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Ivery species or £70UD of species has an area of optimm 1126
Sonditions within its rangs in which % occurs &n abundance or in
destrastive mmbers. This paper attempts to show that the onmﬂc
cenditions fuwring the abundance of different m of noiko. in areas
outside this nm. spproach the normal conditions in the optimum of each
group. A group is comprised of a series of species having similar 1ife

‘ mn&hiom sud eimilar distridution goograrhically.

mru‘ procseding further the author wishes $o express his
sincere appreciation of the ummx- assistance received from Doctor
¥illiam C. Cook, who suggzested the th"h and who has kindly given
pointers and submitted data all along the way, Mkml!ﬂmnt is made
of the kind support glvea by My, . L. Seamans in the preparation of
11ght trap records, and Yy Doctor J. NcDunnough and Mr, X, P, Yan Duses
and many others who have kirdly contriduted distridutional data.

In deginning this work the 11ht trap records ef cutworm
moths of mmmw. Alberta, operated Yy Mr. ¥, 1. Seamans, Dominion
Eatomologist, and Doctor V. §. Cook's recomds from Boseman, Hamilton and
Eavre, stations {n Nontana, were compared and the most desiradle Phalaenid
species separated.

The species were selected in .tho following manner;

1. The abundance of & species at the 1ight trsps at

Lethdridge and Montana stations

2. Economic importance of the iwih
39002
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Y. The photétmpio rosponse of sach species.
All specios 40 not come to 11&& at a&@:t in ratio to their

mhu flying in thc fields., patsrmla, w ho vory

Plentiful in the ﬂ.ndn bnt fer are ever .umwl to um. Only lpwlu

amm to limt in tair »rmrtion to their ab«udmeo in tho ﬁold were
chosen fw this thuu. with the possidle exception of th«v imrwat a
¢conomic cutwoms « Chorisssrot ‘
and m M Harris.

' mtar Cook!'s ﬁ:m Yorks flower callectiu records frem
vuim ﬂmnng phnts and shrtds, such as mflmr. rabbit drush and

sage bm. we1e used vhen these records indicated abundance of valus 4n
this '0&;

To W the cutwom species into groups geographically, 14
vas oMm that the range of each :min mt £1rst be wmm in.
L tar as possidle,

m nia scurce lwo&:o giving aummaom d:ta arn

Mw- "Beviston of th‘ Gemus Agrotis®, Bul. . A
Urited States Entioml m 1@90

Suithis 'camom ot tko nwmm tm ia Yorth
muw Pal. N4, United States Fational Museun. 16€91.

Holland's *The Moth Book®, Douhhdw, Page & Company,
Nev York. i903

Dyar's 'mn of North mum Lepidoptera®, Bul. %2,
tznma Stﬂ« mzom ¥useum. 1902.

Hmcon'l 'camW of chidoyton Fhalaenae, British
mm of Natural History, Yoh. IV, V. 1903, 1905.



© Valuable diatridutional data were obtained from Doctor J.
YeDomnough, cim: Division of Systematic Intomology, Ottava, Canada, end
¥r. X. P! Yen Duzee, California Academy of Sciences, San Francisco. Desir-
adle information as to the range and abundance of species in various sjates
were received from the following: X, §. Brimley, North Carolina; X. M. Xing,

Saskatchewan, Cansdai S. C. McCampdell, Colorado; A. X. Miller, Illinois;

L. P. Rodsword, Oregon; and M. H. Swenk, Kebraska. Manuscripts ~Light tr@

records of B@Mm caught at the University Farm, S8, rm‘. 1926, and list
" of Noctuidae in the Ki_moou cniloct&en eave additional {nformatien. Minmor
fragnsnts were received through eomamnéa with other states. Although

far from hing complete, dus %o lack of aeue'ctiag thmcut the country,

the msn of the different tpocxu is um, as complete as could be expected

tm the dau nnllablc.

‘-.“---.‘

Eineteen species of cutworm moths were choc;h to'r’ﬁhh work.
~ They belong to the mbfnuiu: Acrotim. mmm and Mmmuw of
the rnuyg.mum (¥octuldae) ana wrun nine gnnm. oix of wvhich
contain many species of ecohomic importance. When the approximate range
0f the different species was mapped out as accurately as the data would
sllov, a careful comparisen of their distridution showed thaet the different
species foll urbitmﬁly into five groups.

They are as follows;

A. Eastern Growp
1. Puxoa messoria Harris. The Dark Sided Cutworm.



2. Jelia guoens Wik, e Dingy cucngia_.

‘ 5; molau smmedonia Cram. fom toﬂihu.

B.

m M Backed cutvczn.

Mﬁ&mm

3 and gularis.

12 w am_x_gmm; uorr. mn Pah Vestora Cnt'om.
3. Buxoa Pallipennly sm.

‘ 13-‘ Chorisagrotis ‘. zho v«torn Amy mhou.
-~ and forms {ntroferens, sgrestis.

'0 S 7 Wb d B S & 4

1€, Fuzos yens Sa. and fora servines.
17. Zaxoa intrita Morr. and forms redds, alticola, titubatis,
14s. i
, ,15. Polls stricta Wik.

m&..h m.m__gm ors.




This group is truly Bastern in aspect, ind1gencus to the Central
Mississippt Valley reglon. In the West the dletri button is reetrioted to
the Rocky Mountalns amd the Coast ranges, as is clearly depicted by the
map ot-thh gm‘ In the Zast the W fcnm the Appalwhun nsmu
south to tho Carolinas. This mnp is nbnnt throughout the ontmo short
grase plains region from the southern $ip of Alberta to New Mexico as
records would ind{cate, The mean annual precipitation of 10-#15 inches of
these plains 1s such that the conditions are prodadly $00 arld for the group.
In the irrigated dutricn of the platns the memders of this £Toup are

usually present, for ¥ith irrigation the conditions mre much more humid,
‘ and as sush are mn similar to the emuim existing in the Mississippt
Yalley. XNorth and east of these semi-aria Plains the rainfall {ncreases and
the conditions are opportune « the groump irhabiting the Canadian pmnn and
the J.ong grass prairies extending from the eastern half of the Dakatas to
Cklohm and east throughout the Missiasippl valley,

Tesdless to say that the hot dcun and arid plains regions
of the interior platesn, coaprising parts of Arigona, Callfornia, Kevada,
Uteh, Oregon, Idaho and Washington, are avolded as the conditions are such
that the group could not possibly exist.

An exhaustive perusal of all available econonmic literature rovuh
the fact that the gruhn concentration of gutbreaks of the five species of
the group 1s mtom in the esstern half of Nebraska, in Iowa, Missourt,
Il1linois, Indisna, Chio und the Southern part of Nichigan,

App@ﬁntly @ia area indicates the area of gro"stut abundance,

OF the optimm for the group.



A climograph roprnouting the mean monthly tmmtm and
precipitation comutions for thu lecbien 'culd iadieatc tho t‘wton most
fawmuo for the m oo mp 1, m;h LR

'.rwanty--u weather stations were uloctod as typ&cd ef thie
area and the m-an teken as the nsml or optimum camulm for thh £roup.

| To uccrtain mcthor the climatic features of &ho yoars favw!as
the nbundmm of this ¢m of malumas in an area outside the opum

approach thi optim for the mng, a eomrﬂm af the nh%iw adundance
from li@t trap eatchu mst be wn.

The favorable mu -%ologwx were:
| Iewbridee - 1923, 1925, 1927,
 Boseman ~ 1919, 192Y%, 1926, 1927.
Unfavorable m: )
Lethbridgs - 1921, 1922, 1924, 1926.
Joseman - 1923, 1925.






- Dates 1mem‘ extromes in flight for the light trap years.

Lethbridge Boseman
July 7 - Sept. & July 17 » Sept. 15
ing. 5 = Sept. 26 July 10 « Sept. 21
July 7 - Sept. 19 July 3 ~ Sept. 16 -
m.lﬁw. 1 Jﬂ’x “Wo 16
- June Ang. 18 " June 24 < Sept. 13

Naximmm flight approximstely July 15 « August 15. .

For favoradle and unfavorable years, the climatic conditions
v

during the 1ifs of the moth were used. For example: A% Bosemen, 1924,

fuoens showed an increase of 99 specimens over over 1923 captures.
. ﬁaﬁwr. 1924 weather conditions would not correctly show the veather
factors favoring an increass, as the sdult moth of Augast, 1924, began
185 11fe from an egg oviposited by a moth of the preceding gensratien

in Angust 1923. Hence it s essential %o consider the life conditions
rér neh spscies of moths. A climograth of mean monthly conditions

from August, 1923, ‘to July, 1924, would clearly mm{ the climatic
features during this generation of moths. 'siu graphe (8) and (c) which
are climographs for the :ii unfavorable years and seven favorable years
for the group respectively. ' ‘

Graph A';(cu), shows clearly that the rainfall for the five sumer
months approaches the conditions extsting in graph (4), the optimum.
May and &yﬁuhi mntdl are pulled far toward the optimum conditions
of the group. It is readily seen thad a May rainfall of b inches at 50°F.
a8 mibltda in graph (¢) is Mmhly equivalent to a May mmu}
of 14.25 inches at 62°F. where evacpration, dus to higher temperature, 1e

o= o



greater, as in graph (a). |

A comparison of graph (e) (mean combined conditions of Boseman
and Lethbtridge) with graphs (b) and (o) (wafavoratle and favorable
conditions respeciively) show m«s gms (c) and (’e) are alike in
mny mmcu. Tor this maen ﬁzh group will never de mmm.
' tho WWMIO nm are wly fdentical with th' noml conditions
for these m nationa. The spring ninml (M (e) fcwnbh ycm)
is much greater than in mph (a). tndhom un a‘wwamc ofmm of this
mnp can h upoctod in years ntur thu th' mmal

Boresl in distridution this group inhabits the merthern
ieﬂmlmni areas of thie contiment confined prlw&pallj within the
Canadian boundries. Nearly every year thé Bed-Backed Cutworm, Fuxos -
r Ga., and its sssociate, the mty Cutwors, Puxos

Norr., take a heavy toll of the grainm crops of Yestorn cs:nnda." In 1925
these two species were especially destructive in s«hﬁa&m. doing
million of dollars worth of dsmage. The distributienal map shows the
region mu members of this m‘mm occurred ia outdresk forms. ,
 This region will represent the mim for the group. Yorty-six weather

- stations were selected as mmx e! tais udon and m 3 (d) mnm&:
tho mean combined conditiozs.

rison of 1ight trap records. .' ‘

1922 1923 1924 1925 1926 1927 .
18 4 0. 1 4 :

U - S 3 =
S) S 5 S 144 200 101
1 2O®x m 5 8




The 19&2 records are short as the light W began on the first of Angust.

1319 1933 194’ 1925 1926 1927

£ - . 'ﬁ §
E: 3 E‘xs"
1 11 A -

1527

926
0.T1 mothe per hr. 0.23 moths per hr.
3.87 moths w&r hour 3.59 ¢ e.25 * L

'Favorable years for group - (J years)

 Lathbridge- 192 . 1924, 1925, 1927
Boseman - 19? 1937
Tares Tors o

| wnfawm’oh years for group - (1 yoarl)
“ Iﬁthbrlw - 1921, 1922, 19&6

" Boseman - 1919, 1923, was
o ,I’hm rem 1925, 1937 '

Extreme date records for liﬁt trap years.

Lethbridge Bosemen
July 10 - = Sept. 11 Julym- sm. 17
mr- m:m m n- 6

| Mb the En»m mum&tino. the period of flight for the
meabers of the TranseNorthern group {s quite similar, possidly uumu
cmur._“wkto the varlability of the seesons and sinde the earliest and
1atest Captures of sach species for the years 1924-1927 at Lethbriige and.
Boseaan have been W, the dates extend over a greater period of time
than iould pirhin to the flight of each Wu aum; a iingh season.

-9~



Kowur'. for m%’h groups the mazimum flight occurs through July and
early August, eand for this reason the group-year is considered the same
ﬁ {n group A, namely, August to the following July. |

| A glance at the climograrhe of the Trans-Northern group, on the
following pags, shovs that m.m of favorable conditions, grazh 3 (o),
;vprewh« the optimum conditions of the growp m’m- 1% 1o ef
{nterest $0 note that the mean normal conditions of Lethbridge and Boseman
combined, graph (a), 1ie scmewhat Bstwesn the unfavorable snd favorable
coniitions for the group, grarhs (b) and (o). By camparisg the mormal
precipitation of Lethbiridge with the summer conditions dv&ommu the
nrosaster at lathbridge, the datum would sppear -
to corroborate this statement.

relative abundance of E.

Normal for Apr. May June July mgc - Sept. Total \Yothe
26 years .es 2.5% 1.01 1.5 1. 1.72  11.43  captured

1922 .8 1.81 a.% M6 1.29 9.38
1927 gg 7.32 1.60 1.90 2.31 k.86 20,47 3%
Rainfall appears 0 be a deciding factor {n abundance for this

lmui. Vhen the rainfall {e below normal, small eaptm: can b ex-
poetod: when above normal large mmbers will be taku. As B. ‘

is rcpruonuun of the group, the abundance of the rnmun mbors
of this group will correspdnd likewise. The averags weather cenduiom
are such that these moths will always be present {n falr numbers at
Bosezan and Lethbridge.: |




Forthly  phatn



nosa Grt. In range these two species are nearly
4dentical, irhaditing the plains east of the Rockies from Central Alderta
to Colorade and extending east across the prairies of Saskatchewan and

eparingly west of the Divide in Eritish Colusdla and the Pacific Coast

088 {8 & less sbuniant species and yecords

. west of the Rockles fewsr. Only east of the Rockies sre they normally

plutita} and this reglon would indicate the optimum for the North-Western
Thirty-six stat{ons were chosen as repressntative of this range,

hﬁbo_. oraph C (4) indicates the mean conditions for this area.

1921 1 1923 1924 1925 1926 1927
,h 99h | glg 199 Egg ag | ?n; 157
C. oxtima 19 Ny 6% , a1 &
tethdridge 1922 records incomplete. , '
Boseman 1919 1923 1924 1925 1926 1927

N7 236 s 123 M2
0 4

xh7g 12 13 11

1924 1925 1926 1927
moths per hour
2.83 2.53 302 1.1

ried o . v
Isthbridee Bogeman

P. piveivenosa July 9 « Aug. 25 Juns 30 - Sept.}l

It is obvicus that Aifferent weather factors govern the adundance

-1l- -



of these two. ins extima appeared in maximum mm at Boseman 1919
and Lethbridge 1921, Yoth nry ary ysars. mosa iz the

same years occurred only in minimum mumbers. . sxtima is also doudle

brooded, occurring in contimous f11ght from June uctil late in the fall,
_For these reasons thess two species will be dealt with individually under

'As the flight of P. plyeiyences corresponds to those of the

preceding group, its moth-year will be from August to July. The maximum
f11ght of £. extima occurs in July end sarly August, althou@ doudble
drooded, and will be dealt vith as its »swiato. ' '

.. Favoradle years T
Lethdridge - 1922, 1923, 1924, 1925
' Boseman - 1924, 1927 -

_ Unfavorable years
lethdridge = 1521, 1926. 1927
Boseman - 1919, 1923, 1925, 1926.
szméma extina m: |
~ Favorabdle :urn
" Lethbdridge ~ 193.‘;'.- 1924, 1926, 1527
Boseman « - 19@3. 1925, 1925, 1927
™hree Torks - 19@ e
Unfavorable mri :
| 'u&;ma@ - 1921, 1922, 1925
Bosemsn - 1919, 1926
Three Torks « 1324, 1925. 1935

«l2.



A Gmmr!»n of thn graphs for z_. nivesvenosa (m fenwing

w) show that uvanblo mr- for thls apcciu &op-nd upon tho mat of

m!nfan tn Uay md mptom‘ur. When the w.nmx in these Wo months
ducmm as clearly doyicm in m e (c). an iwnau ocours md the ‘
alinom;h 10 very nwh akin %0 that of the nomal Mﬂﬂwﬂm of thla
growp. (Gram a). | i

Gmgha (c) nna (d) m very umh nuh in urly sumer muall
aad tho hu mu oomuim of these tw are no% far dhorzont fm the
same Mmuucuc in gnph l. Kn«. thil lp‘@&ll aonld Yo expected 1n tnlr
mborl every ynr at ummas- and Beumm mo 1t tup records shw
mat this 18 tho case, ealy in years when the late summer pmipuauon
is far beyond the mormal can a decrease be expected. Graph (V).

mm 1 even a bouor example, Graph (b) shows that the

lmcr months, May, June, My and smaubor. bear mach on the .man« of
thie spscies. This nmin is donbll hreom and comutim fawrlng its

increase vmn'.ld vary owmt from piveiyenosa. ¥hen, hmnr. the Mnfall
{n May, June and Septemder iu hi@or than the mml {graph 4) unfavorable
ceu&itimc exist. erxwg_ (¢) compared with graph(d) shows clearly that
favorable nm occnr cnly in the years dryor than the pormal. A glance
st the 1ight tmp moran rm voru‘y thic. The years ingust 1518. |
m: 1919 at mmmn md mn ls&o Jnly 1921 a$ Lethdridge wers wry

dry years and the catch during thsu two years were the hmxut on rword.

’13', ‘
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rather extsnsive. P.or ]

&o -Pale MN!M MMM. wm&« the
short grass yumc wen fron smom .\mm %o mmm Yow Mexico,

" ant occupies sparingly wost through Asisess to Califoraia and Ttad.

2. pallipennis »em through the ghort grass plains region east of the

Rockies but is slso found occasionally west of the Rockies um Utah,

California and British Columdia. C. am

xis; the Western Aw Cutworn,
appears t0 have a wider rangs, irhabiting the short grass prairies of
Yovth Anerica east of the Bockies, and is also found in Idaho, Utsh,
Ariscna, Nevada snd extends down the Coast Muin Range to Califorais.
Its northera limit appears to de doreal « one record from Rawpart, m,
n#d 14 has cortainly a much more nmorthern renge thaa the other two as n,/
is coumon in the Peace River-Grand Prairie region of Northem Alderts. - ,‘
An examination of the econamic distributiocn, shere the greatest
mumder of outbreaks have occurred (ses map) show that thess three species
ars {ndigsnous to the sghort grass gld» region, In this faunal region
from Southern Alberta to Northern Few Mexico, sast of the Rockies in a
strip of plains varying frem 100 30 200 miles in width, the conditions are
such that these three species are always present. These plains are the

aormal range of these species and Z1 stations were selected to represent
the optimum for this group. (Ses map).

o ___0..1&_“ i



’ﬁﬂn’elo yoars for the group (8 m) ‘
| x.:m;-u@ 1921, 1922, 1935. 1936 "

“‘-um- | 1919. 1926

Three Forks - 1925
CHavee - 192, |
' Unfavorsble years for the group (10 ;&sﬂ)
lethbridge - 1924, 1925, 1927

) mm‘ - 1923, 1924, 1925, 1921

" ghres Yorks « 1926, 1927
 Havre - 1922

0 - Bept, 28
Jwe § - July 23 July 2 ~Oct. 5
- Augs 13 = Sept. 11 s

Aag. 11-3ept 13

m uriahnity of cmons 0xtem thns ﬂigxt pcx'lm over a

amtor masber of days than vould .ctmuy occur d:axing ons gemsration.
C. suxiliaris usually appears early {n Juns coaum&nc i%s f1ighs tntid

-15-



ebout July 20. The maximum flight occurs usually in early July. During
the Mt nathor very few ars found mm. the majority m msinﬂw
m‘r eonr. About mid-Aungust 'uh cooler tmoutw. mting oscurs
and egz 1sying proceeds until September. August to July following was
used $0 vepresent the 1ife period for this group.

An examination of the gmgha D (a), (b) and (2) on the following
Page Toveals the fact that ey rainfall is the great controlling fastor
for this muﬁ. During the years 1919-22 P. orthosonia and &.'
were in cutbreak form as evidenced by the huge captures from Havre, the

approximate center of cutdreak, and economic literature. Graplt (o) exhibdits
May mémx velow mormal. Such conditions are the most favorable conditions
possidle. Yormal conditions are favoradle for this groupt a rainfall less
than normal tondai tovard outdreak form, and precipitation greater than
normal brings the species dowa 0 a very small mumbers.

Grarth (a) shows that normally the mumber of moths of these two
species st Lethdridge and Boseman could not be expected to be large, as
the rainfall in Kay is oo heavy. | | .
hidernates as |
an adult moth during the hot summer menthe, and the larvas are nsarly

Because " the uﬂom Army Cutworm, C. puxiliaris

mature in t_hb fall, the abdoys statements are not so applicable to this
species as to P. ¢

pallipennis whose larvas ;lj:gwh usually
from the ovas 1n early spring and are more M&ib}i‘ tovueum |
conditions. However, it {s clear that favorable comiittm for the grouwp
cortainly are very cl«c"té the optimum conditions u ohm 'by graths
{c) and (4), and that unfawmbh yuro Mnc amay fm the opt&m as
uhm by m (v).

~16-



X
t
9

k
H

UNITED STATES

——-0-- O ptimum "ZmrG

——= — "oVifTtom Piitenl
JLE) L I(. .

W ner Irmim CIVrnt
iltorli

L5 "? p Okl hoyonio
"W/l C auHitians
L p-JHipcnnii

z-? /1m

Crlim ny e<*jh o f

; yZ' & —i*IA
I v o

r> i | o

IV ex<t]l

/ o

oy r ap h | Z*0 Me3

L c% wm.JO.pl. /*/%*" ( +rrl/,/orfs
- (/O)unfa i'Orab/e )"cars
eh 6
A
Avi

ly?* nthly for-9c
I "

n P/o

AT...

S-(1)3 a uono6/e

Qcu”™ ¢ r

V.HQ
\

\

nr ncAei?

/Veon

Stettan .

OrviErf

X1

Oarrdttn

1K

rre»/ %<
Ie



This group comprising five species, Xuxo

rena and Polia stricta, have nearly the seme distridution, being common
4n the mountalns of Kontana, Idsho, British Columbia and extending down
{he Pacific Coast rangs to California. J. wancouverensis has a range
slightly more extsnsive, Mag found on ths prairies of Southern Alberta.

1t will de considered separately in this group.

1926 Hemilton records are imlm as the 1izht tm mﬁmﬁ&w&
on mt 17, end the catch not u hrgs as it othouin vmld have been,
hwratlo years for E. sponsa, m zena end 2, gmm:
Bozenan « 1919, 193*1 1925, 1926
!nnwnm 1936
Unftwubh yoars
BMM - 1923. 1981 |
Buutoa - 1925. 1927. .

«l7-



m:ru-ms

Taly 9 - Sept.
Faly 29 - sept-

9
b § 1
2

1 he fl1ght of these four species s nearly 1dentical. The moth
_ year ves taken from ingust to the following July.

‘ nn wm yoar vas taken the same as for the other amin.

~The Mn of the Mountain Pacific group on the folloving page show
clearly that the sumer conditions favoradle for this sm swing toward
the optiomm conditions for this group. It is remarkable that the eptimmm
is 80 closely epproximated by the conditions {n favoradle yoars, tox? e
precipitation festures east and west of the Rockies are vastly &ifferent.
I8 18 unreasonadle $o expect that the winter conditions will ever sving
over to thoss of grazh (d), as two extirely differest climatic reglons
are involved. In the Pacific Coast region west of the Rockies, the
maxinum precipitation comes in the winter months, November to February
and ¥arch, and {n the Rocky Mowntain reglon the maxiwem precipitstion
comes in May, June and Septemder. The mm conditions of the two
stations, Boseman and Eamilton, appear t0 be such fhat they are favoradle

«18-
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to this group, :Mat similar to the miml conditions especially
in later sumer, graphs (a) and (a). This fact would appear to be correst,
a8 a glance at the light trap records ghow mt each mr &c« wpnin
occur in nﬁhcr large mb‘r-. :

luy. Jm and Septemder Mn!&u appears $0 regulate the
abundance of . vancouve A high precipitation in W and scpmr
seoms %0 be unfavorable, while a May and Septeaber rainfall identical with
that ia the optimum and a wot June favor the abunlance of the ‘species.
Graphs (b), (c) and (4). 1In this rnmt the uvomhlo mﬂim einm :
- from the optimum. It s this factor mzmg. yan
1mmm of Alberta where the Mm Tainfall occurs in May and June.
It is $00 much to assure that the weather features of these stations that

have totally ¢ifferent climatic features from that of the Pacific Coast,
vould closely approach thoss conditlons existing in the optimm. With
more datum on this species i%s range may be found to e more extensive
and then may not appear to fall in this group. |

 Rowever, ths four other specles of this cmm mumtly |
umtxm that the sumer conditions in the optimum and miag tawuu»
years are nry mach akin.
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A short synopsis of the different groups will serve to
‘m&»‘ms paper.

T mh " ua ot cnmms nmmuag the mmmxo
_tnwmuo aomntim nt the sutiom ia uoatm and .n’eom. u m
hm mm &at th! eoautiem m@ﬁw for the nmam o! noths
of m. mup approach the normal conditions omxma in the

afall appears to b a deciding factor in the aduniance

of this group. The graphs clearly exhidis a June precipitation in
favorable ysars near that of the sams month in the optimam. In
unfavorable years 1t is not so, and accounts for the small captures
- 0f this group. The nommal conditions at Lethdridge and Boseman have
a low June rainfall and this will only be adundant in years with June

- abnormally wes.

mo suwa ﬁl; {1lustrate that favorable years closely

approximate the optimum. A heavy rainfall ia ¥ay and Septemder
dmlet usfavorable climatic features, especially mfbublt to
Garadrine extima, vhih is abuntant {n abnormally dry seasons. The
normal conditions of Lethdridge and Bozeman are such that these two
species, particularly Caradrina extima, will never be abundant in
average years.



to h mo euumia twtw mlatm the
a’omm of thia mw or mm A amrhon of the cxms Ml
‘mm that May rainfall for favorable yoars is nsarly fdentical with
. the mml raiafall in m mtm mftwn’elo ycm feature s May
prwipuﬂim mttu m tm« 1wha. &0 »ml w&um of
mhmm md Boseman m mm to thm la mtuwmh mn.

and hm« thil muy -m te ;W&m only ln »um w&th a dry
'wiu- ‘

!’Ma 1: a ﬁm owplo {1lustrating m parposs of this mn.

The climaiic features during favorable seasons divergs far from the
normal conditions of Boseman and Hmnten. and very closely approach

the normsl in the optimm for the group. This is rather strixing as

the optimum 1ies in the Pacific type of precipitation, with the rain-
fall maximm in winter, while Boseman has the maxtmum in the epring.
That the conditions favorable for this group at these two stations

{s similar %o the nomsl in the optimzs, i3 ample proof that the

‘favorable cenditions for s group outside the optimm sone epprosch
the normal in the ¢ptimm of the group. '

an-fmcm@huuu‘hdthcfmtmtmimu ,
t-wﬂu m increm in the species of each m tend wma m uoml
cmitim !n %ho Wum.
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