larch twigs respectively.
No data are available on whether psocids prefer - or select - particular
particles growing in an intimate mixture or in small intermingled groups.

Elipsocus mclachlani feeds only on fructifying cups of lichen, whereas

Reuterella helvimacula grazes all the lichen (Broadhead, 1958), Broadhead

and Wapshere (1966 b) produced slight evidence for particle selection
related to the size of the psocid grazing; the larger nymphs of Mesopsocus
that they examined had ingested more bark flakes than did the small nymphs.
The crop contents and faecal pellets of several species of
foliage-frequenting psocids have been compared, and in turn related to the
possible food present on the leaf surface. Three sets of 40 adults from

each of the species z, brisggsi, Sa. stigmaticus, (. burmeisteri and
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C. flavidus were individually confined on leaves of Quercus (abundant

food, mainly'honeydew moulds'), Cratacgus (smaller amounts of food, greater
variety) and small fronds of Cupressus (almost wholly Pleuroccus). At the
start of this experiment the left side of the upper surface of each leaf
was covered with collodion to prevent grazing. When the psocid was
removed, the rest of the leaf was painted with collodion. Comparison
between the two peels from each upper surface indicated the amount and

2 of upper leaf surface

type of food grazed. In all cases at least 5 cn
were available to the psocid. These psocids were dissected after five days
and their crop contents and fzecal pellets were examined microscopically
after teasing out in lactophenol containing aniline blue (Broadhead, 1958).
Ten faecal pellets from each psocid were examined. The results of this
experiment (Table 100 ) showed that these psocids grazed readily and
apparently indiscriminately on all the foods offered. Under these
conditions of excess food availability, the facces contained large
proportions of undigested material, and when the food constituents were
mixed (Crataeggs) the faecal contents did not differ greatly in relative
composition from the crop contents, except that the proportion of
unidentifiable material (other' in Table 100 ) was higher. This included
digested or partially digested matter. Some food was always present on
the leaf surfaces after this experiment,

Similar results were obtained when nymphs were substituted for
adults (Table 100). Small and large nymphs both fed indiscriminately,
and there was little evidence of selection of particle size or typec. Parts
of large animal exuvice were found even in wild~collected second instar
nymphs of C, flavidus, and the large number of crops of wild-collected

psocids examined in 1967 indicated that there was little selection of



particles from the leaves (Table 10e). It was, however, clear that most
of these psocids fed from the leaves, and not from nearby bark., Many

Stenopgocus from Crataegus had 1little Pleurococcus in their guts: 1little

is present on the leaves, but much on the bark., Similarly, C. flavidus

from Quercus only rarely contained the large Pleurococcus cells common

on the bark.

The faeces usually contain a high proportion of utilisable food,
and it appears that an inefficient digestion is compensated for by a
rapid rate of food passage through the gut (about four hours in C. flavidus).
Whereas some of the gut and faecal contents are unrecognisable, the faeces
contained many apparently undemaged algal and fungal cells. Pollen
grains and bark flakes are present in very small quantities on the leaves,
and appeared to undergo little change in the gut. Theze particles may
not be utilised as food by foliage~freguenting psocids, but otherwise
there is little internal selection of particle type. Single faecal pellets
from these psocids rapidly gave rise to colonies of fungi similar to those
on the origanal leaf when left on plates of malt agar. Most of the
psocids' faeces remain on the leaf near the original feeding site, and
it is 1likely that recycling of some of the undigested food occurs.
Coprophagy has been observed in the laboratory on many occasions, and the
healthy spores in faeces can recolonise the leaf surface., Production of
faeces containing large amounts of undigested material may therefore
increase and prolong the available food supply in the psocids' habitat.

When only a little food is available, much less undigested food
passes through the body. Table 101 shows the faecal composition on
consecutive deys of adults of C., flavidus which were confined to a

small area of leaf (2.8 cm?) by glass rings waxed onto the leaf (Fig.26 ).
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Almost all the faeces were removed from the leaf as they were produced,
and single psocids lived for up to 15 days on these small areas of leaf.
After this time collodion peels showed that almost no potential food
remained on the leaf. It is clear that an increasing proportion of the
food was digested as less became available. Holling (pers. com. 1967)
considers this to be a functional response of the insect to a changing
environment, and has found parallel cases in several other insects
(unpublished). The rate of faecal production did not decrease greatly
until food became very scarce. These psocids grazed the leaf surfaces
throughout the day and night. TFaeces were collected from C. flavidus with
abundant food at two~hourly intervals over two separate 24-hour periods.
No peak periods or cycles of feeding were detected.

It is evident that the foliage-freguenting psocids examined do
not actively select any particular size or kind of particles from those
present on the leaves, but graze .indiscriminately. The actual food of
these psocids does not, therefore, differ from the potential food present
on the leaves, The microflora of different leaf species vary in their
suitability as foods for different psocids, but the amount of suitable food
is closely correlated with the abundance and fecundity (Section 9 ) of

particular species. C. burmeisteri does better on Cupressus debris,

which closely resembles bark flora, C. flavidus is well adapted to the

abundant 'honeydew moulds' on Quercus leaves at Silwood, and S. stigmaticus

does better on a mixture of congtituents. The particular nutritive
factors causing these differences have not been clarified. Many of the
microflora can be grown easily in pure culture, and rearing psocids on
these should indicate whether any particular flora have major influences

on fecundity and longevity. Clarification of the metabolism and chemical
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analysis of such species may eventuslly isolate the particular factors
involved.,

Only a few groups of insects have exploited lcaf microflora as
food, and no experimentzl data on relative suitability of different foods
is-available. Many Collembola pass undigested material in their faeces,
and . can be cultured on agar plates as ecarlier described for Psocoptera
(Healey, pers. com. 1968). Only o few species of Collembola, mainly
Intomobryidae, are arboreal, and most of thege are found on or under bark,
Some are probably minor feeders on leaves. Ants, whilst tending honey-
dew-producing aphids, clean much of the lexf surface of cdventitious matter
Many groups of phytophagous insececisincidentzlly ingest microflors whilst
devouring foliage, and mny destroy much of the hoabitat available to foliage

frequenting psocids,
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SECTION 1L Discussion.,
Several of the psocid species discussed in this thesis, notably

C. burmeisteri and S. stigmeticug, were found only on one or two tree

species, and others (such as C, flavidus) were found in strikingly different
numbers on different tree species at some times of the year, Others were
widely distributed on many tree species, but never in large numbers.

Large numbers of particular species of foliage-frequenting psocids occurred
only in late summer on particular tree species, although small numbers

of the same species were often found concurrently on other trees. Some

of these foliage~frequenting psocid species therefore showed 'host'-tree
specificity and others, an 'acquired' ‘'host'-tree specificity which

became more pronounced during late summer., This is largely determined

by characters of the foliage of the different tree species which affect

the suitability of the leaves as oviposition sites and influence the growth
of adventitious microflora on which the psocids feed., The term thus diflers
in meaning from ‘host specificity' as applied to truly phytophagous insects,
which feed on the actual host plant rather than on adventitious matter,

and more resembles 'antibiosis! (Painter, 1958). Host specificity in
phytophagous insects is often largely determined by chemical factors
influencing attraction to, and feeding on, the plants (see Schoonhoven,
1968). There is some evidence of olfactory selection of the host plant
by foliage-frequenting psocids at the coniferous/broadleaved level, but
otherwise chemical stimuli appear to be of little importance. The
coniferous/broadleaved division of habitats is probably inherent and
fundamental in these psocids, as in many groups of phytophagous insects,
Thus Benson (1950) stated that no recent species of sawfly is known to

feed on both conifers and angiosperms, although different species in the
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same genus (e.g. Pristiphora) may feed on plants in these two main groups.
Recently Mockford (1965 b, 1966) produced evidence to show that separate
natural species aggregates of some North American Caecilius species were
found on grasses, sedges and Palmaceae, on coniferous foliage, and on
foliage of broadleaved trees. Several authors (Holzapfel, 1936;

Broadhead and Thornton, 1955; Broadhead and Wapshere, 1966 b ) found very
different numbers of various species of bark-frequenting psocids on different
tree gpecies, but there does not appear to be any large degree of host tree
gspecificity in these species, except that a few species again show a
division between coniferous and brozadlecaved trees (see New, 1968). The
constitution of bark microflorz does not differ greatly on different tree
species, and is composed of comparatively few species. The foliage-
frequenting habit is probably at an early stage of development in psocid
species found predominantly on evergreen conifers, on which the foliage
microflora closely resembles that on bark, more advanced in species mainly

confined to such broadleaved trees as Crataegus and Ilex on which there

is a mixture of food constituents; and reaches its most advanced form in
species such as (, flavidus which are well suited to a highly spéciaiised
leaf microflora such as that found on Quercus =t Silwood Park. Different
species of Polypsocidze are thereforé associated with different groups of
tfee gpecies, and it seems that the most advanced species afé those fqund
golely or predominantly on foliage of broadleaved treeé; The three speciesA
of Stenopsocinze appear to be comparatively unspecialised fbliage peocids,

Broadhead and Wapshere (1960) recorded small numbers of S. immaculatus

and G, cruciatus on larch, and their eggs were then laid on bark, as were

some eggs of S. stigmaticus on Crataegus at Silwood. Oviposition on bark

and partial presnce of o nymphal feeding web are both probably archaic
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characters,

It is again emphasised that psocids are not phytophagous in the
accepted sense: the 'host' tree merely provides a substrate for their
food. The present work has shown that 'acquired host-tree specificity!,
is a real phenomenon is several species of foliage-frequenting psocids, an
has revealed several important biological characters in which this group
differs from other psocids, which predominantly frequent bark or stored
products. All seven Polypsocidae discussed have a well-defined web of
labial silk covering the egg batches. Batched eggs of bark-frequenting
psocids are typically covered with faecal material, and it is interesting
to note the persistence of this habit in E, briggsi , which has varying
amounts of such material incorporated in the egg web, and in T. dalii
where the encrusted eggs are often suspended on silken lines above the
leaf surface. The function of the egg web is not clear, No British
foliage-frequenting psocid is univoltine, and those frequenting deciduous
trees are characterised by a well-defined 'altermation of hebitats' in
which generations are passed in the litter and on trees each year. This
division of habitat greatly complicates any population study of these
insects, especially as umall numbers of psocids are also removed from the
trees during rough weather at other times of the year., These can survive
in the ground litter and later return to the trees. In phytophagous
insects with limited host plant range, those individuals similarly knocked
off trees are removed from the population and classed as 'mortality': in
a psyllid, Cardiaspina, Clark (1962) showed that many eggs were removed
from trees on foliage and were lost. This complication, which necessitates
concurrent examination of litter and tree samples, does not occur in bark-

frequenting psocids (see Broadhead and Wapshere, 1966 b). Bggs of foliage
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psocids on leaves may be blown considerable distances from their 'parent!
tree and hatch in a different kind of litter. Imature stoges of many
phytophagous insects trees are dispersed passively by wind or 'silking'
(Morris, 1963; Leonard, 1967), but again any which fail to find a new
host tree of the same or similar species die. Aphids landing on an
unsuitable hostplant often take off again (Kennedy, 1965 ). Landing is an
active process in aphids (Kennedy, 1965 ), and probably alsc in other small
insects under comparatively calm conditions (see Lewis, 1965). Psocids
do not appear to actively leave an unsuitable 'host' tree, as shown by the
more random distribution of sﬁch species as (. flavidus early in the season
after flying up from the litter, but the opportunities for dispersal of the
adults of foliage species are largely governed by this alternation of
habitats, and are more limited in those species frequenting evergreens.
Those species which alternate between litter and trees (E. briggsi,
Q;_flxvidus)showed well-defined peaks of flight activity at the time of
movement from litter to trees. This peak was not shown in suction trap

catches of species on evergreen conifers (C. burmeisteri), species with

most individuals on broadleaved evergreens (G. cruciatus) or in species
on deciduous trees,whose growth habit makes wide distribution of litter

unlikely (S. stigmaticus on Crataegus), but these species are all relativey

scarce at Silwood. In common with many other small insects, many psocids
are likely to become incorporated in the aerial plankton and may then drift
a considerable way from their original habitats., The chance to reach,

and settle on, a variety of tree species is greatest in species which
undergo a period of voluntary flight. The life histories of foliage-
frequenting psocids on different tree species therefore affect the

dispersal potential of the adults. The Polypsocidae are among the most
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advanced psocids and the life histories of some species enable them to
exploit temporary habitats such as the foliage of deciduous trees.

Different charactersoffoliage of different tree species affect
the distribution of psocids in early summer. The amount of movement of
foliage affects the ease with which psocids can settle and remain on the
leaves. There are few species of small insects associated with the foliage

of Populus and Betula, and examination of the effect of foliage movement

on other groups of insects may clarify the reasons for this. Smooth
leaves are more attractive than rough ones for oviposition of several psocid
species, and may also be more accessible feeding sites for young nymphs.
There is, however, no limitation to leaves of a particular age, as occurs
leaves of different ages.

Several factors are important in regulating the subsequent
distribution and abundance of particular psocid species on different tree
species. The most important of these appears to be the amount and
quality of available food, and its effect on fecundity. Food must be
regarded as a limiting resource, but the amount on unit areas d Quercus
foliage at Silwood greatly exceeded that on other broadleaved trees during
the summer. The fecundity of C. flavidus was greater on this specialised
diet of honeydew moulds (see page 141 ) and black algae than on food from

Crataegus or Cupressus leaves. Similarly, the fecundity of C. burmeisteri

and S, stigmaticus was greatest on food from the foliage they usually

frequent. ©Psocids again differ from foliage-eating insects, as they do
not diminish the amount of substrate available for food growth: food is
rapidly replaced by fast growth and by regeneration from psocid faeces,

but may at times become scarce enough 10 produce some competition between
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individuals or species. As is the case with the bark-frequenting -

Mesopsocus species (Broadhead and Wapshere, 1966 b), the coexistence of
small numbers of different foliage-fregquenting species appears to be a
fairly stable situation. The numbers of several species are large in
late summer, but these species are mainly segregated on different tree

gpecies. E., briggsi and C. flavidus are both abundant on Quercus, but

the numerical peak of E. briggsi occurs later than that of C. flavidus.
Much food was present on the foliage at this time, and did not become
scarce. Both species will take a2ll of the food present, so that the
general statement of lack (1944) that spatially overlapping species often
have different food preferences in not tenable in this instance. All the
foliage-frequenting psocids examined will accept various kinds of food, but
these foods differentially affect the psocids' longevity and fecundity.

It can be argued, for example, that an individual of C. flavidus on Cupressus

compares disadvantasgeously with one of (. burmeisteri, and with a

C. flavidus female on Quercus, because of the relative effects of food on
fecundity. The characteristic leaf floras of different deciduous trees

do not develop until mid-summer, but the development of these characteristic
floras is probably the greatest single factor influencing the gradual
divergence of relative numbers of such species as C. flavidus on different
tree species.

The food therefore influences the fecundity of these psocids, but
the proportion of eggs which survive on different trees does not differ
markedly. A constant proportion destroyed will leave different numbers of
survivors on different trees if different numbers are initially present,.
Depending on the amount of redistribution of litter that occurs at the

time of autumnal leaf-fall and during the winter, many of the adult psocids
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of the spring generstion will fly onto the trees on which the eggs were
originally laid, and only a minority of S. stigmaticus, for example,
appear to be dispersad from the original habitat. In more open litter,
such as that of Quercus, more adults of C. flavidus will become widely
dispersed, but again more are likely to reach ozk than other tree species,
A small excess of adulis on Quercus at this stage may result in many more
nymphs. This difference in numbers is accentuated by parasitism of the
nymphs by species of Leiophron. Only the first arboreal generation of
foliage~frequenting psocids is affected by these braconids, and about half
of these nymphs were parasitised on all the tree species examined. Again,
a fairly constant proportion of nymphs was attacked, and by the end of the
first arboreal generation of C. flavidus, there was a large discrepancy
between the nmumbers on osk and other trees. Ireedom from nymphal
parasitism in the next generation, together with the presence of a well~
developed leaf microflora at this time, enables further growth of the
populations., The percentage parasitism is not clearly related to the
host density, but the parasites ave fairly specific. Several species of

Alaptus and Leiophron parasitise only egzs or nymphs of the foliage-

frequenting psocids. There are thus no alternative hosts, of which the
abundance could affect the amount of parasitism of these psocids. The
parasites also differ from those infesting Mesopsocus (Broadhead and
Wapshere, 1966 b) where univoltine parasites attacked univoltine hosts.

A univoltine parasite which is limited to breeding in one generation of

a bivoltine or trivoltine host species is umusual, but subsequent absence
of parasitism may produce marked differences in mortality in different host
generations.,

The amount of predation on psocid nymphs and adults by other
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arthropods is not clear. Many kinds of invertebrate predators found on
various trees probably take some psocids, but these are likely to be of less
importance when much alternative prey is present, as on GQuercus. None are
at present known to select psocids to the exclusion of other prey, or to

be markedly prey specific, Some psocids are likely to be taken by birds
(Betts, 1956; Broadhead and Wapshere, 1966 b) but there is at present no
evidvnce that birds actively search out psocid prey, as Clark (1964) found
some birds to do for Cardiaspina.

The dota considered in this thesis were obtained in one area over
two seasons. Psocid abundance and distribution were similar in the two
years, but it is not known how general and widespread are the factors
affecting relative abundance on different tree species. In all cases
where a strongly non-random distribution of a foliage-frequenting psocid
was found on different broadleaved trees, a study of the relationship between
the psocid species and the facilities provided by the foliage of different
{trees provided valuable clues as to the mechanisms of this habitat
limitation. Isolated samples of psocids from trees at any one time of
the year are often misleading. The factors found to be important in
regulating abundance are likely to be of general occurrence, but their
magnitude and relative effects may vary from area to area. For example,
the large amount of food on Quercus foliage at Silwood Park was caused
in part by honeydew;1hé abundance of aphids may therefore affect the
number of psocids on a tree, Psyllids and coccids may similarly affect
psocid abundance, but this has not been noted at Silwood Park. Any
future comparison between different leaf surfaces, especially in relation
to chemical characters and specificity of microflora may lead to clearer

understanding of their characteristic complement of psocids. This work
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has been concerned mainly with psocids frequenting foliage of broadleazved
trees. . Any confirmotion of trec-sneeific microflora on different specics  of
coniferous trees could lead to valuable future work. Some of the factors
that appear to be important in affecting the rclative abundance of the same
psocid species on different trees have been considered, but much remains

to be discovered by specialists in different disciplines.
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Summery e

I. 2ecring methods for Psoconters in the laboratory are described.
Severnl folioge-frequenting species vere reared under conditions of
controlled humidity and tempersoture, Development is accelerated at higher
temperatures, up to cbout 30°C. Differencer in tolerance of desiccation
of eggs of folisge ond bark-frequenting psocids were found to be related
to oviposition site, and similar differences in nymmhal tolerance were
agoin related to their primary hobitats.

2. The early stoges ond life histories of nine species of foliage-
frequenting psocids are deseribed. Fipgures and keys show the main
structural characters that werve used in generic ildentificotion; but
enecific characters vere often lers well-defined. -All nine species arc
bivoltine or trivoltine. Seven of them overwintered only as eggs, but o

proportion of B.briggsi ond S.stigmaticus overwinter as nywphs and adults

Overwintering in these two gpecies is discussed ond compared with that in
a bork-frequenting psocid; Z.hyalinus.

%2, Psocontern were extracted from several kinds of leaf litter by
Tullgren Funnels and by & Kempson Bowl BExtractor. The efficiencies of the
two methods were compored. Litter psocids fell into three categories
according to their degree of dependence on the litter as a hobitat. The
spring generation of species laying on deciduous folicge is passed in the
litter, but these species are subsequently rare in the litter. They show
a distinet 'alternation of hobitoats! in which complete enerations are
pessed in litter and on trecs cach year.

4. Socmpling methods for folicge insects on trees cre discussed; ond
the difficulties of stondordising sasples botween differont trec species

cre noted. Psocontern werce sammled by berting from o range of trec species
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during 1966 cnd I967. Severnal psocid species were confined to ons or two

frequentors, were found on mony trees. The numbers of some species of
foliage psocids increased grectly throughout the swmser and the distribub-
ion of Ceflovidus became much less rondom between tree specles as its
numoers inerceased.

5. Dispersal of cggs and nymphs is largely paszsive. Cotches of adult
psocids in suction traps over seven seasons were cxamineds Several species
were found mainly at times when they were sctively flying, either from
litter onto treos or to or from overwintering sitcs. TFew species were
co:zon, and there was some corrclation between the primary habitats of
some species and their relative numbers in suction trops at I.3m and 9.2m
obove ground leovel. Autolysis of Ilight muscles does not occur in the
gpecice examined but severcl species show olowy polyuworphism. This ie
briefly discussed.

6. The bioclogy of two groups of hymencpterous parasitecs of psocids
is discussed, especially in relation to their fecundity and hostspecificitye.

Several mymorids of the somus Alantus parasitise psocid ogus but often only

soma eggs in o batch arc perogitised. Al.pallidicornis Foerste. ond

A.richardsi Hincks predominantly parcsitise egss of foliage-firequenting
psocids; ond other nerasitic species are commonly found in eggs of bark-
frequonting psocide. The species parasitising foliesge psocids are
polyvoltinc. Braconids of thc genus Lgigggzgg_(Euphorinae) paresitise
psocid nymphs, cwd there is o similar separation into species poarasitising
bark and folinge psocids. Lelonhron species cro univoltine cnd attack
various instoars of the first arboreal generation of psocids. Mony psocids

are killed by Leiophron in this generntion, but the next gencration of



~17 %~
specios such as Geflavidus is free from parcsitism. The early stoges ond
life histories of these poresites ave described.

7. Gost of the predotory arthropod spccies on treec probebly toke
some Psocoptern, although those tested did not selecct peocide %o the
exclusion of other prey. Many probeble predators were found on drces with
o wide renge of proy but on othew trecs; noiobly Cupresius, psocids were
virtually the only possible prey of the few predators found.

8. Collections of ogz batches weore mnde from different hobitots
throughout the year and the vorious factors cousing czg mortality cssescod.
Total mortality of eggs did not vory greatly between differont sites or ot
different times of the yoore The function of the silken web overlying
eszs of the folirge psocids wne investizated but remoing unclorificd.

9. The size of ege boitches of foliose »nsocids is relaoted to the
structure of the female reproductive system. Scveral specice prefer o
smooth surfoce for oviposition. The fecundity of cevercl species differa
on food from different trec speciocs. Selection of ovivosition sites and
fecundity arc discussed in relation o the foeilitics provided by various
trec species.,

I0. Different charccters of leaves influence the nuwnber of psocids on
them. The amount of movement leaves undergo influences the ease with vhich
peocids can settle on them and the case with vhich they are removed in
rouzh weether,

II, The omount and quality of notential psocid food on the leaves of
different treec species were compoared at different times of the year. The
total amount of food voried considerably on different tree species, and
the feetors affecting tiis arc discussed. Porticular microfloras were

found on leaves of different tree gpecies. The totel potential food
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availeble wvae compared with the cctunl food of psocide and it was found
that little sclection of particles occurred.

I2. The development of on ‘sequired host-tree specificity! in some
foliosge-frequenting nsocide results largely from characteristics of
folicge on different trco spocics, vhich lecds to differcnces in life
histories, fecundity, and opportunity for dispersnl. Some of the
possible mochanisms of thie are briefly discussed in rclatiom to the

evolution of the foliage-frogquenting hobit.
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Appendix 1.

Specific identifications of trees ond bushes from which Psocoptera

were saimmled at Silwood Park during 1966 and I967.

Acer pseudoplatanus L. Sycamore.
Aesculus hivppocastanum L. Horse chestnut.
Betula nendule Roth Silver Birche
Cratasgus monogma Jacq. Hawthorn.

Cupressus ( various introduced species).

Papus sylvetica L. Beech.

Tlex aquifolium L. Holly.

Pinus gylvesiris L. Scots Pine.
Populus nigra vare italica Duroi. Lombardy poplar.
Quercus robur L. Common Oak.

Qe _petraca (Mattuschka) Liebl. Sessile Oak.

Sarothamus_scoperiys (L.) Wimmer ex Koch. Broom.

Tilia x eurovnaea Common Lime,

Ulmus glabra Hudse Wych Elm.
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Table 1. [The species of psocids reared by different methods described
in the text.

(+ = reared for at least one generation, x = unsuccessful rearing attempt)

Species: Hethod
i 2 2 4 2

T. sexpunctatum + +
L. fasciata + x
L. variegata + + +
A, bifasciata + + %
A, contaminata + +
S. immaculatis + + + x
S, stigmaticus + + x
G._cruciatus + + + + +
B. lucifugus + 4
T, dalii + + +
C. fuscoptecus + + + + x
C. flavidus + i + + +
C. kolbei + + + +
C._ burmeisteri + + + +
P. phacopterus + + x
P. subfasciatug + X
P. alboguttatus + X
B. briggsi + + + +
M. unipunctatus + +
M. immunis + +
C. cyanops + +
E, hyalinus + +
BE. westwoodi + X
B, mclachlani + X
P, picicornis + +
L. paectus + +
L. bostrychophilous + +
P, ramburii +
L. patruelis +
C. guestfalica + + + +
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Duration of egg stage of some British foliage-frequenting

psocids at different constant temperatures.

Psocid

E. brigesi
T. dalii

S, immaculatus

S, stigmaticus

G. cruciatus

C. flavidus

C. burmeisteri

C. fuscoptera

C. kolbei

Table 3.

of

' batches

n No.

W
< N

N
W

22

54
26

15-

23

i

'R; Duration
(days)

1
=t
o

14-19
13-17
13-16
12-19
11-14
11-14
12-16

11-14

Temperature (°C)

n

Ll )

ol.a

o 3]
o o]
] Ol o
= -4 el
14.4 34
16.6 8
14.1 52
14.8 23
14.6 35
12.5 71
12.5 18
14.6 12
13.2 14

20

@ @ o o o e = o Duration
® o 0 0 0 0 0O (days)

T
o]

8.0
7.8
T.75
Te3
8.0

I

)

Duration

No. of
O batches

N
[es)
Y
® @ {(days

()
O
T
-

17
18

[\
[oANNEN ¢ 2N
A
o =3 o o o

18

Y
)

7.6

(A11 at 100 per cent R. H.)

N
o

of
O batches
Duration
(days)
Mean

n No.

[
W i
| 1 1

12 -
24 7.0(1 batch)
30 6.0(1 batch)
15 6.0(1 bateh)
8 -

15 -

Develspment of webbed and unwebbed batches of C. flavidus

at different relative humidities,

Webbed batches

o
Sin
)
Q o
R,H.% oy
100 104
90 79
76 44
64 91
58 57
45 86
33 89
20 a0

velop

6|m
zlo

14
44
86
49
76
61
14

loping

ol o
>
E
100
93
100
24.5
86
88.3
68.3
15.5

Unwebbed batches

= Total no.
of eggs

%]
W

to

E

e}
1]

. B
olm
A £t
123
121

73
121

88
120
106

26

&
X
100

&)
s
i
[«
©
-l
[
>
[
o

93
97
96
95:7
88.9
80.0
24.1
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Table 4.

Duration of egg stage of some British foliage-frequenting

psocids at different relative humidities. (411 at 20°C)

Relative humidity (per cent)

90 16 64 45

Development; w2 § al 8 ol 8 o 5
meeis I R I 11 - R 1

J80 81y &l el slg § .lof Ble & .lsl &lF &

218 3l 2| 2s| a2 2 23] &I = 218 A8 2

Psocid

E. brigzsi 16 6-9 7.8 23 6-10 8,5 18 5-9 7.7 20 6-9 8.0
S. immaculatus 12 6-9 7.5 12 6-9 7.5 9 6-9 8.0 12 6-8 7.0
S. stigmaticus 15 6-9 7.8 15 6-9 8.2 8 6-8 T.0 8 6-9 6.8
G. cruciatus 8 6~10 8.0 5 6-8 7.4 16 6-10 8.7 12 6-8 7.6
C. fuscopterus 12 7-9 8.3 15 6-9 7.8 18 7-9 8.0 15 7-9 7.8
C, burmeisteri 10 6-9 7.5 12 6-9 7.3 24 6-9 7.4 11 6-9 8.2

Table

5.

Development times of nymphs of some British foliaze-freguentineo

psocids at different temperatures.

(411 at 100 per cent H.H.)

Temperature (°C)

@ 2 @ 20 ) 22,

< £ <

() =1 (s

5 8 B

(= g 2 g (= §

U4 S ~ 44 o o~ “ o [~

Q Lt 2 (o] +i0 (] +i 0

ol > =} &1 ™ s al > =

N L1 Ko [ N Mo ] N 1 o

Q =10 [} Q 210 [0} Q ol o) [
Species z A~ = = alw = Z alv =
BE. briggsi 30  32~-44 37 30 18-27 22 30 14-18 16,2
T, dalii 22  41-49 45 25 34-42 38.4 20 26-32 29.6
S. immaculatus 26 36-45 38.4 30 25-32 28.6 30 18.23 21.5
S. stigmaticus 20 32-39 36 3% 26-32 29.4 35 21-26 23.6
G. cruciatus 20 37-44 40,5 20 26-32 28,2 20 1lu-23 20.3
C. flavidus 28 38-47 42 43  20-29 24.6 35 16-23 20.6
C, burmeisteri 20 33-41 37.7 20 22-28 25.0 20 17-22 19.8
C. fuscopterus 20 36-45 40.6 20 19-24 22.5 20 18-22 20.6
C._kolbei 22 39-49 46.4 20 23-26 26.4 20 18-24 21.4
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Survival of nymphs of various arboreal psocids at different

relative humidities.

(Nymphs transferred from 100 per cent f,H.

immediately after hatching.)

Species
£, briggsi
T, dalii

S, immaculatus

S. stigmzticus

G. cruciatus

C. flavidus

C. burmeisteri

C. fuscopterus

C. kolbei

M. immunis
i, hyalinus
C. cyanops

P. picicornis

C. guestfalica

100

No. hatching

100

80
80
40

100
45
25
25

20
40

18
30

completing

development

No.

94
44
78
76
40
98
43
24
25

18
40
25
16
27

Relative humidity (per cent)

90

No. hatching

1060

90
80
40
100
26
30
30

20
40
17
24
30

completing

development

N W W~ @ N o No.
5= 0N D AN & & o

27
28

17
37
15
22
27

e

hatching

No.

70
30
100
80
40
80
50
30
30

20
52
20
20

25

completing

development

W -1 @ n o No.
O AN &~ W WU

20
50
18
20
22

28

No. hatching

100

100
75
40
80
50
30
30

completing

development

No.

N = W WU W N D -3
H O DWW R W O -1 N

18
24
14
17
22

42

No. hatching

100

"6
80
40
100
£0
20
30

18
46
19
20
18

completing

development

No.

[AS I )

11
15

11

O W @

15
42
13
14
14

22

bo)

b o
g olE
Kol ~ O
© ol g
+ Bl &
I 0] 0o
e Of
)
o| old
=z &lv
65 O
30 1
M 4
60 Q
40 O
100 1
4 3
24 0
30 4
20 14
35 22
23 9
20 8
20 14
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Table 7. Survival of sixth instar nymphs of some foliage-freguenting

psocids trangferred from 100 per cent relative humidity to lower humidity

regimes

days counted)

Species
B, briggsi

S. immaculatus

G, cruciatus
C., flavidus

C. burmeisteri

C. fuscopterus

C, kolbei

Table 8.

No.
trans-

40
30
50
24
18
12

[&

ferred
survivors

Relative humidity (per cent)

of

No.

40
40
30
50
23
18
12

28

ferred

No.
Trans-

40
25
50
20
18
12

survivors

No. of

PO O S N B W
voD W DWW O D

No.

40
40
30
50
30
25
17

trans-

4

erred.
Survivors

No. of

N NN
N O O O\

]
i

Trans-

erred.

(Freshly- moulted nymphs transferred, nos. alive after three

I

survivors

No., of

26
28
27
37
23
14
10

Dimensions of eggs of nine species of foliage-frequenting

Psocpoptera.

Species
T. dalii
E, briggsi

S. immaculatus

S. stigmaticus

G., cruciatus

C, flavidus

C. burmeisteri

C. fuscopterus

C._kolbeil

No.
20
20
20
20
20
20
20
20
20

Hange
0,448 - 0.514
0.318 - 0.366
0.59C - 0.652
0.553 - 0.608
0.450 - 0.484
0.426 - 0,460
0.418 - 0.447
0.416 - 0.458
0.408 - 0.448

(mm +0.003)

Mean Range

0.476 0.262 - 0.2753
0.340 0.240 - 0.252
0.630 0.309 - 0.321
0.580 0.298 - 0.309
0.464 0.265 - 0.278
0.438 0.250 - 0.262
0.426 0.280 ~ 0.285
0.430 0.258 - 0,266
0.415 0.260 ~ 0.275

lean
0.265
0.246
0.316
0.304
0.270
0.256
0.282
0.264
0.268
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Table 9 . Derkening of eggs of nine species of foliagge-frequenting

Psocoptera. Colour

Species Freshly 1eid 4% hotching time

T. dalii white or grey-white Pale yellow-white.

E. brigmsi Pale brown-white Brown-white to olive-buff.

S. immaculatus Cream white, or yellowish Deeper, Greenish, yellowish
or bluish green.

S. tigmaticus  Cream-white Deeper cream or lime green.

G. cruciatus Pzle yellow-white Deep lemon yellow.

C. flavidus Pale yellow-white Grey-vellow, dorker brown at

T one end.

C. burmeistori Pale grey-white Glossy, dark fuscous-black,

C. fuscopterus Cream-vhite Dark fuscous bluc-black.

C. kolbei Pale grey-white Grey~-black.

Yable 10. Dimensions of nymphs of nine species of foliage-frequenting

TS

Psocoptera., (mm ¥0.003) (20 of cach instar of esch species.)

() T. dalii

Inster Greatest width of head-cepsule Length of anterior wing pad

I 0.206 - 0.239 0.218 - -
1T 0.252 -~ 0.298 0.286 - -
III 0.306 - 0.371 0.328 0.079 ~ 0.103 0.086
iv 0.396 - 0.437 0.416 0.228 - 0.296 0.248
v 0.514 - 0.562 0.539 0.427 - 0.514 0.473
Vi 0.579 -~ 0.614 ¢.588 0.872 - 0.980 0.913

(b) E. brigrsi

Instar Greatest width of head capsule Length of anterior wing pad

Bonge - Hean Henge e

1 ol lonk ol o .
III 04306 = 0.329 04318 0.032 - 0.106 0.084
Iv 0427 = 04450 04446 04220 =~ 04246 04234
v 04488 = 0,506 0.494 04396 = 0.472 0.448
VI 0.556 = 0.593 04578 0.765 ~ 0.794 0.742
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(¢) S. immaculatus
Instar Greatest width of head capsule Length of anterior wing pad

I 0.259 -~ 0.290 0,276 - -
II 0.317 - 0,362 0.346 - -
IiX 0.448 - 0,494 0.460 0.100 - C.108 0.102
Iv 0.538 - 0,593 0.572 0.283 -~ C.324 0.312
v 0.642 - 0.729 C.703 0.580 - 0.674 €.628
Vi ¢.809 - 0.873 0.846 0.886 - 1.306 1.235

(d) S. stigmaticus

Instar Greatest width of hewd capsule Length of anterior wing pzd

I 0.236 - €.270 0,258 - -
iT 0.289 - 0.3237 0.314 - -
11T 0.382 - 0.426 0.405 ¢.078 - 0.095 0.084

0.514 ~ 0.5492 0.529, 0.206 - 0.264 0.239
v 0,595 - 0.662 . 0.635 0.538 - 0.614 0.572
VI 0.730 - 0.804 0.783 0.958 - 1,146 1.106

(e) G. cruciatus

Instar Greatest width of head capsule ILength of anterior wing pad

I 0.208 - 0.273 0.246 - -
I 0.286 - 0,319 0.307 - -
IIT 0.362 ~ 0,408 0.383 0.090 - 0.104 0.095
v 0.458 - 0.496 0.473 0.228 - 0.271 0.246
v 0.532 - 0.580 0.560 0.519 - 0,536 0.529
VI 0.625 - 0.670 0.656 0.938 - 1.041 0.982
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(£) C. flavidus

e

instar Greatest width of head capsule _Lenght of anterior wing pad

Range Meon Benge Yean
I 0.204 ~ 0,246 0.218 - -
I 0.286 - 0.342 0.313 - -
11 0.368 - 0.417 0,390 0.092 - 0.115 0.108
v 0.464 - 0.532 . 0.501 G.254 - 0,292 0.273
v 0.543 - ©.586 0.568 0.470 - 0.534 0.492
VI 0.604 - 0.654 0.630 0,932 - 0.993 C.976

(g) C. burmeisteri

Instar Greatest width of head capsule Length of anterior wing pad -

I 0.227 - 0.258 0.243 - -
1T 0.286 - 0.314 0.306 - -
11T 0.355 - 0.382 0.367 0.088 ~ 0.098 0,092
Y 0.416 - 0.478 0.442 0.236 - 0,289 0.255
v 0.517 - 0.550 0.535 0.492 - 0,529 0.513
VI 0.592 - 0.643 0.609 0.866 - 0,928 0.887

(h) C. fuscopterus

Instar Greatest width of head cepsule Length of anterior wing pad
I 0.214 - 0,250 0.226 - -
II 0.317 ~ 0,346 0.324 ' - -
III 0.358 - 0,382 0.371 0,097 -~ 0,110 0.103
v 0,407 - 0.436 0.419 .0.238 - 0,256 0.242
v 0,518 ~ 0,559 0.524 0.470 - 0,496 0.483
VI 0.593 - 0.684 0.617 0.900 - 0,983 0.928
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(i) C._kolbei
Instar Greatest width of hocd copsule  Lenth of anterior wing pad
fenge Hean Hange Hoan
I 0.235 =~ 0,270 0.255 - -
I1 0.302 - 0.339 0.316 - -
11X 0,364 - 0.392 0.380 0,080 - 0.094 0.085
v 0.419 - 0.474 0.439 0.228 - 0,269 0.259
v 0.516 - 0,549 G.523 0.514 - 0.549 0.527
VI 0.580 - 0.636 0.596 0.920 - 0.992 0.949
Table 11, Numbcrs of lictopsocus briggsi nymphs and cdults found over-

wintering in various sites at Silwood Park, Berks., in 1966 - 1967,

Site

Dead oak leaves on trees

Oak leaves from litter

Grass tussocks - 25 Dactylis
Pullgren funnel extracts of

ozk litter

o, of &, brigesi
Leaves Adults lymphs Total
897 18 b 73
2551 2 1 3

0

Date

Dec. 1966
Dec. 1966
Dec. 1966

Dec, 1966 -
March 1967
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Overwintering of threc species of psoecids at Silwood Park,

1966_- 1967,
(a)

HEctopsocus briggsi -~ 4Adult females.

Box Date No, alive Yo, of egz batches No. with No. with
(of 15) pexr_box full crop large oocytes
12 3 4 5
1 Nov. 1966 15 8 11 7 7 9 14 11
2 Dec., 1966 12 4 4 9 4 12 4
3 Jan, 1987 14 0 0 o0 14 1
4 Feb., 1967 11 0. ¢ 9 0
5 Mar. 1967 14 0 12 0
(b) Elipsocus hyalinug -~ sdult females,
Box Date No. alive No. of ege botches No. with No. with
(of 15) per box full crop large oocytes
12 3 4 3
1 Nov. 1966 14 37T 12 14 9 24 14 8
2 Dec. 1966 15 8 4 4 11 11 4
3 Jan. 1967 15 0 0 © 11 0
4 Feb, 1967 12 0 o 12 0
5 Mar., 1967 14 0 9 1
(c) Graphopsocus cruciatus - Adult females.
Box Date No. alive No. of egg batches No. with No. with
(of 15) per box full crop large oocytes
12 3 4 5
1 Nov, 1966 13 5 2 2 2 7 13 4
2 Dec. 1966 13 0 1 0 o 9 1
3 Jan. 1967 15 o 0O O 12 0
4 - OFebyil1967 12 0 o0 11 0
> Mar, 1967 15 0 12 0
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Table 13. Extraction efficiencige of Tullgren Funnels and Kempson Bowl
E gtfactor for various Psocopters from Leaf Litter,

——

A, Psocids_ _introduced Psocids.  extracted
Litter Species No. Stages Replicates No, Percent,
0ak Liposcelis sp. 50  Ad+W 10 380 76.0

r B.briggsi 100  Ad 10 726 72,6
" " 50 N 10 347 69.4
" C.flavidus  I00  4d 10 886 88.6
" " 50  V-VI 10 424 84.8
" " 50 I11-I¥ 10 309 61.8
" B.lucifugus 50  Ad+N 5 227 90.8
Pine C.guestfalica 40  Ad 10 278 69.5
" B.brigesi 50  Ad 10 396 79.2
" " 50 W 10 417 - 83.4
" C.flavidus 50 Ad 6 260 86.7
" t 50  V-VI 10 403 50.6

B.

Oak HE.briggsi 50  Ad 10 468 9%.6
n C.flavidus 50 Ad 10 483 96,6
" " 50  V-VI 10 398 79.6
" " 50 II-IV 8 316 79.0

(4, Tullgren Funmels. B, Kempson Bowls - covered.)

Table 14+ Comparison of extraction efficiency of Tullgren Fumnels with wet
and dry oak litter.

Psocids introduced Pgocids extracted
Litter Species Ho. Stages HReplicates  No. Percent,
Dry C.flavidus 50 Ad 10 390 78,0
" " 50 V-VI 10 406 8I.2
i " 40 II-1V 10 293 70.3
Wet i 50 Ad I0 306 61.2
" " 50 V-VI 10 397 19.4

" " 40 I1-1IV 10 260 6045
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Table 15. Times of extraction of psocids from leaf litter by Tullgren
Fumnels.,

Fumbers_extracted on day:

Litter Psocid  Stages. 2 3 A 5 6 1 8 9 1o
A, Calibration tests,

Qak C.flavidus &d. 86 230 216 I33 189 2 8 - - -

" i N I09 204 I38 I59 4o 5I 20 - 4 -

" B.lucifugus 411 3I I06 I9 26 35 5 4 =~ - I

fi

" D.briggsi Ad 57 200 308 89 50 3 -~ I7T 2 =
i o ¥ 72 115 29 2r 10% 7 - - ~ =
Pine i A4 84 I8 44 26 34 2 9 II - -
" C.flavidus Ad 59 07 I6 70 6 - 2 - - -
B. Natural samples.
0ak.1966 C,flavidus. All 2 7 7T I8 12 2 3 - - -
" “  E.lucifugus 41l 86 37 I5 II g 15 7 - - -
" " E.briggsi A1l 4 2 2 3 3 38 I7 - - -~

Table 16e Types of leaf litter sampled and numbers of sample units

extracted at Silwood Park in two years,

No,sample units Months sampled

Litter 1966 1967 Total J. F. M. A M, J. J. Ao S. Q. M. D
Oak leaves,undert%ggge 372 360 V6P S I R R T T R
" " ’ unde%"rgg*%ll%o 256 H36 * ¥ ® ¥ K ¥ ¥ X K K ¥ #
" " ,betwe%%ees 280 256 536 % ¥ ¥ ¥ ¥ Kk K X ¥ ® K *
Pine needles 48 180 228 EE S T S R
Cupressus needles -~ 220 220 A N T
Hawthorn leaves 36 76 Ir2 %X ¥ K % *

Beech leaves - 84 84 L I N
Broom litter - 63 63 %* ¥ * %* ¥

Bracken litter - 40 40 * * * *
Juncus litter - 48 48 * % * *
Dactylis litter - 30 30 * % x ¥ * *
Holcus litter - 32 32 ®* % * *

( * samples taken)
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Table 17. Variation in amount of oak litter per unit area of ground at

different times of the year,

No. of osk leaves
Area sampled Month Extremes Mean 3 Month running average
I5x (30x30cm)

March I966 90-I81 T46

April I966 57-280 203 189
May I966  I05-241 2I9 I73
June 1966 8I~I49 98 140
July 1966 64~1I13 I04 IT0
Aug. 1966 87-I56 I28 I33
Sept. 1966 55-206 169 163
Oct., TI966 II5-360 193 214
Fov. 1966 I38-3I9 280 243

Dec, 1966 1I07-284 256
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Table 18+ Psocids obtained from various kinds of litter at Silwood Park,

1966-67.

Litter

Hawthorn

et

Beech

Oak
Pine

Total
243

Psocid
C.flavidus 218
C.kolbei 2

Ge.cruciatus I 0O

~
N~
\Ji

© © w Cupressus
o

O O © Broom

¢ © © Bracken
o © © Juncus

© © o Dactylis
O © O Holcus

E.briggsi 96 0 II I I I13

T.dalii I 0 0 0 ©

Epipsocus
Tucifugus 31714782 5 28 I I 4 I I 1154

Lepinotus
patruelis 61 00 0000 00 I

O W
o O
o
o

L.inquilinus I

Irogium
pulsatorium
Liposcelis sp.

Cerobasis
guestfalica 0 5 7 O I 0 0 0 0 ¢ 13

Pteroxanium
kellogzi 0 0 I8 O 0 0 0 0 0 ¢ 18
E,hyalinus 3 I 0 0O 0 0 0 0 0 0 4

Philotarsus
picicornis 30 00 3 00000 6

Lachesilla
pedicularia I1 0 00 0 00

Loensia sp. I 0 00 000 00

Totals 646 21 821 26 38 4 2

I
~
]
Lage!

\J1
(@)Y
N
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Table 19. Numbers of Caecilius flavidus in oak litter at Silwood Park, 1966

=67..
Date Stage
1966 1967 L I III I ¥ ¥I Ad Totals.
6/4 28/3 0.0 0.0 0,0 0.0 0.0 0.0 0.0 0.0
18/4 I7/4 12,15 I.2 0.0 0.0 0.0 0.0 0.0 13,17
25/4 24/4 0.22 0.8 0.3 0.0 0.0 0.0 0.0 0.33
- 1/5 -0 -,0 =0 -2 - I =I =.0 -4
- 8/5 -0 =0 -2 -5 -3 -0 =-,0 -.10
-  16/5 -0 =0 =-.I —ed =3 =4 =3 -.15
24/5 23/5 10 1,0 1I,0 2.1 0.3 0,16 0.3 3,23
30/5 30/5 0.0 I.0 0,0 5.0 6,0 I4.0 4.I2 30,12
6 /6 5/6 0.0 0.0 0.0 0.0 0.0 4.0 4.6 8.6
11/6 12/6 0.0 0.0 0,0 0,0 5.0 3.0 3,0 11.0
18/6 19/6 0.0 2.0 0.0 0.2 0.2 0.0 o¢.I 0.5
25/6 26/6 0.0 1.0 0.0 0.0 0.0 0.0 0.0 1.0
3/7  3/7 0.0 0.6 0.0 0.I 0.0 3.0 0.8 3.9
10/7 I0/7 0.0 2.0 0.0 1.0 0,0 0,0 0,0 3.0
I7/7 I7/7 0,0 0,0 0.0 0.0 3.0 0,0 1I,0 4.0
24/7 23/7 0.0 0.0 1I.0 0.0 0.0 1.0 I.I 3.1
31/7 30/7 0.0 0.0 0,0 0.0 0,0 0,0 1I.0 I.0
7/8  6/8 0.0 0.0 0,0 0.0 0.0 0,0 2.0 2.0
I4/8 13/8 0.0 0.0 0,0 0.I 0,0 0,2 0,0 0.2
21/8 20/8 0.0 0.0 0.0 0.0 0.0 0,0 0,0 0,0
28/8 27/8 0.0 0,0 0,0 0.0 0.0 0,0 0,0 0.0
Sept. 0.0 0.0 0,0 0.0 I.0 0,0 I.0 1 2.0

Oct. 0.0 0,0 0.0 0,0 0,0 0.0 0.3 0.3
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Table 20 Numbers_of Epipsocus lueifugus (Bambur) in oak and conifer
litter at Silwood Park, I966-67,

Nymphs Adults
Date Oak Conifer Dak Conifer Totals
1966 1967 1966 1967 1966 1967 1966 1967 1966 I867 1966 1967

24/5 23/5 0 0 0 0 0 0 0 0 0 0
30/5  30/5 7 2 0 0 0 0 0 0 7 2

6/6 5/6 39 I2 I 0 0 0 0 0 40 I2
11/6 12/6 21 16 4 0 0 0 0 0 25 16
18/6 19/6 22 19 4 I 0 0 0 0 26 30
25/6 26/6 IO 3 0 68 I 0 0 0 II 71

3/7T  3/7 41 9 II 52 5 0 I 18 68 79
10/7 10/7 I2 16 5 103 0 7 5 7 22 133
17/7  I7/71 12 0 0 122 4 7 5 28 21 157
24/7 23/7 O 0 0 94 7 8 35 46 42 148
31/7  30/1 0 0 3 21 5 8 36 30 44 59

7/8 6/8 0 0 0 5 3 5 I2 28 15 38
14/8 13/8 0 0 I 0 1 3 6 23 8 26
2I/8 20/8 0 0 0 0 I 0 0 3 I 3
28/8 27/8 0 0 0 0 0 I 0 2 0 3

4/9 3/9 0 0 0 0 0 0 0 6 0 6
12/9 11/9 0 0 0 0 0 0 0 0 0 0
18/9 18/9 0 0 0 0 0 0 0 0 0 0
24/9 24/9 0 0 0 0 0 0 0 0 0 0

I/10 1/1I0 0 0 0 0 0 0 0 0 0 0
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Table 2l. Composition of litter from under oak and pine trees at different
times of the year.(Silwood Park,I966. Oak samples of Table 17 )

Oak litter Percentage composition (%2)
Constituents Mar, Apr. May Jun. Jiy. Aug. Sep. Oct. Nov. Dec.
Ozk leaves 90 94 80 75 68 65 80 90 94 94
Beech leaves 8 4 20 23 30 30 I 10 3 5
Birch leaves 2 0 0 0 2 2 5 0] 3 I
Sycamore leaves 0 2 0 2 0 3 0 0 0

Pine litter (5 sample units per month)
Pine needles 98 96 96 96 I00 99 94 95 90 98
Other leaves 2 4 4 4 o I 6 5 IO 2

Table 22. Numbers of three psocid species in oak litter from three sites at
Silwood Park in I966.
Site of Litter

Open ground between Under small Undexr large
Psocid trees. oaks oaks Total
C.flavidus, IT (21.6%) I3 (25.5%) 27 (52.9%) 5I
B,lucifugus 60 (33.3%) 64 (35.3%) 57 (3I.4%) 18I
B.briggsi 17 (24.6%) 29 (42.1%) 23 (33.3%) 69

Table 23, Survival of C.flavidus nymphs on different constituents of leaf

litter,
No,unfed first No,alive after No.reaching
Constituent ilnstar nymphs gseven_days adult_stage
Dead oak leaves I30 116 93
Dead grass leaves 76 70 50
Living grass leaves  I80 8 0
Juncus leaves 55 3 0

Bare soil I50 0 0
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Table24, Vertical distribution of E,lucifugus in Cupressus litter.
Depth of litter No.7.5 cm diameter No, B.lucifugus Pexrcent total

cares extracted Z.lucifugus
0-5 cm 10 64 92.7
5-I0 cm 10 5 7.3
I0-I5 cm I0 0 0.0

Table 25.Numbers of E,lucifugus extracted from different kinds of litter
from June to Adugust I1966~-67 at Silwood Park.

Litter: Qak Pine Cupressus Hawthorn Beech All others  Total

No. sample

units 144 80 106 28 52 76 486
No.#.,lucifugus

obtained 308 I4 782 5 28 8 II145

No.expected 339 188 250 66 122 180 1145

Non-random digtribution

- -} -— - -

(* X2 significant at five per cent level)

Table 26+ Numbers of psocids captured on gum covered frames under or near
oak trees at Silwood Park, I966,

Months Jus. Jly. Aug. Sep, Qef.
Psocid
C.flavidus Ad 4 0 I5 5 I

i ¥ 0 I T I 0
L.fasciata Ad 0 0 0 1 0
B.yalinus  Ad I I 0 0 I
P.picicornis 44 0 0O I o o0
B.brigesi Ad 0 0 3 2 2

" N 0 I 0 2 0

Table 27«Numbers of psocid species in litter at different times of the year,

No, of Species

Month: Jan, Feb. Mar, Apr. May. Jun, Jly. Aug. Sep. Oct, Nov. Deg,
Litter

Oak leaves 0 0 I I 2 4 4 2 6 2 0 0
Beech leaves O 0 4] I I 3 3 4 I 0 0 0
Conifer litter 0 O 0 0 I 3 3 6 O I 0 0
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Table 28 . Leaf dimensions of four species of trees at Silwood Park,

August 1966.

Number of leaves
Mean length (mm)
Mean breadth (mm)
Mean area (mm)
Limits of area (mmz)

Regression of length on area

Significance ('t' Test)

Regression of breadth on area

Significance ('t' Test)

Betula Crataegus Fagus Quercus

200 200 200 200
36.48 26,25 67.85 73 .64
33,23 2,22 45.85 41.55

741.76 281.63 2316.76  1794.00

480-1158 136-518  746-3990  384-4126

y=12,01 + ¥=25.16 + y=67.42 + y=70.97 +
0.033x 0.0388x 0.0018x 0.0015x

P£0.01 P £0.05 P<L0.01 P<0.001

y=11.49 + y=20.88 + y=42.56 + y=25.59 +
0.029x 0.0477= 0.0014x 0.0087x

pP¢o.001 P £0,01 P ¢ 0.01 P <0.01

Table 29 . Leaf arcas and numbers in samples of each of four species of

trees at Silwood Park, August 1966.

Number of samples
Mean number of leaves

Limits of leaf rumbers

Betula  Craeaegus Yasus  Quercus
15 15 15 15

412 482 305 273
518-630  239-756  280-370 156-312

Mean calculated area of samples (cmz) 3056.0 1357.5 7066.1  4897.6

Limits of calculated areas of samples

ilin, 2358.8 673.1 6486.9 2798.6
Max., 4673.1 2129.1 8572.0 5597.3
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Total numbers of psocids from different trees at Silwood Park

in 1966 and 1967.
(a) 126 .

8. guestfalica

A, bifasciata

A, contaminata

L. variegata

T, sexpunctatum

M. unipunctatus
T, dalii
B, brigesi

P, subfasciatus

P, alboguttatus

. phaeopterus

P. didymus

C. cyanops

Ph. picicornis
E. hyalinus

E. westwoodi
B, mclachlani

L. pedicularia

R, helvimacula
C. flavidus

C. fuscopterus

C. kolbei

C. burmeisteri

S. immacuiatus

S. stigmaticus

G. cruciatus

Acer

Aesculus

4]

&

a8

3l

@ L]

m &)
- 107
- 1
- 4
1 52
- 8
13 28
- 1
- 153
9 212
- 62
- 2
- 2
5 217
- 15
- 53
- 385
- 386

Fagus

)
X s]
Q =
- ol
-t =%
2 319
- 16
- 11
- 718
- 41
1 111
- 2
1 1
13 1
- 1
- 62
9 -

)] (]
= =
- Q
P £
2 o
0 ]
& &
- 72
1 315
- 6
19 51
4 16
- 1
11 868
- 14
- 3

Tilia

Sarothamnus

52
281
22

59

96

Ulmus




Tosle 30 (conta)

(b) 1961

C, guestfalica

A, bifasciata
A, contaminata

L. variegata

T, sexpunctatum

M., immunis

M. unipunctatus

T, dalii
BE. briggsi

P, subfasciatus

P. phaeopterus

Ph., picicornis

C. cyanops
B, hyalinus
E._westwoodi

B. melachlani

L, pedicularia
C, flavidus

C, fuscopterus
C, kolbei

C. mrmeisteri

S. immaculatus

5. stigmaticus

G. cruciatus

Acer

Aesculus

(%]
jo
ol
«f ©
-l o
| £
& &
- 4
- 3
17 57
2 133
1 193
5 29
- 4
- 1
14 409
- 7
- 2
- 1
2 244
-~ 637
2 40

Cupressus

1852

L] /]

a1 ¥l 2

o2 g

<N - [+

- - 68
- 7 =

4 - 4
- - 1
- 30 -

46 477 4
- = 130
17 11 19
- 2 4
133 289 2
11 209 -

- 105 -

2] 1]
=} =3
o~{ Q
2 5
&l &
- T
- 3
- 4
- 3
- 4
22 1594
2 14
25 58
7
28 2786
- 28

- 17

Tilia

§
t

Sarothamnus

19

Ulmus
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Table 31 . Numbers of psocids per sample from different trees at Silwood
Park in 1966 and 1967.

(a) 1966 .
Samples: 125 125 120 245 110 20 275 85 282 145 270 135
/3]
m 3
) = g
j=] bo; (] 4] o
e o ) =1 - <
= ~ o3 143 0 - (8] [1+1 + 4]
15 [3] o + o] X j=} j=} 5 o~ [o] 3
5 I 3] ¥ %”‘ i 81 S - 5 EI
< < M O sl o~ =¥ 4 = n o
C. guestfalica -~ - - 0.4 - 0,10 1.16 ~ 0.26 0,01 0.26 -
A. bifagciata - - - 0,004 =~ -~ - - - - 0.16 -
C. contaminata - - - 0,016 - - - - - - 0.2 =~
L. Variegata - - - - 0009 - - - 00003 00007 - -
T. sexpunctatum -~ - - - - - - - 0.007 =~ - -
M. immunis - - 0,01 0.21 -~ - 0.06 - 0.03 0.01 - -
M. unipunctatus - - - 0,03 - - - - - - - -
T, dalii - - - 0.01 - - - - - - - -
E. briggsi 0.10 0,10 0.11 C.11 0.24 - (.04 0.ALL12 0.15 0.45 0.09
P. subfasciatus - - - 0,004 - - - - - - - -
P . albOg'u.ttatus - bad - - - hnd - - - - O . Ol had

P, phaeopterus - - 0.004 -~ - - - - - 0.01 =~

P. didymus - - - 0,004 - =~ - - - - - -
C. cyanops - - - - - = 2,61 - - - - -

E, hyalinus 0.78 0.01 0.08 0.87 0.070.05 0.40 0220.18 0.03 1.04 0,015
B . westwoodi 0.02 =~ - 0.25 - - 0.0 ¢.560.06 - 0.08 -

B. mclachlani - - - 0.02 - Q05 0.004 - 0.003 -~ 0.02 -
L. pedicularia - = - 0.0l - = = = 0,01 -  0.004 -
R, helvimacula = - - - - - - - - - 0.004 .-
C. flavidus 0.27 0.14 0.04 0.89 0.410.6 0004 0.133.08 0.26 0.22 0.13
C. fuscopterus =~ - - 0,06 - - - - - - - -
€. iulbei -~ = = 0.22 - - 0004 - = .- 0.3 -
C. burmeisteri - - - - - - 0.% - = - 0.004 -
S. immaculatus 0.04 - - 1.57 0. 045 - - 0.05 0.01 - -
S. stigmaticus - - - 1.57 - - - - - - - -

G. cruciatus - - - 0.3 - = - - 0.01 =~ 0.004






Table 32.(a) lumbers of psocid species from different tree species at
Silwood Park in 1966 cnd 1967.

Tree:

Total species 5 3 4 21 5 5 11 4 13 7 16 4
5

Foliage species 3 2 2 8 2 4 2 4 3 5 2

(b) The numbers of psocid species from different selected tree species at
different times of the year in 1966 and 1967.

Tree: Crateegus EFinus ~ GQuercus
April - 1 -
May 4 3 3
June 13 4 T
July 13 4 T
August 13 8 8
September 11 T 8
Qctober 10 4 3
November 6 3 3



Table 33 .

~211~

Numbers of foliage-frequenting psocids per sample from different

trees at different times of the year in 1966 and 1967.

May

June

July

August September  October

Tree species 1966 1967 1966 1967 1966 1967 1966 1967 1966 1967 1966 1967

Acer 0 0 0.15 0.14 0.60
Aesculus 0 0 0,28 0 0.15
Betula 0 0 0 0,03 O
Crataegus 0.46 0.20 3,00 4,00 3,72 1
Cupressus x 2,27 x 3.88 x
Pagus 0 0 0,20 0.20 0.55
Ilex 0 1.80 0.30 4.60 x
Pinus 0 0 0 0 0.05
Populus 0 0 0 0.25 0.15
Quercus 0.13 0,20 2.48 2,63 4,07
Tilia 0 0 0.32 0,10 0.25
Sarothamnus O 0,10 0.42 0.13 0.85
Ulmus 0 0 0.13 0,08 0.10
(x = no sample)

Table 34 . Total numbers

Park throughout the period

0,10
0.10
0.20
2.20
2.96
2.47
5.20
0
0.50
9.24
0.33
0,70
0.27

0.76 2.05 0.55
0,12 0  0.45
0.55 0.20 0.10

10.45 21.95 14.03
8.80
2.35

14.10 4.40
1.40 0.25
0.95 0

13.50 9.95
1.65 0.55
0.80 2.42

0.85 0.45

4.20 0.67
0.80
1.55 0433
28,70 3.30
4.80 x
6.20 1,33
28,00 x

0 0.75
0.7 0
38.44 8.90
1.13
1.10
0.53

X
X X
1.40
7.20
3.96
3.60
33,80
0
0.47
40,20
0

x
0.70

X
0.30
0.32
4.33
0,76
1.38
0.24

X
1.60

x
X
0

X
0

of psocids taken from all trees gt Silwood

March - April +to October, 1967,

Months Total samples Total psocids Psocids/sample
March/April 125 205 1.64
May 65 154 2.37
June 330 1007 3.05
July 280 2036 T.27
August 270 3358 12.44
September 170 4219 24.82
October 95 1372 14.40
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Table 35, Numbers of C. flavidus and S. stigmaticus on Crataegus and

Quercus in Windsor Great Park in 1967.

(50 samples from each tree species on each date)

Date Crataegus Quercus
C. flavidus S. stismaticus C, flavidus S. stigmaticus

9/5/1967 0 0 0 0
31/5/19617 5 0 18 0
18/6/1967 37 18 51 0
7/7/1967 102 116 215 0
11/8/1967 126 782 863 0
23/8/1967 84 716 1792 1
8/9/1967 182 1032 2007 0

Table 36 . Distribution of B, hyalinus in saﬁples from different trees :

Silwood Park in May-June and September-Octobexr, 1966.

May-June September-October
E, hyalinus E, hyalinus

. No.  Obsw Exp..- Signif. No.  Obs. -Exp. * Signif
Samples at, 5% Samples at 5%
(x2§ (xég

Acer 50 9 13,1 35 2 11,2 -
Aesculus 50 1 13,1 - 30 0 9.6 -
Betula 40 o 10,5 - 35 2 11.2 -
Crataegus 80 49 21.0 + 70 23 22,5
Fagus 39 0 9.2 - 35 2 11,2 -
Pinus 80 40 21.0 + 80 31 25.7
Guercus 112 7 50.3 - 80 8 25.7 -
Tilia 65 3 17.1 - 35 2 11,2 -
Sarothamnus 80 79 21,0 + 90 101 28.9 +

Tlmus 50 0 13.1 - 35 1 11,2 -



Table 37 . Distribution of C, flavidus in samples from different trees at
Silwood Park in Mey-June and September-October, 1967.

May & June Sept. & Oct.,

No, of Mﬁ{ﬁﬁé@% No. of ‘g"‘ilﬂig'@c+ 3fm;e

samples Obs. Exp. at 5#(X.) samples Obs. Exp. at 5%(X%)
Acer 20 4 4.7 25 17 171.1 -
Aesculus 20 1 47 25 0 171.1 -
Betula 25 3 5.8 30 1 205.3 -
Crataegus 25 14 5.8 + 40 216 273.8
Cupressus 40 1 9.4 - 45 0 308.0 -
TFagus 25 4 5.8 25 51 171.1 -
Ilex 30 18 7.0 25 308 17l.1
Quercus 90 56  21.1 + 65 1724 650.0 +
Tilia 20 2 4.7 30 0-205.0 -
Ulmus 25 2 5.8 30 0 205.3 -

Table 38 . Numbers of adult psocids from consecutive trees bordering the
North Gravel, Silwood Park on 24th July, 1967.

Tree species: a2 @ @
) © &0 n =} 0 =]
o 3 o o —
o o = 0 0 = o
$ o b 3} =1 P o O e
- o8 8 8 A o 3 8 f*'
Psocid %) & < < & & < < &
( Elipsocus nymphs - o1 - - 1 - 2 - -)
B, hyalinus - 1 - - 2 1 1 - -
C. cyanops - - - - 53 - - - -
M, immunis - - - - 1 - - - -
C. guestfalica - - - - - - - -
S. immaculatus 1 1 1 - - 2 - 1 -
G. cruciatus - 1 - - - - - - -
C. burmeisteri - - - - 14 - - - -

C. flavidus 4 7 1 - - 2 1 1 3



Table 39 .
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Numbers of C. flavidus egg batches in leaf samples from large

pak trees at three times in 1966.

June
August
October

Table 40 .

a small oak tree at Silweod Park in October 1967.

Total No. of Batches found

at three heights

0-3m
304
348
352

2=Tm
249
279
303

12-15m

89

309
345

Total
642
936

1000

Average
214.0

312.0
333.2

Numbers of C, flavidus egg batches at different heights on

Total

Height (m)
0-1
1-2
2-3
5-4
4+

Total Total
Leaves Batches
956 104
17204 1468
16522 1390
9715 961
3800 407
48197 4330

Leaves/

Batch

9.2
11.7
11.9
10.1

9.3
11.1
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Table 41l. Annga&féizes of aerial samples of psocid species in a
suction trdp at Silwood Park. (45cm diameter, 1.3m above the ground)

Species 1961 1962 1963 1964 1965 1966 1967 ‘Total
A, contaminata 4 6 0 4 2 0 2 18
A. bifasciata 0 0 0 0 0 1 1 2
T. sexpunctatum 0 0 0 0 0 2 0

E. hyalinus 20 2 2 3 16 8 15 66
. westwoodi 2 1 ¢] 0 0 0 4
P. picicormis 0 0 0 0 0

M. unipuctatus 1 0 0 0 0 0

R. helvimacula 0 0 0 1 0 0 0

L. pedicularia 120 12 39 196 76 71 54 568
E. briggsi 102 1 0 1 9 13 64 190
P. alboguttatus 0 1 0 1 0 0 Q 2
S, immaculatus 0 0 0 1 0 0 0 1
G. cruciatus o) 0 0 0 1 0 0 1
C. kolbei 0 0 0 0 0 0 1 1
C. fuscopterus 0 0 0 1 1 0 0 2
C. burmeisteri 1 1 0 Y] 1 0 2 5
C. flavidus T 7 2 18 12 1 11 58
Total: 257 31 43 226 119 96 153 222



Table 42.
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Annual gizes of nerial samples of psocid specieg in a

suction trap at Silwood Park.

(45cm diameter, 9.2m above the ground)

Total: 304

Table 43.

Species 1961 1962 1963 1964 1965
A, contaminata 14 48 5 9 10
A, bifasciata 0 0 0 3 0
L, fasciata 0 0 0 0 0
B. hyalinus 141 14 1 21 71
B westwoodi 0 1 0 0 0
P. picicornis 0 0 0 0 0
M. unipunctatus 3 1 0 0 0
M. immunisg 0 0 0 0 0
R. helvimacula 0 0 0 0 1
L. pedicularia 86 15 56 63 103
B, briggsi 42 0 0 0 1
P, subfasciatus O 0 0 0 0
S. immaculatus 0 1 0 5 0
G. cruciatus 0 0 0 0 3
C. fuscopterus 0 2 0 0 0
C. burmeisteri 2 0 0 2 1
C. flavidus 16 22 2 24 6
104 64 127 196

1966 1967 Total
0 20 106
3 2 8
1 0 1

49 85 382
1 1 3
0 2 2
0 0 4
0 1 1
0 0 1

16 34 373
6 40 89
0 2 2
0 0 6
0 1 4
0] 0] 2
0 2 T
2 10 82

78 200 10

Numbers of species of poocids in suction traps at Silwood

Park.

Year
1961
1962
1963
1964
1965
1966
1967 10

N W O W o @

Trap (1.3m)

Trap (9.2m)

~ 3 b 0=

12

Total species

8
11
4
10
10
7
13
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Table 44. Dates of first appearance of different psocid species in

suction traps.

Species

A. contaminata

A. bifasciata

T, sexpunctatum

I,. fasciata

E. hyalinus

E. westwoodi

P. picicornis

R. helvimacula

M. unipunctatus

M. immunig
L. pedicularia
BE. briggsi
P, alboguttatus

P. subfasciatus

S. immaculatus

G. cruciatus
C. kolbei

C., fuscopterus

C. burmeisteri

C. flavidus

Table 45. Sex

1961 1962 1963 1964 1965 1966 1967
9/v 15/v 16/vi 18/vi 22/vi - 11/vi

- - - 18/vi - 17/vii 26/vi
- - - - - 8/vii -
- - - - - 18/vii -

9/v 5/vii  2/vii 13 /v 8/v 17/v 5/vi
4/viii 26/vi - - 18/ix  11/viii 21/vii
- - - - - 5/viii 16/vi

- - - 19/ix  24/v - -
21/viii 28/vi - - - - -

- - - - - - 18/vii
2/vi 5/v 6/vi 29/v 24/v 17/v 22/vi
24/vii  3/ix - 3/ix 6/vii  8/viii 27/vii

- 4/viii - 10/ix - - -

- - - - - - 5/vii
- 30/vii - 24/vi - - -

- - - - 21/viii =~ 17/viidi
- - - - - - 8/ix

- 17/vii - 23/ix  27/vi - -
2/viii 12/vii - 22/vii 12/viii - 6/viii

10/vi 13/v 30/v 9/vi 5/vi 26/v 1/vi

ratios of L. pedicularia and E. briggsi in different years.

1961
1962
1963
1964
1965
1966
1967

Male:female
Traéi(??gijularéiap (9,2m) Tré%LT%f%g§§i Trap (9.2m)
1:1.07 1:0.69 1:0.79 1:0.62
1:0.71 1:0,67 - -

1:0.70 1:1.07 - -
1:1.04 1:0.65 - -
1:0.65 1:0.91 1:0,76 -
1:0.80 1:1.02 1:0.87 -
1:0.76 1:0.70 1:0.68 1:1.25
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Tgble 46 . DPsocoptera caught on Stake Sticky Traps at Silwood Park, 1966.

Species Apr. May June Jly. Aug. Sept. Oct. Nov. Total
L. variegata - - T 5 - 2 - - 14
E. hyalinus 4 13 2 - - 3 - - 22
P, picicornis - - - - 1 - - - 1
B, briggsi - - - 1 - 2 17 - 20
S, immaculatus - - - 4 - 3 - -

G. cruciatus - - 1 - - - - 2
C., flavidus - - 1 - 1 2 - 11
Total: 4 13 17 12 1 11 19 - 11

Table 47. DPsocoptera caught on Rope Sticky Traps at Silwood Park, 1966.

Species Apr. May Juune Jly, Aug., Sept. Oct. Nov, Total
E. hyalinus - 4 1 5 3 - 1 - 14
E. briggsi - - - - 4 2 - 1 7
S. immaculatus - - - - 1 - - - 1
G. cruciatus - - - - 1 - - - 1
C. flavidus - - 7 12 18 9 2 - 48

Total: 0 4 8 17 27 11 3 1 l&



Table 438. Psocids observed to fly from the beating tray at Silwood

Park, 1966-67.

Species
A. contaminata

A. bifasciata

T. sexpunctatum

L. fasciata
L. variegata

E. hyalinus

B, westwoodi

E. mclachlani

C. cyanops
P. picicornis

M. unipunctatus

M. immunis
L. pedicularia

E, briggsi
P. alboguttatus

P, subfasciatus

P. phaeopterus
8. immaculatus

S. stigmaticus

G. cruciatus
C. kolbei

C. fuscopterus

C. burmeisteri
C. flavidus

T, dalii

Total:

Observed flight,

Never Rarely

+
+
+

+

+
+
+

+

3 12

Often

+ + + +

10
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Table 49 . Inheritance of Brachyptery in G. cruciatus (L.

Female parent

Macropter (5 expts.
at each density)

Micropter (5 expts.
at each density)

Female Female
grandparent  parent

Macropter Macropter

(5 expts.)
Micropter Micropter

(3 expts.)
Micropter Macropter

(5 expts.)

Density of offsprinz (No./tube)

Offspring reared

5
0

24
2
20

22

12

20

20
0

87
1

92

917

42

79

Brachypters
Macropters
Brachypters
Macropters

Brachypters
Macropters
Brachypters
Macropters
Brachypters

Macropters
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Table 50. Times of development of Alaptus pallidicornis Foewst, in the

egus of thres psocid species.

Total development times (days)

Host species: Numbex: Temp. (°C) Minimum Mean Maximum
G, flavidus 35 15 24 27.0 32
30 20 18 23%.4 29
28 25 17 19.5 22
E. briggsi 30 15 21 24.0 28
32 20 18 22,6 26
30 25 16 18,3 22
S. immaculatus 30 15 26 30,6 36
27 20 22 25,0 29
28 25 18 22.4 26

Table 51, Sizes of Alaptus pallidicornis bred from eggs of three species

of psocids.

(Mean measurement in mm, 0.003)

Host: L. flavidus E. briggsi S. immaculatus
Ho. 3 parasites: 20 20 20
Antenna length 0.384 0.340 C.425
Forewing length 0.464 0.446 0.528
Hindwing length 0.458 0.444 0.521
Thorax length 0,260 0.250 C.264
Ovipositor length 0.146 0.142 ' 0.158

Table 52, Longevity and fecundity of Alaptus pallidicornis females

bred from-eggs of three species of psocids at 20°¢C. (Food provided.)

Longevity (days) progeggt%%ared

Host: Number Minimum Mean Maximum Mean  Extremes

C. flavidus 20 11 15 20 62 43 - 87
E. brigzsi 20 8 13.5 17 56 31 - 80

S, immaculatus 20 10 15.8 19 61 49 - 76
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Table 53. Sex ratio of Alaptus pallidicornis bred from field-collected

eggs and in laberatory stocks.

(a) Field collections.

Date of Total Males : Females

collection parasites bred

Nov. 1965 164 82 : 102
Mar. 1966 230 106 : 124
June 1966 78 34« 44
Aug. 1966 218 130 : 88
Oct. 1966 283 136 ¢ 147
Mar. 1967 320 143 : 177
June 1967 260 125 : 135
Aug. 1967 242 108 : 134
Oct. 1967 294 166 : 128

(b) Isolated virgin females in the laboratory.

g§§§0fd2;:t p@ra§§%§§ bred Males : Females
0-1 168 72 ¢ 96
2 -3 314 186 : 128
5 86 31 ¢ 55
7 152 89 : 63
10 57 24 « 33

Table 54. The effect of food on the longevity of Alaptusg pallidicornis

bred from Ceecilius flavidus.

Food Lo, Longevity (Days) Mean
+ 73 8 -~ 15 ©11.8
- 58 10 - 19 15.0

Table 5Hb. The longevity of male and female Alaptus pallidicornis. (Food

provided)
Sex Ho. Longevity (Days) Mean
Male 46 11 - 17 14.3

Female 38 13 - 19 15.8
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Table 56 , Times of oviposition of Alaptus pallidicornis.

Age of No. of No, of observations Duration of oviposition
female (days) females of oviposition nfiiﬁfﬁé‘é'?m“w‘“m
Zxtremes Hean

1 25 37 6 - 27 12.6

2 -3 25 46 4 - 18 2.8

5 25 28 3 - 14 7.0

7-8 17 29 8 - 22 14.4

10 - 12 20 37 3 - 16 3.5

16 - 18 4 8 5 ~11 8.5

Table 57 . The size of parasitised egg batches of C, flavidus collected
from oak trees at Silwood Park, 1966 - 67. (Total batches - 66)

Eggs per  No. of Ho. fully Ho. with io. with
batch batches parzsitised developing psocids  ‘'dead’ eggs

2 1 0 1 0

3 4 3 1 0

4 6 5 1 0

5 11 7 4 0

6 5 4 1 3

7 12 5 7 0

8 21 15 6 5

9 2 0 1

10 2 2 0 0

11 2 0 2 0

Table 58, Laboratory experiments on the amount of parasitism of

C. flavidus egy batches of different sizes by i. pallidicornis. (20

batches of each size)

Batch sige -

No, of eggs: 4 5 6 7 8 9 10
No. of batches
fully parasitised: 18 16 12 19 18 14 12

No. of batches with
developing psocids: 2 4 8 1 2 6 8
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Table 59 . [The amount of parasitism of C. flavidus egus by female Alaptus

of different ages.

Total No. of

Age of No. of eges offered, Total no. of Per cent
female females (1 batch per eggs parasitised parasitism
(days) $ per day)
1 23 162 143 88.3
2 23 160 152 95.0
3 23 149 130 87.2
4 23 158 137 86.7
5 23 164 142 86.5
6 23 153 120 78.4
7 23 159 134 84.3
8 21 139 114 82.0
9 20 142 105 739
10 17 138 113 81.9
11 16 124 89 71.8
12 12 88 34 38.6
13 12 94 11 11.7
14 9 68 - 0 0.0
15 8 52 0 0.0

Table 60 « The fecundity of &laptus pallidicornis and A, richardsi on

eges of C, flavidus in the laboratory.

No. of progeny reared

Species, 10, Minimum Mean Maximum
A, pallidicornis 20 38 57.5 82

A, richardsi 20 47 69.0 76
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Table 61 . Paragitism of egg batches of C, flavidus on small potted ocak

trees by 4. psllidicornis.

Total no. of Total no, of
Female batches offered batches parasitised

1 26 21
2 18 14
3 30 27
4 15

5 14 8
6 23 11
7 23 3
8 22 18
9 14 9
10 34 8
11 21 16
12 9 7
13 26 24
14 18 5
15 18 14
16 29 22
17 17 13

Table 62. The effect of host age on parasitism by Alaptus females up to

five days old.

Age of Ho, of No, of No. of progeny
host eggs Parasites ovipositions reared from
(days) observed these eggs
0-~-1 20 37 34
2 -3 20 52 51
5 20 32 32
7 20 26 9
10 20 4 0

15 20 1 0



Table 63. Host specificity of Alaptus species parssitising psocid eggs
at Silwood Park

Parasite: A, pallidicornis .. richardsi A, fusculus 4. minimus
Wild Lab. Wild Lab. Wild ILab. Wild ILab.
Psocid genus: eggs  exp. eggs  oxp. E8%s exp. Eeg8s  exp.
Cagcilius + + + + - ¥ - -
Stenopsocus + + + + - ¥ - -
Graphopsocus + + + + - v - -
Ectopsocus + + - + - - - -
Trichopsocus - N - - - + - -
Elipsocus %
Cuneopalpus - y - - + + + +
Philotarsus g
Mesopsocus - - - - + + + 0
Amphigerontia - - - - 0 - 0
Peripsocus - - - y - 0 - 0
Cerobasis - - - - o - 0
Liposcelis 0 - 0 - 0 - 0 0

(+ denotes rearing; - denotes not found, or no interest shown;

y denotes oviposition observed, but no progeny reared: 0 denotes no data)
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The numbers of braconid larvae found in different psocid

species at Silwood Park and Windsor Great Park, 1966 ~ 1967.

Psocids dissected

C. flavidus

C. burmeisteri

S. immaculatus

5. stigmaticus

E. briggsi

Elipsocus

Cuneopalpus cyanops

Philotarsus picicornis

Cerobasis guestfalica

Mesopsocus

Anmphigerontia

No.

83
389
452
29
283
252
18
73
59

106
84
18
52
23
21

118
17

236

216

305

135

286

153

258

193

305
28
26

57
109

Year Humbers
parasitised
1966 0
1966 203
1966 0
1967 0
1967 164
1967 1
1966 0
1966 27
1966 0
1967 0
1967 17
1967 0
1966 5
1966 0
1967 4
1967 0
1966 0
1967 2
1967 0
1966 0
1967 0
1966-67 26
1966-67 0
1966-67 37
1966-67 4
1966 58
1967 136
1966 14
1966 0
1967 34
1967 0

Psocid
generation
I (litter)
II (June-July)
III (Sept.)
I (Sept.)
II (Sept.)
III (Sept.)
I (May)
II (June-July)
IIT (Sept.)
I (Sept.)
II (Sept.)
III (Sept.)
I (May-June)
II (Aug.-Sept.)
(aug.-Sept.)
ITI (fug.-Sept.)
IT (Aug.-Sept.)
I (May-June)
IT (May-June)
IIT (Aug.)
IIT (&ug.)
A1l (May-Sept.)

=~

I & IT (May-Sept.)

=~

(July-Aug.)

I & II (June-Sept.)

=~

(Apr.-July)
(&pr.-July)

=

I (Fay-June)
II (Sept.)
(Sept.)

II (Sept.)

=~
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Table 65, The numbers of braconid larvae per psocid host at Silwood

Park, 1966-67.

Psocid
C. flavidus

C., burmeisteri

S. immaculatus

S. stigmaticus
Elipsocus

Philotarsus picicornis

Cercobasis guestfalica

Mesopsocus
Amphigerontia

No. Leiophron larvae per host

One
244
43

26
35

181
48

Two More than
6 Two g
1 0
0 0
0 0
0 0
2 0
0 0
3 0
0 0

Table 66 , Dimensions of egzgs of two species of Leiophron.

(mm, all + 0.02 mm)

Species: L. claviventris
Stage of egg No. Length Greatest
(see Figs.) breadth
I 7 0.06 - 0,14 0.04 - 0.09
1I 6 0.08 - 0.20 0.04 - 0.12
I1I 12 0.16 - 0.30 0,06 - 0,16

I
g II1

gstages of eggs - 1

L, similis

No. Length Greatest
breadth

15 0.04 - 0,22 0,03 - 0.15
8 0013 - 0028 0508 - 0015

Swollen egg, no contents visible,

Distinet lining of trophamnion cells.)

With coiled larva, near hatching. g
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Table 67. Variations in chaetotaxy on heod copsules of fully grown
larvae of two species of Loiophron.

(10 lervae of eocch species exemined )

Le gimilis Curtis.

Sclerites and reglions Setae
Stipital 10-(0 +0)
Prontal 10-(0 +0)
Genal 9-(T + I), I~(0 +0)
Clypeol 9~(2 + 2), I~(I +2)

- Iabral 10~(2 + 2)
8-(2 +2), 2~(I +1I)

Moxillary
Prelobial T=(4 + 4)y 3=(2 +2)
Postlabial 7-(3 + 3), 2~(2 + 2), I=(2 +1I)

_ L. claviventris Ruthe

Sclerites and rcgions Setae
Stipital : 10=(0 +.0)
Frontal 9-(T + I), I={6 + 0)
Genal 10~-(0 + 0)
Clypeal 10-(0 + 0)
Lebrol 8-(0 + 0), 2~(I + I)
Moxillary ‘ 0-(I + 1)
Prolabial 9-(2 + 2), I~(I + I)
Postlabial 8-(0 + 0)y I=(I + I), I(2 + 2)

[ﬁ‘able arrangencnt follows that in Waloeff (1967) isee
Mo, of lorvac (Setae on left side + Setoe on right sidey



Table 68, Measurements of larvae of two species of Leiophron.
(mm, al% Ido.01 mm)

Species Instar  Ho. Zotal Cauda Greatest
length length brezdth
L. claviventris I 8 0.18 - 0.386  0.06 -~ 0.17 0.04 - 0.12
I 14 0.26 - 1.5¢  0.10 - 0.36 0,10 = 0.52
IIT 12 1.44 - 2.45 - 0.60 - 1.18
v 20 1.83 - 2.64 - 0.86 ~ 1.32

L. similis I 20 .24
11 15 0.35
111 20 1.32
v 20 1.70

Table &9. Measurements of cocoons of two species of lLeiophron.

¥ 6.01
Species No. LengtEr @11+ 0 @?%atest
breadth
L. claviventris 7 1.64 - 1,80 0.88 - 0.95
L, similis 12 1.52 - 1.57 0.84 - 0.88

0.47 0.10 - 0.24  0.05 - 0.15
1.48 0.15 - 0,40 0.12 - Q.40
1.86 - 0.56 = 1.24
2.20 - 0.70 = 1.28

Table 70. Stages of Leiophron claviventris Ruthe and L. similig Curtisg

found in different host insters at Bilwood Park, 1966 - 1967.
Parasite star
R v 1 S

Psocid Parasite Lge v
(Caudate
larvae)
Mesopsocus L. claviventris No.: 1C 67 114
Host instars: II - III III -V IV - Ad.
C. flavidug L. similis No.: 34 134 100
Host instars: 1I - IITI III - VI 111 - Ad.
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Table 7Tl. Development times of healthy and parasitised psocid nymphs of

C. flavidus in outdoor inscctery at Silwood Park, 1967.

lyuphs .
Healthy. Parasitised.
Ingtar No. Duration No. Turation
T "" “(days) o “(aays)
II 30 2 -4 8 5-4
TII 30 3 -6 23 3-5
v 30 3-5 12 3-6
v 30 5~8 40 5-11

VI 30 4 -7 36 6 - 20
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Table 72. Total numbers of arthropods which are possible predators on

psocids beaten from different tree species at Silwood Paric, Berks,, at

monthly intervals from spril to October in 1266 and 1967.

’

{Ten samples for each tree per month; each smample luw length of hrench

with foliage.)

(2) 1966
Month/iree:  Lpr, May June July Aug. Sept. Oct.
Acer 6 8 6 14 34 11 4
Aesculus 5 5 A 18 26 9 7
Betula 2 0 3 9 11 8 4
Crataegus 12 23 28 52 73 39 16
Fagus, 3 7 6 12 58 52 15
Ilex 18 12 8 29 43 19 26
Pinus 7 14 17 11 & 23 14
Populus 2 6 3 4 9 1 0
Quercus 5 10 76 143 192 228 68
Tilia 3 4 5 18 26 54 11
Ulmus 3 3 11 16 9 17 4
(b)__1967

Acex 4 4 9 21 25 8
Aesculus. 2 7 5 8 52 12 8
Betula 0 4 3 17 8 4 0
Crztaegus 7 12 37 104 113 68 o1
Cupressus 11 8 14 23 57 30 14
Fagus 4 3 21 35 11
Ilex 3 17 5 47 104 68 28
Pinus 8 8 17 29 12 8
Fopulus 4 3 4 3 0

Huercus 7 21 39 14 246 289 52
Tilia 2 6 6 15 7 11 4
T1lmus 0 2 12 8 2 3



Table 13
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. The grouvs and numbers of species of predatory arthropods

beaten from different trees at Silwood Park in 1966-67.

Tree:
Acer
Aesculus

Betula

Crateagus

Cupressus
T (1967)
Fagus

Ilex
Pinus
Populus
Quercus
Tilia

Ulmus

Total
individuals

[
A9y
O

115

73
395
121

217
419
180
32
1452
122
62

(Numbers

n
[}
o
[&]
[}
[
[17] o
[=
— o]
o] “
+ «
] &)
3 <
20 11 (1)
28 16 (1)
12 8 (1)
58 107 (1)
14 38 (1)
29 69 (1)
43 34 (1)
14 37 (1)
9  3(1)
70 314 (1)
38 15 (1)
17 8 (1)

Total numbers and species

Opilionida
Araneae
Hemiptera
Neuroptera
Others

9 (4) 74 (3) 36 (4) 23 (6) 3 (2)
17 (2) 52 (11) 16(7) 9 (4) 5 (3)
8 (1) 36 (6) 18 (3) (0) 3 (1)
54 (7) 113 (18) 79 (12) 18 (7) 24 (13)
9 (3) 49 (6) 22 (3) 3 (1) (0)

.7(2) 59 (9) 38 (9) 38 (4) 6 (4)
28 (6) 204 (18) 48 (4) 94 (8) 11 (6)
19 (2) 79 (6) 26 (2) 19 (3) (0)
(0) 16 (3) 8 (2) 5 (3) (0)

46 (5) 688 (23) 155 (26) 230 (10) 19 (5)
11 (4) 38 (17) 28 (6) 23 (6) 7 (4)
5(3) 22 (6) 19(3) 6(3) 2()

of species identified given in parentheses.)



Table 74.

Group:
ACARINA

OPILIONIDA

ig
=]

NEUROPTERA

D5l

Arthropods found with psocid prey at Silwood Park, 1966-67.

Predator:

Anystis sp.
Anystis sp.
Anystis sp.
Anystis sp.
Anystis sp.
Anystis sp.
Anysiis sp.
Anystis sp.
Anystis sp.
Anystis sp.
Anystis sp.
Anystis sp.
Anystis sp.
Anystis sp.

Anystis sp.

Hemostoma lugubre

Prey:
C. flavidus
C. flavidus
C. flavidus
G, flavidus
C._flavidus
C. flavidus
C. flavidus
C. flavidus
C. flavidus

S. stigmaticus

Elipsocus sp.
B. hyzlinus
C, cyanops

Amphigerontia
SP.

Amphigerontia
Sp.

C, flavidus

Nemostoma lugubre

ILlipsocus sp.

Oligolophus sp.
(imm.

Opilio sp.
Zysticus lanis

(Koch)

Theridion sp. (imm.)

T. pallens
Blackwall

Erigone sp, {imm,)
Erigone sp. (imm,)
Linyphia sp. (imm.)

Conwentziz

psociformis III

Conwentzia

psociformis IIT

C. flavidus
C. flavidus

Elipsocus
5, brigesi

C. flavidus

5. stiematicus

C. flavidus
C. flavidus

C, flavidus

—

III
IIT
III
v
VI
4.
4d.
Ad.,
Liggs
Eggs
VI
ad.
Ad.
IIT

v

Bggs

v
v

Ad.
N

III
v

1T
I1T
1T
Bges

11

Iree:

Quercus
Quercus

Suercus

Quercus
Quercus
Quercus

Ruercus,
Tilia
Guercus
Crataegus
Pinus
Cractagus

Pinus

Sarothamnus

Sarothamnus

Quercus

Crataegus
@uerggi

Cuercus

Suercus

Crataegus
guercusg

Quercus
Crataegus
Guercus

Quercus

gge xrecus

Month:
June “1966
June 1966
June 1967
June 1967
July 1966
Aug., 1966
July 1967
Aug. 1966
Aug. 1966
Aug. 1966
July 1966
July 1967
Aug. 1966
June 1966
June 1965
June 1967
Mg, 1967
Sept. 1966
July 1966
July 1967
May 1966
Sept. 1967
Aug., 1967
Aug. 1967
July 1967
Sept. 1966
Sept. 1967



Table 74 (cont.)

Group:

NEUROPTERA

HEMIPTELA

Predator:
Semidalis
aleyrodiformis IITI

Coniopteryx
tineiformis III

Hemerobius
lutescens IIL

Hemerobius
lutescens III
Hemerobius
stigma [IT
Chrysopa ciliata

Prey:

C. flavidus
C. flavidus
C, flavidus
C. flavidus

Elipsocus sp.

C, flavidus

Wesm. II1
Chrysopa flava II1

Anthocoxis
nemoralis xd.

Cyellocoris
histrionicus Ad.

Dryophilocoris

flavogquadrimaculatus

Ad.,

C, flavidus

M. immunis
C. flavidus

C. flavidus

Eggs

Ad.

III

VI

—235_

Crataegus
Quercus
Quercus
Quercus

Pinus

Nonth:
July 1966
July 1966
July 1967
fug. 1967
June 1966
June 1966
July 1967
May 1966
July 1966
hug., 1967
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Table T75. Experiments on selection of psocid prey by arthropod predators in

in the laboratory.

Predator: Prey offered: Replicates Pregoﬁ%lled:

A B 4 B
Anystis sp. 5 Psocid Eggs 5 Psocid Nymphs 10 12 7
5 Aphid Nymphs 5 Psocid Nymphs 8 9 17
5 Psyllid Nymphs 5 Psocid Nymphs 10 4 8
5 Psocid Adults 5 Psocid Nymphs 10 7 4
Opilgo sp. 5 Psocid Iggs 5 Pgocid Nymphs 10 14 8
5 Aphid Nymphs 5 Psocid Nymphs 3 7
5 Psocid Adults 5 Psocid Nymphs 9 0
Linyphia sp. 5 Psocid Eggs 5 Psocid Nymphs 12 5 14
5 Aphid Nymphs 5 Psocid Nymphs 10 13 9
5 Pgyllid Nymphs 5 Psocid Hymphs 8 8 1z
5 Psocid AQults 5 Psocid Hymphs 5 2
Ciniflo sp. 5 Psocid Eggs 5 Psocid Nymphs 6 3 5
5 Aphid Hymphs 5 Psocid Nymphs 6 6. 11
Conwentzia 5 Psocid Eggs 5 Psocid Nymphs 10 4 6
psociformis III 5 4 piq NWymphs 5 Psocid Nymphs 10 8 12
5 Psyllid Nymphs 5 Psocid Nymphs 10 3 6

5 Psocid idults 5 Psocid Nymphs 10 11
Hemerobius 5 Aphid Nymphs 5 Psocid Nymphs 8 17 12

lutescens ITI

Chrysopa, 5 Psocid Eggs 5 Psocid Nymphs 5 6 9
ciliata II1 5 40053 Nymphs 5 Psocid Nymphs 10 3
5 Psyllid Nymphs 5 Psocid Nymphs 10 10 7

5 Psocid Adults 5 Psocid Nymphs 10 18 11
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Table T76. Numbers and survival of egegs of (. flavidus and G. cruciatus

on foliage of some broadleaved trees at Silwood Park, Berks, in 1966 and 1967.
(Samples of 2000 leaves)

(2) 1966
Iree Sampling Batches ZIEggs Predated Parasitised Dead Healthy 4+ .%
date hatched survival
Acer June 14 92 5 17 2 68 +0 73.9
" Aug. 8 52 T 9 2 34 4+ 0 65.4
" Oct. 19 138 11 14 0 95 + 18 81.9
Aesculus June 5 41 0 0 4 37T+ 0 90.2
" Aug, 11 108 6 6 0O 88 + 8 88.9
" Oct. 7 68 3 7 5 15 + 38 77.9
Betula June 5 31 2 5 0 24 4+ 0 17.4
" Aug. 7 38 0 4 0 22 + 12 89.5
" Oct., Leaf-fall complete by mid-September
Crataegus June 17 142 0 7 2 115 + 18 93.7
" Aug. 38 330 18 26 4 242 + 40 85.5
" Oct. 126 1235 50 84 14 927 + 260 96,1
Fagus June 7 32 3 1 3 25+ 0 78.1
" Aug., 23 184 12 24 11 137 + Q 74.5
" Oct. 34 307 17 26 9 240 + 15 83.1
Ilex June 37 326 15 ‘ 17 7 270 + 17 88.0
" Aug, 52 413 8 29 12 341 + 23 88.1
" Oct. 104 874 26 67 12 741 + 28 88.0
Populug June 3 12 0 0 2 10 +0 83.3
" Aug., 0 0
" Oct. Leaf-fall complete by mid-September
Quercus June 106 854 6 82 2 746 + 18 89.5
" Aug. 304 2954 43 238 62548 + 119 90.3
" Oet. 362 3386 105 - 296 8 2415 + 562 87.9
Tilia June 18 79 5 4 2 68 +0 86.1
" Aug. 7 37 5 7 0 18 + 7 67.6
" Oct. 12 92 7 11 0 35 + 29 69.6
Ulmug June 3 14 0 0 0 14 + 0 100.0
" Aug, 3 11 2 3 0O 6+0 5445
" Oct. 7 62 8 8 3 17 + 26 69.4



Table 76 (cont.)

(b) 1967
Iree Sampling Batches IDggs Predated Parasitised Dead Healthy + Qé
date hatched survival
Acer June 5 37 8 3 0 26 +0 70.3
" Aug. 14 126 12 " 8 4 8T + 15 81.0
" Oct. 11 83 5 8 0 52 + 19 85.5
Aesculus June 3 32 0 5 0 27 + 0 84.4
" Aug. 3 19 4 0 0 15 + 78.9
" Oct. 3 17 0 0 2 T +8 88.2
Betula June 11 116 11 0 8 T2 + 24 82.8
" Aug. 4 30 5 0 0 25 +0 83.3
" Oct. 4 34 5 8 4 11 +6 50.0
Crataegus June 8 72 3 9 6 53 + 11 88,9
" Aug. 83 719 8 85 0 609 + 17 87.1
" Oct. 152 1362 18 187 17 1011 + 129 83.7
Fagus June 15 97 0 0 5 92 + 0 94.8
" Aug, 33 300 21 26 5 151 + 96 82.3
" Oct. 62 594 16 72 8 460 + 38 83.8
Ilex June 62 567 28 49 11 377 + 102 84.5
" Aug. 90 803 37 58 0 562 + 146 88.2
" Oct. 184 1464 74 107 16 730 + 437 197
Populus June 0 0
" Avg, 6 46 0 5 0 41 + 0 89.1
" Oct. Leaf-fall complete by mid-September
Quercus June 153 1386 5 280 5 1084 + 12 79.1
" Aug. 336 3025 110 256 29 158 + 1069 86.8
" Oct, 429 4205 129 315 12 3085 + 864  93.9
Tilia June 12 79 4 7 0 63+ 5 86,1
" Aug. 43 376 38 19 7 278 + 34 83.0
" Oct. 27 238 11 12 32 117 + 66 76.9
Ulmus June 4 14 0 0 14 +0 100.0
" Aug. 10 65 3 5 0 51 +6 87.7
" Oct. 7 39 3 8 3 20 + 5 64.1



Table 77.
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Mlumbers and survival of eggs of C. burmeisteri on Cupressus

foliage at Silwood Pgrk, Berks., fromm 1965 to 1967. (20 samples on each date.)

Date

Aug.
Oct.

Table 78.

sampling date.)

Date

1966
1966
1966
1967
hug. 1967
Oct. 1967

June
A‘lgo
Octe.

June

Batches Egegs Predated Porasitised Dead Healthy + %
hatched survival
1965 107 986 35 104 6 803 + 38 85.3
1966 59 502 26 49 18 393 + 16 81.5
1966 187 137 5 18 9 93 + 12 76.6
1966 139 796 16 9 12 650 + 109 95.4
1966 86 738 30 53 450 + 205 88,8
1967 96 923 12 23 762 + 118 95,2
1967 4 531 23 26 371 + 103 89,2
1967 130 433 38 17 168 + 208 86.8
1967 153 1025 52 59 21 482 + 411 87.1
Numbers and survival of eggs of E. briggsi on foliage of
Quercus at Silwood Park, Berks., in 1966 and 1961. (2000 leaves on each
Batches IEgzs Predated Parasitised Dead Healthy + %
hatched survival
11 82 0 11 0 59 + 12 86.6
56 568 23 46 8 483 + 8 86.4
203 1734 57 134 18 1502 + 23 87.9
8 40 4 0 2 34 +0 85.0
25 186 11 16 0 139 + 20 8545
168 1260 23 73 5 1050 + 109 92,0
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Table T79. Numbers and survival of eggs of Stenopsocus on several species
of broadleaved trees at Silwood Park, Berks,, in 1966 and 1967.

(a) S. immaculatus
Tree Date Batches Iggs DPredated Parasitised Dead Healthy + %
hatched survivs/

Quercus  Aug. 1966 5 22 0 4 0 18 + 0 81.8
" Oct., 1966 8 37 3 8 0 235 + 3 70.2
n June 1967 T 53 3 4 2 44 + 0 83,0
" Aug. 1967 13 122 T 12 0 77 + 26 84.4
n Oct. 1967 21 169 5 28 11 85 + 40 T4.0

Ilex June 1966 28 178 12 7 4 140 + 15 87.0
n Aug. 1966 53 482 24 26 17 387 + 28 86.1
n Oct. 1966 60 503 11 36 10 337 + 109 88.7
" Mar. 1967 43 422 0 59 22 161 + 170 18.4
" June 1967 32 183 T 11 4 131 + 30 88.0
" Aug, 1967 16 147 7 8 4 92 + 36  87.1
" Oct. 1967 28 267 11 37 0 170 + 49 82.0

Crataegus June 1966 15 137 4 12 5 116 + 0 84.7
" Aug. 1966 22 199 0 é 5 170 + 18 94.5
" Oct. 1966 38 309 21 32 21 121 + 114 76,1
" Mar. 1967 0 0
" June 1967 12 124 5 8 4 101 + 8 87.%
" Aug. 1967 14 117 4 8 0 92 + 13 89.7
" Oct. 1967 56 485 17 36 7 324 + 101 87,6

(b) S. stigmaticus

Tree Date Batches Eggs Predated Parasitised Dead Healthy + %

hatched surviva/

Crataegus June 1966 58 506 12 46 3 445 + 0 87.9
n Aug. l966> 42 82 .5 18 18 325 + 16 89.3
" Oct, 1966 109 964 17 105 5 631 + 206 86,8
n Mar. 1967 47 417 é 28 0 360 + 23 91.8
n June 1967 32 306 4 26 0O 268 + 8 90.2
" Aug. 1967 51 ' 493 12 65 12 352 + 52 81.9

" Oct., 1967 87 826 23 54 8 624 + 137 92.1
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Table 80, BEegz survival of C., flavidus at different heights of large oak

treeg at Silwood Park, Berks., in 1966.

Height Month Batches Eggs Predated Parasitised Dead Healthy + %
: hatched survival

0 -3m June 304 2902 T7 226 103 2496 86.0
Aug. 348 3297 188 177 188 2714 82.4
Oct. 352 3371 231 359 187 2594 76.9
5-Tm  June 249 2358 72 182 85 2019 85.6
hug. 279 2702 127 157 150 2268 84.3
Oct. 303 2921 219 185 183 2344 80.2
12-15m June 89 850 34 120 36 €58 T4
hug. 309 2049 80 159 123 1677 81,8
Oct. 345 3400 183 290 206 2721 80.0

Table 81, Survival of eggzs of some foliage-frequenting psocids overwinterine
in litter at Silwood Park, Berks., 1965-6 and 1966~7.

(50 samples each occasion of Quercus; 20 samples each occasion of Crataeggs)
(a) Quercus litter

Date Psocid Batches Eggs Predated Parasitised Dead Healthy -+ %
hatched surviva|
Nov. 1965 C. flavidus 246 2238 238 206 18 1719 + 57  1719.2
Mer., 1966 " 219 1983 160 241 31 1511 + 40 78.2
Nov. 1966 n 183 1680 82 137 12 1431 + 18 86.2 °
Mar. 1967 " 292 2762 102 343 26 2354 + 37 86.F
Nov, 1965 E. briggsi 195 2014 11z 172 12 1686 + 30 85.3
Mar. 1966 " 137 1244 86 105 8 1045 + O 84.0
Nov. 1966 " 170 1538 97 94 8 1324 +15 87.1
Mar. 1967 n 267 2506 142 170 119 1971 + 104 82.8

(b) Crataegus litter

Date Pgocid Batches Eggs Predated Parasitised Dead Healthy + %
hatched survival
Nov. 1965 S.stigmaticus 138 1130 42 86 48 954 + O 84.4
Mar. 1966 n 162 1483 79 169 103 1109 + 23 /6.3
Nov. 1966 " 19 683 23 92 18 550 + 0 80.5

Mar. 1967 " 152 1419 30 113 11 1265 + O 89,1
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Table 82 . Overwintering psocid eggs on Ilex trees at Silwood Park, Berks.,
1266-61.
(a) November 1966

Tree Leaves Batches Eggs Predated Parasitised Dead Healthy +
hatched survival

1 1927 71 571 18 26 13 462 + 52 90,0
2 3704 139 936 31 79 26 750 + 40 84.4°
3 1431 68 532 15
4 2676 92 741 11

(b) March 1967
3 1350 57 409 12 42 18 310 + 27 82.3

4 2539 79 683 8 59 37 522 + 57 84.7

Table 83, Predation on webbed and unwebbed egg batches of C. flavidus in

the laboratory.

Predator Batches provided Renlicates Total no. of batches attacked
Webbed Unwebbed after 48 hrs.
Webbed Unwebbed
Larva of C.psociformis 5 5 10 31 24
Laxrva of C.tineiformis 5 5 8 17 28
Nymph of A. nemorum 5 5 10 21 26
Mite (Anystis sp.) 5 5 10 36 23
Opilionid (Neme.stoma) 5 5 10 18 12

Table 84. Parasitism of webbed and unwebbed egg batches of C. flavidus in

the laboratory.

Parasite Bateches provided Heplicates Total no. of batches from
Webbed Unwebbed which parasites devcloped
Webbed Unwebbed
A. pallidicornis 5 5 10 32 40

A, richardsi 5 5 6 18 21
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Tahle 85, The numbers of ovarioles in British foliage-frequenting psocids.

Species No, of ovarioles Previous authors
T, dalii 4+ 4 Ribaga (1906)

E. briggsi 5+ 5 Sofner (1941)

S. stigmaticus 4 + 4 Noland (1924)

S. immaculatus 4+ 4 -

G. cruciatus 3+ 3 -

C. flavidus 4 + 4 -

C. burmeisteri 4 + 4 -

C. kolbei 4 + 4 -

C. fuscopterus 4 + 4 -

Table 86 . BEzg batch size from wild collections at Silwood Park, 1966-67.

No. of e er batch
Species Tree Batches 1 2 3 4 576 [ B E__EU IT __IZ 1 __4__1_],_6_

C. flavidus Quercus 416 - 8 5 29 13 27 36 106115 46 20 -
C. flavidus OCrataegus 185 215 31238375126 = = 1 = = = - =
C. bumeisteri ‘Cupressus 138 5 -~ 11163450 811 3 -
1

- - - -

k. briggsi Quercus 205 - 5 717141858 4331 3 7 1 = = =
S. stimaticus Crataegus 123 - 1 3 3 9 61349531 5 - 2 - -« 1 =
S. immculatus Various 86 - = = 85 52438 3 1 = = = 2 =~ -

G. cruciatus Ilex 52 - - 1 3 61521 5 -




Table 87. Qocyte counts in female psocids of known ages, kept in outdoor

insectary at Silwood Park, 1966, with constant excess foad supply.

No. of oocytes
(averaged totals in all ovarioles)

Species No. Age Mature  Large Small Total
(Days) Eges Oocytes  Oocytes

Q. flavidus 20 O-1 0 7 90 97
20 1~3 5 12 84 101
20 6-7 7 19 80 106
20 12-14 7.5 26 93 126.5
20 20-22 6 16 87 112
20 27-28 6 16 60 82
20 34-35 7 14 55 76
10 42 8 11 43 62
12 48-49 3 5 12 20

S. stigmaticus 20 0-1 0 5 67 72
20 1-3 3 14 64 81
15 6-7 6 23 74 103
15 13-14 8 20 62 90
15 21 5.5 22 60 87.5
15 27-28 6 16.5 54 76.5
15 34-35 8 8 31 47
10 40 5 8 17 30

E, briggsi 20 0-1 0 6 9% 99
20 1-3 3 24 105 132
20 6-7 8 30 89 127
20 12-14 11 23 113 147
20 20-21 7 19 91 117
20 27-28 7 26 83 114
20 35 5 20 50 75
20 41-42 8 14 36 58
10 49 4 8 19 31
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Table 88 . The effect of temperature on time of laying of first egg

batch.

~r

Species No.  Temp.(°C) =

C. flavidus 25 15
25 20
25 25 - 11 10 4 -

C, burmeisteri 15 15 - 1 8 6 -
20 20 - 3 12 5 -
20 25 1 6 10 3 -

S. immaculatus 18 15 - - 3 9 6
24 20 - 1 16 T -
22 25 - 5 12 5 -

S. stigmaticus 20 15 - 1 4 12 3
20 20 - 2 8 10 -
20 25 - 7 13 - -

G. cruciatus 20 15 - 3 3 12 2
18 20 - 3 7 -
20 25 - 8 4 -

B. briggsi 25 15 - - 11 11 3
25 20 - 8 6 9 2
20 25 2 10 6 2 -

Table 89. Tota;ﬁnnmbers of eges laid by females of nine psocid species
kept in cold insectary. (Only females living more than 30 days ave enumeuﬁaﬂ

Species Ho. Mean no. of eggs  Maximum Minimum
T. dalii 15 57 81 40
BE. briggsi 30 84 106 57
S, immeculatus 30 T8 103 50
S. stigmaticus 30 9 118 78
G. cruciatus 30 102 117 71
C. flavidus 30 113 128 87
C. burmeisteri 30 79 92 60
C. fuscopterus 14 86 102 6%

C, kolbei 25 86 97 78
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Oviposition rates of C. flavidus 2nd S. stismaticus on.

natural food when kept in cold insectary.

Table 90 .
() |
pecies Ho.
C, flavidus
" - 28
n ’ 24
S. stigmaticus 20
n- . 17

(b) Five longest-lived females of each species.

iied

2

84 163 190 150 170 130 156 138 117 109

Total no., of eggs laid on davys

T=+'10= 13= 16= 19= 22- 25- 28= 31- 4
[3 12 15 168 2L 24 27 30 33 .
30 133 217 186 234 265 197 239 190

2

M

82601es
C. flavidus 'Iongadty 1-
2
A 47 12
b. 44 15
c. 44 16
d. 42 9
e. 42 16
S. stigmaticus
a. 46 .9
b. 46 12
C. 42 12
de 42 11
e. 4 12

19
23
20
25
21

16
12
18
15
18

.
10

157 130 1186 96

No. eggs lald on days

11- 16- 21— 26- 31 36— 41— 46- -

2
15
18
22
18
20

20
17
20
12

15

18
18

27

20

16 .

23

15
14
14
13
17

2
16
14

15

16
19

17

20
13
16
16

30 32 490 45 20

11
12

8
12
12

21
16
10
18
18

Oy @ W O =

11

14
12

12

13

N H O WU W

o O O O O

Q = W O
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Table 92. The numbers of egy batches laid on different leaves in the

laboratory. Leaf choice provided: Ulmus, Quercus, Ilex.

Species No.  Expt. Tlex Qiiiius Ulmus Total
C. flavidus 10 A 20 11 0 31
" 10 B 15 8 3 26
" 10 C 12 14 2 28
" 10 D 21 10 0 31
" 10 i 25 14 0 39
Totol 93 57 5
E. briggsi 10 A 14 19 3 36
" 10 B 25 13 7 45
" 10 C 18 9 6 33
" 10 D 17 11 3 31
n 10 B 11 14 3 28
Total 85 66 22
S. stigmaticus 10 A 22 10 0 32
" 10 B 18 8 1 27
" 10 C 15 11 3 29
n 10 D 22 17 3 42
" 10 E 19 14 0 33
Total 96 60 7



Table 63, The numbers of egg batches laid on smooth and rough surfaces

of sanded microscope slides in the laboratory.

Species Ko, Expt. Rough  Smooth Total,
C, flavidus 10 A 5 22 27
" 10 B 3 17 20
" 10 C 9 23 z2
" 10 D 3 14 17
" 10 E 8 13 21
Total 28 89
B. brigesi 10 A 7 19 26
" 10 B 4 22 26
" 10 C 11 16 27
" 10 D 24 33
" 10 E 7 15 22
Total 38 9 |
S. stigmaticus 10 A 11 18 29
" 10 B 25 33
" 10 C 16 19
" 10 D 7 22 29
" 10 E 3 9 12

Total 32 90
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Table 94 . The reactions of several psocid species to aguecus or alcoholie:

extracts of leaves of different trees.

Species Leaf Leaf Washings  Aqueous Extract Algoholic Exirsct
Leaf Water  Leaf Water  Leair Water

C, flavidus Cupressus , 180 221 93 356 7€ 169
" Ilex 220 186 153 206 13¢& 160

" quercus 193 126 115 163 1872 130

" Ulmus 120 93 138 231 78 121

C. burmeisteri  Cupressus 123 86 297 183 157 116
" Ilex 118 130 156 138 216 119

" Quercus 57 140 126 93 138 124

" Ulmus 86 112 134 106 100 158

E, briggsi Cupressus 118 83 57 86 139 L4
" Ilex 146 140 126 109 54 L28

" Quercus 182 126 119 162 76 LO4

" Ulmug 103 138 84 142 153 127

S. stigmaticus Cupressus 56 119 87 113 129 156
" Ilex 129 186 128 139 79 128

n Quercus 152 117 116 80 175 119

" Ulms 140 128 231 179 129 96

(Figures represent sums of five experiments, each containing 10 psocids.
11 readings were taken for each experiment. Psocids in the end quarter=

length of the apparatus only were recorded.)
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Table 96 , Compexison cf amounts of debrip on 1 cm2 areas of upper and
lower leaf surfacis in September, 1967. (my’) (200 samples from each

surface of each t:we species.)

Tree Surface Mean Range
Quercus Upper 0.19 0.09 ~ 0.36
Quercus Lower 0.02 0.00 ~ 0.05
Ilex Upper 0.11 0.04 -~ 0,18
Ilex Lower 0.04 0.00 ~ 0.06
Crataegus Upper 0.07 0,03 ~ 0.14
Crataegus Lower 0.02 0.00 = 0.04
Fagus Upper 0.04 0.02 -~ 0.07
Fagus Lower 0.01 0.00 - 0.0«
Betula Upper 0.04 0.02 - 0.07
Betula Lower 0.01 0.00 - 0.03
Ulmus Urper 0.04 0.01 ~ 0.08
Ulmus Lower 0.01 0.00 ~ 0.02

Table 97. Comparison of amounts of debris on 1 cm2 areas of upper ard

lower surfaces of Quercus leaves teken from ground litter, December ) 966.{(mx

Surface Mean Range
Quercus Upper 0.13 0.04 - 0.22
Quercus Lower 0.08 0.02 - 0.15

Table 98. Numbers of fungal species on agar plates from upper sSurfaces of

leaves of different tree species, September 1967. (Seven days growth)

Tree No. of Total no. of No. of
plates fungal spores abundant gpecies.
Crataegus 10 11 1
Fagus 10 8 0
Tlex 10 11 0
Quercus 10 3 ya
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Table 99 . The approximete percentage compositions of adventitious matter

from leaf surfaces, shown on 40 collodion peels of each species, September

1967. (Visual division of each peel into 10 abundance-~groups, éummed.)
Tree Fungoel FMungal Algae Pollen Animal Other
spores hyphze remains
Cratoegus 50 30 10 5 5 -
Ilex 30 33 30 - 2 5
Quercus 30 5 55 3 2 p,
Fagus 30 15 30 5 5 15

Table 100, Comparison of available food with that ingested and digested

by several psocid species fed on leaves of different tree species. (Visual

estimates of percentages for each specimen summed and avaeraged to the
nearest 5%, 40 of each psocid species on each tree species) - Adult

psocids and nymphs.

Leaf Srop, Faeces
Psocid plexsl:] Adults Nymphs Adults Nymphs Adults Nymphs
E. briggsi Guercus  flgee 55 53 40 45 25 20
Fungus 30 30 40 A0 20 20
Others 15 15 20 15 55 60
Cupressus islgae 9C 90 100 90 65 30
Fungus 10 5 0 0 0 0
Othexrs 0 5 0 10 35 70
Cratosgus Algee 30 35 30 3 25 30
Tungus 50 40 50 35 20 20
Others 20 25 20 3C 55 50
5. gtigmeticus (fuercus  Algae 55 60 50 55 25 30
Fungus 30 30 20 30 20 15
Others 15 1G 20 15 55 55
Cupressug Alzce 90 96 95 100 55 45
Fungus 5 5 O o 0
Cthers 5 g, 5 0 45 55
Crutaegus Algae 30 40 30 35 25 30
Tungus 35 40 35 35 20 15

Others 35 20 35 50 55 55
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Table 100 (cont.)

Leaf Crop Faeces
Psocid Tree Adults Liymphs Adults Uyuphs Adults Nymphs
C, burmeisteri Znercus Algee 55 €5 50 65 25 35
Pungus 30 20 25 20 25 15
Others 15 15 25 15 50 50
Cupregsus Algae 90 85 95 90 60 55
Fuangus 5 10 5 5 0 0
Others 5 5 0 5 40 45
Crataegus Algue 30 30 35 25 25 20
Fungus 40 55 40 50 20 25
Others 30 15 25 25 55 55
C, flavidus Quercus Algae 50 50 40 50 30 25
Fungus 35 40 30 35 35 30
Others 15 10 30 15 35 45
Cupressus Algae 90 100 80 95 60 50
Fungus 5 0 5 0 0 0
Others 5 o 15 5 40 50
Crataegus Algae 40 40 35 35 20 25
Fungus 40 40 40 40 20 25

Others 20 20 25 25 60 50



Table 101, Faecal composition of C., flayidus on consecutive dayss the

effect of decreasing food supply. (10 faecal pellets for each psocid on

each day, percentage compositions summed and averaged to nearest 5%),

All samples on Quercus leaves.
Faecal Composition,

Day Vo, of females Algae Fungi Others
o (Digested)

1 30 30 15 55

2 30 25 20 55

3 30 30 20 50

4 30 30 15 45

5 28 30 10 60

6 27 25 15 60

7 25 30 15 55

8 20 20 20 60

9 20 20 10 70
10 15 15 5 80
11 12 20 - 10 70
12 7 10 5 85
13 4 10 5 85
14 '3 10 5 85
15 3 15 5 80



Table 102,

Silwood Park during 1967.

for each individual, summed, and averaged to the nearcst 5%)

Psocid

G. cruciatus

G. cruciatus

S. stigmaticus

S. stigmaticus

S. immaculatus

S. immaculatus

S, immaculatus

C. flavidus
C. flavidus
C. flavidus

C. burmeisteri

C. burmeisteri

C. fuscopterus

C. kolbei
E, briggsi
E. brigosi

No.
14
17
43
30
18
30
12
45
40
20
40
30
5
15
30
30
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Crop contents of foliage-frequenting psocids collected at

(Visual estimation of percentage compositions

Stage
Adults
Nymphs
Adults

Nymphs
Adults
Nymphs
Nymphs
Adults
Nymphs
Nymphs
Adults

Hymphs
Adults
Adults
Adults
Nymphs

Crop conctents

Algae  Fungi  Others Host tree
20 55 25 Ilex
25 70 5 Ilex
30 50 20 Crzteegus
25 65 10 Crztaesus
30 60 10 Crataegus
35 50 15 Crataegus
20 55 25 Ilex
50 40 10 quercus
55 30 15 Quercus
25 55 20 Crateegus
85 5 10 Cupressus
95 0 5 Cuprescus
40 45 15 Crataegus
30 40 30 Sarothammus
45 40 15 Quercus
50 40 10 Guercous
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