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INTRODUCTION

The object of this ecological study, which has been carvied on since
1929, was to gain an understanding of the adjustiment of the alfalfa
weevil (Uypera postica (Gyll)) to its environnsent in the western

Piteepived for publication Woly, 27, 1347,

e sethors aee indebted te @, I Reeves, whose sympathelic interest conbrib-
uted Lo makippg thls investigavion possible, Phe senior tuthor plannesd and di-
rected the studies, devised the mathomsticsl conteption employed in anndyzing
the cesulls, and prepared the nutnnseript. M, M. Duriey, Q. W, Huug, I, H
Hurrieg, €W, MeDBeth, U F. Parmer, and W, 15, Peuy assisted in this reseaveh.
J. G Hamlin died on Juno §, 1943,
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pirt of the United States, Tor, nithough this Old World species hus
been known in Utah since 1904, no investigation hud been made of
its response to the environment us o whole.  The ewrlicr woric by State
and Federal investigators produced general biological dnfa which
served us w Toundation fox tﬁl(.‘. researcli,  Since the generad informa-
tion has been swnmarized in excellent form by Tssig and Michel-
bacher (2) the references hercin nre Timited to these having a partic-
ular bearing upon the present study.

Past studies had shown mavked diminution of weevil daniage since
ahout 1917, apparent parasitization of upwards of 90 percent of weevil
lurvae by the introduced parasite Bathyplectes cuveulionis {Thoms.},
wholesale destevetion of the larval population afrer the fivst cutting in
favorable haying weuther, and the mportant influenee of temperature
upon some activities of the weevil.  Moveover, spruying and dusting
with caleium aresenate (£2, 77) had been advanced as artificial control
measures but hid never been generally adopted.

Notwithstanding, there was lacking a broad wnderstanding of the
mechanism guverning fluctuntions of weexil abundance and the conse-
quent ceop dumage. Cliatie variations from year to yeur did not
suflice to explain the {ductuations in diunage, beenuse the widest pos-
sible differences in infury were found to exist even in adjaeent fields.
On the other hand, there was litte donbt of the important influence
of weather conditions.  The abundanee of Buthyplectes imbicated that
it might have been responsible for reduction of weevil damage, al-
thoueli wnch of this parasitization was wasted upon larvae that were
Killed following harvest of fhe first nifalfa crop?

This, then, was the general slatus of the alfalfa weevil problem in
1929, when it was attacked from the ceofogienl approach; that is, by
simultaneons studies of the bivlogieal. meteorologieal, and cultural
influences upon the weevil.  But first if, is desirable fo indieate the
present distribution of the weevil in the Unifed States, the location ot
these studies, and the Lroad sequence of events during the cropping
Se50N,

WERVIL DISTRIBUTION AND AREAS STUDIED

Stnee (he alfulfa weevil wis disecovered near Salt Lalke City, Utal.
i has sprewd into [T States. Hs koown disteibution in the Uuited
Sittes in Januney 190 s shown in lignee 1o The sthudies here reported
are based primarily on periodie censuses taken during the period
19230-32 in Salt Take Valley, one of the avens in which damage is now
frequeni.  Tess extensive datw taken in Rogie River Vatley, Oveg.,
have been cmployed for comparative purposes, and data obtained
western Nevada, castorn Ldaho, and western Colorady, together with
more general studies thronghont, the weevil-infested territory, have
been drawn upon 1o widen the svope of tiis bulletin, These supple-
mentary stidies were made during the period IH2-38,

g lie numbers inprrend heses fo Literature Cled, po 86

'Erapublishiod resalts of labavstbary experitents comineted by Lo D Christenson
i 1097 Taelieate that parasitized levae consime approximately one-fourth less
foot wn unporasitized lnevae,  Thns, paensitization of larvae lator killed by
crlnend methods = heneficinl o thig oxtont.
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WEATHER AND THE CROPPING SYSTEM

Springlike weather beging in 8alt Lake Valley carly in Mareh,
and the temperature rises, with many interruptions, io a peak late
in July and then declines until November, when winter conditions
prevail.  Precipitution decreases from n maximum of approxiumutely
9 inches monthly during Mareh, April, and May to & minimum of 14

inch in July and then rises gradually to about 134 inches during

October.  Rainfall is supplemented by irrigation with water from
the melting of the winter’s snow held on the mountains, the quantity
of which fluctuates from vear to year. The usual practice in Salt

iF + il
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Frocuy T—Known disteibulion of the adfntfn weevit in the United States,
Jamnoy LMD
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Lake Valley is to give two irrigations to each alfalfu crop, but this
varies with the supply of snow water, with the amount of spring pre-
cipitation, and with the water needs of other crops. Even wider
variation prevails throughout the Great Basin,

Growers of alfalfa hay in the Great Basin usually harvest three
crops anmunlly.  In the lower valleys a few farmers make four cut-
tings, while in higher valleys only two creps ave cut.  The three-crop
system is the one under which this investigation was conducted, and
to which refevence is made throughout this bulletin unless otherwise
specified. In Salt Lake Valley ordinarily the first cutting is made
in the first half of June, the second near the end of July, and the
third abent the middle of September.  After the thied cutting the
alfalfa makes some further girowth, which is used as fall pasture.

SEASONAL HISTORY OF THE ALFALFA WEEVIL

The alfulfa weevil ¥ winters in the adult stage and begins laying
ez soon after the snow cevering of the field has melted in the spring.
At this time there is no growth of the alfulfa plants, and all early
egrrs are luid tn dead and broken atfalfa or gruss stems. When the
alfalfu has reached a height of 6 to 8 inches, the weevils begin laying
purgs in the growing stems, and as the season advances they lay more
in the slems and less in litter.

ITatehing beging in April, and the monber of lavvae increases rap-
idly. Tn April also the parasites, which have spent the winter as
larvie in cocoons and pupated in March, begin to emerge as adults
and to deposit their eges in the inereasing population of weevil Inrvue.
Before the larvae or the parasites in them have completed theiv de-
velopment, however, the first atfalfa crop is rendy for harvesting, and
this cutting destroys most of the larval population.

After the first cutting only a few eggs are deposited, and they give
rise to a numerically insignificant larval population living on the
second growth of alfalfa. Those few individuals that escape both
the binlogicul and the cultural kill of the first- and second-cutting
periods spin cocoons, pupate, and become the overwintering adult
weevils, These new-generation adult weevils produce ouly a few eggs
inthe tall.

NATURE OF DAMAGE

The principal damage ovcasioned by the alfalfa weevil results from
ihe feeding of Inrvae upon the first growth of alfalfa. The first
instars feed within the growing tips of the stems, but the later in.
stars feed increasingly upon the opened leaves, devouring all except
the veins and the lower epidermis, which soon dry and take on a gray-
ish to whitish cast. This whitish appearance over the field is char-
acteristic of severe weevil damage, and when it involves the buds the
plants stop growing,  Little natritive material is left in the hay
when injury has progressed to this extent, although the stems still
produce i fair tonnage,

e various sloges of the weevil nnd the damage caused by it have been
pleturet by other writers, such as Pitus (16), Webster (/8), Teeves (12), and
Fsslg and Mictielbacher (4),
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Backward spring wenther, which especially favors the accumula-
Lion of eggs in the field, is in some years followed by a sudden change
to seasonal temperntures, with the result that great numbers of lar-
vae hateh in a very short time. Since the aifalfa continues to grow
during the cool weather, these Jarvae may fall upon the crop when it
i3 reacTy tocut. ‘The tiny larvae, living exclusively inside the growing
buds, produce a churaclevistic effeet upon the plants. The orayish
ast, instead of appenring generally over the upper several inches of
the plants, is confined largely to the buds, giving them a frazzled
appearance and stopping growtl, althongh there is ne large amount.
of feeding on the feaves ay in the more typical damage. It cutting
is deluyed, injury tends toward the usual type.

The literature mentions another type of severe injury, directed
against the young second growth and eaused by larvae that were
living on the fiest ul £alfa crop when it was cut. Al the early writers
mention this phenomenon of the lirvae holding back the second crop,
sometimes so long that only iwo crops could be harvested during the
senson.  As early as 1924 Chamberlin (7) noted the general absence
of this type of damage, and during the present stu%y it has only
ocensionally been suggested by slight retardation of the second crop.
The weevil problem has thus shifted considerably since the early years
of devasting injury to the young second growth. The circumstances
that nppear to have wrought the change will be digscussed in the seetion
on Keologieal Tnterprefution, following a study of the weevil’s re-
sponse fo conditions now obtaining in Salt Lake Vulley.

METHODS OF STUDY

Extreme conditions of every kind were avoided in selection of the
study field; 3t was located in the midst of a homogeneous alfalfa-
growing district, was mannged aceording to eultural and h:u-vcstin%r
practices commaon to the district, and had a stand of average age and
density. The plan of study was to measnre throughout the senson
the rise and fall of each component of a weevil population freely ex-
posed fo all forees of nature, while simultancously measuring or
recording the incidence of the principal biological, metcorological,
and cntiural Factors, The chief biologicnl factors were the primary
purasite Bathyplectes eureulionis ("Thoms.) and the secondnry para-
site Kuplevomalus pividescens Walsh; their abundance wius measured
along wilth thal of the weevil.

The incidence of cultividion and irvigation, density of stund, size
ad stage of development of alfallu plants, dates of erop culting, and
harvesting praclices were recorded and their effect songhi through
stidy of fluetuations in abundance of the weevil und parasifes. The
weather econditions measured were temperature and precipitation.
Additional studies were smiade in thie sune field or in others as sup-
plementary data were needed.

Savrng WEevIL axn Pagasirr PorcLATioNs
Sampling of the stady feld was Facilitated by considering it to be

composed of s numny longitudinal strips as the number of samples for
vach census, ench strip being divided into approximately square
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blocks (10% 11 puces). Disproportionate representation of the dif-
ferent quarters of the field was prevented by sampling opposite
halves of adjacent strips. Chunce determined from which half of
the first strip the first sample should be taken, and the particular
block in this half-strip was decided by random selection from num-
bered cards. Eight L-square-foot samples were taken weekly from
positions in the study field determined in this fashion.

While the blocks muy be considered ns chosen at random, the sam-
ples themselves were carefully selected by an experienced sampler.
standing in the middle of the chosen block, the sampler selected,
within a radiug of approximately 5 yards of himself, a square-foot
area representative of the average condition within the block.  Since
many atfabfa weovil eges oceur in litter that collects in the bottom
of the field corrugations, and this debris at thnes also affords shelter
for more advanced weevil stages, each sample chosen included both
part of the furrow and part of the ridge. L many bare spots, much
grass wiid weeds, or 1 large amount ot litter were present, the sanple
reflected such conditions.

Complete fortiity, though perhaps prefeeable in smnpling to de-
termine a single component of a population, in this study would have
incrensod the varintion in the results and necessitated a much larger
number of samples, the examination of which would have invelved
a prohibitive amount of labor. Hence, the procedure outlined was
adopled as the best possible compromise between the desideratum of
random sampling and the necessily of keeping the work within the
lmits of practicability.

The selected aren was enclosed by a steel die with sides + inches high,
which wag driven into the soil about 2 inches. Al material inside the
frame constituted the sample. The procedure varied somewhat with
the condition of the altalfa growth, but the material was always
taken in the order of ils availability. For example, early in the sea-
son when there was no apprecinble growth or just after & crop had
been cut, the stubble was cut level with the ground, and this, together
with the litler, was eolleeted first and placed in a paper bag; the soil
was then bagged sepurately. Later in the season growing alfalfa
shaots, carefully severed where they emerge fron the crown, com-
prised the first portion ot the sample, the litter the second, and
the soil the {hir:\. The steps in sampling ave detailed as follows:

The sampling frame was lowered over the selected area in such a
wity that twisted and bent stems fell, according to their attachment to
the crown. either in or out of the selecied aven. The frame was then
deiven firmly into the soil, and a picce of canvas was spread along
one side, with its edge slightly overlapping the frame to prevent loss
of lurvne or adnlfs. The stems were then taken singly or by twos or
threes, bent outward over the eanvas, and cut olt at the crown.

All stems, including grass If present. constituted the green-stem
somple. The stubhle was next ent even with the earth, and all mate-
rinl was collected eleanly by repeated raking with the fingers and
sweeping with a small puint brush.  ‘This nmterial, together with
laose s01l, constituted the litter snple. When the fleld was extremely
wet, the litter confained mueh mud. which was later removed by
washing the sample in a sieve paetially submerged in w tub of water.
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Finally, the soil was.removed with a small trowel to a depth of about
114 inches, or as deep us cracks extended into the soil. The alfaifa
crowns were scraped clean, and all loose material was included in the
soil snmmple,

Counting AND CLASSIFYING

The samples were examined in the laboratory, the order of exami-
nation depending upon the diversity of the insect stages present and
whether refrigeration facilities were at hand.

The green-stem portion of the snmple was especially important be-
cruge it supplied most of the larvae and many of the eggs. The leaf
stalks were torn from the main stem, and the leaves as well as the
sepurated leaflets of the growing tip were curefully examined for
larvae. Qcensionnl weevil cocoans amll adults were found in the green-
sten sample. The stems wers split to expose the egg clusters, which
were recorded by size and location in the stem. The eggs were
then incubated on meist bletting paper to determine their para-
sitization. The litter sample also yielded many eggs and, during mid-
sumnnter, the injority of the weevit cocoons. JExamination of this sam-
ple therefore conaisted in removing and counting weevil larvae, co-
coots, atd adnlis as well as any parasite covoons, The dend stems
were segregnted and split, and the eggs were recorded by number
per cluster,

The soil sumple contained adult weevils and practically all parasite
cocoons, Lixamination of these swmples, approximabing 1 gallon
each, was facilitated by washing, which veduced their volume to a few
cubie inches.  The water washed most of the soil through twe sereens;
Iarge objects remained on the top (+-mesh) screen, where they were
clew.ed with a strong stream of water, while the insects and some finer
inaterinl coliected on the bottem {1G-mesh) sereen and were washed
eently with u spray. The washed samples were wrapped in paper
toweling to dry and examined on a white tray under a bright light.

SEGREGATION OF THE INSECT MATERIAL

After being connted and recoriled, the insect miaterial was combined
in various ways for further studies, Weekly collections of eggs from
dead and green stems weve combined separately, and incnbated to de-
teet paasitization,

Al Tarvae originating in a single sample were assembled and then
segregated by instars according to the head capsule.  Larvae of Hy-
pere punetate (1.}, which frequently oceur with these of 71, postica,
are distinguished mainly by the width of the head, measurements of
which ave given in table L In (he third and fourth instars the range
of head widths of F. postice overlaps that of the first and second in-
~tars, vespectively, of . punctate, but herve color differences permit
separation.  After being classified, the larvae were saved tor dissee-
tion to determine the percentage parasitized by Bafhyplectes cur-
eulionis,

The weevil coroons were similarly combined nccording to sumple.
and opened to deternine the mortality of eovooned weevil stages and
the perceniage parnsitized by Bathyplectes.
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TunLk 1.—Width of head capsule of larvae of Hypere postica and

. punctaia’
Width of head capsule of—
Hypera poslica larvae Hypera puncleia larvae
Instar
Prolx- Prob-
Range Mean | able Range Mean | able
ereot ? error®
M- ALil- M- | M-
Millintelers melers | melors Miltimelers meters | melers
Firglo oo - 0.1840 to 0.2210(0, 2018[0. 0054| 0.3170 to 0.2670]0. 3445]0. 0107
Second.. ... ... 2338 to 2430} . 2708 . 0072] 4760 to .3845( . 5264 . 0148
Thivl oo oo 3507 to .4342] . 3904] . 0112] .G600 to .8800] . 7938 . 0081
Fourbho ... 503 to .GLT7TY . 5480 . 0221 1.1000 to 1.3000|1. 2010 . 0099

' Tach instur based upon measurement of 100 heads from fresh specimens.
+ Probable crror of a single observation (0.6745 times standard deviation}.

The female weevils, combined from all eight samples, were killed
and fixed, imbedded in paraffin, and dissected to Jearn the extent of
ovarian development, along the general Hnes laid down by Snow (14).

All free-existing cocoons of Buathyplectes from a given sample
were combined and dissected to determine development, mortality,
and parasitization by Fupteromalus.

DETERMINATION OF PARASITIZATION AFFECTING WEEVIL LARVAE

In the preliminary work of 1929 the percentage of weevil Invvae
purasitized by Bathyplectrs was determined by vearing. However,
the mortality of third and fourth instars from causes other than para-
sitization was high, and introduced n question as to the accuracy of
estimates of purasitization so obtained. Tor example, 231 larvae
collected on June 10 yiclded T+ adult weevils, 84 parvasite cocoons, and
75 dead weevil Inrvae. I the dead larvae are excluded, the para-
sitization was 5:.16 pereent.  The mortality of parasitized larvae was
probably higher than that of unparasitized individuals, in which case
the ubove percentage underestimates the trne purasitization.

However, we cannot assume that all the larvae that died before
vocponing were parasitized and thus ealculate G7.97 percent parasiti-
zation. The true percentage was most likely between 33.16 and 67.07,
but this range emphasizes the uncertainty of estimates obtained by the
rearing method. Rearing of first and second insters was not at-
tempted, but their mortality would undoubtedly have been much
greater, .

Experience thus indieaied that future work conld be lightened and
the results much improved if the living larvae were dissected promptly
nfter being classified. The dissections were made under a binocubir,
ench larva being placed with water in a watch glass, the head severed,
and the body twrned wrong side out over the point of a dissecting
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needle.” A black eloth beneath the wateh glass aided deteetion of the
tranglucent egas and lTarvae of the parasite.

Reasonably ncenrate results were generally obtained from dissec-
tion 0f 25 of exch instar from each of the 8 semples, but since u constant
clegree of accuracy was sought the number of lurvae dissected was not
fixecd.  Instead, 2 given batch of larvae, representing the collection of
w certain instar from o single sample, was thoroughly mixed and 5
were tnken at randem, the process being repeated until 5 lots had
hoen gbtained.  The numnber of parasitized individuals in each lot
was recorded separately, und the variability of sampling was measured
by the probuble error of the mean.  When this value execeded an arbi-
prarily established standard, 25 more larvae of like orvigin were sim-
itarly chosen and dissected, and the results were combined with those
from the first group. If the mean of the 10 lots did not meet the
required stendard of homogeneily, the process was continued until
it was realized.  As w watter of fact only cccasionally were the re-
sultsof the first 5 lots so variable us to necessitate disscetion of a second
set, and very rarely was o thind set needed.

The method may be illustrated by the dissection record of second
inslars from siomples (nken Moy 25,1081, as shown in table 2. Para-
sitbzulion in one sample wius very varinble, as reflected by the first
five Inls dissected, and the probable crror of the mean exceeded the
arbitrary stundard of 7 percent.  Consequently, five more lots from
the zame sample were dissected and the results combined with those
from the first set. The probable crror of the mean was now found to
rome within the established limit of variubility for a single sumple.
This result was combined with duta from the other seven samples
taken on May 25, none of which required disseetion of more than five

PasLe 2.—Parasitization of second-instur alfdlfa weevil larvae in o
single sample and in 8 sumples representing one entive weelkly col-
{redion taken May 25, 1931, Salt Luke Velley, Utah

Frequeney  of oceurrones

o - :' [y - R
Percenfage of purasitization In a stagle sample

S ORI  J P 1213
: from 8
Based upon Hased upan + samples
5 lots 1% Intx -

0 0 L
! : | A
1} 0 : 7
2 i -+ : Hi
| : -4 : Ia
1 ] 2

Pereent Pereent

Ferrend

Mean o+ LETES i+ 9 824, G . G0. 8942 14

YPluig e, devised by B, UL Hareios, of the Rureau of Entomotogy sl

Flat Quarmitine, was udopted in 1830 and emplayed thereaftor,
5220 w-gD— D
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lots, und provided the menn purasitization of second Instars for that
census,

It general, then, erch weekly percentage for ench instar was based
upon ab Jeast 40 lots, or 200 individuals,  Iarly in the season before
the larvae became sufficiently abundunt for each sample to supply
a5 of ench instar, the foregoing provedure could only be approximated.
"This condition also obtained after culting of the first alfalin crop.

MEASUREMENT OF TEMPERATURE AND PRECIPITATION

Becenuse of the important influence of heat upon insect activities,
in this study the femperature was mensurad in the place inbabited by
Ehe weevil; that g, in an alfalfa field, At any one time, however, an
alfalfu field provides u wide range of temperatures resulting from
exposire of diffevent sides of the alfalfa crowns nnd the field corrign-
tions to he sun and the irreaulne pattern of shade afforded by the
plants.  Moveover, these ditferences chunge with the angle of incidence
of the sun’s rays during the day, as well as from duy to day with the
seasonal advinee nnd the growth of the altalfa. Tn addition there are
differences in temperature af different levels among the atfalfa plants,
du chiefly to the greater or lesser influence of the soil or nir tempera-
tare. Tt is mnnifestly impossible theeefore {o represent by o single
measirement. the temperatnre affecting the entire weevil population;
[ut since the weevil itself is mobile in its laeval and adult stages, much
of the eifect of the variation tends to be averaged gud.

Since not all singes of the weevil live at the same level, the most
useful temperature is that prevailing near the point where most of the
eags orenir, beennse the effects of temperature upon them also influ-
ence the succeeding immature stages.  Aceovdingly, the temperature
wis measured 3 to 4 inches above the surface of the soil.  This level
nlso approximates that near which most of the weevil cocoons are spuni
and (he acults spend much of their thwe, For this purpose a thermo-
eraph 7 was placed in one corner of an alfalfu ficld adjncent to the
field in which the weevil population was shwdied.  Accurate tempera-
tnre readings were obtained by shading the thermometrie element and
4 minimum of the sirvounding aven with small strips of canvas, which
were mljusted to compensate for seasonal changes in sunlight.

The temperafure was expressed in effective day-degrees, compnted
from the thermograph charis by mesasuring with a planimeter the
arca [ying below the line traved by the vecording pen and above 50° .
[ day-degree being equtivalent to 1° above the threshold of development
for 24 hours.  In this manner the number of day-degrees was comr-
puted Tor ench day of the G-year period 1928-33.

Precipitation was measured by means of astnndard Weather Bioreau
rain gage suilably Jocated on the same farm, However, Wealher
Burean records taken at Midvale, Tfah, 2 miles distant., have been
used, since they showed no murked differences and provided a longer
record,

g Mermogenph wag fnstalled fn 1028 by G, T Heeves, of the Buroan of
Entomalogy and Phint Quarantine,

* il wg e most useful gverage of Hhe differing 2oros of ¢ffeetive lompern-
trre for the netleltios of ovipostting, Ineabatton, and Ineeal development ng -
vited by unpublished vesulls of I ITEL Hareies, 8. . Snow, and LML TTawley.
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TRENDS CF THE WEEVIL POPULATION

The trend of cach phase of the weevil population, based upon 3
yeurs’ data, may now be deseribed separately to show ite peneral chay-
acteristics. Later (p. 73) the successive phases in n season will be
treated as u whole to bring out the net effect of the environment upon
@ weevil population.

PoeuraTioN of OverwINTERED ADULT WEEVILS
‘The population of overwintered adults beging to deeline in April

and docreases rapidly in May and June.  The few that survive mto
July gendually die out and disappear by the end of the summer, This
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tremd is shown in figure 2. Beginning with avernges of 5.59 adults®
i the spring of 130, 150 in 193, mud 2,86 in 1992, these populalions
had vanished by September of each year, _
The purent weevils present in the spring were produced the preced-
g summer, and only a small percentage of the fomales developed

T iTniess otherwise speetfied, 2l osthntes of abuwdanee vefer (o square-fool
HER U
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mature eggs before winter® With the coming of carly-spring
warmth the percentnge with cggs increases over u period of several
weeks. In 1039, for example, sunplings made in the study field at
weekly intervals from March 14 to April & showed 15, 81, 88, and 100
pereent of the ferunles gravid.

fice PopuLaTion

EFFECT OF TEMPERATURE AND PRECIPITATION ON GG LAYING

The first egg laying inthe spring is restricted Lo females thab renched
sexunl maturity the preceding fall.  With rising temperature and
more femunles developing eggs there comes an cnormous ineresse in
Lhe egg populution, followed after o time by n decrease due to hateh-
ing. Since the larvue incrense ab the expense of the cge population,
the fuirest index of egy production is the inerease in Lhe imnature
population, including botl eggs and Jurvae. Just what conditions
promote the egg laying upon which this inerease depends may be
determined by resolving the day-degree value of cach week into its
components of thae and temperature. These values for the 3 years
of the study are plotted in figure 3,

Each season Lhe two curves follow roughly the same path, rising
from zero near the end of winter, when only » small fraction of the
tlay has temperatures over 50° F., to maximum values in midsununer,
when Lhe lemperature exceeds 50° nearly ail day. The immature
population begins Lo incrense shortly after the fst temperatures
nbove 50° ure recorded, and reaches it3 penk soon wfter the middle of
the upward trend of the curves. Fhe period of most rapid inereuse
slightly precedes the middle third of the upward slope ot the curves.
Thus the most abundant egg laying occurs when the temperature
oseillates daily about 50°,

Unpublished data obtained by F. H. Harries show that the rafes
of eggr deposition at 80° and 90° I, exceeded those at all lower tempetr-
atures, but that egg laying was not long continued and ceased abruptly,
The temperatures most suitable for oviposition were not the most
favorsble for ovogenesis; that s, the development of the cggs in the
ovaries.  On the other hand, the abundance of full-sized pgus in
mubure females collected from the field during late winter or carly
spring indicates that ovogenesis may proceed at temperatures con-
siderably below 50°, which arve little suited to oviposition, That this
i5 actunlly the case may be shown by unpublished data recordod by
S. J. Snow.  Female weevils collected September 27 to October 3
showed slight ovarian development, only 15 pervent with ovaries
segmented or with mature eggs”™ Disseetion of lofs of 40 (o 100 femnles
alter they had been kepk in constant-temperature eabinets for 13 weeks
at 60°, 50°, and 40° showed 23, 43, and 90 pereent, respectively, wit
ovaries developed as far as the segmentation stage. Tt thus appears
that the daily oscillution ab a temperture of nhoent 50° promoles the
most nbundant ovulation, the negative phase tavoring ovogenesis and
the positive phase frvoring oviposition.

" Hoecent studles ol Gromd Tunetton, Colo,, shew Lhat undee QifTorent climnic
condlitions i grenler poreeninge of femaies miy mibure and deposit oges belore
haited by wiater cold,
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The most rapid incrense in the immature population takes place in
the spring when, during periods of 3 to 15 hours per day, the tem-
perature averages 5° to 15° nbove 50° T, Multiplying the extremes of
thess two values gives 25 to 225 ns the range of hour-degrees per duy,
which is equivalent to 7.29 to 65.63 day-degrees per week. These may
be considered as the limits of optinnun eonditions for egg laying;
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FPraoas 3—Beg laying of the alinife weevil with referonce to thme nnd nmber
of degrees nbove SU° T, 1030-32, Ball Lake Valley, Utnh, Pha solid line rep-
vesents the avernge hours per duay, the dotted dHne the average deprees nbove
6i°,  Phe spiee between (he vertlen! Unes representy the perlod of must rapll
el laying,

but they ave nob rigid lmits, since ogg taying in any 1 week is affected
by antecedent conditions, particularly the temperatare of the pre-
ceding week, Tor instance, o week totaling morve than 65 day-degrees
will favor egg lnying when it follows a week having low temperatures,
while the sume amount of heat per week sustained for 3 to -k weeks
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areatly reduces egg laying, ‘The effect of o given number of day-
degrees is also modified by the decreasing egg-laying potentiality of
femules as the season advances,

While egg Inying has been discussed entirely in terms of tempera-
ture, it must be rewambered that the temperature is much affected
by precipitation in the spring, which normallr is the wettest season
in Salt Lake Valley. Indeed, the rainy periods at this time eon-
tribute largely to the unevenness of the transition from winter cold
to summer heat. The spring precipitation thus has an important in-
fluence in prolonging or curtailing the conditions favorable to cgg
laying. B

Precipitation may have independent effests upon egg laying, bué
this factor is so closely associated with temperature that in studies of
this type under uncontrolled conditions little ean be said definitely
about it. The data indicate, however, that ege laying proceeds best
when brief rniny periods ocenr freguently throughout €he spring,
but if the rainy period extends over 2 o1 nwore weeks the laying rate
is temporarily reduced.

Eger laying by the dwindling number of overwintered femnales con-
tinues during midsamuner, possibly being aided by the eooling effect
of irvigation, Oviposition by the few mature femuales of the new
generation produced in June and July begins in the miny fall season
when, in the course of the fransition from summer heat to winier cold,
the nmnber of degrees and hours per day ubove 50° passes through the
range above cited. In this case, however, the cgg laying is fermi-
nated soon after it starts when the ftemperature remning below 50°
throughout the day. -

OCCURRENCE OF ECGS IN LITTER AND IN CROWING STEMS

Bgas occur both in litter on the ground, consisting mostly of broken
dead alfulfa and grass stems, and In growing alfalia stems. Tuble 3
shows that «ll the clusters found in dead stems were in those having
dimmeters of over (L3 to and including 3.3 nim. No doubt the weevils

Tarre 8.—Distribution of egg clusters of the alfalfa weevil according
(o diameter of dead and growing aljalfa and grass stems, Salt Lake
Valley, Utah, 1029

Trinmeler of Dead stems Girowing stems
slems, in
millimeters,
"‘;]Eﬁlﬁ;gi_l_"- Aggrepate longlh | Egg clusters Stems ey clustors
fn. Pet. No. Pet, Na, et No. | Pl

T8 T 32.50 | 0.81 0 ' 0 Y 0] ¢
L. - 73400 1 18 30 41 | 37. 96 143 | 20. 03 20| 23 20
TaL..oo.o . 1,963 75 | 47. 40 86 1 76 63 271 | 37. 96 GO | 48 00
25, oaoa.-. 3, 488, 00 | 8G. 96 108 [160. 00 442 7 68 01 95 | 76, 0G0
5. o .. .| 3415001 97. 61 108 [100.00 | 0630 ] 88.24 | 118 | 94 40
Al sizes.o oo H 0L 00 160, 0D 1608 (100, 00 714 {100 GO 125 {100, 60
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- prefer the thinner walls and softer texture of the sumller stems. ‘This
table further shows that cggs occur in growing stems of all sizes.

Figure 4 shiows gra.phic;?ly the disproportionate selection of the
smallsr dead stems for oviposition, and the placing of eggs in grow-
ing stems with little regard to size.

MAXIMUM DIAMETER OF STEMS [ MM.}
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1FrerRs lL—Ovenerence of egy elusters of the nienlfa weevil in dend (A} and

growing (B) sloms of different sizes, Sait Luke Valley, Utnh, 1820. The

curves show Lhe pereontige of clusters in stems up to n given dinmeter, and

the dingonal Nnes show Lhe distribntions as they would be i cggs were ile-

pusiten in stems af random,

The vertical distribution of egg clusters in growing alfalfa stems
collected during the lutter part of the first-crop periods of 1931 and
1932 is shown in figure 5. The study was limited to the period from
May 20 to June i7, beeuuse egy Taying wus then plentiful and the
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slfalfa close to its full height; earlier in the season egus laid in the
shorter plants were of necessity near the ground, and niter the first
harvest eges wete too scarce to permib valid studies of this point.

Although egg clusters were found as high us 2 feet above ground, the
majority were near the base of the stem. Thus, 50 percent of the clus-
ters were within 8 inches of the base, 60 percent in the lower 4 inches,
and 90 percent in the lower 10 inches. A thermograph with its ther-
motnetric element 3 to 4 inches above the soil surface is thus very favor-
ably located for temperature measurements, as discussed on p. 10,

In 1030 data were obtained relative to the structure of growing
alfalfa stemy at the peints of egye deposition.  As shown in table 4, the
cegg clusters weve concentraled in the pithy part of growing alfalfa
stems, those occurring in all other parts of the alfslfa plant barely ex-
ceeding the number found in grass stems, The few clusters found in
terminul buds were deposited early in the season and represent, an ex-
ceptional condifion, The eggs found in grass stems occurred late in
the perivd, May I8 to June 6, when the alfatfa was beginning to
sabure,

Tavte d—Location of egy clusters of the alfalfa weenil in growing
stems, first-crop perviod of 1930, Salt Lake Valley, U takt

Toenlion Iy clusters
Alfaifn sicms: Nrumber Fereent
Terminnl buds . e a i 50
Salid puet o | . . 32 317
Pithy part. . - . 861 85 42
Iollow parl .o 38 3. 87
Girass stems, . . . L 71 7. 04

SIZE OF TIIE EGG CLUSTER

The egpr elusters of the alfulfa weevil ure placed inside the stems,
through a eircular hole made by the female.  ‘The size of these clusters
has been stated by n number of workers. Titus (7¢) indicated the
number of egras as ranging from 1 to 28 with an average of 6.99 per
puncture, mud Inter (£7) stated the range as t to 45, Webster (18}
gave the vange as 2 to over 30, with un average of about 10. Parks
(£0) indicated the usuul number as 6 to L+ egas, and later (17) gave
the range as 2 to 30 and the usual number as 6 (o 18, Hagan (8) stated
the maximum number per puncture as 0. List and Wakedand (9)
and Snow (73) indicated the range to be 1 to #6 or more. Reeves
(12) gave the range ag 4 to 16, with an average of about 10. Sweet-
man {75) gave a range of 3 to 12, with the usual number as 6 to 9,
and the maximum as k3.

The eggs collected in the eourse of periodic field sumplings during
the present study {table 5) show eonsiderable seasonal variation in the
size of clusters, those in litter containing from 6.0 to 9.2 eggs, and those
in growing stems from 6.5 to 10.0. The seasonal average for growing
stems execeded that in Bitter by 1.2 egos per cluster.,

“Cluster™ us heve used refers to a diserote gronp of eggs.  Groups
representing two seperate depositions were frequently found which
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TasLy 5—Seasonal wariation in size of egy clusters of the alfatfa
weevil, Salt Lake Valley, Utah, 1930-3% _.

In litter In growing stems
Season of year o Mean c Mean
lus- ; eggs | Clus- o eges
ters Egps per ters Eggs per
; cluster cluster

Num- | Num- | Num-{ Num-; Num- | Num-

ber ber ber ber her [ ber
Oclober through Febroary. ... . 164 1 1,210 Fod b |
Mareh... ... .. . . . 332 1 2,553 i (N T RO RS,
Aprile. .. T T T Lo, 71s ) 6.2 | 165 | 1,083 1 6.6
May_ .. . .. .. taersie6,787{ 821,525 [15,226 1 10.0
June, before first eutting... .0 470 | 3,207 | 7.0 541 | 5, 431 10. 0
June, after first eulling, through }
Baptember. . ...... ..... eenl 188 11,129 6.0 178 | 1,150 6. 5
Total or tean. .. .... 6 366 |52, 639 1 8 3 12,400 |22, BOO 9.5

T

were but slightly sepaurated, and occasionally large clusters showed
a difference in coloration which clearly indicated them to represent
two separate depositions. A few groups, however, wete recorded as
single clusters because no evidence of multiple origin was discernible
in the necessarily rapid inspection, although it is the authors’ belief
that they represent multiple clusters which were laid at so nearly the
sume time that differences could not be detected.

Statistically there is only 1 chance out of 200 that a true single
cluster would devinte more than 3 times the standurd ervor from the
average size, and Chauvenet’s criterion, although of questionable
applicability to these datn, indicates 3.7 times the standard error as
the limit of fortuitons occurrence. The evidence of multiple origin
supplied by differences in coloration and gelatinous envelope in the
ease of many of the exceptionally large groups lends weight to the
statistical indication that green-stem clusters in excess of 28 eggs and
litter clusters in excess of 26 egrys are probably of muitiple orign.

The clusters taken trom litter ranged from 1 Lo 45 eggs, exactly the
range given by Titus (17), and clusters from growing stems ranged
from 1 to 53 éges. These greaf ranges vitinte somewhat the nseful-
ness of the averages given above and indicate that a better idea of
cluster size may be gained from the relative frequency of different-
wizod clusters and the relative proportion of the total egg population
contributed by clusters of each size.  The graph of the data reluting
to eges in both litter and growing stems, presented in figurs 6, reveals
a4 considerable positive skew. The most frequently encountered
cluster in litter contains 6 ewrgs, while clusters of § eggs are most fre-
quent in growing stems.  Likewise, clusters of 9 and 11 eggs in litter
and growing stems, respectively. contribute the greatest proportion
of total cgus.

The approximate limits of cluster size within which various propor-
tions of the egg populations ocenr may be determined by grouping the
cluster sizes contributing the laveest percentages of eggs, as in table 6.

120049 ol
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SEQUENCE OF EGG ABUNDANCE 1N LITTER AND IN GROWING STEMS

Although the enrly egg laying is restricted to litter, u fow egus
are found in the growing alfalfu stems wheu the crop becomes about
§ inches tall,  As Lhe season xdvances, the egg population shifts more
and more from the litter, until tate in the first-crop pericd the eggs
preponderate in the growing stems. The relation between these two
parts of the egr population for cach of the 3 years wter study 1s
shown in fignre 7. The peak abnndance in litter is reached about the
end of April, and that in growing stems abont the thivd week in May.
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s T—Anitn woevil egg popnlallons, showing (he sequence of epeg abuns
Oanee i Mter and i growing adtatin sterms, us well as that of all eggs hadil,
18032, Nali Lake Yalley, Ulah.
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“This shift seems to be due purtly to the d rying and lardening of dend
stems and partly fo their loeation on the ground, which accelerates
hatehing,

DISTRIBUTION OF TOTAL EGC POPULATION

The curves for the entire ega population for each season (Hg, 7)
show (hat, beginning in March at the low level vepresenting the few
cggs that weree laid ‘the previous Tall and survived fhe winter, the
popuintions increase slightly at first, then rige rapidly to o peak in
May, and finally decline to small values just after the cutting of the
first alfalfa crop in June, "The nature of these curves suggests that
they wnay be approximations of the normud distribution, with equa-
tions of the type

N

y= 22
Ty 2x

where ¢ is the magnitude of the cge populntion in any weelk, & is the
totul number of cgus present (sum of weekly abundance), o is the
standard devintion about the mean of the ¥ axis, # is « constant, 2,718,
the ¥imit of (1+-)" ax n o ; and @ is the deviation in weeks from
the mean (18.3) of the X axis.

The exgr population for cach weelk in 1930 enleulated From this for-
mula ts shown in fable 7.

Tavsre T—Crlewlated, valurs of the al Julje weevil eqg populetion per

square fool during 1030, Salt Lake Valley, Utah

Plus oy | i Plusor

minus . (aleu- Cominus ! Calen-
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v ride " fromy . ppp e e L from Ly
Week of yenr ! origin I?UI"!:lilﬂ- : Week of yens ! origin { populn-
{85 week tion {18.5 week:  tion
of yerey |, iy . of year} l {1

i) : i =

15.5 . : T3 086 12 nadd 25
18 nndd 19 h 2L 41 11 and 26,
17 ol 243 Lo ER6 10 and 27
16 an 214 . 240 - O oand 28,
15 nng 24 00 0 3819 8 nned 29,
14 nad 23 4. 23014 7 7 and 40
L3l 29 Ao b 4 -

The agreesient of these ealeulated vitlues, representing the nornsal
distribution. with these determined by netnal counts are indiented in
figure 5. By the same procedure normad-distribulion curves have
been fitted 1o the ega populations of 19310 and 1932, alss shown in figr-
ure 8.

L& will e noted thad, althoush the nngenitnde of the cge populations
varied considerably, particnlarly between 1936 and 1051, §he weneral
agreement of the mathematically computed curves witl the observi-
tionnl curves s good, vspeciaHy since the ez population was estinated
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Fietie 8—Observed erg popiation of the alfrifa weevit ng compared with the
normnl disteibatlon, 1990-52, Sait Luke Yalley, Utah, Continueus lines repre-
seng the enlenlated and dotted lines the ohseeved populations,

from only eight sumples per week, The experimental ervor thus
doublless accounts for the mmjority of the discre‘mncies between the
two curves for each year, The discrepancies ab the peak of the 1030
curve and these i 1932 are believed to be due to influences of the
weallier, as discussed on page 67,

A constant difference between the curves of each pair is shown just
after the cutting of the first alfulfa crop, the observed values being
much betow those caleulated.  These differences nre due to the perish-
bngr of the egiss, or of the resulting larvae, as a consequence of the dras-
tic ccological changes produced by crop cutting.  Nevertheless, the
fit 15 sufliciently gootl to justify the conetusion that the normal distri-
bution provides an adequate deseription of the ege population.  There-
fore, the egg population as it erdinarily exists in Salt Lake Valley may
he charncterized in ferms of the mean of the oviposition season and its
standard deviation (table 8).

The means of these distributions, ag shown by their ordinates, indi-
cate that the peak of the egg populations occurred nbout the nineteenth
woeek of each year. and averaged May t4 In the ¢ase of the normal
distribution 68.27 percent of the area under the cueve lies within an
interval of o, measured Tron the mean ordinate. Thus, with the
avernge standard devintion of .15 weeks, approximately two-thirds
of the v population is conventrated in n period of 6.3 weeks cen-
tering on May t



http:EAN.19.39

22 TECHNICAL BULLETIN 675, U. 8 DEPT. OF AGRICULTURE

TabLe 8—Mean and standard deviation (v) of the oviposition season
in Salt Lake Valley, Utah, 1930-32, und in Rogue River Valley,
Oreg., 1932-33

Oviposition season

Yaoar Salt Lake Valey Rogue Wiver Valley

o Mean o

Week of gear @ Weeks Week of year : Weeks

L8O oo e e 1851 8,07 f.._._. R S .
1030 LT 195+ 8 14 Lol L. N I
gnge. DL oLt 141 3257 15, 4 A 14
15 R R RAURN S l 171 412

' 16. 3 4,13

Avorage . . _._ 9.1 314

i
i
1
i

The building up of a large egy population, proportioned of course
to the number of overwintered adult weevils, results from the trend
of the spring temperatures, shown in fignre 3. At first the range is
suitable for oviposition but does not promote rapid hatching, and
there is huilt up & large reservoir of eggs in varying degrees ot incu-
bation. With continued rise in temperature, conditions favorable
to hatching are reached, and the reservoir pours hige numbers of
larvae on the alfalfa crop in a short period of time, the effect being
comparable to the breaking of a dam.

This phenomenon is characteristic of Sult Lake Valley conditions and

“necounts for the Fact that weevil Tarvae frequently do considergble
damage in that aren.  Asshown above o weasures the extent, to which
the e population is concentrated.  Therefore, when « has been de-
termined for different arens, it may be employed as an index to the
weevil’s injuriousness.  More exactly, « provides an index of the
modifying influence of werther upon the pofential injuriousness of
the weevil.

EGG POPULATIONS [N HOGCUE RIVER VALLEY

Similar data from Rogue River Valley {fig. 9} permit comparison
of the egg populations under clhnatie conditions somewhat different
from those in Sall Lake Valley. In hoth 1932 and 1933 the ege popu-
lation showed the same seqnence in litter and growing stems us in
Salt. Loke Valley; the total egg populaiion alse showed a general
resemblianee to that in Salt Lake Valtey. althongh the curves sre more
flatiened. .

When normal-distribution corves have been fitted to the data (fg.
1. it is elear that the agreement is satisfactory.  In both years the
observed vadues lie below the computed vnes just after the first cutting,
although this discrepancy is not so marked as in the graphs for Salg
Lake Valley. Lhe other differences appenr to be due mostly to ex-
perimental error together with wenther influences.

L
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The statistical deseviptions of these populations ave included in
tablo 8. The central peak of 1he population oceurred about the six-
feenth week of the yenr. or April 24 which is practieally 3 weeks
carlier than at Salt Lake. Moveover, the standard deviation of the
oviposition season. 13 weeks, exceeds that fer Salt Lake by 1 week
and shows a greater dispersion of the egg population. This means
that approximately 8.3 weeks is required to include roughly two-thirds
of the egg poprlation as compared with 6.3 weeks for the same pro-
portion at Sait Lale.

‘I'ha composition of the egg population is constantly changing owing
to continued oviposition and hatehing. Early in the season there is
virtually no loss through hatehing, and all egus laid resutt in in-
creasing the egg population.  As the senson adviances the incrense
dhie 10 cge laying is partly offset by losses due to hatching, and this
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Kigugs 1L - Observeqd ege popilution of the wifalla weevil as eompored with thie
normal Mistribution, 1932253, Regoe itiver Valley, Oreg.  Continvous lines
ropresent the enlenlatod mnd dotted Hnes Uhe shserved papmlation.




24  PECHNICAL BULLETIN 975, ©. S, DEPT. OF AGRICULTURE

trend continues undil the two processes balancee each other, when the
procedure s reversed.  The temperatures suilable for hatehing arve
not so long delayed in Rogue River Valley as in Salt Lake Valley,
anch, vnee begnn, halching lends move nearly to keep pace with ovi-
position.  Consequently the egg population 1s prevented from rising
to a well-defined peuk, and the curve is more fluitened. This is the
physical meaning of the greater value of ¢ in the Rogue River Valley.

LF, then, o is o valid measure of the potentind injnriousiess of the al-
Falfs weevil, a given population of overwinlered adults should cauge
less dumagee In Rogue River Valley than in Salt Luke Valley, Asu
matter of fael, in the spring of 132, the study fields in these areas
had almost Tdentical wdult populations. and the damage lo the first
vrop wits less severe in Rogne River Valley,

The injuriousness of the alfalfa weevil thus appears (o vary in-
versely with the stundard deviation of the oviposition season, whicl
is determined by the character of the spring ¢limate, This deoes not
menn that erop damage will necessarily be light in avens where the
oviposition season has n Iarge value of o, bal eather that a larger
poptlation of adults wilh be vequired to produce damage. Tn such
areas other Tactors may contribute to the production and survival
of large adult populations.

There muy be seetions of weevil-inlested fevrttory where the spring
weather is sueh as to produce a small vadue of ¢ and thus allow dam-
age {o the first crop by fewer parent weevils,  On the otlier hand.
10 seems likely that the elimmte of the infested lowland districts in
California would give & 01 lareer value of o than that found for
Rogue River Vatley, and thus diminish the injuriousness of the pest,

The present stadics, however, have been conducted entively in dis-
tricts Tellowing the three-erop harvesting system: in districts, such
as parls of Calilornia, having more cuttinegs annually, or in others
calting but twice in the year. these indiealions of (he meaning of o
have not been {ested.

EGE POBRL LATIONS DURING THIE SECONR-CROP PERIOD

The disenssion of the ree popnlation up fo this point has been con-
eeried almost exclusively with the main part of thalt population
which obinins during the first-erop growing period. Figure 8, how-
ever. shows a {ailing out of the ege population, mainly daring the
second-crop period. which rellocts oviposition by the few overwintered
adubls that survive the firse enlting.

The second-crop parct of the population is {rivial mumerieally, the
peak abundanee amounting to only 3.5, 1.6, and 5.3 percent of the
fivst-crop peal in Salt Lake Valley during 1930, 1931, and 1932, re-
spectively.  Nevertheless, because of their pradnction of new-genera-
tion weevils these seennd-erop eggs are important ont of all propor-
tion Lo their number, and may contribute the principal part of the
adult populntion that will form the basis of the suceceding vear's at-
tucle on the alfalfa crop. The conditions that hring this about are
discussed on page 45.

Lanvarn Porvrariox

Hatehing of the aceumulated eges beging in solume about the Nivst
of May in Sall Lake Valley, and in general ihe larval population
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rrows most rupidly during this month, as shown in figure 11. Early
in June, however, the trend of these curves js hulted by the cutting of
the first alfulfa erop, and the lnrval population decreases virtually
to zero within 1 to 2 weeks. 'Then, with renowed growth of the al-
falfn, and orviginating from the failing-out egg population just men-
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tioned, the larval population rgain increases during the second-crop
period, although the peak is only a mere fraction of that attained
during the first-crop period.  Ovcasional larvae wre found in the
thivd-crop period, but they are of little consequence.

The curves for 1931 and 1932 indieate that the larval populations
had already reached theiv maxima before the first catting and that,
but for the interruptien of the trends thus oceasioned, they would
have graded off to small values nuch us the egg populations do. In
Enct, in instanees where grent delay in cutting the first erop has al-
Towed the Iarval population to run its course, it has risen to a pealk
and {hen gradually subsided.  There is thus simall doubt that the trend
of the larval population, like that of the egyr population, would ap-
proximate the normal-distribution curve in the absence of cultturnl
mierruption,

LARVAL LAG

Comparison of figures 8 and 1 shows n general resemblanee in the
np siope of the ege and Tarval populations, although one comes enrlier
in the year than the other. Consequently the time Iag between n
given abundance of egos nnd the same abundance of lacvae may read-
ily be measured. The interval, which may be called the lavvel lag, is
determined by plotting the parts of the eger and luval curves luving
i pronounced positive slope as in figure 12, drnwing smooth freehand
enrves Tor both, nnd measuring the horizontal distancee bebween theny.
Begining on the 50 level, measwrements of the interval were made for
cach incrense of 25 in hoth populadious during the fivst-crop peried.
Thus in 1930 in Salt Lale Valley the Ing, on the level of 50 eggs and
B tarvae, was 35 duyss on the 200 level, 33 days; on the 400 level,
a8 days; and so on.

The daeval lag differs from the incubation period both in concept
und in manner of defermination, That is, the lag is lengthened by
any nafueal mortality of the speciess and, sinee it is devived front an
entire field population freely exposed to natural forees, it is free from
ihe errors of the incubation period exactly determined but alfected
by nbnomualities the extent of which are unknown, '

Tn 1930 the Tarval lag waos 85 days early in the season (late Mareh
(6 (he end of Apeil), dropped o a minimum of 33 days, and then
with the arrival of cool. rainy weather rose to 42 days Inte in the
fst-crop period {mid-April to Tate May).  In 1931, u dry year, the
lig decreased stewldily Trom 32 to 20 days, and duving 1932 1t declined
From 37 Lo 28 days, .

Early in the sensot. bofore the alfalfa has made mueh greowlh, the
egyes grel nearly the full effect of the sun’s heat, but us the plants shade
the gronnd moere and more this shade largely oflsets the inerensing
seasonal heat.  Thns, the Tnrval Tag is but little shortened with the
advance of the season, and it was nctunlly lengthened in 1930 during
a rainy period,

Tn Rogue River Valley in 1052, when the weather was exceptionally
diey and warm early in the senson and Tater was wot and eoal, the Turval
lngr increased from 17 (o 52 days: but in 1933 the lae decreased trom
+7 to 22 days, when the senson showed n steadily ineveasing deficiency
of precipifation, tending ro make the spring weather more like that in
Salt Lnke Valley.,  Table ¢ shows that there was considerable seasonad
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variation in the larval lag in both localities, and that in Rogue River
Valley the lag averages approximately 1 week longer than in Salt
Lake Valley.

COMPOSITION OF LARVAL POPULATION

Although the harvesting interruption fo the trend of the larval
population occuried at nearly the same date in all 8 yeurs, its incidence
as regards the Crends themselves was very different {fig. 11). 'The
1930 trend was broken while it was still tending upward, but in 1981
and 1032 the pealk was reached before the cutting. T'he meaning of
these differcnees is most easily visualized by breaking down each larval
population into the insturs vomposing it, and viewing their trends
sepuritely, s in figure 13, Tn 1931 and 1982 cach instar had its own
peak of abundance. The first instur, being initially affected by the
gy population, established its peak earliest; followed in order by the
second, thivd, and fourth instars. There can be little doubt that this
succession of peaks represents the normal course of cvenis when the
first cutting is belated. In 1930, however, not even the first instay
had reached # peak by the time of the first cutting. Similar timing of
the harvest in 1931 and 1932 would have required cutting the frst
crop roughly 21/ weeks earfier than it was cat.

The composition of the Jarval population ub the time of the first
cutting has much to deo with the perpetuation of the species, owing to
the differential mortality of the several instars. The reductions in
total larval population shown in table 10 as oecurring 7 or 10 days
atter the first cutbing represent decreases of 96.5, 97.4, and 98.3 Ppercent
in 1930, 1931, and 1932, vespectively. However, practically all the

Tanee 10.—Differential veducion o i* larval instars of the alfalfarveevil
foZZr;wz’ng harvest of the first alfalfa erop, 1930-83, Sult Lake Valley,
Utah

Larvae per square foot in differont | Total
Year and interval from first Instars inrvge
cubbing | pe
Sg0Rre
First | Seeond | Third | Fourth foot
1836
Nuather | Number | Number {| Number | Number
3days hefove. ... . ... .. 272,25 | 173. 13 | 110,09 | 111. 75 667. 13
Tdaysafter. __ . ______. ... L] .25 I B8 21, 50 23. 63
W daysalber . _ ... .._____ 0 .25 . 50 1. 63 2 38
1931 '
lday before. . . _.___. _.____. 19.38 1 42 25 55. 13 87 88 204. G4
Tdaysafber. ..o o .. .. .. 0 & 0 5. 25 5, 25
Wdaysalter. . __ ____ ... ... 0 . 50 .25 .25 1. 00
1832
¥ew hours before__. . ... . _.. 33.25 a7. 23 T4. 38 [ 147, 50 312, 38
183 days after. . __. e 0 .13 0 5. 25 5. 38
17 daysafter. . __ .. __._.____ . 30 1. 13 .25 . 88 2. 76
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survivors are fourth instars, The virtual extinction of the earlier
insturs resulis from their starvaiion and exposure to the sun’s rays
tollowing removal of the alfulfa. Fourth instars ave better able to
withstand these adverse conditions: mmoreover, many of them are
mature and therefore subject only to the lethal nction of the sun,
which sone escape by cruwling into creviees and heneath Che altalfn
crowns Lo spin their cocoons,

BEHAYIOR OF LARVAE IN STUBRLEFIELD

Tz behavior of Tarvae when deprived of the first alfalfa crop was
observed in 1930 in fhe experimental field, which avernged 667,13
lnrvie per square foot, or over 29 million per ucre, 3 days before cut-
ting (table 10). "The clear, hot weather was favorable to high mor-
tulity.  Inthe midafterncon of the lirst day after cutting, multitudes
of larvae were observed crawling, mostly upward, on the stubble in
the open ureas between the haycocks, Many larvae were at the top
of the stubs, extendling their bodies wpward into the air apparently fin
an cifort to fircl some other object upon which to erawl. Tucther
ihspection reverled several lurvae entering tips of stubs as wel) as
one or more larvae within many of the stubs. "T'he great difference
belween the temperature of the soil surfuce and that of the air leaves
little doubt thaf this larval behavior was a reaction from the hented
field surfuce. Moisture of the green stubs and protection afforded
from the sun’s rays doubtless were the stimuli to which the lavvae
reacted in enfering open ends of the stubs,

Information on the prevalence of this habil was obtained by taking
8 mandom sawiuples of 100 stubs each at intervals of 2, 5, and 6 days
witer entting.  The abundance of larvae 2 duys after cutting avernged
4.5 per 100 stubs, equivalent to approximately 2 miltion per acre, niudl
declined to 9.9 per 100 stubs 6 days after cutting,  The smaller lurvae
accounted for the greater part of this decrease. Thus first, second,
and third instars present 6 days after cutting represented only 20, 13,
and 15 pereent, respectively, of the number found on the second day
Following harvest, ag compuared with 57 percent for the fourth instars.

At the final examination 413 percent of the stubs, although con-
faining neither living nor dead latvae, showed by the evidences of
Teeding on the interior walls that they Lad been inhabited ) these, in
addition to 8.8 pereent containing Hving and £3 percent containing
dead lurvae, totaled 546 percent of the stubs. This wreatly exceeds
the highest, percentage of stubs found inhabited at any one time and
clearly indicates that the lnrvae did not vemain in the stubs continu-
ously but teft them, probably at night, and later re-entered othors
in the heat of the day.  Notwithstanding the prevalence of this habit,
the eapidity with which the larval population declines (table 10)
indicates thot it is of Tittle permanent benefit 1o the specics.

The previous discussion shows that the contribution of the larval
population to the adult weevil population depends largely upon those
Tuevae that nre mntare t fiest cutting.  Sueelt dependence is especially
detrimental to the species in view of the higher parasitization of
tourth: insturs by Batbyplectes curenlionis, as is shown in the section,
Puarasites Affecting the Alfalfa Weevil {p. 41).
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The sparse Inrval population living on the second alfalfa crop
develops rapidly. and « large proportion may thus escape the ctfect
of culting, At this time also, larvae enter the stubs, but an examina-
tion of 500 stubs 3 days after cutting showed that only .25 percent
were inhabited by living larvae, 0.13 percent contained dead larvae,
and B.28 pereent gave evidence of having been vacated.

Cocoox PoruLaTioN

Cocooning ordinarily bugins the middle of May in Salt Lake Valiey,
but it does not occur I volume until near the first of June. The first
coroohs thus appeas 3 1o 1 weeks before the fiest crop is cat. There-
fore, cocooning has just begun to proceed rapidly when the almost
coniplete destruction of the faeval populition consequent upon the
first cul ting interrupts it. The peak of the covoun population is thereby
established nenr the e of the first harvest.  Coconiting of the few
second-erop lnrvae produces either a small secondary peals just bhefore
The seeond entting, us in W30 and 1L or merely breaks the doewn-
wird trond, as in 1932, Within 3 to < weeks after the second cutting
the number of weevil cocoons is negligible. These relations are shown
in lipure 1k

The difference in abundanee between first- and second-crop cocoons
is mueh loss than between the corresponding divisions of larvae, be-
caise Lhe huge first-crop larval population had euly begun to cocoon
when it was almost completely destroyed by cutting, while the
numerically insignificnon second-erop population had nearly reached
ity peak of eocooning before being interrupted by cuttine.

The coeoons contain seme individunls fhat vetain the farval form
and others that have eithier developed into pupae or have produced
covonns of the parasite Buthypleotes ewrendionis. The spunt lavvae
may e either living or dend, and the living ones parasitized or not,
The relation of the spun larvae to the entire covoon pepulation and
their mortality for the three seasons under study ave shown in table 11,

The spun larvae e most numerous just after the first cutting, and
the mortality rises sharply at that thme,  During the following month
their number steadily decreases and the percentage dead increnses
kil only dead Lirevae remain, marking the end of cocooning of fivst-
erop larvae.  About the third week of July the nuntber of spun larvae
cepses deelintng wid the percentage of dead larvie decrenses, indicat-
ing the berinning of cocooning of second-crop larvae, A secoudary
peak of abundance is reached near the end of July. and following
the second cntling most of the larvae are dead. The very high per-
centages of dead fonnd in 1931 before removal of (he second crop
were no doubt die ta the diey season and a 3-week period of extreme
heat,

Of the individugls that develop bevond the lavval stage, many pro-
duce parnsite cocoons instend of weevil pupae, and those that do
pupate are further reduced in mmber by enltueal kil The nanner
i whiceh these factors operate to It the prodogtion of living puapae
i« treated laler in the section, Parvasites Affecting the Alfaifa Weevil
{puges 1-58).
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TasLe 11.—Alfalfa weevil cocoons containing spun larvae and
mortality of these larvae, Salt Lake Valley, Utah, 1950-32

Average cog;_)ons i Average coutgons
Sumpling| Per square loot | || Sampling { Per square foot | apo
Mortalityl] :
sl ) andhar’ | ———
ontain-] larvae " ontain-
dates Total |ing spun dates Total {ing spun larvae
larvae larvae
1930 Nuwmber | Number | Percent 1931 Number | Number | Percent
Muy 13 1, 25 0. 88 0 5 July g 17. 50 4. 13 94
28 . 050 ; . a0 0 1 4. 63 .38 100
June G| 20251 3813 i} g(_; 1, sg . 63 60
L1 3 P, D e e mmae - 73 113 100
16 36 gS I ; ‘?:5 33 Aug. 3 t 8 13 .75 100
23 14, 25 13 NI LK I PSRRI N e
28 10,88 . 238 St 14 | 2.00 .38 67
July 7 45010 .75 100 24 .25 (|
14 L8811 ég éé Bept. & .25 0 |
21 G. 38 2
2| 13250 100 22
L34 ! 3 | TR SO - 1932
Aug, A | L e mee—- || May 23 .25 0 ...
11 713 ¢ 1350 92 30 .63 .25 0
17 13" L1311 0° June & 2, 63 .13 0
23 0 0 oo 13 13. 63 4. 13 L5
; N : 27 5. 88 19, 63 13
i H [i 27 55.00 ] 1413 94
1931 ) : ; ItJuly 4| 2400 4,13 a7
Moy 20 .88 .25 U] ] 11 20, 50 4. 00 100
25 | 22500 i 18§ 7.13| 1.00 63
Jung 1 20325 - .13 0w 25 7. 13 1,38 18
; 13. 50 i 63 0 ;I' Aug. 1 5. 00 .75 17
15 l 85.25 1 575 5 | 8| 3s0f .75 0
vip | R R | 15 225] s 56
231 32,50 ¢ 8 38 ' 90 | 22 | 130 .50 100
20 | 23,18 . 7.253, 98 i 29 .75 .18 100
! i}

! First crop cut.
1 Boeond erop cut.

PoruLationNs oF NEw-GENERATION ADULT WEEVILS
ABUNDANCE IN ALFALFA FIELDS AND DORDERS

The populations of living pupae produced during 1930, 1981, and
1932 ave shown in figure 15, together with the populations of new-
gencration weevils. These graphs show that in general the produc-
tion of adults was in proportion to the number of living pupae, In
1930 the major part of the adult abundance came from second-crop
pupag, whereas in 1932 the greater number came from fivst-crop pupae,
andt in 1931 the two nodes of pupal abundance contributed almost
equally. Since the pupal abundance is greatly influenced by the time
of cutting and the weather immediately afterward, it is clear that

30 200—A ——0




34 TECHNICAL BULLETIN §73, U. 5. DEPT. OF AGRICULTURE

UL L L L L L L LR
SECOND CUTTING

== LIVING PUPAE
—— NEW GEHERATION AOULTS

SECOND GUTTING
L

NUMBER OF INDIVIDUALS PER SQUARE FOOT

7 21 4 2 B
May JUNE JULY . SEPT

Fioovrs 15.—Populations of living pupne and new-generatlon adults of the alfalfs
weevil, 1930-32, Salt Lake Valley, Utali,

the new generation of adult weevils may derive mostly from the larval
population living on the first growth of alfulfa or from the very small
second-crop Jurval population or equally from both.,

In 1930 the living pupae represented by the node cccurring on June
16 did not produce a commensurate munber of adults, and the dis-
crepancy was not accounted for by dead pupae, us would be expected
if they had died naturally. Instead, by the following week the total
number of pupae us well as the number living had declined greatly.
As a matter of fact the field was harrowed on June 17, 1 day after
the early peak of living pupne. “The tearing, raking action of the har-
row, pulling at the crowns and passing through the stubble, breaks
many of the delicate cocoons tucked anway under the crowns and
mashes the pupae or exposes them to the heat. This treatment thus
supplemented the biclogical and harvesting kill and accounts alike for
tho reduction in number of cocoons and pupae and the abnormally
small production of weevils from the early node of living pupac.

The curves of adult abundance are, of course, affected by the ex-
perimental error of the periodic averages, and this error is consider-
abie when the averages are derived from only eight 1-squave-foot
samplies of n popnlation as sparse as that of the udult weevils, This
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sumpling error is doubtless responsible for most of the fluctuations
in the curves, but the magnitude and constancy of the decrease in
abundance during August of ench year definitely indicate that some
of the weevils had cither died or left the field. A decrease due to
mortality would be indicated by the presence of dead weevils, and
in one season this was the ease.

Shortly after the middle of August 1930 the samples first con-
tained dead weevils of the new generation, most of which, as has just
been shown, had issued only 2 to 3 weeks earlier. These adults were
intact and had masses of white fungus growth protruding from be-
nenth the wing covers und along the ventral thoracic and abdominal
sufures, ‘The abundunce of dend weevils was first accurately deter-
mined early in September by examinations of the dry soil before it
wus washed.  These examinations were continved for ¢ weeks and
shiowed that Lhe average sbundance of dead weevils was two-thirds
that of living weevils during the same period (table 12). This fing-
mg was unique in the conrse of the present study, as was also the
wealher of August nnd September of that year. “The precipitation
was among the heaviest on record for those months, and August was
very humid and warm.  The fact that weather conditions were favor-
able For fungus development and that there was an almost universal
ovetirrence of fungus growth on the dead weevils suggests that there
i a causal relationship between the fungus and the weevil mortulity.
Haowever, this was not established,

Taurk 12—Relative ebundance of dead and living weevils +n the
ecologicul study field, autumn of 1930, Nalt Lake Valley, Utah

e s b o — - S - - -

Weevils per
siunrce fuot

Wouevils per
stquare foot

It ) Page

o ) R it

1 hendd Living Dend [iving

Number . Numbier - Nwmber Number

Hept, 8 [ LES - Oel, 6 . 1, 38 : 200
Jeptl. 15 1. 23 200 (ht. 13 _ .38 1. 75
Aepl, 22 175 3100 .
Sept. 290 1.3} 2,50 Average. 1, 12 210

In 1930 and 1932 there was oo such mortality ; yet the adalt popu-
lations declined in Mugust of these years as well, indieating that many
of the adults left tha field at this time. Moreover. urlhou;.{h the
eneves show no definife decrease in Jaly, there eoull e g movement
from the fiehd in the lulter halt of the month that would not be
veflected by the enrves, since any {osses at that tinwe woulkl be ohsenred
by replacements From individuals issuing From ihe July node of living
pupae. Supplementary evidence Teom athier flelds studied in 19971
shows that adults fram the June node of pupste smnetines leave the
lield in July finhle 13),

[n two felds there wiss o creal deerense of adules ahout the middle
ol July during a period ol extreme heat but s ~ienifieant chanee
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occurred in the other two fields. It appears, therefore, that the
emigration of weevils in July varies greatly in different fields, pre-
sumably on account of differences in temperature, which in turn
depend upon the shade afforded, the frequency and incidence of irriga-
tion, and the character of the soil.

TasLr 18.—Changes in average ebundance of alfalfa weevil popula-
tions in } fields in Salt Lake Valley, Utah, during July 1931

]
Average | Avernge
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By the time the border waste areas of these fields were sampled in
the first week of September, the lute contingent of weevils had already
tssned, and possibly some of them had moved out of the field, Cer-
tainly there were many new-generation adults in the borders, the maxi-
mumn density being 154 per square foot.  The averages are shown in
inble 14, The lavge probable errors doubtless reflect the heterogencous.
vogelative covering of the field borders. since the weevils are more
abundant in places affording a dense covering, such as grassy aveas,
Bul such arews e mostly nlong the banks of nvigation diteches which
Border the alfalfa lields, and the concentration of weevils theve may
be n response to moisture,

How extensive is this movement of weevils into the field borders?
The foregoing results do not reflect the avernge conditions, because
they were oblained adjacent to fields having above-average papula-

TanLe M.—Yew-generation alfolfa weevils in borders of 4 fields,
September 1-3, 1031, Salé Lake Valley, Utah
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tions, For this reason from the early part of September to the middle
of October 1931 the weevil populations of 27 alfaifa fields and thelr
borders were determined. T'o abtain these estimates 27 saniples were
taken from each field and & samples from cach border waste aren,
The average populations are presented in table 15. It is clear from
these figures that the ratio of border to ficld populations varied much,
one extreme showing 0.93 weevil per square foot in the field and .37
in the borders and the other extreme showing 123 in the field and 35.13
in the borders. The asverage de:mt) was .79 times as great in the
border arcas as in the felds. Since the border aveas avers wrad only
3.71 pereent of the field aren, however, the average field bud in its
adjoining fence rows and ditehbanks 4172 pcrcent as mse.ay weevils
as did the field itself.

TasLe 15.~~Average populations of new-generation alfalfa weevils in
27 affa!fa fields and their borders, fall of 1931, Salt Lake Valley,
Utah

Average weevils i Averapge woevily
L per square fook-— I per square foot—
IJate sampled . “ Date sampled i

: : n i : In

"In ficdds  borders “In fields | borders

g of ficlds i l of Helds
Ay, — 5 p— e — " .p ,...“ .--_ I i

b Number ' Number - i Number | Number
Sepl. B o ..o oo, TR N 18 55 © & ’{ 1. 56 7. 70
Sepl 101000000 80 888 Bepl 20, oeiees 337 9. 92
. 1. 26 0.08 - 1. 11 2. 80
Hepl. Moo { 107 . La0 T g s 1. 22 2 42
Meplo 15, ccoeees 119 67 Yeteoeeoaonu J e 10, 50
: : i. a2 a. Q0 ; .70 A4, 50
Sepl. 16, ..o, { 270 1LSD - . g ‘{ 2. 19 2 343

| D 10, 83 . i ! .30 . a0
Bepl. 21 .. ... Lar . 130 4y, 7 { 63 .75

| @ s0 gL Ve T 9 78 13. 73
N Jonwooaniso 115 7. 25
R . I L L Oet T8 '{ "0 5 33
N ST |86 .
Sept. 2o ;{ .93 V37 Avernge...) 1,59 7. 62
Bent, 25 ... i 130 . I ‘id u :

Whether the weevits reached the field borders by crawling ov by
lying is not known. Certuinly they left the field at the time Titus
(74) indicated sunmer flight. Sulfice it to say that a pact of the
weevils may leave alfulfa fields during July and August, and that an
important Fraction of the new <re|wt.1tmn is found in the field borders
thuring the Tall of the year,

The daty in table P ehow -~ other data support it—that, despite
- lrge emigradion of weevils, the fields producing large pnpul.llmns
tenid Lo retain Inrge populations.

What h.!pp(‘nfa to the weevils in the field borders?  ‘'o ohtain infor-
mation on 1his peint the most heavily populaied Lorder of 7 of the
sume 27 fields was resampled about the first of November, when lowoer
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temperatures rendered further migration unlikely. Improved esti-
mates were obtained by taking 9 samples in each cnse, and the average
Egpu!ations ranged from 2.67 to 27,78 adults to the square foot. These

rders were sampled again the first half of the following Murch,
when it wis found that the population had decreased slightly in 4 and
greatly in 3 cases. A third sampling in mid-April, just after a week
of warm weather, showed that practically all the weevils had left,
These changes ave shown in figure 16,

St St TS Et e St SO W M S S Bt MR M R R R SO S AR H R D A Mt M A M R
30

2e
26
24
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[ WO N U S OO TN N A D O
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WUMBER OF WEEVILS PER SQUARE FOOT

T T 1T T T T rrrTrrrrrrrrrridy v b

N T (R O N Y S W N |

I

[ct. ROY. OEG HAN, FEB, MAR. APR.

Frovnre 16.—Alfalla weev(l populations in the most henvlly pepulnted border of
seven flelds, fall Lo spring, 1931-32, Half Loke Valley, Utnh.

This movement of the weevils would be expected to result in an
increase of the population in the field itself. Reference to Bgure 2,
which shows the general decline of overwintered aduits, provides
indicutions of this expected carly-spring increase, especially notice-
able in 1932. However, poor sampling conditions and the inherent
variubility of averages bnsed on so few samples of a small population
prevent definite establishment of this point.

SEXHAL MATURITY OF NEW-GENERATION FEMALES IN ALFALFA FIELDS AND
BORDERS

The population of new-generation adults, originally separated by
the cropping system into 2 divisions of different age, 1s redivided by
partinl migration inlo 1 part that pusses the winter in the alfalfa




0

FIELD STUDIES OF ALFALFA WEEVIL 39

field und another that winters in field borders. In these different
habitats the development of eggs within the females was increasingly
diflerent during the fail and winter, as shown by dissection of fem:ges
collected from the 97 fields and their borders in the fall and from 7
of these fields during the following spring. The percentage of femnles
in each habitat contrining full-sized eggs is shown in table 16.

"PABLE 16.—Develffmens of egys within female alfalfa weevils in
alfalfa fields and field borders, 1931-38, Salt Lake Valley, Utah

Weevils in fields Weevils In borders
Month cotfected
" Femnales \ Femnles
;},;;::gzlg?] with full- 3‘::;:2::3 with fuli-
sized epgs sized eggs
1531 Number Percent Number Percent
September. oo oo aeno. 310 1 795 L
Getober v oo iee . 181 ! 2 230 1)
1832 l
Mareb. . aeooo. 153 i 28 195 0
F.Y 51 11 S SO mmmmm——e i3 25
i

These percentages give generul corroboration to the finding of Snow
(£4) that none of the new-generation females contain full-sized eggs
until September, and then only a very small percentage of those re-
maining in alfalfa ficlds, whereas females of like genevation in field
bowders do not produce eggs until the following spring. The present
study, however, shows thut only 2 percent of the field females were
found with eges in October nnd 28 percent the following March, as
n%uinst Snow’s fizures of 24 percent in October and 73 percent in
Mareh. This difference may be due to the fuct that Snow’s collections
were made during 1913, 1914, and 1915, when, because of ineffective-
ness of the then recently introduced Bathyplectes purasite and later
first eutting, it is believed that a wuch larger proportion of the new-
generntion weevil populution was produced from first-crop larvas
than nt present. Certainly the deseription by Titus (16) of their
abundance when the first hay erop was being put up leives little doubt
on this point.

Weevils produced early in the year have several weeks more of
summer weather in which to feed and build up energy veserves, und
thus with the coming of fall weather have more vitality for ovarian
development, than weevils originating from second-crop larvae.

That this is the explanation of the difference between Snow's figures
and those obtrined in the present investigation is suggested by the dif-
fering percentages of gravid females in the fall. By contrast with
the very small percentages of females found tu contuin ezus in the
September and Qctober sumplings of 1931, dissection of 207 females
in September und 201 in October 1932 showed 2 and 15 percent, respec-
tively, with eggs. In 1932 most of the new-generation weevils origi-




40 TBCHNICAL BULLETIN 975, U. 8. DEPT. OF AGRICULTURE

nated from first-crop larvae, whereas in 1931 they were produced
more equally from first- and second-crop larvae. Sexual maturity
of female weevils also varies in different areas during the snme season.
Extensive sumplings of alfalfa fields in 5 Western States in the fall
of 1932 show that in September small percentages of females con-
tained eggs; thereafter, percentages increased unevenly, and in October
they varied with the locality (table 17).

TanLE 17—~ erw-generation female alfalfa wesvils with full-sized eggs
collected from alfalfa fiolds in 5 Wesiern States, fall of 1938

‘Sep{'mnbert Nelober ! Novemboer
sunplings  aaanplings simplings

—

Fe- Fe. Fe-

: maules | o males | 1 males
Tields with Fields With TFields With

crgs oges eggs

Loeation of fields

Numi-~| Per-
Utah: ber cent

Salt Lnke Valioy 2 15

Delin Fraet (Miliard County). . 8

Tintah Dasin } )
Idaho: Upper 8nake Tiver Valloy___ j 7
Colorado: Axinl Basin
Nevada:

Truckee Valloy

Tollon (Newlands projeet)
Orcgon: Rogue River Valley

The smull numbers of eggs appearing in October represent the
initial oviposition of the new-generation weevils. In ordinary fall
seasons this egg laying is halted by declining temperatures before an
important number of eggs have been laid. Thus during November
the egy populntion avernged 8.38, 4.57, and 5.00 to the squure foot in
1030, 1931, and 1932, vespectively. Most of these fow eggs survive and
aid in carrying the species over the winter season.

Tn view of the delayed sexual maturity of the females wintering in
field Dborders, and their movement from these situations in the
spring, it is conceivable that they may be the chief source of the tailing-
out oviposition which occurs during the growth of the second alfalfa
crop, and which may contribute so 'l-;e:wil?f to the overwintering ndult
populations.

WEEVILS IN HAYSTACKS

In addition to weevils that migrate from fields to borders, many that
congregate in haycocks are hauled out of the field with the hay, Large
numbers of them ave sifted out while the hay is being lifted onto the
stack and remain in the chaff that accumulates at the base of haystacks.
Weevils are most abundant in second-crop hay and occur in largest
numbers on the side of the stack from which the hayracks are unloaded
(table 18).
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Tasra 18.—Ocourrence of new-generation adult weevils at base of
haystacks in late sumaner, Salt Lake Valley, Utal, 1936

4
b

; Average weevils per

square foob on—

Haystneks
sampled

oy erop

Stacking Other
side sides

Number Number MNumber
Y et ——————————————— 4 41, 25 .3

1ontg @aaeameae e e db e ——— 3 H7. 33 22, 66
3 . 3 130. 66 34, 55

Tlotal or avorage 10 72, 90

b r—— 4 e mmm e mee e Comae . e D LA Ll

Many of the weevils carried into haystacks die, mortality in the
upper pael of stneks having been found Lo range from 91 4o 98 pereent
{8). The stirvival of new-generation weevils in and avound hay-
stacks is believed to vary with theiv opportunity for feeding in the
ficld before being hauled awny with the erop of hay (€). Living
weevils have been found in hay baled after 3 to 9 months in the hay-
stuck, and such weevils wmay mature and mate during favorable spring
weather before feeding (7). Smaller nunbers of weevils gecur and
survive in stacks of wild hay produced in weevil-infested areas (7).
All these sources doubtless coniribute o the winter carry-over of
the specics,

PARASITES AFFECTING THE ALFALFA WELRVIL

The principal biological agents affecting the alfalfa weevil are three
species of parnsitic insects, two introdneed primaries and one native
secondury.t  Of these, Bathyplectes ewrculionis, parasitic on weevil
harvae, 18 preeminent. It in turn is parasitized by the sccondary
Fupteromalus vivideseons, which ocengionally assumes importanee
through curtailing the abundance of Bathypivetes,  The third species,
Anaples praiensis ¥oerst.y is o prrasite of weevil cggs.

BATHYPLECTES CURCULIONIS, PARASITE OF WEEVIL LARVAE

Bathyplectes cureulionis has become well established wherever the
alfulfa weevil occurs in the United States. Its spread has been ac-
complished by natural means ov by domestic redistribution earried out
by tﬂle Bureau of Entomology and Plant Quarantine of the United
States Department of Agriculture in cooperation with various States,
Data veluting to one such redistribution show the vapidity and thor-
oughness of establishment. In the spring of 1934, 181 female and
140 male parasites were liberated in 4 ficlds near Medford in Rogue
River Valley, Oreg., an avea including about 20,000 acres of alfalfa.
After 5 years the gross abundance of Bathyplectes in this district

% Excellent drawings of these parasites have been published by Clinmberliz (7).
821208 ttl-——5
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(table 19) approximated that in areas where this parasite has been
established for many years, and the viability of cocoons was higher
than in older weevil-infested areas.

TasLe 19.—Increase of Bathyplectes curculionis in Rogue River
Valley, Oreg., from introduction made in the spring of 1934, as
shown by annual fall surveys, 1985-38

Fields
Average
Year Fields ";r}%glh cocoons Cocoons
sampled cocoong | Per Bquare | viable
recovered foot
MNumber Pervent MNumber Percent
30834 . o e 10 10 0. 02 75. 00
1085 L o e B 37 .06 33. 33
10306 e 25 72 1. 03 47, 57
Y037 e 2h 100 4 36 36. 24
1988, e e 25 100 7.78 29, fi9

Less detailed eeological studies conducted in 1936-38 show that the
general trends and interrvelationships of Bazhyplectes are similar in
all areas. These features may best be shown by the studies made in
Salt Lake Valley, Utah.

ENDOPARASITIC PHASE

The percentage of weevil larvae parasitized was determined for each
instur collected in each field sampling. 'The probable error of each
mean percentage for that part ot the first-crop pericd when larvae
were numerous was caleulated to show the degree of reliability of the
percentages.  Larvae collected early in the first-crop period and
throughout the second-crop period were so scarce that percentages are
variable and therefore of limited usefulness. They are included
merely to round out the broad seasonul trend to be discussed later,
The data obtained are presented in table 20. _

Weevil lnrvae are parasitized in all instars. The more reliable
estimates show at once that in each senson the percentages of larvae
parasitized increase with development of the lavvae. Thus, on any
given date in May and up to the fist harvest in June, the percentage
of each instar parasitized is usually higher than that of the next
smaller instur, It i therefore concluded that the percentage para-
sitized increases with the length of time the larvae are exposed to
Bathyplectes adults. :

A seasonal trend in the percentages of lavrvae parasitized is also
evident. Fach year from late in Aprit and early in May the per-
centages, nlthough variable, gradually incrcasedy tp the generally
highest. Iovel between May 18 and 23, and then decreased abruptly to
first-cutting time. This decline might reflect either a great increase
in number of weevil larvae or lessened activity of the parasites, but,
since there were no large nfluxes of larvae, exhaustion of the over-
wintered parasites seems the more likely cause, The decline was less
rapid between June 8 and 15 in 1931 than in other years, a cireum-
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Tasre 20.—Parasitization by Bath%;&’ectes curculionis of the different

instars of the alfalfa weevil, 8

¢ Lake Valley, Utah, 1930-32
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stance that other records {see p. 52) indicate as due to the issuance
of adult Bathyplectes from the transforming type of cocoon. It 1s
noteworthy that the percentages declined least among fourth instars,
owing to the influence of the developmental trend ﬁiscussec} ‘above.
Thus, just before the first harvest in 1930 and 1931 the parasitization
of fourth instars remained rather high (81 and 83.6 percent),
while that of smaller lnvvae had dropped te moderate or low levels.

The decrease among the first thyee instars is not important, however,
since these instars arve virtnally annihilated by starvation and heut
after cutting.  On the contrary, the high level of parasitization of
fourth instwrs is important, becnuse o substantial number of them
survive cuiting and wmight contribule to the suceeeding gencration,
Tn 1932, however, the parasitization declined much faster than in 1930
and 1951, so that by the time of first cutting the Fourth instars showed
a parasitization about 20 percent lower than in the 2 preceding years.
As will be shown later, this elfeet appears to have been due to the
unusual abundance, during 1931, of the secondary parasite Luplero-
wmalny virideseens Walsh.

The enlturml nnd biologieal Tethal factors are thus seen to be comple-
mentary s that is, instaes laving the lowest parasitization wee hardest
bif by the caltumd kil and fourth instars, least allected by cultural
kill, suifer froan the highest purasitization.

During all three seasons the parvasitization affecting the small larval
popilation Hyving on ihe second crop was low at first andd dropped
snetically to zero by the middle of that crop period, when the late
ArVae were most ninnerous.

While the percentages in tuble 20 ave nseful in revealing the general
trends of parasitization by Bathyplectes in relation (o seasoual and
developmental changes. they do not tell the whole story because the
lnrval popuolation is constantly changing.  For example, in 1931 the
pereentage of unparagitized fourtl instars increased from 3.8 to 16.4
Letwoeen May 20 and June 15, These figures indieate that the eseapes
mervased £.52 times in that interval, but this is true only if the nuinber
oF lnrvae remsined constant. s amatter of faet larvace ineveased in
abimdanee 7.85 Fimes, or from 1120 (o $7.88 per square foot. Thus,
while the percentage of parvasitization was decrensing the host popu-
lation was expanding, with the resuli that the escapes really incrensed
S0 thnes (32X T.85) fromr May 20 to June 15, For this reason
the practical valug of parasitization by Bathyplectes is more clearly
ghown by the number of unparagitized lavvae than by the proportion
parasitized. '

Sinee nearly all the first three instars ave killed after the first
entfing. the parasitization of fourth instars is the primary considera-
fion. Table 21 shows that in 1931 the emrliest fourth instars ap-
peared May 4 bub no unparasitized instars were noted until May 20.
The number of unparvasitized individuals steadily nereased unti}
June 15, immediately before the first crop was cut. In the absence
of Bathyplectes an unparasitized population of this magnitude would
have obtained approximately 3 wecks earlier, as shown by the gross
abundance on May 20 and 25,

Parnsitization by Bathyplectes thus not only veduces the number
of weevil larvae that may produce adults but also delays the appear-
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Taste 21.—Average abundance of fourth instars of the alfalfa weevil
gzd }:mmbe'r unparasitized, first crop period, 1931, Salt Lake Valley,
ta

Average larvae per Average Inrvae per
sqguare fook square foot
Daie Date
. Unpam- o Uapara-
Total sitized Total sitized

Number | Number Number | Number

;\[[}r. A e eammas 0 0 May 25_____.._..] 11,00 . 68
May 4. oL 80 0 Juese Lo oL neoaooo 28 13 2,11
May oo L 20 i June 8. o] 70.83 8 48
May20_ _____.__ l 11. 20 ; A3l Fune L5 oo 87.88 14, 41

ance of the first pupae. Nearly all the earliest larvae are prevenied
from reaching the pupal stage, und the number of larvae that pupate
is held to a low lovel until the erop is ready for harvest. This effect
of itself would have slight practical value, because the unparasitized
larvae would be suficient te produce enough aduit weevils to menace
the crop the succeeding year. What does give point to this aspect of
Earasi tization by Bathyplectes is the fact that the cultural kill caused
v first cutting may be brought into play while the number of un-
parasitized larvae is still ot a low level, and thus destroy many of those
that have escaped parasitization. That this faet, revealed by the study
for 1931, is cgnmcteristic of parasitization by Bathyplecies in gen-
eral may be seen from figure 17, whieh shows that the same general
condition obtained during the 3 years covered by this study.

Since, however, the patasite does not kill its host until the latter
has spurt its cocoon, the biological kill may best be viewed by studying
the weevil-cocoon population. The curve for the abundance of co-
coons containing individuals that had developed beyond the larval
stnge (see p. 31}, us shown by the broken lines in figure 18, is similar
to the curve of the gross abundance of cocoons, shown in figure 14,
atthough the numbers are smaller. The effectivencss of parasitiza-
tion by Bathyplectes, foreshadowed in the larval populations, may
now be shown by reducing this cocoon population to those individuals
that escaped parasitization and pupated, represented by the continuvous
lines in figure 18. The vertical distance between the two curves shows
the tremendous reduction effected by Buthyplectes in the peak existing
near first-cutting time, and the waning eifect of this parasite
therentter.

As n result of this unequal incidence of parasitization, the over-
whelming numerical advantage of the first-crop larval population,
already largely lost in the cocoon population, has now been completely
dissipated, and the pupal population has been reduced to two nodes
of the same order of magnitude. The differences reflect the influenco
of variations in time of grst cutting, in parasitization, and in weather
conditions.
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Thus in 1980, when the larval population reached approximately
29 million per acre, the farmer was forced to cut the first crop in order
to save it. 'This was not a sacrifice, however, sinece the alfalfa was
sufficiently mature to make the highest quality hay. Asa consequence
eutting occurred early in the development of the immature-weevil

opulation, there being only 0.50 pupa and 21.23 unparasitized fourth
instars to the square foot. With favorable haying weather the larval
population of 667.13 produced a peak of but 4.13 pupae per square

foot.
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In 1931, owing to the small nuniber of parent weevils, the larval
populition was inadequate to damage the first crop seriously regard-
less of the cutting date.  Tn fact, the first cutting wus delayed about
% weeles after the plants had reached a stage of growth suited to pro-
duction of the best hay, and, as has alrendy been shown, the cutting
came lzle in the development of the weevil population. Consequently,
the number of unparasitized fourth instars increased to an average of
1441 per square toob, approximately two-thirds as many as were
present at cutting time in 1930 when the total Jarval population was
three times ag lurge.  Moreover, the pupae numbered 3.5 before cut-
ting and, despite favorable haying weather, rose to £.5 after cutting.
Thus the final result of the delay in first cutting was that a larval
populution too small to ciuse serigus erop tlamage produced as many
pupae as did the large number of larvae in 1930.

In 1932 the parent weevil population of nearly 3 per square foot, in-
dicated that the fiest crop would be damaged unless cut early; that
is, in ihe flower-bud stage of growth. DBut when damage was mani-
fested during the ficst week of June, rain threatened, and the owner
delayed entting,  Adfter he did cut and while the hay was yet on the
field, there was n recurrence of clondy, rainy weather, which dimin-
ished the cultural kill. Meanwhile the nwmber of unparasitized
fourth instars, aided by the rapid decline of parasitization as men-
tioned on page 44, increased to 59 per square foot. With this condi-
tion and fessened cultural kill the pupal population rose from 2.88 just
before cutting to 10.38 ten days after cutting.

These events illustrate well the intimate relation between weather,
pirasitizution, and the time of cotting the first crop in influencing the
number of pupne produced at that time.

Not all the individuals thaf escape parasitization and transform to
pupne complete their development. The principsl mortality occurs
during the stubble period after the first and second crops are cut, al-
though some may die before the second cutting when the summer
hent is most intense. The variable effect of cultural ldill upon the
pupal pepulation is shown in figure 19, In 1930 it operated mostly
upon the late node of the pupal population, and in 1931 about equally
upon hoth earty and late nodes, while in 1032 the greater effect fell
npen the early node,  The two nodes of living pupae in each season
thus represent the individuals that escaped both bislogical and cultural
kill and from which the new-generation adult weevils were produced.

I'he artive phases of parasitizution by ZBathyplectes may now be
summarized. The earliest cocooning larvae, which if unparasitized
would mature before the crop could be cut, are almost completely de-
stroved by this pavasite. In addition, the appearance of unparnsi-
tized individuals in numbers is delayed so that the majority, whether
Iarvite or pupae, may be killed by exposure in the stubblefield when
the first cutting is not delayed. Thus Bathyplecies is of the greatest
practical value in minimizing the production of new-zeneration adults
from the tremendous first-crop larval population. Newvertheless, be-
cause Bathyplectes parasitizes negligible proportions of the few
weevil lurvae living on the second alfalfa crop, these larvae may
make an impovtant contribution to the population of new-generation
weevils unless the second erop is cut early enough o subject them to the
stubbleficld heat. .
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These benefits and deficiencies of Bathyplectes at once indieate the
possibility of supplementinﬁjits work by introducing other, noncom-
petitive purasitic insects. The more important insects in this con-
nection ure (1) any species parasitizing the later weevil stages,
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particularly the pupul stage, and thus attacking those first-crop in-
dividuals that escape parasitization by Bathyplectes; and {2) any
species active in the second-crop period on either Iarvae or pupae, and
tﬁus impinging upon individuals that receive but scant attention from
Bathyplectes.
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FHEE-LIVING PHASE

To undersiand fully the relation of Buathyplecies to the alfalfa
weevil, it is necessary to know, in uddition to the prevalence and effect
of its endoparasitic phase, the abundance and condition of its free-
living stagres.  Such supplementary information was gained by count-
ing and dissecting the Bathyplectes cocoons obtained from the periodic
fickd samplings.

The annual eycle of abundance of Bathyplectes living in cocoons is
shown in table 22. Beginning with the last month of the first-crop
period {mid-Muay to {irst cutting) in 1930, both the gross abundunce
and the ubundanece of viable Bathyplectes cocoons were nt the low
point of the cycle.  During the second-crop period there was a great
inerense from parasitized weevil larvae that lived on the first growth
of nifalfu. However, becuuse of heavy mortality from stubblefield
conditions, exaggerated by persistence of some old, overwintered co-
coons, only ubont 38 percent of these larvae contained living individ-
nals. During the remainder of the senson the Bethyplectes ndults
prrasilized only w small percentage of the negligible population of
woevil lnrvae,

Larue 22.—Srasonal trends of ebundance of primary (Bathyplectes
curculionis) and secondary (Eupteromalus viridescens) parasites
of the alfalfn weeeil bused wpon averages in an area equaling eight
L-square-foot samples, 1930~33, Sult Lake Valley, Utah

| .
_ Primary I Secondary
i parasite jnrasite
Season P o
ot | HE | pouw | Living
(C0C00NS | \iduals | COCPOS | iials
b
1830
 Number | Number | Number | Nwmber
Mid-May fo eulling of fissb erop .. .. 1 6500 5. 00 1'i, 56 . 33
Seecud-crap perind |, ..o e ee o BRLOD | 14717 4. 50 4. 83
Third-crop perived . .. L LLoo_.. ., 248.00 ] 33.00 17.83 10. 60
19831
Mid-February Lo mid-Aprid _-_,: 172, 50 41, 20 . 4. 60 i 49
Mid-May to cutting of first crop. ... .7 127,00 7. 20 10, 40 1, 80
Second-crop period .. oL 0 L V306,836 | 85,86 1 35, 57 23. 29
Third-crop period | e .- 3BLo0 Y ETEOD 37,67 26. 00
1932 !
Mid-February to mid-Apri . L. 210500 19.80 . 20, 20 a. 80
Mud-May o cutting of first crop. . ..o 870 2, 00 th, 80 1, 88
Recond-erop poriod . .. ... 311,29 ° 73, 24 17. G0 7. 14
‘Third-crop period, . . oo L4888 uT 13.67 | 7. 67

After the second vutting near the end of July, at the penk of
setsonal heat, the immobile Butkyplectrs covoons were again exposed
to stubbleficld eonditions, and ws o consequence the number of living
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parusites decreased by about two-thirds. The effect of the secondary
purasite Bupleromalus viridescens is mingled with this heat kill, as
wiil ba shown lnter. No further appreciable reduction of living stages
aceurred during the fall, but by the following spring they had de-
creased o nn average of 5.5 fo the square foot, which represents ap-
proxhmgtely the number available for preduction of adults to oviposit
m weevil lurvae living or the first erop of 1931, Following emergence
of the adult parasites in the spring the number of living individuals
in coroons again declined during ihe lust month of the first-crop period.
This low point of the eycle of the cocooned individuals coincides with
the maximum parasitization nmong weevil larvae,

The eycle then repeats, rising to a new peak duving the second-crop

ertod of 1931 and then declining, because of summer kill atter second
wrvest, winter mortality, and spring emergence of adults, to the low
point during the precutting period of 1932,

Developmental changes in these cocvons, determined by dissection,
outline the seasonal history of Bufhyplectes, This parnsite lives us o
Inrva within its cocoon fromn early summer of one year to early spring
of the sneeceding year. The overwintered larvae begin pupating in
the latter half of March, and by the middie of April the pupal stage
predominntes.  Pupation is Iargely completed by the middie of May,
and emergence of nidulf purasites reaches its peak the second week of
Muy. 'The progeny of these adults, living within the weevil larvee
until the Intter have spun theiv cocoons, kill the hosts and quickly
spin their own {Bathyplectes) cocoons.

The mujority of the new parasite cocoons appear shout 2 weeks after
the first eutting, having been produced from weevil lavvae that tived
on the first aifrifa cvop.  In 1032 new cocoons appeared initially just
before the first cutting.  Ten days after this cutting {table 23) nearly
hadf of the coroons were now, and of these less thay half were viable,
At the next exnminafion, 1T days after the cutting, the abundance of
vornons had increased by more than half, with neavly two-thirds of
them new, but of these new cocoons only ubout one-thivd were visble,
At neither of these examinations was an appreciable pereentage of the
old corpons viable.

"Panvy LA—Differentiol abundance and viability of cocoons of Bathy-
plectes curculionis after cutting of the first crop based upon averages
in an arce cqualing eight I-square-foot samples, 1952, Salt Lake
Vailey, Utah

. m——e

New eocoons (1932 origin}
Oid cocoons | . o
Inteeval after | Total | (1931 origing
first cutting, co- :

duys coons | Total IViable

Tranaform- Winlering
ing type type

Total 1Viable} ! Total Viable| Total | Viahie
a—— i - SRR
| Num-! Num-{ Per- Nuam-1 Per- , M=t Per- | Nym-1 Por-
ober v ber 2 ocend o ber i critd | her o cent ber ¢ cent
378, AL G468 1234310 58 143 65 G 7
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The new Bathypleetes cocoons are dimorphie. In heavy-textured
or wintering cocoons tarvae live through the remainder of the summer
and the next winter, pupating in the spring, Larvae in lghi-tex-
tuved, or transforming, cocoons, on the contrary, pupate quici"iy and
emerge a8 adults Trom shortly before to ubout 2 weeks after the first
cutting. These udults arve believed to be largely responsible for the
Timited prrasitization of the few weevil lavvae Hving upon the second
growth of alfai{a.

The patt played by these {ransforming individuals may be illus-
Irated by the dala for 1932, On June 13, 4 days befove cuiting, from
» toful pf 122 cocoons only 3 contiined living parasites, and 2 of these
were new, both of the transforming type. Ten days after cutting the
cocoons were rlmost equally of the transforming and wintering types,
bug less than one-sixth of the former were viable in contrast to two-
thivds of the fatter {table 23). Sevestecn duys after cuiting the
numbsr of new cocoons had increaved greatly, bul the proportion that
were of the translorming {ype bad decveased {o only one-fifth, The
increase was thus due to formation of sdditions! wintering cocoons.
Not enly were the transtforming covoons nieh less numerouns, but also
less thun 2 pereent of themy were viable, by contrast with nearly half of
the winteriug coconns.  Transtorming individuuls had thus vietually
disnppenred within 214 weeks after the frst enfting, leaving only
wintering eocoons te perpeiuale the species.

SEPERPARASITIZVTION

When the size relaitonship is such that but one parnsile develops
Trom a bost, the matter of superparusitization has an important bear-
inge npon the cilicieney of the parasite.  As pointed out by Fiske (4)
and by Clausen, Jaynes and Garidner (2). if the hosts were parasitized
o a purely fortuitous basts, theve would be a tremendous waste of
pstes i attaining a high percentage of parasitization. TFor ex-
amplesin thus parasitizing 90 pereent of the hosts there would be ve-
guired approximaiely L1 parasite offspring per host, wheress if the
fomale parmstle were able to seleet unparasitized hosts the sume per-
centnge of parasitization would bie reached when the ratio of purasites
to hosts was only 0.9,

The very high pereentages of prrasitization established by Buathy-
pleetes, parliendarly among fourth-instar weevils, at once sugeest that
the femnde avoids already parasitized uevae, but the Taet vemains that
a fuir amount of superparvasitization is somefimes encountered, as
ithast rated in table 24,

Table 24 shows that superparasitization ccenrred n all instars.
Flowever, only 670 percent of the toinl, or 1203 percent of those
parasitized, contained more than one parasite. Does this extent of
superparasitization indicate rundom deposition of egus by the female
Bathypleetts? The auswer inay be had by comparving observed dis-
tribubions with theoretien] ones ealeulaled on the assumption of for-
tuity and inveiving like numbers of parasite offspring and weevil
larvae,  The chanee disteibutions are readily determined by use of
Polsson's distribution formnla

om womd ot omd "0’
[ l,rza,_”,m,‘ﬁ,5'.‘.,....2.!. ,
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Tasre 24— Superparasitization of alfalfa weevil larvae by Bathy-
plectes curculionis, first-crop period of 1931, Salt Lake Valley,
Utah

Number of parasites Frogueney in different inséars Potal Pereont
in a gingle woovil  [-omem o e e otal

I :
farva First | Sgcond | Third " Fourth quency

099 1 504
201 619
10 63
0 6
0 2
0 0

Total...... . i 1, 249 1, 289 4, 288 140, 00

At - (b—mLn, L i de - cem s e e | ————

the suceessive lerms of which give the theoretical proportion of lurvae
containing 6, 1, 2, 3, 4, 5. @ }):u'asites. ‘The results of
caleulntions for each instar from a sampling of Muy 20, 1931, aro
shown in table 25.

Antong first instars small discrepancies appear botween observed
and chance distributions, there being a small excess of single-para-
sitized lurvae und deficiencies in the other classes. While the evi-
dence here 15 not strong, ib at least suggests that the female Bathy-
plectes may have some ability to select unparasitized larvae.  Second
instars, which have been longer exposed to parasitic attack and have
a higher level of parasitizntion, also exhibit discrepancies, but the
excess of lnrvae each containing u single parasite is so large as to
leave little doubt coneerning the ability of the female Bathyplecies
to aveid karvae already parasitized.  Finally, third and fourth instars
show a great many more single-parasitized larvae than would be
expected 1 parasite eogs were deposited at random.

The excesses in the diffevent instars cannot be compared diveetly,
hecruse the total number of larvie is ifferent in each case.  Instead,
use may be made of the rafio of the observed frequency to the number
cxpected on the basis of chance to contuin a single parasite {table 26).
‘Theso ratios show that throughout the season wnd in all instars, with
but two exceptions. the number of larvae containing a single parasite
execeds the number expected on the basis of fortuity.

This steady increase is not due entirely to parental sclection, Dis-
section records show that, beginning with second instars, the super-
mupmerary parasifes, especially the egg when a larva is also present,
nre frequently found dead and enexsted.  This condition is particu-
larly noticeable nmong superparasitized third instars, and is observed
Tess frequently in fourth instars.  As a consequence of this loss of ex-
cess parasites, superparasitization is less wmong fourth than among
thivd instars {table 26).

Tn fisst to thivd instars, however, before elimination of extra para-
sites 18 necomplished, the ratios represent approximately the selection
exercised by Bathypleetes females and may therefore be enlled coeffi-
cients of selectivity. Since superparasitization was most prevalent




TanLe 25—Comparison of observed and caleulated distribution of parasites among alfalfa weevil larvae of all instars,
~ collected May 20, 1951, Salt Lake Valley, Utah

3¢

First instar Second instar Third instar Fourth instar

Number of parasites-in a single Krequency Frequency | Frequency Frequency
weevil larva

Ob- | Caleu- i QOb- - | Caleu- Ob- | Calcu- Ob- {Calcu-
served | lated served { lated served served | lated

61
117
1 17
0 . . 3
0 1
0 0

157
32

B Vi O

Number of larvae
Mean number of parasites perlarva_..
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Tantw 26.—LRutio of obaerved to caloulated frequency of occurrence of
single-parasitized alfalfarveevil larvae and prevalence of superpara-
sitization by Bathyplectes curculionis, first-crop period, 1951, Salt
Lake Valley, Utuh

Superparuasitization of indi-
cnted ingtar

Ratio of ohserved fo eal-
culated freguency for

Sampling date indieated ingtar

Firat {Seeond| Third | Fourth] Firsé |Seeond| Thied | Pourth

Per- | Pere | Per- | Per-

rentd cent cent cent
Apr, 20, . ool L Ll (RSP VI - A AU IS I
Apr. 27, oo oo L0 L OTE Ll 0 - A I P A,
Maydoooe, cw e b0 L1000 0TI LO| 61 |oumaulonsnans
Day 10 ... 0 conn] BRI LB LB |onoooo ] 48218 [ccvcuan
May 20 ... ....] L183 ]| 1.63 219 2 00 LH 106 14,7 22, 4
May 25 .0 iiwnas L32 | L") 168 | 233 B T8 269 8 4
dJune 1o ... | L4 ] LAaG] L B 2, 28 L0 58| 17.5 87
June 8oL, .. ... LI0] L 41| L 76 2,34 & L6 0.6 2.0
June 15 .. cvannl] B2 L4l L7 2101 0 3¢ 7.1 35
Averape____| L 13| 1.37 | .70 2. 25 .G 6.1 16.2 G, 0

among third instars the avernge coefficient of selectivity for this instar
clenrly shows that Bathyplectes exercises a high degree of seleetivity.

Tur SEcoNpary Parasite EUPTEROMALUS VIRIDESCENS

A pteromalid that has been known for many years as an external
paresite of cocooned lnvvae of Bathyplectes curculionis was identified
n 1030 as Bupteromalus viridescens Walsh.,®  Tts abundance and de-
valopment, throughout the year weve determined in the course of dis-
secting the free-existing Bathypleeles cocoons taken in periodic field
samplings. With these data it is possible to discover the role of
Eupteromalus in the environmental complex of the weevil.

Lupteromatus vivideseens pusses the winter in the lnrval stage inside
the cocoons of Bathyplectes, and some larvae are present through
April. Pupalion begins in March, aad pupae ocenr throughout April
and sentteringly in May. The first adnlts appesy the third week of
May. Ptevomalid lavvae venppear in the newly formed Bathyplectes
cocoons about the middle of June and increase in abundance until
the end of July, Pupation of these larvae beging about the middie of
July and reaches its peak about the last week of that month.  Adults
emerge again the lntter half of July and in August, eggs having been
found early in August. Larvae predeminate during the fall,” The
secondnry prrasite is thus indicated as having two generations
annually,

The first-brood adults oviposit in the newly forwed Bathyplectes
cocoons, of both teansforming and wintering types, in June and eaxly

B Betermined By A, 15 Gaban, Divigion of Inscet Identifieation, Duresn of
Entomology nnud Mant Qunraniine.



http:Valsh.12

506 rEOENICAL BULLETIN 976, U. 8. DEPT. OF AGRICULYURE

in July. The appearance of the second-brood adulls overlaps the
time of cutting the second crop and coincides with the formation of the
negrligible number of Bam;ayp)er?ms cocoons derived from the smadl and
iightry parasitized population of weevil lnrvae living upon the second
urowth of alfalfn.  Second-brood udults oviposit in the few Bathy-
plectes cocoons then formed, and the increase in number of immature
stages of the secondury nt this tihe maltes it reasonably certain that
they attack members of the main group of carlier formed {June)
Buthyploctes cocoons, from a portion of which they themselves bred,
and which eontain larvae throughout the summer and winter, The
second brood of Ly pteromulus adnlis is thevefore uportant in further
voducing Lhe number of Bathypleetes tarvae that have suevived both
stubblefield heal following the first catting nud hyperpavasitizadion
by the first gencration of Kupterromalus.
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Vatley, Utinh,  Vertical lines indiente thue of cutling.

However, the heat following the second cutting, which kills many
Ruthyplectes Yarvae, likewise kills many larvae and pupae of the sec-
ondary parasile, the broods of which had already begun to gveriap
before the second cutling, It is therefore inpossible to segregate and
measure the kil of Bathyplectes larvae effected by the secondary,
although the dutn provide u reasonably satisfactory understanding of
the part played by it.  Data on abundance and survival of Zuplero-
matts Quring significant periods of the year are stnmatrized in
table 22,

Understanding of the relution between primary and secondamry para-
sites, and of their relation to the season and the croppiug system.
nuy be improved by a study of figure 20
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Estimation of the effect of Kupleromalus in curtailing the abun-
dance of Bathypleotes is diflicult, beeause the mertality from fwe gen-
erations of the secondary prrasite is interwoven with the heat kill ot
the primary and the secondury following both first and second el
tings. The mast conservative estimate muy be had by dealing with
the figures representing the end point ot the proeess during the thivd-
vrop period, that is, by relating the number of living secondury prra-
sifes to the total number of living primaries und socondmries.  This
method of enleulation shows that (here s o 15.87-, 49.06-, and 16.55-
percent infestation by the secondary for 1930, LR, and UB2, ve-
spectively,

These figures do not lake secount of the dend pteromalids, which
had, of cowrse, kitled theiv Bathyplecles hosts belore they thoemgelves
died, oy of the Buthyplectes lrvas destroyed hy seconednries that is-
sued ws the second brood of Buptoromalus adults, 16 is believed that
the dend secondaries represent cocoons so situnied in the field that
their occupunis, whether primary o1 seconda y, woudd have beon killed
by the stubblefield heat, tn which ease the effect of the hyperparasiti-
zalion would be neutradized,

The second ohjection has more validity, for when second-brood
Lupleromalus adults emerged they left cm ply Balhyplectes vocoons,
which thevealter conld not be taken into accounl by the method of
study employed.  Cheee was, then, aclually some destruction of
Bathyplectes farvae by the secondacy purasite prior to the peried to
which the above percentages apply, it its extent is unknown, On
the other hand, a goodly pertion of the Buthypieetes so destrayed
would, in the whsence of the secondary, have suceumbed to stubble-
fieid heat following first cutting, "Lhus the best (hat can be done is
fo necept Lhe above percentages as possibly slightly underestimating
the exient of Kuplervmatus Typerpavasitization of Bathyplectes our-
elionis coroons,

The percentuges cited show that the mortality due to Fupteromulus
varies widely in different years and suggest that (he cconomic benei
ot Bathyplectes would in consequence exhibit comparable {lnchiation,
‘The effeel, of drastic reduction of Buthypleetes is mitigated, however,
beennse the beneficial action of this parasite depends npon its very high
perasitization of the early weevil Bievae, and the adule primary para-
sites produced the following spring ave sufliciently numerous to para-
sitize almost completely the more advanced weevil lurvie,  Neverthe-
tess, with continued growth of the population of woeevil lnrvae, both in
nomber and size, the reduction of Hathyplecles manifests itself in
(1} un enrlier decline in the purasitization of weevil larvae, {2) a
more rapid drop in parasitization, and (8} a lower level of parasitiza-
tion than would oblain with normal abandanee of Dathyploctes. More
voncisely, the percentage of parasitization of fourth instaes beging to
decline when that stage is yet compumdively sciree, and the parasgitiza-
ton uitimutely established among the ssmaller Tnrvae is noticeably
lowered,

The nearly complete parasitization of ihe carliest maturing weevil
larvae is not unusual, however, and the Towered parasitization adlect-
ing the wmadn group of smaller lnrvae is of no consequence, for they
sitcctimb o starvation duving the stubble period following the first
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cutting. The important difference is that incomplete parasitization
of malire lervae appears so early in (he scheduled development of the
weevil popuiation that the unparasitized individunls nay pupate and
prochice adult weevils before the alfalfn has reached ihe flower-bud
slage of growth and cultural kill ean be accomplished by harvesting it.

Such conditions make the time of cutting the first crop more criti-
eal, any deluy after matovity Leing niove {han ordinarily penalized
by the procdiction of new-generation weevils.  ‘This is the net ellect
of drastic kill of Bathyplectes by Iupteromalus.

The foregoing informalion concerning Kupteromealus throws much
light on o perplexing question which arose in 1932 aud to whicl there
was 1o answer af, that Gme. Lo Sult Luke Valley during that season
purasitizaiion of weevil farvae by Buthyplectes deelined enrlier wod
move rapidly than usual, althougl in Weber Vulley neavhy it held up
normally.  Dithe latter Toeality when cocooning of weevil lnrvae had
renehed an aversge of 7 o the gquare foot parasitization of cocouned
individualy by Bathypleetes was still 303 pereent, whereas in Salt
Lake Valley an average cocvon population only one-fourth as large
showed only 82.7 percent parasitization.

Finally, this anaiysis of the influence of L ptermmalus ilhsteates
woll how o condition of the moment may have its antecedent factors
deeply buried in the history of a binlogical complex.  Thus the un-
ustia ] abundnnee of weevils [hat menaced the alfalfa crop of Sult Luke
Valley in the spring of 19353 was due partly to a cur nitment of pari-
sitizalion by Beathypleetes in 1932, which lu turn arose frou an unusual
abundance of Fupteromedus v the soumer of TR

Axarnes Pratunss, Eoc ParasiTe

Pwo internal mymavid egg parasites, Anephes prafensis Foerst. and
Aneephoidea fune Gir,, woere liherated in alfalfa fields near Salt Linke
City in 1925819 These [wo species were S0 similar in appenrrance that
they could not be distinguished while the insects were alive, atd there-
fore no atlempt wis made (o hundle their emergence anl liberating
separately.  slnaphes prafensis was first recovered From several fields
ey Salt Take Cily in the spring of 1926, being taken from the egys
of both Hypera postice and I punetala. There is no record of re-
covery of the other parasite, and apparently it has failed to establish
itself

Ineubaiion of all egas taken o the periodie s plings vesulled in
(he finding, in 1980, of a few weevil egas that had bright res] civeular
spots in them,  These egus all cione from fitter, and each later pro-
dured an ndnlt L Ueaphes pratensis. 'To delermine the importanee of
this parasite, all cggs obtained from the periodic samplings of 151
wore ineubited. - No parasites issued fron eges deposited in growing
alfalfa stoms, o in egeg taleen frony Titter parasitization appeared

B Atymaritl ege poaensilos were also lheraleid in the Snlt Loke Valley in 1901,
TEL, it T3 AL that (e ey were et el Asapioidens Lo, but ine D dighd
of Inter work it seoms probable (it Anephes pratonsis wag also invebyved Tn bhese
Hheralinms,

Bppublished notes by 0 1. Clupmberling Birean ol Butamolegy amd Plant
Quaranting,
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initinlly near the end of April, renchied a maximum the thivd week of
May, and stopped after the Brst of June (tuble 27),

Lavuw 27 —Parasitization of wlfelfa weevil eqys in Litter by Anaphes
pratensis, first-crop period, 1931, Salt Lake Valley, Utah

Weevil egps Weevil eggs
Sampling dale i Sampling date P .
- arusit- " arngit-
Total i200l ] Total ivodd
Nuwmber | Percent Number | Pereend
Apr, 3. . 478 0 May 20 ... ... 552 2. 72
Apr. 200 o 1,124 0 June Lo, 632 2,85
:\f}r. 27, . . 1, 287 LI dune 8oL L. 387 0
May 4. 1, 29 LR | I VT T I 231 1]
May 11, . o1, 033 80 June LG, Lo} U RO
May 20 . . . 1, 257 3. 34

I Firsk erop eut,

This parasite was also reared from the larger eges of the clover leaf
weevil (Hypere punctate) taken in the periodic samples and from
ench of whichiwo parasites ordinarily issue.  The fact that parnsitiza-
tion by dpaphes does not appear i eggs of the alfalfa weevil until
those of the clover leat weevil live become searce indicates that the
Tormer gpecies serves merely us an allernate host.  Awnaphes is there-
fore an inconsequentinl factor in the coutrol of the alfalfu weevil under
conditions oblaining in Salt Lale Valley. )

METEQOROLOGICAL FACTORS

The tentperntinee data, ieasurved and recorded us stated on page 10,
provide an opportunity for determining (he relation between weevil
incrense and temperadure, and for establishing w simple conception
of the sensonal trend of hent which inay be used to study the effect
of theermal aberrations npon weevil activities in 1 given season.

Wervil ENCREASE AND TEMPERATURE

The first objective may be attained by cumulating the day-degrees
nbove 50° F. from the beginning of the scason up to {he date of each
eensus of the weevil population, and plotting against these cumwulative

altes the average :llhlllldlllll.'t" of imwmature weevils (fig. 21). Use of
these tetmperature units has the effect of spacing the observations in
proportion lo the average temperatures of cach sampling interval,
whereas a time uait, by implying equal effectiveness of each day in
promoting growth of rhe immatwre poputation, would obscure such
ilifferences.

The graphs show it early ju the season inerease of the immature
popilation proceeds in praportion to the temperature, as measured
by cumulative daydegrees n excess of 50° B, This trend continues
until 5ok weeks betore cutting of the first alfalfa crop.  The rela-
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tionship means that the Biological processes underlying egir Jaying
are governed by temperature, beeause increase of the immattre Pog-
Iation depends entirely upon oviposition. However, it may not be
construed as an exact measure of ovipositional activity, because any
mortality affecting the immature stages would depress the rate of
increase. The quantitative refationship therefore applies only to
the net rate of increase of the immuture weevil population.

‘Phe rates of increase arve shown by the slopes of the trend lnes
{lig, 21y and, us determined by graphical diflerentintion, were .04,
200, and 240 progeny per day-degree in 1930, 1931, and 19352, re-
spectively.  These rates, however, also reflect (he variable abundance
of parent weevils in the different seasons. Consequently, o comparu-
e basts was provided by dividing cach rate by one-half the number
of ndult weevily present at the beginning of the season, thus adjusting
the rafe of inerense to the basis of a single female weevil. When so
costputed, Lhe respective rates wore 1,13, 2,67, and .68 progeny per
Femtle per day-degree, vepresenting the variation in the reproductive
ratio tn the diifering sensons.  The general avernge eate of 183 will
SOrVe #8 ui approXimate measuwre of the relation between weevi] jn-
ercase and femperature.

The last (wo to four points in the graphs, which represent intervals
of 3 4o + weeks before the first cutting, depart widely from the lines
of relationship just diseussed.  Not only i¢ the eate of incrense not
maintained. bt (heve Is linally an actoal decrease in the total numbor
of progeny before any individuals have progressed to the adult slagre.
The decrense is a reflection of mortality in some component of the
immature population, and the records indicate that it occurred among
newly hatehed larvae. The death of the tiny larvae is believed to
result from n senreity of suitable Tood af this season, as the planis
maeture and the terminal buds harden, wndd atso from heat and drought.

SeasoxaL Trexp oF Hiear

The scasonad trond of heat was studied by summing the day-degroes
above 50 B, for ench week of the G-year period 192833 and plotting
the weekly sums ngainst the weeks of the year, as shown in firare 22,
Despite. the capriciousness of the individual seasons., the ensemble
was o to Torm a_clear-cut pattern, and suggesied that the sea-
sonal Drend amight be deseribed by the normal distribution which. eal-
culated in the usual fashion {see p. 20), eave the theoretionl distribu-
ion of effective heat shown in table 25,

The smooth eurve derived from the ealewlated disteibution, also
shown in ficure 23, admirably represents ihe pattern of the cwmipiciend
viirves. The theoretical disiribution will therefore serve nx n standard
of comparison for detecting accurately and rapidly the pecultaritios
ot n gven sonson. the effects of which may then be stidiod in the tronds
of the various components of the alfnlfa weevil complex,  This hase
eurve for Sudt Lake Valley, the aren in which the veology of the alfalfa
weevid iz best known, may also be useful in pointing out differences in
seasotink heat of other weevil-inlested loealitios and in indi ating the
probable effects of suel differences upon weevil activities.
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WEEK OF YEAR
Frevny 22 —Temperature distribution in S:#lt Lake Valley, Utah, based on weekly day-degrees above 50° F.,

observed trend of heat in 1928-33. and normal-distribution curve.
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Tase 28.—('alewlated temperature distribution for Salt Lake Valley,

Utah
Plus or f Pius or
minus de- | Caley- winus de- | Calen-
viation lated |} vistion lated
Week of year from day- Week of year fromm day-
origin degrees o origin degrees
(29.5 shove I (20.5 above
week of | 50° F, i week of | 30° P,
year) YO}
(z) () {z) (v
A1 S 0 135, 28 18 and 41, .. 1t 5 36. 18
20 and 30 . -1 138, 94 jf 1T and 42.._____ 12. 5 28, 33
28 and 31 .. . .5 136. 13 || 16 and 43__. .. . 13. 5 21, 74
27 and 32 . 2.5 130,70 §j 15and 44 . .. 4. & 16. 34
26 and 33 3.5 122, 74 i4and 45, ... .. 15 5 12, 03
25 and 34 . 4, 8 11331 |} @ and46._.. ... 16. 5 8 69
24 and 35, . 5.5 102,33 11 12and 47 __.___ 17. 5 6. 14
23 and 36 G. 5 90,55 |} tland48.._. .. 18. 8 4. 25
22 wnd 37 .. T4 78 51 Wand 49, .. .. 19. 5 2. 89
21 and 38 85 66,60 |1 Qand 50 . .. ... 20.5 162
20 snd 39, &5 80. 52 h Band H1._._ ... 21,5 125
19 ungd 40_ . . 9.5 45,28 b 7Tand 52 ___ .. __ 22.5 . 80

The normai-distribution eurve is not the only one capable of de-
seribing the trend of seasonal heat.  Other mathematical curves that
might f}_.(' used are the Geam-Charlier and the Fourier. The latter is
n periodic enrve bused upon a series of sines and cosines of multiples
of the independent varviable (i. c., the weeks of the year), the gen-
ernbized equation being

Y=<l (4 sin -+ 7 cos 1)+ (A, sin 2e4-Bacos 2)E ... .. +3

Beeause of its perviodic nature the Fourier curve best accords with the
seasomad eyele of femperature, but singe the physical menning of the
several terms in the equation is not. known, the curve is valuable only
for its deseriptive ability,

The normal distribation, in addition to describing the trend,
measures the dispersion about the mean ordinate in terms of the stand:
ard deviation, which may be usefal in characterizing temperature
distributions of different wreas, as o was employed in studying egg
populations of different areas. The normal curve also has the ad-
vantige of stimplici(y of ealeulztion. A freehand curve would de-
scribe the trend as well as any other except that each person would
draw it somewhat differently, Mathematical curves are free from
this objection, and as long as they adequately deseribe the data their
use seems preferable,

The utility of this heat yaedstick, when used with a knowledge of
weevil treads and cropping practices, may be shown by comparing
the mieastired femperature distribution of esch yenr with the cal-
calated distribution.  These comparisons are shown in figures 23
and 21, and demonstrate that Targe departures from the trend may
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oceur ab any seuson of the year. For example, in 1924 there wasg o eon-
gidernble excess of lieat Uhroughont the year, wleveas in 1929 there was
i general deficiency of heat. However, sinee the immnturve popule-
(ion has completed its dunsge and produced the suceeeding generalion
of weevils by cavly August, those juviutitms fram the up slope of the
curve ave Tar more nuportant in the present study,

b 1980 springlike weathier hegan early and there was an excess of
hent during April, the principal effect of which foll upen the adult
weevils, as reflected in the earbiness of the epg population shown in
ligure 8. Approximately normal heat du Fing June audl July resulted
iy grood kil of the immature stages nfter (he Grst and second cuttings
Ipp. 28 and 30},

During the spring and early summer of 1931 the arfunl femperature
distribution followet the hase curve remarkably closely. prodiiwing no
excepiionn! fentitres in the egrer and Larval papulations ov i the kill of
immalnre stages following enttings. The principal abereation of
the yeur was an extreniely hot period in July, which was attended by
ninsnaily high mortality of cocaoned individuals that had developed
on the second erop {p. 53). Moreover, it was duving this period that
the population of new-generation weevils, praduced From the early
node of pivpas, declined severely (p. —).

The 1092 senson, after a fair excess of heat in April. shows large
defieioneios Trony the Jast week of May fo the third week of June and
ngrin diring July and enrly i August. These enol periods, coin-
crding with the first and second cuttings, roduced the ugunl sevewe
enltiirnal kil which supplements ihe hiotogical kitl by the Ruihypleetes
pavasile.  As a consequence the production of sufliclenl new-genera-
Fron ndidf weevils 1o threaten dange to the fivst croprof 1933 way fore-
shadowed ag a general comdition in Sait Lake Valley. The carliey
and mere rapid deeline of parasitization by Buthypleetes, ocensioned
by the hyperparasite f2nplcromelis vivideseens during the preceding
senson. 11s0 contributed to The production of these adults,

In (he fall of 1932 4 survey of Sult Take Valley bused on 24 fields
ahowedt 4 felds with weevils too seavee te prodice damige in any
ovent. 12 wilh weevils of pivotal abundanee. and & with weevils so
plentiful as cirrually to assure damgge Lo ihe frst alfalfa crop in
1935, Tha pivolul fields are shifted iule the daumage or damage-Free
elass mainty throngh the effect of the spring weptler, fivst on avipo-
sition mud then on ineubation {p. 123, With normal spring weathey
they may bo expecled to combine with these of ihe daninge class and
provide an vutlook for danuge of approximately five-sixths of the
alF Faaerenge in T3

Deficiont heat, such ws nbains i late, cold springs. or deficient mois-
fiee coupled with excessive heat. which abhreviates the spring season,
(ends (p prevent damage in the pivotal fiehls the one L)’ retarding
woevil aclivitios. partieularly ineubattan and Tarval wrowth, sufh-
riently toallow theerop to reach the flawer-bud stage hofore the Tarval
populution reaches damaging proportions. and the other by curtailing
oviposition connuensueately with the hrevity of e spring senson.
ander such conditions only aloui eue-third of the acreage would have
Boen subjected to weevil damage in 1935,

The gpring of 1933 wis Tate and cool, and ovipostiion was retarded,
but a lavge exg population accumnlated beeanse of the abundance of



http:thl'pnlf.ll

FIELD STUDIES OF ALFALFA WEEVIL 07

adult weevils und delnyed hatching, The abrupt change to summer
heat {herefore concentrated heavy populations of small larvae on
the first crop, quickly stopping its growth by destroying the growing
Lips. The alfalfa growth had been little retarded by the backward
wenther, however, und was nenrly veady to eut. Owing to these
spring weather conditions it was possible to havvest n good crop
before the lurvae reached their most injurious phase.® Possibly
somewhat more than one-third of the fields were dnanstgred beeause
of needless delay in cutting, but under more nearly normal conditions
the injury would have been far more general,

Precipitation, by iy variable frequency and incidence during the
season, has important effects upon the weevil population, influencing
e luying, hatehing, and kill of lavvae following crop cutting.  These
effects e to u large extent integrated by temperatures measured ab
ground level, but there are some indientions that precipitation mawy
nlse huve independent effeets. For example. the thiee observations
in 1980 lying below the line of velutionship between immature popu-
lation wnd seasonal hent (fig. 21) ocewrrsd during o rainy period
of b weeks' duration,  Since the smme three observations nre below
the trend line in the egg-population curve (fig. 8), the depressing
effect of precipitation uppears to have affected the ovipositional ac-
tivitics of adolts,  Tu field studies of this {ype, however, it Iing not
been possible to differentiate between the two effects.

The annnal trend of precipitation in Salt Lake Valley, based upon
22 years' records of the Weather Burenn taken at Midvale, Utah, has
heen constructed by plotting the nverage value for each weelt and
smoolhing by means of a frechand vurve, By superimposing the
netaal precipitation eurve for agiven year upon this numual trend, it
s possible tosee its peenliarities ntn glance,  This curve is also usetul
in studying normal differvnces ol precipitation in different parts of
the weevil-infested urea, Figure 25 shows that in northern Utah
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Fraune 25, -Avernge precipbintion caeve for northern Gl theavy line), show-
ing devinlions from it of (he procipitation eurves for southern Oregon (L)} and
vhstern Wyoming ({F),

P Iwiey (8) vreporied that weevil Tnrvas eonsiume two-thirds to three-fourths
of thelr total Tuotl requirements during the lust fow days belore corooning,
I, during fhe toneth inslar,
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precipitation i highost in the spring and lowesé in midsummer, that
in enstern Wyoming it is less in_fall and winter and greater in spring
and summer than in northern Utah, and that in southern Oregon the
differences aro of opposite character to those in Wyoming.

CULTURAL FACTORS

Cullural factors chiefly important in the alfalfa weevil problem
inchude density of stand, soil fertility, cutting, irrigabion, hinrvesting
practices, and clean culture.

Sranb AND FerriLiTy

In view of the demonstrated velabion between weevil nerense wid
temperature, the diflerent Juvval instars might be ex sected £o show the
same proportionte representation in neighboring hields having simi-
lar soils nnd exposed to the same weather conchitions, That this is
not true is shown by results obtained in seven ficlds in Salt Lake Valley
during 1932, The5pring breeding base of weevilsin these fields ranged
from 2.1 to 8.1 por squarve foot. A few fourth instars uppenred in
«ll ficlds the second weelt of May, The number increased during the
yemainder of the month and beeame increasingly out of proportion
to the abundance of parent weevils, The ye.suTts ab the end of May
are shown in figure 26, In general. the number of fourth nstues
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inereased with the number of parent weevils, bub the great amount
of scatter of the dots about the freehnnd eurve cleavly indicates the
operation of other factors,

‘The fields nt this time showed pronounced differences in density of
altalfo growth, and therelore in the degree of slinde nftorded the field
sirface. Naturally, the sun’s vays reached and warmed the ground
niore in poorly shaded than in well-shaded fields. Consequently,
more rapid dlevelopment of the weevil population would be expected.
in the less dense growths. An attempt was made to obtain a rough
measure of stand density by clipping and weighing the vegetation
in randomly selecied l-square-foor arens. ‘The average welght of
green niterial for the different felds ranged Lrom 6.67 to 10.38 ounces
Lo the square Foot. The highee figure, however, wus considerably in-
fated by ihe presence of orchard grass, which was in head wnd andded
much to the weight but contribuied Little shade.

The relution belween the average number of fourth instars per
parent weevil and the avernge green weight of vogetation in the seven
fields under study is shown in figure 27, "The number of fourth instars
per purent weevil is shown to have decreased voughly 2.3 for ench
merease of L ounce of vegetution, between the limits of 6.5 and 9.5
onnces,  Thig graph, however, shonld not be projected with o view
lo determiining limits, for as complete shading is approached an in-
crease in vegetation would not eontinue to give proportionnte inhibi-
tion fo Lol wrrowth,
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During the following year an attempt was made to measure divectly
the effect of stand upon temperature by establishing thermographs in
selected felds to record the temperature + feet above the ground and
at ground level, ‘The fields were selected to represent the usual range
of stand density, were of the same soil type, and were not more than
o mile apart. The stands were of different age hecause density ot
stand is usually » function of its age. In these fields stand density
was measured in terms of the avea covered by alfulfa crowns when
the spring growth was 3 inches high, The data in table 20 show
that the study fields covered the range of vaviation satisfactorily.

‘Vanre 20, —Alfalfa coverage of 3 fields, spring of 1983, Salt Lake
Vulley, Utah

, Avernge area covered by
‘:é’:n?f alfalfn  erowns in
sepunre yard

Years Square feel Pereont

7 1. 73:£0. 25 19, 2
AVEIREC e e i mm e 3 4. 284 .08 47. 6
Thick 2 6. 1+ .12

t Aversge of uine l-square-yard arcas.

The themmographs were installed on May 15, and the comparison
of temperature for the first-crop period is DHased upon the interval to
June 8, when the crop was cut in ong of the fields. The resuifs, given
in table 30. show thak the thin stand allowed approximately 30 percent,
and the thick stand 11 percent, more heat to reach the ground than did
the average stand. Contrary to expectation, the vigorous growth of
the older stand of average density shaded the ground more thoronghly
than did the thick, younger staud composed of sleader, seedlinglike
plants. These percenfages would undoubtedly vary considerably ac-
cording to the season and the weather, but they demonstrate the 1Im-
portant effect of stand and growth npon the amount of heat reachin
ground level, where the majority of atfalfa weevil cggs are deposifed.
Turthermore, the temperatare of the air over the thin stand was higher
than thal over the nverage stund, the 9 pereent excess doubtless 1‘e§ect-
ing the greater heat at ground level. There was no appreciable differ-
ence in this respect between the thiek and the average stands,

During the sccond-crop period the same sort of differences obtained
(table 30). ‘Fho average daily heat at ground level amounted to
approximately 13 pereent more in the thin stand than in the average
stand. Comparison of the thick and average stands during this
period is not entirely satisfactory, beeause the former was irrgated
move frequently and was cut & week earlier. Nevertheless, the heat
at ground level in the young, thick stand was on an avernge about
3 percent greater, and statistical analysis indicates that this differ-
ence is not aceidental. The average number of day-degrees recorded
in the air nhove the thin stand was 7 percent greater then that over
the average stand, while the difference in air heat above the thick and
the nverage stands has no significance.
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Tante 30~—~Comparison of heat in thin, wverage, and thick alfalfa
stands during first- and second-crop periods, 1933, Salt Lake Valley,
i/ tak

Average heat units above 50° F.

Btand 2&3}?{ First-erop period [Secend-crop period

Ground Air Ground Air

Day- Doy~ Day- Day-
Yenrs | degrees | degrees | degrecs | degreea

O 1 1 I 7 9 17 1L 73 23. 94 26. 23

Avernge Lo 3 7.07 10. 68 | 21, 14 24. 41

Thick ... ot ———— 2 7.83 10.%5 | 2177 23. 99
Diffarcuce  between  thin

pnd AVETAZe. v o u e e 2,10 | +1.05 | 2 B0 ~+1. 82
Difference between  thick

and average oo _[oeoooaoo 4. 76 +. 07 +. 63 —. 42

Density of stand is thus shown to have an important influence upon
the amount of heut reaching the lower levels in an alfalfa field where
the early weevil eggs are Jaid. Both hatching and larval develop-
ment proceed faster in thin stands. Furthermove, it is considered
that all the differences in heat at ground level shown in this work
underestimate the actual differences, becuuse the shade necessary for
proper operation of the thermometric clement also moderated the
temperutiice of the surrounding area,

Soil fertility is also a prime factor in prodieing shade, as was il-
listrited by un extreme case encountered in 1932. A certain field,
although having an exeeedingly denss stand, was experimentally
detevinitied to be deficient in phosphorus, The alfalfa grew very
slowly and by the middle of May was only 6 inches high as compared
with 12 inches in the valley generally. Because of this short growth
a large proportion of the field surtace was exposed to the sun’s rays
while representative fields were rvather thovoughly shaded. As a
result the weevil populution developed faster, the ninuber of fourth
inslats per parend weevil averaging 8.2 on May 20 when it was only
0.7 in tho other ficlds. :

Apart frou its bearing upon weevil development, density of alfalfa
has much to do with severity ot weevil damage. In fields having o
sparse eovering large larvae come upon the crop at an earlier stage
of its growth than they do in fields having n normal vegetative cover.
Moyeover, the donage appears to he much more severe simply be-
canso of the smaller amount of foliage.  Thus, whereas approximately
bwo parent weevils to the square foot are required in Salt Lake Valley
to damage the crop in an wvernge alfalfu fiecld with normal spring
wenther, u ficld having sparse alfalfa cover may be damaged by the
progeny of fewer weevils. For exmmple, the field mentioned above
as having extremely poor growth hecause of phosphorns deficiency
suffered severe weavil damage in 1932 despite the fact that the breed-
ing buse was only 1.332:0.17 weevils per square foot,
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These studies show thut stand and fertility profoundly modify the
usual trends shown by the periodic population studies. Whereas the
weevil’s schedile of development and the trend of parasitization in
an avernge nifalfn field ave such that few new-generation adults are
pm('luced if the first crop is cut at the fower-bud stage, these rela-
tions are disturbed in fields of sparse growth by the accelerated devel-
opment of hnmatitre stages.  On the other hand, dense shade returds
tho weevil’s schedule with respect to crop lll‘l.tllllt_), and points to
the conclusion that the first step in combating the alfalfa weevil is
maintenance of a dense stand in vigorous growing condition.

CoTrxe anp IRICATION

Timely cutting of the fivst and second alfalfa crops removes the
fuod supply of the larvae and, except in rainy haying seasons, increases
the tempernture of the field sturface. The drastic cultural kil usually
effected is important in preventing dumage by the ulfalta weevil.

Trrigalion greatly lowers the tempc:ruture of the field and the cool-
ing eltect dasts for several days.  To Hllustrate, in Wyoming Sweetman
(£4) found that the mean temperature from 8 w. ms. to 5 p, m, on May
30 was H0° . on dry suil, whereas 6 feet away on soil hnrtgated the
preceding duy it was only 68°. Therefore, to avoid reduction in
cultural kill of immature weevil stages, no water should be npplied for
7 to L0 days ufter cutting, The Al fal fa Plants, hewever, need an
irrigalion to bring the gevotd crop along promptly. Botl these
desidernta are attained by the practive, common in Glal today, of
applying an drrigation for the benefit of the new growth approxi-
mintely L week before the first cutiing,

1lanvestive Pracrices

Many Inrvae congregate beneath haycocks to escape the stubble-
lield heat. Lemporary shelter thus afforded is of little value to the
species if the hay is hauled from the field us soon as cured, but delay
in removing hay permits some individuals to reach the adult, st: apy
and thus diminishes the cultiral kifl,

The protective mfluence of hayeocks may be fillustrated by data
obtained -k days sfter the second eutting in 1930, Paived samples of
10 cocoons each tuken from 27 1"111{lumh' chosen positions, one saple
from the open space and the other Trony beneath the neavest haycocls,
show essentinlly Che smine composition in the 2 sevies (table s1). In
cach stage, however, the percenluge of living individoals is much
lower wimong the cocoons taken from opeh arveas of fhe field, nand in
cach series the udult st wee showed the highest proportion aIi\u, and
the Larval stage least, Neut'l.\' S times as many weevils survived in
vocoons beneath hayeoeks as w those betweaen haycoclks,

The hayrocks eovered one-eighth of the field wren, and (he gross
abundance of cocoans beneath {hem was approximaiely twice Chat in
the epen field.  In view of the differential suvvival in [I)l(“-a(’ situations,
however, neavly half the living cocoons existed beneath the hay-
cocks. The l: ay was 1ol on fhe Tield much longer than necessary for
vuring; in faet, the now growth was well si: arted before the hay was
hanled, and the ]}lJH'ItIHII‘-: of the cocks were outlined in the third al-
falfa growth, lirst by saocerlike areas of shorter growth and later by
blossomiless cirenlnr nreus. Although o Turther examinalions were
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Tanve 31.—Alfalfa weevil stages and living individuals in 840 cocoons
taken equally bebween and beneath haycocks 4 days after the second
o enlting, 1930, Salt Lake Valley, Utah

. Cocoons  containici ‘o « aliva by ¥
tying or dead in- Indiv |(IE1a.Isoal‘|;u, in
dividuals £oceoons

Htage L _ o .
] Between ! Beneath Between | Beneath
. eocks | cocks coeks coekd
[Pp— - m T re——— == .." . % (- P — N
Weevils: Y Percent ! Percent Pereent Percent
Tarvie, . . i e 211 20. 0 3.5 22,2
Pupae.. . .. e mmema 611 64, 8 15. | 43, 4
Adults..._ . .. . . 14, 8 13.0 27. 5 60. 0
All stages_ .. ... _. Ciea mmmes.wan eerecemem 14,1 40. 4
Purasites. o .o e ana. R 3.0 [ 2,2 12. 5 66. 7

inade, there can be little doubt that the mortality differential in-
crensed and the delayed hauling nugmented the population of new-
eeneration weevils. Prompt removal of hay is necessary to gain the
ereatest benefit from the cultural kill following cutting.

The raking and cocking of hay concentrates immabure weevils
wilhin hayeocks, mud many of them arve earvied with the hay into the
haystack. Hawley (&) shows that considerable percentages of large
Jarvae, spun farvae, and pupae complete their development and emerge
as adhilts in the haystack, but since newly issued weevils feed rapidly
soon after emergence and would have no fresh food ayailable in the
lnystack, Lthe development of these individuals is considered of minor
importance.

Creax CuLtuge

In view of the likelihood that adulf weevils wintering in bovder
wasle areas migrate hack to the field in the spring, burning over these
arens, as recommended by Titus (76), would reduce the ultimate
spring breeding base. The benefit thus gained, however, must be
weighed against increaged erosion aud the Toss of cover for beneficial
birds and other Torms of anial fife,

ECOLOGICAL INTERPRETATION

The resulis of the analytical studies may now be combined to show
the suceessive influences atfeeting a weevil population throughout the
season,  Afterwards the ecological perspective thus ebtained will be
applied (o the factors invalved in the gradual transition of the weevil
problem during the past quarter-contury.

GHRAPITIC SEASONAL SUMAMARIES

The relationship between all phases of the weevil papulation for
the seasons 1930, 1831, and 1982 has been porteayed graphically in
figures 28, 20, and 30, Each stage of the population hus heen plotted
ug the average number of individuals to the square foot of field sur-
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Tace, with the seasonal trends represented by freehand curves. Uhe
wectrate seating of these lizures will enabile the reader to study the
part playved by time of cutting, parasitization, and weather in eausing
Huctuations in weevil pbinslance fyom year to venr, '

Geaphs of the weevil papulutions bring out plainly that in all 3
yeurs the egg population consisted of two parts, w huge one befove the
first cutting and w tiny one during the secowl-crop period. These di-
visions nre preserved in the laveal population and in the gross cocoon
population, but in the tatler there i less difference in the magnitude
of the two purts, I the parasitized cocoons are exceluded, the weevil
cocoons of Lhe second division deriving frond the few eges in the sec-
ond~crop period may outnumber those oviginating from the main egy
poptdation. This result arises frow the unequal sncidence of parasi-
tizubion by Bathypleetrs,  Destruetion of pupe by widverse vanditions
of the stubblelield causes Turther reduetion and nearly equalizes the
munber of Hving pupae oviginaling from the unegual portions of the
prrir popalation. The extent Lo whicll the late nade of pupne conlributes
o the new generntion of wdales cevenls the Erue imipartance of the nu-
werienliy Insignificant sevond-crop weevil population.

The conception of the weevil's ecology established by this funda-
wental study, and shiown it the geaphic sunsaries, provides an widers
standing of the hilt from coustantly recurving econontic foss recorded
during eurly years to Lhe present-day wide Nuetuations in dumage from
year to yeur, from arew fo neeu in the satae year, and even from fiekl
te field in the smoe nrea, which would otherwise be extremely con-
fusing,

The research estahlishing these points was andertaken and devel-
oped without knowledge ol certain Held samplings made earlier by the
staft of the alfalfa weevil Biboratory.  In 1913, bheginning on May 5.
weekly field counts were made Fronr 00001 acre. but wenther condi-
tions were noted anly in general terms, parasitization by the then re-
cen{ly introduced Bathyplertes was not delermined. and the eflect of
erlturl praetices reeeived a minimun of attention, That study was
ahandoned afier U yvear, and an unpublished veport by 1. 13, Mites
~hows thal 3rowps not possible 1o distinguish beoween normad trends
and shereations therefrom,

in ihe tight of the data sinoarized i the present paper. the study
by Milex appenrs (o have been a exeellent piece of work for that epoch
in entomolorieal resewrch, In faet, the vesulls suggest. a number of
vonditions which the intensive evologiead studies Tnaugaeated fn 1924
Lave established s gencrulities—wunely, the deeline and Jisappear-
ance of overwhilered wdilt weevils In late stnamer, the oceurrence ol
the principal ege peak about the nmiddle of May and of a smudl nin-
ber of eras during the second-crop period, the exislence of first- amd
sevotd-crop divisions of hnevae and coeoons. and the appearance of
rew-generation sdult= during the samier ws swell as the beginning of
their e bnving in the Inll

Tive oF Cerrise oo Vs erey oF ris st Avrsnra Crov

T the ey vears of the appearance of the alfalfa weevil in Ttah,
am anentioned by the enrly wrilers (24, 17, 18}, the second growth of
abfdfa wis held back and softered serious drmage from larvae that
Tl been diving on the fivst erop. This retardation of the second crop
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was stated ns nearly eiunl Lo the usnal length of the second-crop pee-
jod, frequiently prevenling the cutting of a third crop (£7). No in-
jury approaching this in extent has been envountered in the present in-
vestigation. and now that the datn on the weevil populations, parasi-
Uization, weather, and the relation of Ome of ecutting to weevil increase
under present-day conditions have been reviewed, 1t will be helpful to
examing inlo the eanses of the nbsence of this type of damage.

Chanberlin (1) noted tinl retieedation of the seeond erop had ceased
in the several years fnsnediately precoding 1920 Although the in
provement was generally evedited to the introduetion sad mndfiplica-
tion of Bulhyplectes ewvenlionds, Chamberlin acconnted for mueh of
by aehnnee o the elaracter of the soazons. Thus be says, in the
warly period of severe rebardation of the ~ecomd erop the warn dry
wonther in late winter nand eaply spring gave the weevil un early start,
il dnpe cool woather af harvest toe redoeed the kil of larvae;
whevens i Lhe Inter period conl, wot spring seasons benefited the gl-
falfu bt slackened v Taying and Taeval growthoaod bot, dey barvest
wenthee killed so mnny fngvie thit o breatinent was necessuey to pro-
Peef the second wrowth of alfalfa,

The cool, wet weathey at havvest would cortainly reduce the heat
I of larvae Hiving on the lisst evop when 0 was eut. Binee Clannber-
Hin wreote, bowever, there Tawe boen several suel seasops without gen-
ernd recureenee of severe datinges to the second erop. Same additional
fucltors must thevelare hive operated in the coely yewrs aadd one of
them appears o have boen the entting of the fiest erop al o niuel niore
adeanced stagre of eowth than is the custom today In Salt Lalce Vadley.

Many individaals fomiline witho alfal b coltuee in this culley during
the pasi 23 to 40 years state (hat befove the Brst World W the first
erop was jn tull bloom when cut, and that the cutting oceucred in the
first halt of July, Flowever, alfatfa ceases rapul growth severul
wetks carliev, produces lower hunds and begios blossoning, snd sends
aut vegefative buds from the base of flowering siatks,  These basal
buds develop simultanvousty witle continmed Jowering and ave well-
develpped shoots when fhe clder growtlo iz 1o full bloom.

Uniler the earlier system of belated cutting the entire feval popu-
lation was thrown upon these younyg shoots, =6 (hat the secoid erop
was held baele,  Present practive, however, is to eut the fivst erop long
bhefore full bloom obiains, when the Lasal bods are smadl. Conge-
guent)y, pending development of shoots from these buds, the feld is
practically devoid of Tarval Food wnd the first three instars, a5 well as
muny fewrth istares, have not completed their feeding and (hus sue-
eunib (o starvation. These Tonrth instaes that have completed feeding
are not subjeet (o starvation but nray either sneenmb to heat or Tive
to spin thelr cocoons These mintnre Lvevae wee the ones that elidelly
benefit from s wer arvest seasion and =o increase the number ot advlt
weevils Hhat will Torm the breeding base for (he soveeeding seagon.
En other words, late catting of each alfalfa erop provides o continu-
ous supply of vegetation, wherens early cotting, by providing an
interval in whiel there Is no Tood, places the immature larvyae under
the stress of starvation.

The nrmer in which (hese xeveral faetors work together wus well
illngtreaied during the conl. iny period of 1922, when seven experi-
mental ficlds in Salr Lalee Villey were cul as carly as was consistont
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with the production of good-quality hay. Second-crop buds were
mere dols at the base of growing stalks at the time of cutting, and
despile the moderate temperalures smadler larvae did not survive long
enough to eat the new shoots that grew front those buds,  Many fourth
instares did suevive, and ehecked the second growth to a slight extent,
but they were virtually all gone within 2 weeks after cutting. A ve-
subl sueh as this inoa cool. wet haying season is iu shap contrast with
resilts under fomner practice which called for holding E:wk the gecond
erup for a period approximating the usual length of the second-crop
period —6 o § weeles, There can be little doubt that earlier cutting and
the consequent starvation of immature Inevae accounts for inuch of the
dilference,

Further support for this coneluston may be bad by viewing the
enrly conditions reporied by ‘it (£6), 1o the Hght of the mechanism
which now operates.  His charls, velating to eonditions in Salt Lnke
Valley, show (hat time of cutting, particulacly the first crop, was
formerly muel less uniform than at present, the peak of the fiest
cutting veeorving about July 15 in 1909 and June 21 in 1918 More-
over, e stites that the Tatter was an exeeptionally early season.

Titus does not mention the extent of flowering at the time of fivst
cutting, but some ol his photographs indicate that the second growth
wi well staeted while the hay erop was sGil i cocks on the field,
The eharls also show that the larval population reached its peak before
(he firsk entting; the peak is new reached only in ficlds where cutting
is considernbly deliyed,  Titus alse states that the livvae were nearly
il grown when the first erop was cut: in fivlds ent aceording to
current practive the second instars, and semetinies the first or third
instars, are most numerous, and full-grown lavvae are only just be-
coming moderntely abundant at the fime of frst harvest.

In-uldition Titus shows that cocooning began about the mididle of
May in 1984, as it does a1l present, but veports that the abundance of
eorOONy Inereases aver o period of about 2 monihs, wherens now the
first crop s cut less ihan nomwonth after the livst cocoons appear.

This evidence seems (o show conclusively that the teend toward
earlier eutting was an important factor in reducing Laval damage
{o the young second growih.  Phe destruction of the larval popula-
tion has the added Denefit oF supplementing the parasitization by
Buthyplectes earlier it the seasan before dhe appenrance of many
uparasitized maturing lnrvae, and so reduces the production of new-
wenertion weevils that will form the baxis of the attack on the first
vrowlh the following year,

Farlier cutting has enabled farmers (o haevest more crops annually.
Titus has stated in conversadion that in the carly period, when damage
Lo Lhe sevond vrop was sovere, the third erop was only a partial one,
which frequently was not cut but used for full pasturage. A system
s now in use whereby three crops are harvested and a partial fourth
erop is pastured in the fall. The tendeney to advance the cuttings is
continuing, a5 some of the farmers in Salt Lake Valley are now hav-
vesting Tour erops annuallye The same process has beew at work
in other sections of Utal, but the progress has been very nneven.
I Weber Valley, for example. during the pust two decades furmers
have changed from o predominantly two-erop system Lo one under
which three eoltings ave the mile. On the contrary, in Heber Valley,
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which is higher and has u shorter season than Salt Lake Valley, the
fwo-crop system is still followed for the most part. Weevil injury is
mucl more prevalent in ¥leber Valley.

These changes appear to have coincided with the growth of the
dniry industry. Aceording to C. R. Richards, county agricultural
ngent in Morgan County, Utnh, this was the cagse in Weber Valley,
Duvelopment of hay grading and the price differential commanded
by the betler grades have also undoubledly Leen impottant factors.
The vecommendation by Titus (26, /7) that the first growth be re-
moved as soon us sericus injury oceurred likewise prub:ﬁ)ly helped in
thie gradusl advancement of first cutting time,

In addition to thiy modification of the cropping system, there has
heen a tendency Lo improve stands through more frequent veplanting,
fu the enrly peritod of severe weevil damage fields were kepl in alfalia
frean 10 fo 30 years, ov even longer (6. At present, in Sult
Lake Valley and other diversifivd cropping nreas, fields ave uswaily
kept in alfalfu less than 7 years, und the Extension Service in Ulah
recommends plewing them under after 4 or 4 years. Tn fact, this
practice has become almost imperative if » good stand is to be main-
{xined, owing to the prevalence of baeterial wilt and, in Hmited areas,
of the alfaifa stem nemutode. However, (here is still a tendency,
partieufarly in the catile-raising sections of the Intermountiin States
where Ty 18 the main crop, Lo let ficlds vemain in alfalfa too long, and
when plowed up to veplant to altalfa too soon.

‘The retardation of the second erop in the Rogue River Valley, Oreg,,
was of the snme type us that cccurting in the rwiny haying season of
1932 in Salt Take Valley. In that season in Rogue River Valley
almost all the smaller tavvae were dead within a week after cutting,
but rriny weather protecied a goudly number of fourth instars from
heat kill, and they subsisied on the young shools of the second-crop
whieh weve present when the firsé erop was cut.  Even o, the second
crop was retarded only nbout 2 weeks, and three crops were harvested.

In the exiremely enrly season of 1934, there wus nn unusual delay
of the gecond crop in o Hogue River Valley field in which the first
harvest was greatly belnfed. The lnrval population reached s peak
the fust weele of April; crused some damage to Lhe spring growth, and
declined nearly io zero before harvest. The first erep had censed
srowing by the fest week of May, however, and as the second-growth
shonts appeared they were fed upon by the declining larval popula-
tion. ‘These shoots were 2 to 8 inches tall by Muy 21, and were elipped
with the ficst harvest on June 8. Ten days later more new shoots
started, and the usual three crops were harvested in u senson that
might have produced four cuttings,  The immature weevil population
having run its course before first cutting, the second and third crops
were searly devoid of any immadure stages of the alfalfn weevil.

[n 1933 and 1935, in Rogue River Valley, the Iarval population
declined to insignificant numbers after the first cutting, the second
erop cwne on normally, und Lthere were small eger and larval popula-
tions (uring the second-crop period, as usually oblaing in Sale Lake
Valley., Adthough Bathyplectes curculionis was liberated in the
spring of 1931, it did not begin to be a significant factor until 1936.




FIELE STUDIES OF ALFALFA WERVIL &1
SUMMARY

The alfatfa weevil (Hypera postice (Gyll.)), an Old World species,
was {irst observed near Salt Lake City, Utaly in 1904, aund has since
spread throughout Utah and inte 10 other Western States.  Heonomic
dumnge is confined to alfalfn and is brought abont by the feeding ot
the Tarvae on the fermtingl buds and leaves of the plant.

To gain an understunding of the environmental complex affecting
ihe abundanee of the alfalla weevil, it was essentinl that the insect
be sttdiod under natural field conditions where the elfects of cultural,
elimatological, and biologienl faclors influencing its development
could be observed and measured.  Sinee earlier worle hud indicated
the impracticability of employing the usunl methods of study for this
purpese, a plin was developed which involved weekly smnplings, in
a representutive alfalfa field in Salt Lnke Valley, Utaly, of Lhe entire
weevil population and the immobile stages of its parasites. These
periodic samplings were crried ou for the years 1950, 1921, and 1932
anil were supplemented by speeial studies in other fields, both in this
villley and in other aveas.

Tho resulting duka present’a series of cross sections of the weevil
comiphex, showing the incidence, varying magnitude, and intervela-
tionship of the various clements of the populations aguinst the chang-
ing h:wﬁcgrmm{'l ol weather, crop growtin and harvest,

The altalfa weevil spends the winter in the adulf stage, and these
aduits dic out by the end of the following sunmmer.  Themain peak of
viers comes on tie first crop, and oviposition proceeds mast vapidly
when (he daily temperatures wee oseilluting about 50° B, Early egos
ave Taid in broken, dead alfalfa aud weed stetus ying on the ground,
andd as the alfalfa begins to grow the eges are increasingly deposited
in living stemg, Bar olisters nverage 8.3 in litter and 9.5 0 growing
stems, with respective ranges of 1 to 43 and 1 to 33.

The ege population miay be described by the normal-distribution
eurve, which permits charactevization in (erms of the mean of the
oviposition scason and its standard deviation, the mean indicating
the date on which the njor portion of the egg population is cen-
tored, uind the standard devintion (¢} indicating (he concentration of
the egyr populntion. .\ highly concentrated egg population results
it n mnssed atteek of the Tarvae on the alfalta, causing more severe
damage than iF the smme number of larvae spread their attack over
s longoer period; henve, o provides an index of the injuriousness of the
alFalfa weevil, a given adult population vepresenting less potential
dunmge when a high value of # is obtained.

THatehing in volume beging abont the first of May in Salf Lake
Valley. “The larval population grows rapidly until intersrupted by
fivst-crop cutting, usually early in June. Starvation due to removal
ol the food supply and the lethal action of the sun's rays result in
the death of nearly all Tavvae of the first theee instars and a high
pereentage of the Fourth instavs, Hatching of the few egas luid
soon affer fivst harvest produces @ small laeval population on the
seeond erop.

Cocooning ordinarily beging the mitddle of May, proceeds slowly
dnring the succeeding 2 weeks, and reaclies a peak with the entting
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of the first crop in June,  Thereafter the number of cocoons deerenses
until near the end of the sceond-crop period, when eocooning of the
few second-vrop larvae produces & small secondary peak, or at least
# break in the downward trend,

Adult weevils of the new generation mmy derive mostly from the
larvad population living on the first growth of alfalfa, or from the
very sl second-crop Trval population, or sbout equally from both.
The number of adults in alfulia fields declines ench yenr ducing July
and August, antl large munbers uve subsequently fousd in wasle areas
avound the edges of the fields, where they spend the winter. X smali
percentnge of the femande weevils remining in the field reach sexual
maturity carly in the fall, and these femmnles may deposit a few egus
before winter. None of the Fomndes that move to the ficld borders
reach sexnal malurity until the following spring.  Small numbers of
weevils overwinter in nnd avound haystacks il contribute fo the
carry-over of the species,

The principal parasite of the ailalfn weevil in the United States iy
Bathyplectes carenlionis (Thoms), Tt attacks a1l instars, but the
pereentage of parasitization increases.to the higliest level amoug
fourth insturw,  The Tower parasitization of the first three instars 18
ineonsequentinl, beenuse they sucenmb fo stubblefield conditions fol-
lowing ihe first harvest.  ‘Phere is also @ sensonnd frend, parasitization
rising to the highest level in mid-May, decliniug somewhat hy easly
dune, nnd dropping to very low levels during the second-crop period
in July. Tn consequence of these two frends purasitization of fourth
instars usually renuing high antil the first srowth of alfalfa reaches
the Mower-bad stage,  Parasitization by Fﬂafﬁy;:h?(‘fﬁs i ineftective
during the seeond-crop pertod.

By maintaining almost pevfect parasilization carly in the season,
Bathypleetes delays the appenrance of individuals eapable of produe-
ing arluli weevils until the cadtaral Kill can be accomplished by cutting
the fiest erop.  Acting together these factors reduce the number of
pupne deriving from the farge fivst-erop larval population to the level
of those resulting from the wuch smaller second-crop larval popula-
tion,  The seeond-crop larvae are lightly parasitized, and a large
nimber of new-generation adults may be produced if cutting of the
second crap is not also properly tinied.

Bathyplecies lives ns o beva within its cocoon from early snmnmer
of one yeur to carly spring of the next,  Pupabion begins in Murch and
is frgely completed by wmid-May., Thmergence of the adult parasites
renches a peak the second week of May, and the progeny, livinis with-
in the weevil Tarvie until the latéer have spun their covouns, kill the
host and spin their own coveons,  These parasite coevons are dimor-
phic, wnd are most abundant about 2 weeks after tie fivst crop is ent.
Larvae in light-textiured cocoons pupate quickly and emerge as ndults
the snme sexason; those in heavy-textured cocoons pusate the Tollowing
spring,

Superprrasitization of weevil Tarvae ig comuion, hat comparison of
rhe observed treguency of superparasitized Torvas with {he theoretical
Frequency enienlauled from the Poisson series indienfes that (he andnde
prernsite oxereises w high degeec of welectivity,  Bathyplectesis thus an
officiont paurasite, sffecting o high pereentnge of parnsitization with o
fow matio of parasites to hosts.
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The pterotmnlid Bupteromalus vividescens Walsh, a parusite of co-
cooneld lnrvae of Balhyplecles curendionts, pusses the winter in the
vt stage, puprtes from Mareh to May, amd issues us un adult the
[atter part of May.  Fupteromalus lavvae wppear in the newly fornwed
HRathypleetes cocoons in mid-June, pupate in July, and begin emerging
as adilis about 1he st of August.  Larvae predominate wgain during
the all, Thus two generntions annually are indicated.

Morinlity inflicted by the secondary parasite Muctuates widely, buk
the eBectiveness of Bafhyplectes is not correspondingly nffected, since
the remmining Bathyplectes are nsually sufficiently numerous fo main-
tain g high level of pureasitization wnsony the carly-nelaring weevil
farvae,  Nevertheless, exceptionad abundance of Iupleromalus muy
malerinlly inevease the prnhuution of weevils,

The inteaduced egy purasite LLaaphes prafensis Foovst, is of no
practics] importanee, sinee 1 purasitizes an nsignificant pereentage of
eurgs deposited in Titter und nong of those in growing alfaita stemns.

Amnbysis of {he teperature dabs reveals o stenight-line velutionship
Between weevil inerease nnd the seasonad heat, and deseribes the sen-
sonad trendd of heat by the normal-distribution cave, which may be
used to study Tl effeet of thernd abereations upon weevid activities
and for compareison of different seasons and areas,

A thickestand nnd vigorous growth of alfulfu, by shading the ground
more thoroughly, rebards the developiment ol the immature weevil
poptlation,  Thinness of stand may to some extent be etnpensuted
by vigorous growlh,  Apwrd from ats benring upon weevil. develop-
ment, the dawity of wdfedfa geowth has maneh to do with the severity
of woevil dumage.  Flenee, fower weevils ave reguirved to produce erop
damnnge v field of spurse growth than in s field with good stand
and vigorous growlh,

Timely eatting of the fivst and second crops, by vemoving the fooad
supply of larvae aud exposing them to the lethal aetion of the san's
rays, effects u drastie veduetion of the Imnmture weevils.

Trrigntion during growth of the crop retards development of the
weevil by lowering the temperature of the field, but it s necessary
to suspend irvigation for at least 1 week foliowing harvest in order
1o produce high temperntures and erease the enltural kidl

Raking and cocking coneentrates muny larvie in {he hayeocks, and
athers congregate benewth them Lo tseape stubbleficld heat.  This
proteetion (s of little value to the speeies if the hay is prompily re-
moved from the fleld, Lt delay inereases the number of individuals
reaching the s walt stage.

These studivs have provided an insight info the environmenial com-
plex of the alfalfi weevil. The mechanisin limiting preduction of
atlults from the enormous first-crop Iavval population is Found to be
a delicately balanced relntionship, involving almost porfect purasiti-
zation by Balhyplectes of the eavly maturing Inrvae, coupled with
early cutting which destroys the younger, more lightly purasitized
Inrvae,  Parsitizalion among second-erop larvae is negligible, and
the vmnber of adults mataving from this smaller Tarval population
depands slmost eulirely npon thne of entting.

Both the madurs and (he oxtent of damage by the alfaifa weevil
have changed sinoe its introduetion tulo this country,  Early writers
pecard The mosk sociouy dumage as restidling from larvae feeding on
the second-crop buds and delaying growth, sometimes for so Jong
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that ounly two crops could be harvested. During recent years the
principal damage has been confined to the first crop. This change
has coincided with general improvement of alfalfa stands, the intro-
duction and widespread establishment of the larval parasite Bathy-
plectes curculionis, and the gradual advancement of the first cutting
date.
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