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Techninal Bulletin No. 607 May 1938
UNITED STATES DEPARTMENT OF AGRICULTURE
WASHINGTON, D. C.

OCCURRENCE OF THE BEET LEAFHOPPER AND
ASSOCTATED INSECTS ON SECONDARY PLANT
SUCCESSIONS IN SOUTHERN IDAHO!

By D. E. Fox, junior entomologist, Division of Truck Crop and Garden Insect
Imyestigations, Bureau of Entomology and Plant Quaruniine *
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INTRODUCTION

In a study of the beet leafhopper (Eufettis tenelius (Baker)) and
its relationship to the insect populations of the secondary plant succes-
sions of the sagebrush association in southern Idaho, the most impor-
tant fact revenled, from an economic standpoirt, is that this insect is
significantly abundant upon the plants of the earlier weed growth but
1s either Jacking or constitutes an insignificant part of the inseet fauna
of both the later successions and the original sagebrush nssociation.

The study of the beet lealhopper, the inseet vector of curly top,
which 1s an important virus disease of sugur beets, tomatoes, and
other cultivated crops in the Western Siates, was first undertaken as
a formal project by the Bureau of Entomology in 1925, Twin Falls,

1 Recelved for publication April 26, 1937,

11In the aceinnlation of the necossury dato many individuals eventually hecante oiore or Joss intimately
associnted with this work, Thestudy was concelved and the jroject inaugurated in 1928 by Walter Cnrter,
then of the Burean of Entomeloyy, und was carried oul untler Lis direction lrom 1938 1o 1929, The wark
wayunder the direclion of P, W Annand from 1050 to 1931, and under J. C, Chumberlin (rom 1932 until its
terminstion in 1433, With the conperation of the Bureau of Plan 1ndustry o study of the plunt successions
weg begun in the spring of 1528 by R, L, Piemeisel. All of the plunt-succession datn used {a this bullatin
were rollected and Lreated by Piameisel, whoalso guva valuable eriticisms and sureestions while the manu-
seript wusin the course of preporaticn. Acknowledgementsore ulso due o C. T. MeCoy and J, A GHllett,

whodid most ol the sorting ef collections nnd pioning of specituens during 1928, 1930, and 1431, and to W, .
Caook, whoe gave valuablacriticlsms of ibe manuseript.

25203°—-358——1, 1
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Idaho, was selected as the headquarters for the study because of the
periodic economic damage which occurred in that Jocality and because
1tis ip an important permanent breeding area.

Carter (2),? early in his investigation of the problem in southern
Idaho, pointed cut that the weeds covering the abandoned land
served as important breeding hosts for the beet leafhopper. It was
therefore determined to make a study of the particular relationship
that existed between the succession of the various secondary plants and
the aburdance of the heet leafhopper and associated insects.

CULTURAL HISTORY OF THE AREA

The Snake River Plains, in whieh the Twin Falls beet-growing dis-
trict is situated, are located in the northern desert shrub region.
The sagebrush (Artemisia tridentata Nutt.) association originelly
formed the vegetative cover. KExtensive areas of this perennial
cover have been cleared to prepare the laad {or cultivation, and, while
most of it s continuously farmed, thousands of acres, particularly
the borderlands and these sec~ions having an inadequate water sup-
ply, are farmed intermittently or have been abandoned.

Piemeisel (2) states that these denuded tracts, now in the early
stages of reverting to the original vegetation, are covered with weeds,
chiefly five annnals—tumblemustard (Norte altissime (I..) Britton),
flixweed (Sophia parvifiora (Lam.) Standl), green tansymustard or
sage mustard (Sophin longqipedicellate (Fourn.) Howell), Russian-
thistle (Salaola pestifer A. Nels.), and downy bromegrass or downy
chess {Bromus tectorum L.). Of these, the first four are of particular
impurtance in that ibey are the first to occupy denuded lands after
abandonment and are of special economic impe: wuce en such areas
because they serve as favorahle hosts for the Leet leafhopper.

The seasonal sequence of these weed bosts fromn green tansymustard
late in the winter and In the early part of spring to Russian-thistle
during the summer and fall aflords, under optimum conditions, an
unbroken series of favorable {ood plants for the development of large
populations of the beet leafhopper. A discussion of this seasonal
sequence and its relationship to the beet Jeafhopper is given in a later
section (p. 7). Downy chess, an introduced ennual, which appears
somewhat Jater on the denuded lands, i3 not regarded as a hest of the
beet; leaThopper and will be discussed in that connection.

Carter (2) and Annand and others {f) have emphasized the relation
of the lerge abandoned areas adjacent to the Twin Falls beet-growing
district to the abundance of the beet leafhopper and the curly top
disease. Exitensive surveys throughout southern ldaho by Haegele
(6) gave additional information as to the importance of these weeds as
hosts of the heet leafhopper. The flight and movements of the leal-
hopper from one hosi to another and from one area to another have
reen discussed somewhat in detail by Carter (2), Haegele (6), Annand
and others (1}, and Fulton and Chamberlin (4). It has been pointed
out in these papers that these weed hosts, especially the rapidly grow-
ing spring mustards, sare of prime importance in producing lerge
carly-spring populations of leathoppers.

1 1talic nutnbers in paretitheses refer to Literature Cilad, p. 43,
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HISTORY OF THE PLOTS

Aninvestigation of the succession of important predominating insect
species was paralleled with s similar study of the succession of plant
cover on denuded or newly abandoned Jands,  This phase of the inves-
tigation was carried out as an independent study by Piemeisel* of
the Bureau of Plant Industry, who with Lawson (10} has completed a
study of vegetation in its relation to the beet leafhopper in California.

The plots upon which this study was made were located near Hol-
lister, Idaho, near the center of an important breeding ares of the
beet leafhopper.  Six small plots, each comprising 100 square meters,
were lenced and protected from the grazing of larger animals.  Qbser-
vations on plant growth and condition had been made early in 1928,
but it was not until the last of May that the plots were enclosed and in
June that routine insect collections were begun.

All of the plots were situated in fields that had been Jast irrigated
and cropped in 1927. Each plot represented a particular phase in
abandonment nt the beginning, but only plots 1, 4, and 5 ‘are con-
sidered in any detail in this diseussion, and a chronological history of
these three plots is given for the period beginning in 1927 and ended
in 1833 (tabie 1),

TaBLE 1.~—Plani composition of plols 1, 4, and 3, and percentuge of the area covered by
cach species during the years 1637 lo 1983, inclusive, Hollister, Fdaho (Piemeisel's
rata)

Propor- | - d T'rapor-
tiun of |, Plot no . tion uf
aren i vear Tyrpe of stnndg nren
neetrpied acgupied

Plot and
Fenr
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|
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N - 1
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1yt {lbarewren .. ... ... .1 2 . .
Downyochess, . .. ... : : PloL 5 ¢
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'_|Al[ull11_. e e . Allalf. .. ...
1Widd INeurly bare . E 14310 {Flix\\'u{sd .
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! ! Jusl o Flizweed
‘[Russinn-thistie and barley | S Dewny chess,
1wy stubble.o .. L. ] i 'L\*v.,-::ly bure
| Ruossian-thistte {10 -~ H a f
! : IfAltEiA_., ..
19 {Russinn-lhisl.\c a1 o fhiawnel : TR ]y Ly s
ST Downy chess L Lo Neurly bure.
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1 TieMagEL, 1, L. UTIANGES 18 WEEDYT ILANT (11 Elt 0N CLEARED SAGEHKUSIL LANDY AND TEEIR VRO -
ANLE caUsks.  (Uapublished wnnuseript.)
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Figiie 1.—The percentnges of the arca of plow 4, Hollister, Idsho. envered by Russion-thisthe, Mixweed,
fumblemustard, ninl gowny choss durlug the yeors 1028 to 1633, inclugive. In 1928 Russian-thistle geeurred
ws & prre stand in dense potehes over 3b jiercent of the ot aned was the dominant jant, thotgh less denso
and mixed with barley stulrble ( £2) over the remainiog 70 percent of the area. In 1929  sparse growth of
flizweed {£) was nuxcd with Russiso-thistle, nad e 1931 37 percent of the areu was eovered by ov iosep-
arable micture of Hixweed sud dowsy chess (D)

All three of these plots showed the sume general trend of succession
from abandonment, alter the removal of a cultivated crop, to a final
cover of downy chess. In this first atbempb at correlating the growth
of successive weed lLiosts ol the beet leafhopper with the predominating
species of insects throughout the various stages of the succession,
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plot 4 was selected as being the one which furnished the most-clear-citt
example of such a succession. Apparently, climatological and biotic
factors had operated in such a manner on this plot as to produce
definite changes in plant cover during each year (tabie and fig. 1).
This vegetative cover began during the summer of 1928 with a
mixture of Russian-thistle and short-lived annuals and changed 1n
1929 to a mixture of Russian-thistle and flixweed. During the spring
and summer of 1930 the plot produced an approximately 94-percent
stand of flixweed, with only o few plants of tumblemustard and downy
chess. This in turn was followed in 1931 by o mixture of flixweed
and dowmy chess, with the complete elimination of both Russian-
thistle and tumblemustard. The excessive drought early in the
summer of 1931 prevented the flixweed from producing seed, so during
the succeeding 2 years (1932 and 1933) this host was elintnated from
the plot, and its place was occupied by & pure stand of downy chess.

METHODS OF SAMPLING AND LIMITATIONS OF THE STUDY

All insect collections were taken by means of the sweep net, a
standard of 50 sweeps having been adopted as a unit of measure for
this study. The collections were made on various dates from April to
October, inclusive, 50 sweeps being made on each plot on eacly date.
It is recognized that sweeping has many disadsanta ges and mtroduces
serious errors if too much reliance is placed upon records taken in this
manner. Del.ong (3) has pointed out some of the accuracies that
will very likely occur if collections are taken in this manner without
regard fo qualifving factors, while Gray and Treloar () have con-
clusively demonstrated the same thing, Temperature and wind are
probably the most important factors adversely influencing the quanti-
tative accuracy of net collections in the types of vegetative growth
encountered un these plots. For the purposes of this study, however,
the net has served as an excellent qualitative measure and, to all
appearances, gives generally a. more or less reliable estimate of adult
populations of the predominating species.

Quantitative sampling for all of the species present was nob at-
temipted, owing to the limited amount of time and personuel that
could be given to the projeet. Noither was any attenipt made to esti-
mate the numbers of Immature forms of any of the species, owing,
primarily, {o tle incfliciency of sweeping as & sampling method for
them and, secondarily, to the great difficulty of oblaining aceurate
determinations of the speeies tvolved. Those species that confine
their activities {0 the surface of the ground were sampled in a very
incidental manner, so that the records of their presence, at hest, can
be considered accurate only in o broad qualitative way. Thoincidence
of Aphiidac, Locustidae, Thysanoptera, and flower-visiting Diptera
and Hymenoptera have been considered only in a very broad and
general way. No attempts were made to sample for cither soil-
inhabiting forms or nocturnal species. Members of each of these
groups were undoubtedly present, and, sinee cach must bear some
significance in the biotic copununity, they should be considered if an
accurate concept of specifie interrelationships is to be obtained ; but
the general nature of the data available for this report will necessarily
preclludc them from a detailed discussion. Therefore, only the adults
of the various species are given consideration, the predominating
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species are discussed in detail, and the incidental species are treated
in a more general manner.

THE PREDOMINATING INSECT SPECIES ENCOUNTERED DURING
THE S5TUDY

Any attempted evaluation of the importance of 2 imited number of
species in an association must be partly speculative, unless the effacts
of all members are known, but certain tentative conclusions, at least,
can be drawn from a study of the fluctuations of the species cccurring
more commonly than those of lesser abuundance, It is certain that
periodic seasonal fluctuations of the species are intimately tied up with
the type and condition of vegetative cover and that radical changes
in the composition of the plant community must necessarily result in
drastic changes in the number, as well as in the kind, of species it
supports.

The few species found to be of general predominance throughou? the
successive changes in the plant cover on plot 4 are shown in table 2,
Those given specific designation in the table include three species of
Homoptera, ail belonging to the family Cicadellidae; five species of
Hemiptera, representing the families Miridee, Nabidae, and Lygaei-
dae; and one species of Coleoptera, of the family Chrysomelidae.

TaBLE 2.— Total naembers of the more echundani species of tnsects and spiders collected
on plot 4 during 1928-33, Hollister, Idaho

Spwecies L prman fame P ] 1925 j 143G 1431 f 1932 | 1933
Hpmopleri: . ! ; ! ;
Futeltiz teneflus (Bukerp.__.._._., Beet leafbopper.. ... 1zl aaa &R WL ., 0
Aceraingaifie fusenseripla Qman..; Al Jenfhoppor. .. | ai | 14 i 1A (e i
Tham toteltir cerditerins Mall__ . { Mustard leathopper. ., & i ] 27 i i]
R T i E LT, o e S [ B [ 10! 0 [T}
Hemiplera: | £ . _ i I
Geororis prttens StAl____ .] Bipeyed bug. .. ... © w3l 2. 3 0 0
MNystus ericag (Schilling) . .1 Fnise chinch bus .. | i} o, 1,078 ] G4 ¢ i | q
Lpgtes eliyns Van Duazee, o} Pitle leperze Lug [ t 3 I ER i 0 Q
Afelanotrichus congrintug (Uhieri.] Mottled plaot bug . U B 0t 1,100 i 1] ] o
Nabiz afternale Porshley. .. Damsel hug. ... ... &b 137 2. 7 S
Cther Hlemiptern. oo e e 4 4 § g 1 Ty 0
Caieaptera: ! ! i i ! { ;
Phpltotreta mibionica (LeTonie). i Mustarid fles beetle | ! 30 I l p 52 0 0
Gther Coleoblern. ..o ool T 1t 4 a6 | 0 0
Ilvmiennpiers. : T 1+ i 2 ] b ]
Lhipnera. b SR I, 1, 0
Arageitin > Al @i . o, [l

!

[
'

Frequently o single spectes would predominate enormously over all
others, but at other tlines, and under certain environmental conditions,
all of those listed in table 2 would be more or less equal it their abun-
dance. The beet leathopper (fuieitiz fenellus) was present in rela-
“ively large numbers, whenever one of its preferred hosts formed a
part of the vegetative cover.  Since these relatively fow species con-
stituted such a large percentage of the visible animal Iue of the plot,
it seemed desirable to make a detailed study of their relative abun-
dance, fluctuation, and final disappearance, along with a similar study
of successive vegetative covers.  The less abundant species, which arve
grouped by orders in table 2, are diseussed in much less detail in a
later section of this bulletin
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A detailed discussion of the abundance and fluctuation of the beet
leathopper, in relation to the appearance and disappearance of its host
plants from year to year, will be given, but suchk complete information
1s not available for the remainder of the predominating speciecs. Each
will be treated, however, as completely as is necessary to show its
host preferences and to furnish seme basis for comparing the abundance
of that species with the abundance of the beet leafhopper and other
important species of the population.

THE BEET LEAFHOPPER

The beet leathopper (Eulettiz tenellus (Baker)) lives through the
winter in the adult stage and produces a new brood in the spring on the
mustard host plants. The adults of this spring brood move indis-
criminately to some other available food supply later in the spring or
early in the summer. It is during this annual spring movement that
beets and other cultivated crops become infested with the leafhoppers.
1t should be emphasized, however, that not ali, and prebably not even
a large percentage, of the moving leafhoppers find their way into the
more or less distant beet felds, for most of them become established
upon the extensive stands of Russian-thistle, which constitutes the
principal summer weed host within this ares. The vemainder of the
season ) spent in either situation, and rapid multiplication produces
enormous numbers of individuals by the time of maturation or drying
up of Russian-thistle and the harvesting of beets late in September and
throughout October.  The large {all populations of the heet leafhopper
are naturally placed in a rather precarious position by this fall drying
of Russian-thistle and elimination of beets by harvesting, so it becomes
necessary for them to make another movement in search of food.
Under favorable conditions, where there has heen sufficient precipita-
tion Jate in the summer or in the early {all months to germinate
mustard seeds over the outlying and abandoned lands, & transfer is
made by the beet leathoppers remaining on dry Russian-thistles to
these fresh plants. 1f, however, there has been Insuflicient precipita-
tion to bring about this germination, the leafhoppers are forced by
necessity to move to any green plant available.

In the Snake River Plains area the most abundant of these hold-over
hosts is sagebrush, which is a very undesirable food plant for the beet
lealhorper, and a heavy mortality results in the transfer from Russian-
thistle to sagebrush. If fall rains are delayed from 4 to 8 weeks after
the drying of the Russian-thistles, such heavy mortality may result
among the lealhoppers that what was an enormous population on
Russian-thistle late in October can be redured to a relatively fow
individuals by the middle of December.

Phystcal factors are of iraportance in holding the populstions of the
beet lealhopper at a low ebb throughout the summer months. Per-
haps the most effective of these are continued summer drought con-
ditions, oceasionally extended into the fall, and accompanied by high
temperatures. Under these conditions Russian-thistlo dries pre-
maturely throughout the season, resulting in a constant thinning of the
stands and at times the complete elimination of farge areas of this host
plant. Eggs and newly hatched nymphs of the beet leafhopper
survive under these conditions with extreme difficulty, or not at all,
with the result that high fall populations cannot be attained.
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THE ALFALFA LEAFHOPPER?

The alfalfa leafhopper (Aceratagallia fuscoscripta) generally over-
winters in the adult stage and may be found abundant in the spring
on grasses, alfalfa, and almost any green plant, but it usually prelevs
leguminous plants. Tt is, however, rather general inits food habits and
may be found on all of the host plants of the beet leafhopper. The
data presented in table 3 give a comparison of the numbers of adults
of A. fuscoseripia collected on plot 4 with those taken from plots 1 and
%. At the time the studies began, the vegetation of both plots 1 and
5 included a considerable percentage of alfaifa (table 1), This plantis
preferred by this leafhopper, and consequently a larger population of
this species was recorded Trom these two alfalfa plots than [rom plot 4
which was covered by a stand of Russian-thistle and short-lived
annuals as shown in table 1.

TasLe 3.—Comparison of the numbers of Aceralngallia fuscoscripta from plots 1
and J with these from plet }, Hollister, 1auhle, 1928-811

June

T e
i
i

Aupust © Uctoher
Yoart

mE. L

100 ..
'
B i
.[.-';____ u

PP -
[T s e TR

Ml

1 N individuals were eollecied anany phet Ji 1082 ar WKL

Tt is of interest to note tliwt the numbers of Acerafagallia fuscoseripla
talen from plots 1 and & during 1928 aml 1920 greatly exceeded the
numbers eollecied on plot 4 during the same periods, By 1931, how-
ever, the numbers collected were low in all plots, us a result of the
eracdual replacement of alfalla in plots 1 and 5 by annual weeds that

5 Al of the specimens collealed und grouped under this heading were ariginaily determined os -paifie
ranguinnfeata (Provancher) and wera so considered ol il the recent rovision of (he agailinn Jenflioppees by
Oman (&) mnde that designation untenalle. 14 i5 quite possible that Aleerfapallic arida Oman wis also
Frcseni. in he mnterinl lere eonsidered a8 A, fiseaseriptin.  In view of the fact thit the eommou name clover

enthopper hus heen used Lo desipnute A. o0 pywinefeats {Provencher) it is propuosod that A. fusenscripte
Otan be givan the common oame alfalfa learhoper.
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were not so greatly preferred by A. fuscoseripta.  Further reference to
the data of table 1 shows that the percentage of alfalfa in plot 1 did
not decrease materially until 1931, but the continued reduction in
numbers of the insect would indicate that the alfalfa had become pro-
gressively less desirable as @ host plant from 1929 on,

THE MUSTARD LEAFHOPPER*

Little of the life history of the mustard leathopper (Thamnofettiz
renditarius) is known as vet, but the insect apparently passes the win-
ter in either the egg or nymphal stage, for nymphs are always found
in the spring on mustards before any adults make their appearance.
Apparently 16 is a single-brooded species, for only occasional speci-
mens have been taken during the summer and fall months.

This species has a much more limited range of food plants than
etther Aceratagallia fuscoseripia or Eutettiz tenellus and appears to
favor the mustards, for it is from these hosts that it is generally taken,
An indication of its prelerence {or the spring mustards is shown in o
series of collections made during June 1932, at a point not far distant
from plot 4 in the Hollister area. A long series of collections made on
Mlixweed, one of the mustards, and parulieled by a similar series from
an adjacent stand of Russian-thistle revealed that on an average 4.9
mustard leafhoppers per 50 sv.ceps of the net were taken from flixweed
while the parallel set of collections from Russian-thistle produced an
average of only 1.6 individuals per 50 sweeps. Thamnnieitic vendi-
tarius 18 never excessively abundant in tlds area but is almost always
present and 1s included in this discussion merely as an example of the
preference shown for the spring mustards by some species.

THE BIG-EYED RUG”

The big-eyed bug (Geocoris pallens), a species of Hemipters, is
known to act as & predator of the bect leafhopper and other leaf-
hoppers, as well as of certain other Homoptera and Henuiptera.
Knowlton (7} has deseribed in detail the predatory beliavior of a
variety of this species, . pallens var. decoratus Chler, upon caged
bect leafhoppers, and has indicated the probahle importance of this
varicly as a natural check upon the activities of the beet leathopper
in northern Utah.

Geocoris pallens passes the winter in the adult stage and becomes
active during the relatively warm days throughout this time of the
vear. It appears very early in the spring and 15 active at lower tem-
peratures than is eicher Futeftiz lenellus or Aceratagellic. fuscoseripta.
Early in the spring (7. pailens is frequently found to be so numerous
in small areas as to outnumiber all other species combined, This,
coupled with its activity at low temperatures, in all probability in-
creases its efficiency as a predator and causes it to become particularly
important in this regard during the spring, This predator is often
found running rapidly over the surface of the soil, particularly in the

& Although the groater percontage of the specimens recorded [n this report ns Thamnotetfic renditarina
are of that identity, it 13 possible thnt some of the reeords may also have included spealmens of 2. getminat s
Van Duree, n closely related speeies.

* Enrlier determingtions of waterdnl from Lhis nrea gave e nome Geoeorts bufinfus (5n3) Lo the bulk of
the specimens of this genus found in these eollecticns,  This was laler found to be apparently erroneous,
siner more reeeat determinations hove showa that o very Inrge perecntage of the speeimoens were . paffens
Stal pnd thet G. beftetus is relatively searce in the g of $his aren, Bearing this eorrection in mind,

ail of the specimens of Geocoris have been grouped under the species nne 0. pellens vven thongh 9, beltatus
may have been present in small numbers.

25203°—148 2
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spring, but with warmer weather it does not limi$ itself to this hebitat,
for it may be taken repeatedly by sweeping tall vegetation and has
been, ab times, taken in nunibers from a trap placed 50 feet above
the ground. In the fall it is usually most abundant in those situa-
tions where adults and nymphs of the beet leafhopper are present in
large numbers.

THE MOTTLED PLANT BUG ¢

Although it is not definitely known, it seems highly probable that
the mottled plant bug (Melanotrichus coagulatus) passes the winter in
the egg stege. Up to the present time adults have not been found
previous to the sudden appeerance of large numbers of nymphs on
the young spring mustards, wsually in Apwil and May. Enormous
numbers of this species are produced in the spring and the early part
of the summer on mustard host plants, but even adulis are extremely
scarce on Russian-thistle later in the season. 1In the light of this in-
formation it scems highly probable either that M. coagulatus is a
single-brooded species that appears in sbundance only during the
early part of the season when the mustards are green, or that some
nnknown host plant supports the subsequent broods during the sum-
mer months. The rapid increase of this species from almost neg-
ligible numbers early in the spring to extreme predominance during
May and June is well shown by the studies made on plot 4 and by
observations made in other sections of the Hollister srea. TIre-
quently it will rise fo such predominance in o few weeks as to out-
number all other species 4 to 1 (table 4), after which it practicaily
disappears with the maturing of the spring mustards.

THE PALE LEGUME BUGS

Lyqus clisus, whiclh has been called the pale lepume bug by Shull
{11), 1s generally present in relatively constant numbers throughout
the season althougl never becoming excessively abundant, and it
may be found equally abundant on all the preferred host plants of
the beet leafhiopper.

This plant bug spends the winter in the adult stage and may be
[ound active on the warmer days of winter. It becames active very
early, feeding upon the various mustards during spring and later
trunsferring to Russian-thistle, upon which it persists throughont the
summer and fall months.  On individual plants it may become rela-
tively abundant, but in general it maintains a rather low mean density
of population throughout the season.

THE FALSE CHINCH BUG

The false chunch bug (Nysius ericae) spends the winter in the adulc
stage and appears carly In the spring on the host plants of the beet
leafhopper. 1t is a general feeder, and at times occurs in abundance
on plants that are not preferred hosts of the beet leafhopper.

The false chinch bug frequently builds up enormous pepulations,
both on the spring mustards and on Russian-thistle, but its peaks of

EThe majority of Lhe speehimens inclnded in this gronp were Afrlanotrichus conpuintus, hut o few indi-
vidunls nf 375, ﬂuw]pnrws (Sahiberp} apdd cortain otier specics of the genas were alsg pronped here.

¥ Two speeies of Lygus nre found to be present in the Hollister arcn, L. ofisgs Van Dazee and £, Arsperns
Eriphit, hual Lie mojority taken in the collections af tis stody hnve heen of the (nrmer spocies.  Conse-
quently, for thie purpose of this repost, the name Lppus elisis bas beeu used 1o designnie hoth.
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abundance are rather erratic and are determined by factors as vet
unknown, During certain periods of some seasons both nymphs and
adults become so abundant in localized arveas as actually to cover the
ground, as well as all the planis, in the infested area. Under such
conditions they undoubtedly cause considerable change in the environ-
ment and disturb the normal distribution of the beet leafhopper and
other species by actual crowding,

A DAMSEL BUG

The damsel bug Nabis alternata, a representative of the family
Nabidae, is known to be a predator of the beet leafhopper and prob-
ably includes many other species of Homoptera and Hemiptera in
its diet. Its larger size, in comparison with that of Geocoris pallens,
undoubtedly enables it to prey upon larger species than Cicadellidae,
Knowlton (7) has given detailed accounts of the predatory aectivity
of this specles with caged bect leafhoppers. In this study he found
that this damsel bug, owing to its larger size, is a much more efficient
predator of the bect leafhopper than is &. pallens, but that because
of its lesser abundance in the habitat of the beet leafhopper it is
probably of much less importance.

This damsel bug passes the winter in the adult stage and probably
acts most efficlently as o predator during the early part of the season,
as is the cuse with Geocoris pallens. In general, after the plants
have reached some height this insect becomes semiarboreal, largely
confiuing its activities to the plant rather than using both plant and
soil as hunting grounds, as is usually the case with the species of
GGeocoris.

This damsel bug is generally present in the habitat of the beet
leafhopper and is active from spring to fall, but it is not known to
occur In large numbers, even in restricted areas. Collections mads
thronghout the Hollister and other brecding areas of the beet leat-
hopper have ndicated that this predator maintains itself in very
small numbers and for this reason can he considered of only limited
importance as a factor in the natural control of the beet leafhopper.

THE MUSTARD FLEA BEETLE

The mustard flen beetle (Phyllotreta albionice,; spends the winter
in the adult stage and may be found generally distributed on mustards,
particularly Norfa altissime, in the spring.  The peak of adult abun-
danee usually occurs nt about the time these plants are maturing.
At times, and m areas ouiside of the Hollister section, it has been
observed to be enormously abundant on tumblemustard, even after
thut plant has dried completely. On June 22, 1931, two collections
on tumblemustard in an area north of Burley, Idaho, gave 12,161
and 13,170 individunls per 50 sweeps, and it wasnot as all uncommon
to net as many as 500 to 1,000 specimens in average collections taken
from this host over this relatively large area. Flixweed frequently
supports lnrge populations of flen beetles, but never so great as those
found on tumblemustard. This fles beetle prefers the mustards to
all other hosts and maintoing itself in active adult abundance only
during the life of these annuals, Ocensionally it may be taken from
Russian-thistle in the summer or fnll, but enly in such small numbers
as to cause it to be considered rare in that habitat.
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WEEDS ABUNDIANT ON ABANDONED LAND AND THEIR IMPORTANCE
AS HOST PLANTE OF PREDOMINATING INSECT SPECIES

SPRING HOST PLANTS {TUMBLEMUSTARD AND FLIXWEED)

Portions of the abandened lands immediately adjucent to the culti-
vated tract in the Hellister arvea ave covered more or less completely,
vear after vear, by varying stands of tumblemustard and fhixweed.
Flixweed has the more limited distribution of the two and is usually
confined to those areas surrounding baumyards and feed lots, and
frequently it is found to occur on lands that are cultivated intermit-
tently. At times, however, it ¥ be distributed over rather exten-
sive areas, although always on lands that have beeu rather recently
cultivated.

Tumblemustard, on the other hand, is much move widely distributed
than flixweed and may eceur on overgrazed or hurned-over lands as
well as on abandoned farming areas. It mav bLie found either in
extremely thick, pure stunds or may bhe fairly uniformly scattered in
stands ol downy chess or Russian-thistle, or in overgrazed stands of
sagebrush.

Both tumblemustard and Hixweed support complex insect popula-
tions made up of a relatively laree nuniher of species.  Many of these,
of course, are merely flower-visiting Diptera and Hymenoptera that
appear only during blossoming time and apparently exert no par-
ticular influence upon the more permanent fauna. Many of the
more permanent members reproduce so rapidly and so prolifieally
that frequently, during the short life of their hosts, enormous popula-
tions are buils up. The beet lealhopper is 4 member of this popula-
tion, but on the spring host it usually must be relegated to a minor
position if its abundance is measured on a strictly numerieal basis in
comparison with the other speries,

In general, tumblemustard and flixweed support equivalent popula-
tions of inseect species, both in kind and number, but preferences of
certain species {or one or the ather of these mustards becomes mavkedly
noticeable at times.

For purpose of comparison, series of data derived frori net collec-
tlons taken on adjacent stunds of tumblemustard and flixweed during
1928 and 1931 are summarized in table 4 to shew especially the
preferences of two inscet species which frequently build up large
populations, one on tumblemustard and the other on flixweed.

This comparison, although considering only single areas ol the two
plants and representing only those collections made during a single
vear, indicates rather cleatrly some of the preference of these two species
Ier one or the other of the mustard hosts. It will be noticed that the
total numbers of Ffhdetily tenellus taken on flixweed throughout tho
collection period greatly exceeded the numbers of that species collected
on tumblemustard. This evidence, although extremely {ragmentary
if used alone, supports the generai observation that the beet leaf-
hopper naturnlly prefers MNlixweed and that it will build up larger pop-
ulations on this plant than on tumblemustard. Phyllotreia albionica,
however, shows an even greater preference for tumblemustard and
frequently builds up enormous populations on that host, The actual
distribution of P. albionice on these two hosts is rather clearly shown
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by the data of table 4, the accuracy of which is substantiated by ob-
servations made during several years of collecting in various localities
and under varying growth conditions of these plant species. A farther
indication of this same eflect in regard to both X fenellus and P.
albionice is shown in table 4, usi ng data from collections made on these
hosts in 1931, The data show, m addition, the great preponderance
frequently attained by Melanotrichus coagulaius on flixweed and
indicate the relative unimportance of tumblemustard as a host plant
for this speceies.

Table 4 and the discussion of the data therein have been presented
primarily to emphasize the fact that frequently and in certain locations
& single species will predominate enormously upon either tumble-
mustard or flixweed. They should not be considered to represent av-
erage or mean values for populations of the predominating insect
species found on these host plants.

In order to present the spring pepulation values, the AVerage num-
bers of each of the predominating species found on the mustard hosts
throughout the entire Hollister area are given in table 5. Collections
were taken from tumblemustard, flixweed, and occasionally from groen,
tansymustard, beginning as early in the spring as the growth of the
plants and weather conditions permitted and continuing until matura-
tion and drying of the hosts in the early part of the summer. A study
of these data reveals the fnct that the beet leafhopper, during all the
years under consideration, never predominated over the other species
on these planfs, but that it occupied an intermediate position each
year, for 1t never ranked higher than third or lower than sixth. The
mottled plant bug (Melanotrichus coagulatus) was probubly the most
consistent species in maintaining its position of relative numerieni
importance from year to year, for it was the most abundant species
during three of the included years and never ranked lower than third
at any period. The mustard flea bectle (Phyllotreta albionica) renched
its greatest peak of relative abundance in the Hollister area in the
spring of 1928, when it totaled 85.76 percent of all species combined.
Its lowest point was reached in 1930, when it dropped to fifth position
and represented only 1.64 percent of all the predominating species.
During 1931-33 it again became an important member of the spring
mustard community and was relatively well represented in all the
collections from spring mustards for ench of these years.

SUMMER AND FALL HOST T'LANT (RUSSIAN-THISTLE}

Newly abandoned or recently disturbed and fallow lands in the
Hollister srea are covered each year by a more or less thick growth of
Russian-thistle. This annual plant mekes its appearance in the
spring as soon as there has been enough warm weather to permit the
seed to germinate, and when the musterd species are no longer green it
has made good growth and offers the only succulent plant available
over large areas to which the insect species of the drying mustards may
transfer themselves and continue to reproduce. Apparently only a
few of the insects found to be common on the mustards in the Spring
take advantage of this opportunity, so the insect populations found
on Russian-thistle during September differ markedly from those
found on the mustard hosts during the spring and esrly summer
months,




TanLe 4.—Comparison of insect populations found on twmblemustard (Norla altissima) and on flizweed (Sopliv parviflora) in 1928 and 1931,
Hollister, Idaho
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TaBLE 5.-—Average numbers of the predominating insecls found in all collections on mustards in the Hollister, Idaho, area during the spring of
the years 1928-83
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The data in table 8 ropresent the average numbers of the predomi-
nating species per 30 neb sweeps on Russian-thistle throughout the
Hollister area for the 8 years covercd by this study. Comparisen of
the data of this table and those of table 4 shows that o radical change
in the relative predominance of the various insect species has taken
place. In the {all, on Russian-thistle, the beet leafhopper invariably
predominates over all the other species and to such an extent that
this species alone made up over 75 percent of the total number of
individuals present in 5 of the 6 years. This was especinlly true
during the {all seasons of 1928 and 1929, when over 90 percent of the
total number of individual insccts taken on Russian-thistle were beet
leaflioppers. 1t is of further interest to note that Adelanocirichus
coagulatus and Phylloirete ulbionica, which were so predominant in
the spring on {lixweed and tumblemustard, were either entirely absent
or were present in very small numbers on Russian-thistle late in the
summer and in the fall.

TaBLE 6.—Fall tusect colleclions taken on Ruesiun-thistle in the Flollister, Iduho,
area, September 1 io Golober 10
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FLUCTUATIONS IN BEET LEAFHOPPER POPULATIONS FOLLOWING
CHANGES IN PLANT (COYER

_The nature of the available data from plot 4, or from the entire
Hollister area duving the § yvears of study, lmits this analysls to o
study of seasonal host sequence, changes 1n the composition of plant
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cover from vest io year, and fluctuations in the numbers of beet
leafhoppers thermselves as a result of snnual changes in host-plant
composition and climetelogical conditions. The following experi-
mental and observationsl data are presented only as an attempt to
lustrate the gross effects of certain environmental changes upon the
development and survival of populations of the beet leafhopper in
weed preas and should not be construed as an effort to show all of the
effects of the various physical factors in the environment,

The climatological data (table 7 and fig. 2) have been included in
order to show the relation between climate and the changes in plant
cover with their resulting drastic changes in beet leafhopper popula-
tions both in plot 4 and in che entire Hollister ares.

TaBLE 7.—Tolal monthly precipilation and monihly meon lemperalures with
depariures from the normals, September 1927 to August 1833, inclusive,! Hollister,
Idcho
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Degember. .. 58 - 2.5 —0.9 i) A 258 —2.6 Ay —. 05 193 =%
Japuary._._. L7 —. 50 28.4| 4Lt L2 — 1| 206} —4.7 Rt -2 254 —1.7
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t Complied fron tho puidished regords of the U, 5, Wenther Burenu fur Hollister, 1dsho, with the excep-
tions noted by fuginote 2. ) )
3 From records of Hurvau of Entornology wod Plant Quarsetine, Hollister, Tdaho.

PLANT-COYER CHANGESR AND BEET LEAFHOPPER POPULATIONS IN PLOT 4

During the summer of 1928 approximately 30 percent of the area of
plot 4 was occupied by & dense stand of Russian-thistle while in the
remainder of the plot Russian-thistle was dominant though growing

25003°—38--—3
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less densely and mixed with barley stubble (table 1 and fig. 1). Con-
ditions were so suitable for the Russian-thistle remaining on the
plot after maturation ol the short-lived annusls that it continued in a
green and succulent condition throughout the season. Consequently,
an slmost ideal situation for the rapid multiplication of the beet leaf-
hopper developed. Relatively few individu:}}fs moved to the Russian-
thistle fromn nearby mustard early in the summer, but with conditions
so admirably fitted for their continued increase the numbers had
reached a considerable magnitude by September 5 (table 8).

In the spring of 1929 tlie plot was covered by a mixture of Russian-
thistle and flixweed. Both species formed such an extremely thick
cover over the entire plot that most of the plants were dwarfed and
did not meke & growth comparable to that of 1928. The flixweed
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reached maturity and wss almost completely dry by July 16. A
tha$ time the Russian-thistle had begun to show some signs of pre-
mature drying, and by the end of the summer large numbers of the
plants had dried prematurely.

Tasve 8.—Tolal number of beel leafhoppers per 50 net sweeps ' in plot 4, 1928-31,
ollister, Idaho ®

Date ooz | mem e | oaem Date U T T T TR ]

|

Number| Niwber:
ey !
Apr. Yy | . . e eem L] E LS. . 45
May2.... . i i
May 13...
Moy g ..
Juma 5.
Jupe 17.._ e kI I .
June 26, .. el e 53 Totud. .. 2
Julr e 7 b 5 ' P
July 6., . reemelam e . ATEMuoe per enl- -
ey Moo o] K levtwon. . . .
July 30 E PR .

Nn mheri Nuinber Nu rfitm-llNu mber Nruber Nuiber
o . R 11 [ 0

Mar. 29 ... 244 |

iarad

! 1 set of 50 net sweaps was Made in the pint on esch collecting dnte.
¥ No beet jasfhoppers wera collected in 1032 and 1993,

This early and continued drying of the Russian-thistle held the
beet leafhopper population in the plot to & low figure as compared
to the average of the general area in which the plot was situated, and
also as compared with that of the previous year, even though Russian-
thistle was present during the summer and fall of both years. In
1929 the continued drying of the extremely thick growth of the Russian-
thistle throughout the summer, accompanied, in all probability, by a
constant mortality of bect leafhoppers, resulted in fall populations
about one-fourth as large as during the same period of 1928 (table 8).

The late summer and fall rains of 1929 fell only in light showers
and, accompenied as they were by moderately high temperatures,
proved to bhe inadequate for a general germination of mustard, {table
9}. Some scanty germination did oceur in certain localitics, but
there was none within the plot or in the vicinity. This condition
served to reduce materislly the number of beet leafhoppers entering
hibernation lete in the fall, and consequently no overwintered speci-
mens were found in the plot the following spring.

In the spring of 1930 the plot was covered with 2n almost pure
stand of flixweed that had germinated during the winter or early
spring months (table 1). This host was sparsely populated with bect
leafhoppers that came in from other sources probably not earlier than
the middle of June, and since the flixweed dried completely by the
last of July there was insufficient time for the development of a large
population. A lack of Russian-thistle within the plot late in the
summer and in the fall of 1930 prevented the development of fall
populations comparable to those found in 1928 and 1926, In spite
of the absence of Russian-thistle, however, o small population of beet
leafhoppers was found in the plot late In the sumimer, as shown in
table 8, hut this can be accounted for by the extremely early germina-
tion of the mustard host plants that took place in August (table 9)
following tho unusually heavy procipitation (table 7 and fig. 2) of that
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month, and the fact that the leafhoppers had established themselves
upen these young plants after the maturation of the mustards they
had lived or in the spring.
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TasLe .—Precipitation and fall germinalion of the mustards in the Hollister, Idaha,
area (Piemeisel's dala)

Firsi germination Precipitation

Year | > E
X oi| . ) e
| abserved Extent t Burvivad or dried Date | Amount
f b
! i -
i Trncher
. . Geneml during November. ... Survived.., ... , 25
. . Laenl, seant, patehy .. .| Dried by Nov. 15 .0
| Widespresd, seant, pate -| Burvived.. 1.7
General, scant, uniform. . _ RN S | S . 117
pma— ' S Nov. 3-17, .84
L}

L

Final germioation

I'recipitation

Yaar I .
Date j
ohsarred Extent Nate | Arfeunt
1
H Inehes
B S Nov, 10 .| General. .. . _oeo... Oct, 31, Q.42
femammasooaao| NGNE U0 freezing___ . _ e
Qet, Bo.... Genaral, dense. ...

ot 1T 1,08

Mone to frecziog
I ]

1 This germination was localized arqund n large plot 3 miles from plot 4: it bad dried up almost antirely by
Nygv. 15, Hepeated notes made [n the vicinity of Hollister nnd on the small plots up to freezing tiroe showed
0o germination,

Late summer and fall precipitation was above normal in 1930, so
some germination of mustards occurred early, and some of the plants
survived until the more complete germination of the first week in
October (teble 9). This assured the few individuals within the plot
an_ample food supply throughout the fall and winter months and
pointed toward a good survival of leafhoppers the following spring.

In the spring of 1931 the plot was covered by a mixture of flixweed
and downy cliess with flixweed predominating (table 1). The favor-
able temperatures experienced during April, May, and June, accom-
panied by some rainfall, induced rapid development of the mustard
hosts as well as of the beet leafhopper (table 7 and fig. 2). Beet
leafhoppers rapidiy increased in number on the host within the plot
with the result that during June an unusually high spring population
had been produced (table 8). However, drought conditions and the
crowding of plants became so severe that all of this hest dried pro-
maturely before July. The lack of any immediately available living
host within the plot resulted in the practical extinction of the insect
fauna. Tlis premature drying of the host plants was partieularly
disastrous to the beet leafhoppers since it occurred at & time when the
nymphal populntion was at 1ts peak.

Following the premature drying of flixweed in 1931 the plot became
covercd with a stand of downy chess in the spring of 1932. The
undesirable nature of this plant as a host for the beet lealhopper is
clearly shown by the fnct that not a single specimen was taken from tho
plot during the spring and summer of 1032 (table 8). Downy chess




BEET LEAFHOFPPER ON SECONDARY PLANT SUCCESSIONS 21

has a short life and remains green oply during the winter and spring
months. Its seeds are usually matured early and drying commonly
takes place before the last of May. It continues, in its cured state,
to cover the soil throughout the summer and into the fall and winter.
When there has been sufficient precipitation for the germination of seed
the young downy chess plants grow up among the dried stalks and
remain green throughout the winter and until maturation in the follow-
ing spring. These young plants, however, are neither desirable as an
overwintering host for the beet leafhopper nor are they suitable as a
Place for the reproduction of this insect the following spring.

In some localities and under certain conditions downy chess has
been known to serve as a host plant for some insect species, but such
was not the case in the plot either in 1932 or during the following year.
In plot 4, only a few specimens of Diptera and some nymphs of Locus-
tidae were found to occur on this plant.

The plot was again covered by a thick stand of downy chess in
1933 (table 1) 2nd, as had been the case in 1932, no beet leafhoppers
were found.

FLANT-COVER CHANGES AND BEET LEAFHOPFER FOPULATIONS IN THE HOLLISTER
AREA

The pronounced effects of climatic changes, particularly those that
resulted in changes in the plant cover, and their influence on the popu-
lations of the beet leafhopper have been shown for a small section of &
breeding range of this species. The changes throughout the larger
area, of which this small section is a part, were necessarily somewhat
different during the several successive years under consideration.
For this reason 1t is important to include in the discussion some men-
tion of the entire Hollister area and to compare the development of
bect leafhopper populations for the area as a whole with those of plot 4.

The data presented in table 10 give the average number of beet
leafhoppers per 50 sweeps on Russian-thistle throughout the entire
Hollister area during September and the early part of October for each
of the years covered by the study.

TanBLE 10— Average number of beat leafhoppers per 50 sweeps on Ruszfan-thistle
throughoul the Hollister, Idoho, area during the fall months of 1928-33

Average [ Avarage of Avernge | Average of
Year | Collection date | leafhoppers] ail collee- Year Collectlon date | lenfhoppers| all eollec-
collected tions . collected tiang

Number MNuneber s Numbe Number
4 ept. 4o ... 2.
0. b5 o 80 90

Bept. 4.
} §1. 48

=EERRNEE

[ A MRS =T AT

225,85 Qet. 1.
12, 58

550 I}
’ 405, 30 !

{Sept.?;_._ o
Sept. 20.......

During the summer of 1928 the growth of Russian-thistle was gen-
erally fevorable for the development of moderately large populations of
beet leafhoppers (table 10). It will be noted that during the fall of
1928 the average number of beet lealhoppers collected in plot 4 {table
8) was considerably greater than those tuken throughout the gen-
eral area, but this is not surprising when it is remembered that the plot
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was covered by an almost ideal growth of Russian-thistle, whereas the
average condition of this host plant throughout the area was much
poorer, and the area included sections that had, in large part, been
abandoned for a greater period than the one represented by the plot.

The climsatological data (fable 7 and fig. 2) and the data on pre-
cipitation and germination (table 9) for the late summer and fall
months of 1928 indicate rather clearly that even though late summer
and fall rains were extremely light until the first of October, continued
light rains throughout the first half of the month were instrumental in
causing fall germination of mustards by at least the lasi of October.

As o result of this, overwintered populations of the beet leathopper
were moderately abundant and active in the field during the spring
months of 1929 (table 8). The subscquent beet lenfhopper popula-
tions, however, were not so¢ large as during the same period of 1928,
The mean minimum temperature for May 1929 was decidedly lower
than it had been in 1928, but generally bigher temperatures prevailed
throughout the summer of 1929 {table 7 and fig. 2). The drying of
Russian-thistle, however, did not appear to be so marked throughout
the area as it was in plot 4. In consequence, the average fall populs-
tions of beet leafhoppers during September and the early part of
October of 1929 were approximately equal to those found over the
same general section during the comparable period of 1928 (table 10},

The lack of suitable fail host plants resulted in a reduction of these
populations so that comparatively few leafhoppers entered hiberna-
tion.

The exceptionally early spring season of 1930 (table 7 and fig. 2)
proved to be extremely favorable for the extensive germination of
Jarge areas of flixweed and tumblemustard, so the low overwintered
populations of beet leafhoppers had ample chance for rapid and con-
tinued multiplication. Russian-thistle was sbundant during the
summer znd remained in excellent growing condition until fall, with
the result that relatively enormous numbers of bect leafhioppers were
found on this host during September and early in October (table 10).

In a previous section of this bulletin it Lias been pointed out that
ideal host-plant conditions prevailed during the summer and fall of
1930 and thet large populations of beet lenfhoppers were builtup. In
the discussion of plot 4 it has been shown that conditions during the
spring of 1931 were very favorablo for the rapid developmont of both
the leafhopper and its host plants, but that the severe drought which
followed early in the summer caused premature drying of mustard
bosts and resulted in an enormous mortality of leafhoppers, particularly
those in the nymphal stages.

The period of drought which had begun in May 1931 continued
through the fall of that year, so fall germination of mustards did not
teke place until after the first of November (teble 8).  In view of the
fnct that the last of the Russian-thistle areas had dried completely
by the middle of Qctober, and since there was no abundance of mus-
terds until after the middle of November, the already low populations
of beet leafhoppers were still further reduced. As a result of the
relatively low fall populstions and unfavorable food conditions, over-
wintered beet lealhoppers wero extremely scarce in the spring of 1832,

The spring and the early part of the summer of 1932 were extremely
cool, and all plant and insect development was greatly retarded. In
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spite of the fact that precipitation adequate for the continued growth
of Russian-thistle had fallen early in the summer (table 7 and fig. 2),
beet leafhopper populations in the {all did not average as high as they
did the previous season (tsble 10). This can probably be largely
accounted for by the scarcity of overwintered beet leafhoppers and
the retardstion of their activities by the cool weather in the spring.

As 8 result of a deficiency in precipitation lste in the summer and
in the early fall months, fall germination of mustards did not take place
in 1932 until after the middle of November (table 9). This again
subjected moderately Jow fall populations to a long period during
which they were without a suitable food plant; and agsin, as had been
the case the previous year, conditions pointed decidedly to a minimum
of survivel the following spring.

This proved to be the case, and spring populations in 1932 were
nearly as low asin 1932 (table 5). Agsin a cold spring followed (table
7 and fig. 2) and retarded both plant and insect development to such
an extent that beet leafhopper populations were scarcely detectabla
until after the first of June. Patches of mustard were very sparse
and scattered, and Russian-thistle grew so very slowly that, in most
localities, this host had barely begun its growth by the first of June.
The combined effects of a low winter survival of beet, leafhoppers, the
great retardation of development of both plants and inseects in the
spring, and greatly reduced host-plant areas operated in 1933 to pro-
duce the lewest {ell populations on record for the Hoilister area
(tabie 10).

SUCCESSIVE POPULATIONS OF PREDOMINATING INSECTS FOUND
ON PLOT 4

The preceding discussions have shown that beet leafhopper popula-
tions fluctuated from yeer to year with the changes in plant composi-
tion both in plot 4 and throughout the Hollister area. In addition,
there has been given a generalized account of the fuctustions in abund-
ance of others of the predominating species as they occurred in the
erea on mustards in the spring end on Russian-thistle during the
summer and fall. A study of the data derived from net collections
made on plot 4 during the years covered by this study reveals more in
detail the fact that the other predominating insect species fluctuated
with changes in plant composition in & manner very similar to that
of the beet leafhopper, aithough not always in parallel.

The data presented 1 table 11 show clearly the great predominance
attained by the beet leafhopper during the summer and fall of 1928,
During that season Russian-thistle maintained itself in a green and
succulent condition until maturation in the fall. In consequence, the
sect populations developed without the retarding influence exerted
by a prematurely drying host plant.

The dats presented In table 11, showing the relation of insect
populations to host-plant abundance in 1928 on plot 4, are graphically
shownin figure 3, 4. The fact that the total number of beet leathoppers
collected during the year was so much greater than that of all other
species combined is but further substantiation of the general obser-
vn.t.ioln that the beet leafthopper generelly predominates on Russian-
thistle,
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TabLE 11.~—Seasonal distribution and abundance of species of insecla ! eollected on
plot 4 from a stand of Russian-thisile in 1928, Hollister, Fdaho

June Juiy Auvgust

Bpecics
23 4 S

Predominating: [ Number Number
Euteltic tenellus i T 63
Aceratagaiiic fuscoscripto_ -
Themnolettic pendilariue .
GFeocoris patlens
Melanolrichue coogulatus __
Lygus elinug

yaius ericae .

Nabis alternate.__ .
Phylistreta albionica__

D (D b e 3 O
[l =N PR T R Yy ]
QOO SoE

Homoptera
Hemiptera._..
Colvoptern__._
Hymenopltera.
Diptera.

September .
Proportion of
the predomig-
o5 naiing spocies

Predominating: Number Nutnber Pergent
426

Eutettiz tenelins
Aceratagoitin fuscoscripta_
Thamnolelliz renditaring__
Geocorin palicns
Aelanolrichus congulat
Lygus clisns,

Nyxius ericae

Nabis aiternota
Phyttolreta albionica

18

| BEoNono
~ooooeoo

o, e, ol
MR ATmALNORE -~

Totadooea o ..

Others:
Homoptera
Hemiptera..
Colcoptera

Grand toted__________________ |
|

' W record of spiders was made duriog 1928,

The remainder of the species listed in table 11 were of little numer-
ical importance during the summer and fall of 1928 and sppenred,
actually, barely to maintain themselves. It is of interest to note,
however, that those species that are commonly found on mustard
hosts in the spring were cither cntirely absent or appeared only in
extremely small numbers.

During the 1929 season plot 4 was covered with a thickly growing
mixture of flixweed and Russiun-thistle (table 1, 1929), and it was
found that the introduction of the mustard {flixweed) into the com-
munity resulted in & marked change in the fauna of the plot during
that season. Table 12 gives a list of the insect species taken on plot 4
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TasLe 12,—S8easonal distribution and abundance of species of insecls and apiders
collected ‘rom a sland of Russian-thistle and flizweed on plof 4 in 1529, Hollister,
fdaho

May

51

Predominatiog: Mumber
Eutettiz tenelfus 5
Aceralagaiiia fuscoscripla.
Thamnotettiz venditarius. _
Gegcoria pallena
Aelancirichus coagulatina,
Lygur elisus,

i ericoe___
Nabiy affernaio.. .

o
-

(L=l l—y—] K]

cowoooooe
oaso'—-ucﬁ

HomnDtern
Hemiptera. ..
Coleapters._._

scobirome—

Avpust .
. Proportion of
Bpecies tho predomi-
2 nating species

Predominating: Number
Bulettiz teneilvs
Aceralnpaliia fuacoseripta...
Thamnotellir venditariva____
Geaveris pallens
Melanotrichus eoagulatus.. . o.o.......
Lygna eliaun
Nyaius ericae
Nabiz alternata
Phyllotreta aflionica

Totul

CHher:
Homaoptern
Homipters
Coleoptera
Hymenoptetn
DHplera.
Lepidaptern
Orthoptera
2Rt [ S,

-, wi

D 0 e G e L

E—1—F=] ~h Y=l

Grand tetal .. ...

1 Copllecticns wera miade on o bearby ares haviop & plant compositlon very similur to thot of plot 4.

and an adjoining area during 1929 and shows the actual numbers of
each of the predominating members of the community as it was
collected. Such species as Melanotrichus coagulatus and Nysius
ericae, which were present in such insignificant numbers during 1928,
became very abundant, particularty during the earlier part of the
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BEET LEAFHOPPER ON SECONDARY PLANT SUCCESSIONS 97

collecting season. This increase in numerical importance is obviously
due, in a large measure, to the introduction of flixweed into the
communisy,

The plant composition of the plot in 1929 and the various insects
that were collected during ths entire season are shown in figure 3, B.

The mottled plent bug (Melanotrichus coagulatus) appeared in the
collections only during the life of flixweed, whereas Eutettiz tenellus
and Nysius ericae were present in numbers throughout the entire
season. Beet leafhopper populations failed to reach the magnitude
of those of 1928 even though Russizn-thistle was present. This ap-
parent discrepancy can readily be accounted for by the fact that there
was & great difference between the succulence of Russian-thistle on
plot 4 m 1928 as compared to that in 1929. In 1928 the plants were
well spaced and had sufficient moisture to allow them to continue in
& green and succulent condition until fall; but duri ng 1929 the plants
grew much more thickly and continued to dry prematurely throughout
the season, which resulted, in all probability, in a continual dying of
the beet leafhoppers during the summer and early fall months.

The date of table 12 reveal that a few specimens of Thamnofettiz
venditarius, 8 species which had been entirely absent from the collec-
tions of 1928, appeared in the spring of 1929. In addition it will be
noted that the numbers of specimens of Hymenoptera and Diptera
were greatly increased over those present during 1928, but the larger
percentago of these appeared in June, during the time of flowering of
flixweed, thus offering & very strong indication that the majority of
them were flower-visiting forms which, because of their brief per-
sistence in the community and the fact that they do not compete
with the other and more permanent members, may be considered of
negligible importance from the standpoint of this study.

The percentage of predators such as Nabis aiternata and Geocoris
pallens did not show any significant inerease over the numbers found
m 1928. The numbers of spiders remained reasonably eonstant
throughout the season, and although the total number taken in all
collections was not great, their undoubted predatory activities cannot
be overlooked.

During the 1929 season Russian-thistle had been eliminated almost
completely from plot 4, and it was replaced in the spring of 1930 with
a depse stand of flixweed. In addition & few scattered plants of
tumblemustard and some small islands of downy chess were present
(table 1, 1930). The drought of the preceding year had so effectively
reduced all green-plant areas either late in the summer or early in the
fall that all insect species were hard pressed to find suitable food
plants upon which to live during the remainder of the fall and winter
months. The lack of sufficient moisture to cause early fall germina-
tion of mustard hosts undoubtedly reduced materially the numbers of
surviving insects and indicated that small populations would be the
rule, even in mustard areas, the following spring. This proved to be
the case, and the early collections on plot 4 in 1930 revealed but few
insects until the last of May (table 13). At this time one species,
Nysius ericae, became predominatingly abundant end continued in
that position until late in the summer, persisting even after the ma-
turation of flixweed,
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TasLe 13.—dAbundance and seasonal distribulion of species of <nsecls and spiders
collected from a sland of flizweed om plot 4 in 1930, Hollister, Idaho

March April May Juoe Tuly

Bpecies
irt Tt nt

Predominatiog: Number| Number
Euielliz tenelins o 1) a 3
Aceratagalifo fuscoscripto.
Thamaotetlir venditariua.
Feoeoris patiens,
Melanofrichus cosguiahia,
Lygus elisus
Nysius sricge__

Nabis nlfernaly. .
FPhytlotreta aibionica

3-—-0“000

CHCOOOBE
POCOODDE
-

BoXwaoome

bt
L] 5

HBomoptera, ... ____
Hemipters..
Coleopters__

Thysanopters
Spiders

Total
Grand tolsal

NS
HMOoOQOQOUROOO

Beptember i
. Proportion of
Species predominating
10 species

Predominating: FPercent
Eutetliz teneliua 3
Aceratagatiia fusecscripia
Th teltiz sendilarins,
Qeocorie pallens
§

el

RO@RIDOODOR

Af 2l i

chis
Lygus elisuse

Nyaius ericae
Nabir alternata__
Fhyilotrete athionica

Total. ..

Others:
Homoptern
Hamiptara__
Colesptera..
Hymenoptera.
Diptets
Lepidoptera__
Orthoptera
Thysanopiern__
Spiders

oofivacan

SoOWOooOoOoO
R O D b

1
H

P - IV -1
HoCCBNODS
D ke i B D e

-

2,740

t Collections mnde on & nearby ares buving u plant composition very similar to that of plot 4.

Beet leathopper populations were slow in building up and, owing to
the lack of # Jate summer and fall host plant, failed to reach high
numbers by the end of the season. All of the species, with the pre-
viously noted exception of Nysius ericae, were of minor numericsl
importance on plot 4 during the entire season of 1930 (table 13).
These same data, with their relation to plant composition (table 1),
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are shown graphically in figure 4, A, and indicate clearly the great
predominance of a single species on plot 4 during 1930.

As had been the case during the season of 1929, the Hymenoptera
and Diptera taken in the collections reached their gieatest numbers
during the time flixweed was in bloom.,

The number of Nabis alternate remained almost unchanged from
those taken during 1928 and 1929, but there was a decided decreasc
in the number of Geveoris pallens as compared to the two previous
seasons. ‘There was, however, a decided inerease in the number of
spiders taken in the collections of 1930, with the result that even
though one predatory group decreased in numbers another showed an
increase and thereby helped to maintain the balance between the
predators and the species upon which they prey.

The fall precipitation of 1930 was cxtremely favorable for the early
and extensive germination of mustard hosts throughout the Hollister
area. As o resuls of this, flixweed was abundant on plot 4 during the
winter of 1930-31 and furnished an ample supply of food plants for
the survival of many insects, for all of the species which had pre-
dominated the previeus vear were very abundant.  Even those, such
as Geocoris pallens and Nabis alternata, that bad usually been present
in relatively small numbers, appeared to be more abundant than at
any other time during the period of this study; however, Melanotrichus
coandatus predominated enormously over all others {fig. 4, B, and
table 14).

TabLE 14— Abundance and seasonal disiribution of speeies of {nsecls and spiders
callected Jrom a stand of flizweed and downy chess on plob 4 In 1931, Hoilister,
fdaho

Aiay , June July
. b
Epecies P e T - - -
I =0 ; = o 0 11 ]

Predmreinnuing: I Number  Numfrr i Novmber | Number t Nwmber b Number « Nunber
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TasLE 14— Abundance gnd seasonal disiribulion aof specive of “nsects and spiders
collecled from a stond of flizweed and downy chess v ple! 4 in 1931, Hollister,
Tdaho—Continued
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The relatively large numbers of cach species taken in coflections on
plot 4 during the spring and early swamer months of 1931 scemed to
presoge a year of extremely high populations Tor all species, but the
wnusually dry weather of the carly summer season caused such a
rapid premature drying of flixweed that by the ist of July practically
every plant on the plot was dead.  There being no other source of
[ood on plot 4, the high population of inseets which had been present
earlier in the summer disappeared very rapidly (table 14), and only
a few scattered individuals were found during thie remainder of the
SCASO0N.

A rather large number of Hymenoptera and Diptera had been taken
in collections on plot 4 early in the summers of 1929 and 1930 but
these were not so abundant during the same period of 1931 even
though a large percentage of the plot was covered by flixweed. Un-
doubtedly this was due to the premature drying of this mustard
before any spprectuble number of the plants blossomed. The very
fact that the bulk of the specimens of Hymenoptera and Diptera
that were collected during 1929 and 1930 were taken at the time the
mustards were flowering, and the added fact that they were taken in
much smalfer numbers during 1931 when there were very few flixweed
plants in bloom, gives almost conclusive proof that the majority of
such species were merely [lower-visiting forms and came to the plot
only during the flowering period.
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The premature drying of ilixweed in 1831 resuited in the complete
elimination of this plant from the plot, and there was left in ite stead
8 very thick growth of downy chess (table 1, 1932 and 1933 Re-
Eeated collections on this plant throughout the spring and sumuner of

oth scasons revesled that only an occasional adult dipteron or a few
locustid nymphs remained after the elimination of the more desirable
food plants,

OTHER INSECTS FOUND ON ANNUAL WEEDS OF PLOT 4

In the preceding discussions detailed accounts have been given of
the fluetuations of the predominnting insects found on the various
plant covers of plot 4 and the effects of radicul changes in plant eom-
position upon their abundance have been shown. The less abundant
species of all groups have been mentioned, in most cases only casually,
and discussed very briefly, Numericelly, these species usually com-
prised but a small percentage of the totsl number of individuals
present st anyv given time, but they were undoubtedly of considerable
importance and at times must have exerted some influence upon the
life of successive populations.

In order to facilitate the presentation of the date concerning these
species and to offer some basis for arriving at an estimate of their
relative abundance as compared with the more commonly encountered
members of the insect populations, the collecting season of each year
has been divided into two periods. The first of these, which covers
the time from the beginning of insect sctivity in the spring to July
10 has been designated as the spring period. The second period,
during which the remainder of the year's collections were made, from
July 11 to the Iast of September, has been called the summer period.
These two periods as thus defined are largely arbitrary, but they
have been muade to correspond roughly with the spring and early
summer season, in which the nmstars hosts were important members
of the plunt communities, and with the late summer and fall senson,
in which the mustards were no longer green but had been replaced
Iry Russian-thistle ss the important host plant.

The dats presented 1n table 15 show the average numbers of speci-
mens of each species collected In 50 sweeps made at different times
during each period of each year. The predominating members of
the population and the less gbundant ones huve been listed together,
aceording to their respective orders, for purposes of comparison. It
should be remembered that the data of the table represent average
numbers for the entire periods and should not be ('onsic}ered to indicate
populntion values {or any particular date,

Nine species of Homoptera were identified and all of these were
members of the family Cicadellidac. Two other families, Aphinduo
and Psyllidae, were represented in the collections, but the lack ot speci-
fic determinafions made i6 necessary to hst these two groups together
under the heading “Other Homoptera.” It is evident that only
{wo species of the entive group, futettic tenellus und ccerategallia
Fuscoseripte, were of nuy numerical mmportance during this period of
the study and {hat the Tormer was by far the moest sbundant species
during both the spring and summer periods.
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TaeLe 15.—Average seasonal collection of all insecls per 50 sweeps in plof 4§, 1925-33,!
Follister, {daho

[Rlandk spores Indicate that no specinens were Liken]
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Hee Tooloutes nt end of table.
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TaBLE 15.—Average scasonal collection of all insecls per 50 sweeps in plal 4, 1928-283,
Hollister, Idaho—Continued

[Blunk sprees indicate that no speciimens were taken)
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Twelve species of Tlemiptera, representing cight families, were
taken at one time or ancther during the period of study and, as was
the case with the Homoptera, two species (Melanotrichus coagulatus
and Nysius ericae) were preponderstingly abundant.  1In each year,
when Al eoagulatus was abundant, it occurred almost exclusively
during the spring period, whereas N. ericae appeared in nuinbers during
both periods, but only in those years when flixweed formed a part of the
plant cover during the eatlier part of the season.

Twently species of Mywmenopters, representing 11 families, are
listed, but in only two enses was any member of this group present in
large enough numbers to cause it to be considered even relatively
abundant.  Formice subpolita aund s varietal form camponoticeps
were moderately abundant during the spring of 1929 and again in 1930,
but in no case was any species present in significant numbers during the
summer period.

Thirteen species of Coleoptera were recorded from collections in
plot 4 during the entire period of study, but of these ouly two species,
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Phyllotreta albionica and Collops bipunctutus, were ever abundant
enough to be considered of any numerical importunce. P. albionica
reaches its peak of abundance on mustards that are either completely
dry or very nearly so.

Four species of Orthoptera, all members of the family Locustidae,
were taken in the plot during the study. These species are Melanoplus
mexicanus mericenus Sauss., M. pueckardi foedus Scudd., Oedaleonotus
emrgmae Seudd., and Trimerofropis pallidipennis Walk.

All of the Locustidae were collected during the summer periods with
the exception of o few specimens found In the spring of 1931, These
latter specimens were taken during the end of the period and show, by
the mere {act that adult Locustidae were present so early in the season,
that the June weather of 1931 was very warm and dry.

Five species of Arancida were collected in the plot during 1931,
These were Dictyna sp., Metepeira fori G. and 1., Pelfencs sp., Aycf?cus
cunctatar Thrll,, and X. paltidissimus Gtsch. These species represent
all of the determined material of this group that was cellected in the
plot during 1931, but inasmuch as determinations of the specimens
foundin the collections of 1929 and 1930 arenot complete, the seasonal
oceurrence of the group as o whole is given in table 15 rather than that
of each species individually.

Undoubtedly there were species having considerable influence upon
the life of the pupulations that are not represented in the foregoing
list of Arancida, but at least a part of the numerical importance of this
eroup, relative to the species of insects (Hexapoda) present throughout
the various years, can be surmised by comparing this list and data
regarding occurrence with the preceding records of insect oceurrence
and abundance. Afetepeire fori was by far the most commonly
oceurring species, particularly during the eariy spring and late {all
seasons. The webs of this splder fmquont]y appear almost to cover
stands of Russian-thistle during the [all, and relatively large numbers
of individuals appear in any sweep collections taken in this habitaé
during that period of the year.  Although our present knowledge of the
pr odntmv importance ol this group is very meager, even in 2 qunllta—
tive way, it would appear that the occurrence of this species in gbun-
dance and the presence ol other spiders during various periods of the
vear are evidence that they were ImpOItﬂlll factors in the various
insect populations.

The determinations of the specimens of Diptera have been very
incomplete, considering all the collections made during the study, but
ot least & partiad list of the species is available and offers some indica-
tion ng to what apecies were present.  The lollowing list of Diptera
includes only the species that were collecied during 1928 and is not
necessarily representative of the diptervus faunn during the entire
period of study.

Agtluy mesae Telk, Mythicomyin atra Cress,
Crerodonla femornkis Meig. Mythicomyie sp.

Chlorepisce glabre Meig, Phihiria sulphurea Loow,
Geron s, Phoreatlia gectdentis Walk,
Tiylemyia aldrichi Towns. Pipunculuy subvirescens Loow.
Hiydcmyta cilicrure Rond. Siphonella sp.

Lepidanthraz sp. Tephritis clathrata Loew.
Mudizq halterglis Coq. Tephriits radiate Cog.
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A single speeies of Thysanoptera, Aeolothrips fasciaius (L.), repre-
sents the only determined species of this group from all of the collec-
tions. TUndoubtedly several species were actually present in most
soasons, but lack of complete specifie determinations for representa-
tives of this group prevents further consideration ol their specific
importance.

COMPARISON OF INSECT FAUNA OF SAGEBRUSH WITH THAT OF
ANNUAL WEEDS OF ABANDONED LAND

In general, before they were cleared for cultivation, all of the
abandoned lands in the Snake River Plains were originally covered by
woll-established stands of sagebrush.  The removal of this protective
covering of perenninl native growth and subsequent abandonment
upset an equilibrium of long duration and ullowed the growth of
annual weeds which constitute the first of the secondary plant succes-
sions. Consequently, these areas serve and have served as excellent
breeding places for the beet leafhopper and other economieally
important insect species common to such environments. Thus, as
Piemeisel (2) states:

Whenever the vegetation thoroughly established on o soil is destroyed, an
equilibrium of long duration is upset. This means not only the equilibriam
letween plants and soll but alse {lic balanee that existed between the plant and
sll the life that it supported.

The discussion in the preceding sections has taken into aceount
the development and fluetuations in abundance of the insect species v
weed areas following elearing of the original vegetation and abandon-
ment of this land. Tt having been shown that the beet leafhopper, a
species of extreme economic importance in this area, builds up enor-
mous populations on the weeds occupying these areas after discontin-
unnce of actual tilling operations, a comparisun of the fauna of sage-
brush with that of the weedy covering of newly abandoned lands be-
comes especially significant.

The data presented in table 16 show the species, together with the
average number per 50 net sweeps, collected on old sagebrush in an
area within 300 vards of plot 4. These data represent averages of
collections made during the spring, summer, and fall months of 1928~
32, inclusive, The more abundant species are listed separately,
while the less common ones have been grouped under their various
orders.

In table 17 there is given a comparative summary of the data de-
rived from net collections on mustards, Russian-thistle, and sagebrush.
In treating these data the collecting season has been divided into two
periods, the spring and summer, The spring period covers the time
from the beginuin«, of inseet activity in the spring to July 10 and the
summer period beginsg with July 11 and continues to the lnst of Sep-
tember, In this table the average numbers of the predominating
insect species found in 50 neb sweeps on sagebrush during the spring
peried are compared with those found in similar collections taken on
the mustards, while the data from colleetions on sagebrush in the sum-
mer are compared in a like manner with those from Russian-thistle.




TaBLe 16.—The numbers of insecls and spiders collecled in 50 sweeps of a collecling net on dales specified from 1928 lo 1932, inclusive, on old
sagebrush adjacent to abandoned land, IHollister, Idaho
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TABLE 16.—The numbers of insects and spiders collected in 50 sweeps of a collecting net on dates specified from 1928 to 1932,
saqeb: ush adjacent to abandoned land, Hollister, Tdaho—-Continued
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TanLe 17.-

Russtan-thistle, and sagebrush during the spring and swmmer of 1928~32, Hollister, 1daho

Species

Pulettir tenellns tBaker)

SAeeratayallin fuscoseripta Oman. . .. ...

Emponsca aspersa G oand B

Thainnotetlir renditaring Ball.

Hysterapterum eornutum var. utphniom Yall

Metanotrichns congulatus (U

Nysius ericae (Schill)

Lygusy elisuy Van 13,

Furopiella decolor ¢ Uhl)..

See footnotes at end

hl)

o’ table.

Hosts

Sagebrush

Mustards +
Russian-thistte

Mustards. .

{\ngebruah
Russian-thistle
Mustards.
Sagebrush

1!(u$xiﬂn-l tristle

Sagebrush

Mustards. .
Russinn-histle

Mustards. .
Sagebrush
Ruissian-thistle

JMusmrds
Sagebragh

l Russinn-thistle

Mustards. ..
Sagebrush_ .
Russinn-thistle

Sagebrush... ..
Russinn-ihistle.

Mustards.. . .. L.

Sagebrush._.. ..

}\Iusmr(k

Russinn-thistle. ..

19281

Comparative sumaary of average numbers of predominaling insect-species found in 50 sweeps made ab varions times on mustards,

1929 1

1930 1

1931

1932

S[pring ¢

Sunmumer $

Spring

Summer

15.0

Spring

10,1

Sumnier

Spring | Summer

Spring

Suunser

0.8
405, 3

1.8
15.9
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TasLe 17.—Comparalive summary of average numbers of predominating insect

Russian-thistle,

and sagebrush during the spring and summer of 1928-32, Hollister, Idaho—Continued

species found in 50 sweeps made al various times on mustards,

Species

Josts

10281

19291

19301

1930

1932

Spring ?

Summer ?

Spring | Summer

Spring | Summer

Spring

Summer

Spring

Summer

Nabis allernata Pursh. __

Geocoris pallens Stal.... . ...l ...

Phyllotreta albionica (Tec.)

Cercopeus arlemisiac PIerce . ..omeecoeeno ... ...

I.\l ustards.._. ... .

Sagebrush.__ . .
Russian-thistle.. ..

Mustards. . .
Sagebrush... . .

Russian-thistle.. ..}

Sagebrush. _.

Mustards. .. .
Russisn-thistle

Sngebrush. .

Mustards. ..~ ..
Russinn-thistle

l)rusmrds
Sagebrush... ...

Russian-thistle......

! Records of sagebrush are not available for the spring season of 1998, 1929, and 1930.

2 The spring season includes all collections made on mustards and s

agebrush from Apr. 1unti) July 10, inclusive.

3 The summer season includes ail collections made on Russiun-thistle and sagebrush from July 1t to Oct. 15, inclusive,
{ The mustards include the 3 species, Sophia parviflora, S. longipedicellatu, and Norta altissima,
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It should be emphasized heres that those species that were found to
be so abundant on the mustards and Russian-thistle either occupy 2
very minor position or are entirely lacking from the sagebrush fauns.
The beet leafhopper appears in small numbers in the sagebrush
environment, but these occurrences ars nearly slways confined to the
fall periods, at which time but few other green plants are available,
so it must be concluded that they have moved to this plant through
necessity rather than choice. Past experience, as well, has shown
that the beet leafhopper uses sagebrush only as o temporary or “hold-
over'’ host during the fall months when the more desirable plants are
not available, and that it is apparently neither able to survive upon it
through the winter months nor to reproduce in this situation the
following spring except possibly with very limited suecess. It is
certain that the enormous numbers of this species that develop on
the annual weeds -f abandoned lands would be greatly reduced and
perhaps eliminated if sagebrush and the plant species normally asso-
ciated with it were the only available host plants.

The small, green sage leafhopper, Empoasca aspersu, is frequently
found on sagebrush in relatively large numbers. The dats presented
in table 16 show that this species was the most abundant one taken in
all collections on sagebrush throughout each year and that usually it
was more abundant than all of the other species combined. The sage
Jeafhopper is rarely found on either the annua! weeds of sbandoned
lends or the cultivated erops and consequently is to be considered of
extremely small economic importance.

The remaining species listed in table 16 were found in onty small
numbers on sagebrush, and it will be noted that, only four of the
species listed in the table, Bulettiz tenellus, Aceratagallia fuscoscripta,
Phyllotreta albionica, and Geocoris pallens, ocourred on the annual weeds
previously considered.

A large percentage of the Homopters listed in table 16 were members
of the family Aphiidae and apparently represented species that occur
only on sagebrush and are not o be found on cuitivated crops.

A large percentage of the Diptera and Hymencptera wers either gall
forming, predatory, o, parasitic. The species of the remaining orders
were represented in all cases by only oceasional specimens.  All of
these species are apparently relatively rare in the cultivated and
abandoned weedy areas.

The data presented in table 18 represent the average of & large num-
ber of net collections on sagebrush in an area 5 to 15 miles from either
newly abandoned or cultivated land. These collections were made
only during the fall months of 1932, after the beet leafhopper had
moved from slready dead or rapidly drying Russian-thistle stands.
Ouly the four most abundant species have been included in this table
for purposes of comparison with those found during a similar period on
sagebrush adjacent to abandoned land. From these data it is evident
that the sage leathopper (Empoasce aspersa) is by far the most abun-
dant species to be found on sagebrush either adjacent to abandoned
land or at some considerable distance from it.
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TaBLE 18.—Comparison of the more ecbundani insect species collected in 50 netl sweeps
on sagebrush adjacent io abandoned lond with {hose similarly collected on segebrush
at some distance from etther abandoned or cultivated land, Hollister, Idaho, 1832

Near ahandoned land Distant from ahandoned land

Epecies
Zept. 9 | Sept. 26 8ept.4 | Bept. 13 | Sept. 23 | Sept. 30

Futettin tenetlus_ ... . o, 0.
1.

0.
Empogscd orpergs_ _ - 34, & 3.

0.
1 3.

4,
43.
L

Geocorts pallens
HMysterapierum eorni-
tumm var. wiehinim..

The beet leafhopper appeared in very small numbers in both
situations, but its span of existence on this plant is very short. The
sage leafhopper, on the other hand, is undoubtedly native to this
environment and has been taken but rarely in either the abandoned
weedy areas or on cultivated crops.

These data merely serve to point out the great differences existing
between the insect fauna of the sagebrush and the annual weeds and
emphasize the {act that no species of economic importance has been
found to oceur abundantly in the sagebrush community, whereas
the annual weeds do support such insects in large numbers.

SUMMARY AND CONCLUSIONS

During the years 1928-33 a study was made of the suceessions of
plant: cover or newly abandoned lands in southern Idaho and also a
similar but less detailed study of a general breeding area of the beet
leafhopper (Futettizienellus (Baker)). These studies have shown that
following sbandonment, the first weed cover to develop was Russian-
thistle (Salsola pestifer). This was later replaced by stands of
flixweed (Sophie parvifiora), and tumblemustard (Norie aliissima),
which in turn finally gave way to downy chess (Bromus fecforum). A
study of the successive insect populations of these wvarious plant
associations was made to parallel the observations on plant succession.

These studies have demonstrated the important role played by the
annual weeds covering recently abandoned lands in producing large
populations of njurious msects, especially the beet leathopper, which
1s the most important economic species in this area. 1t has been
shown further that after the plant succession on sbandoned lands has
proceeded far enough, i. e., to downy chess and sagebrush, there
ceases to0 be an economically important production of the beet leaf-
hopper or other injuricus insect species.

It was found that Russian-thistle and the spring-growing mustards
supported large insect populations of which the beet leafhopper was
an important memher. The spring-growing mustards were found to
support the most complex groups of species, in which Melanotrichus
coagulaius and Phyllotreia alfionica usually predominsated enormously
over all others. In contrast, Russian-thistle was found to support
during the summer and fall much less complex insect populations, i
which the beet leathopper always predominated.

Russian-thistle and the spring-growing mustards were later dis-
pleced by downy chess which never served as & host plant for the
bect leafhopper, and, during the period covered by this study in the
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Hollister area, very rarely sitracted any buf visiting insect species
and these never in large numbers.

Sagebrush (driemisia tridentata) did not support any populations
of economieally important insect species, though 16 does serve as s
temporary or “hold-over” host for the beet leafhopper during the
fall and other sessons of the year when the more desirable food
plants are not availaeble. If is not a suitable host for the building
up and maintenance of large populstions of this or other economically
important insects.
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