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”ryfiiag livin‘ unfit: unravel 3c&”;ticn3 are e?;0305 to a

cowtinually :hgt it; :nAhinrtEOA cf egvi:cg.eut;1 factors. 1

pi-ye ical environ hit is oeupxinufl paflsly of €134 tic 33;:or3,

which are relatively “33‘13, au; reatkgr Exctcrz wLich, lifie bio-

10¢1331 factcrs, are continually Varyiud, aitfiuugh tie; 1.3u Ely

vary azbcu'c Clizutic 330311;“; Wei.2': c2“use. slowly.

“elativc population 0511.;at es may be used {or nah 33 parale-

tion cowparis¢.3 in space afid time.. Siuio.i:al lu£-~§.ctuti91 of

such estimat-s is Clifict;1t.§mQVc:, since tfie sxnple size is in-

fluenced by changes in actual numbers of indivi .15, changee in

their ctivit,, the Segree to 13 icfl SpLJies or SLR ie respon-

Siva t3 the Lrap sti:.uius, Lg: chtnies in ericitdcy of the trap.
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The objectives of this investigation were (I) to report the

nuwbers and seasonal occurrence of msyfiies (Sgkamcroptfira)

ewe: in: from a rostrictad area of gull Lake, iickijan, and, (2)

to evaluate several environmental paragmters as posaible elements

acetatinq as modifylnq factors in the emergence pattern of the mav-

flies.



a

A few swe¢ios of larfic cou341¢123us maviiies o:to: come to the

fiflfifi?fll attention every yearrwh4n :49? p WJre in enormous nu: be

Aflults of mafiv 3902133 a44esr consistent}? vent a:ter yar in

the same localitiex, on apr"w"i”1r41v the 3‘40 dates for tho",

' a

localities, often forming vast swarms near tha water. The envliist

pVbIIRWeM retorfis corcer~1az Annriczn warflias were descriptions

of sash Gdargflo In l?é9, Pfiiinflelyhia bctnuiqt thn Bartrafi

n r

(175? made observations ziic: ware an”-.uun4 in the Tranarctianq

0f thu AOYal fiaeiety of 3,330n. 01in? ccmnunicatnfl as £0110;n

73V tha ath. i749. Jr. Fa;_rwm percoiJe4 $.4JJ ”av.

Elias had attainad vin45, and.:vre var chi;k spfeai

on the0J3a3 and fira34, ans by the riV4r sine. Ike

333035 day after their llaviin" tae r4qu3tic at do

they ens another 9:13, site? w§:i2hrtncir toils a:

Xenzer, and their wings drie ataé more transyarent.

Tia 5th and 6th was rainy, tfia 72h Jizly; so Vfiry few

can...» u . Tim "ch was 2001; so very few were seen:

Hvt “if! sunrqed 1?ta in tfie e"~vfie; and on tha lith,

lxtfi and 13:.1, fhev,suarm4d :bunflaatly. tht he caiis

:xwr'22, was t?xrir "'c“4“i“‘Hck n9 hoes, near tne

zimr's'0 12:3; t1}: air 63:; am the water.

Numerous‘ p‘p'rs, Inc'Ludlnq keys and fiescripticms of the ray.

flicx of I pn:*c!cu13r rc;10n,have been publi kcd. La:4;‘s 044'r444

of the fiecet upw‘eri4ae, 18”ULd 1333-33, stilt serves for the

L
A





generic and specific identification of ouch cf the then known

fauna of the worl4.

Mos: North American species were described by Trevor (1933)

and in I long series of paners published by chufinough (1926, 1963)

from 1921-1943. Noedham, Iraver and H33 (1933) vubliohed a d1t31134

account of the biology of mavfiles and toys to florth American may.

flies. Two excellent reforances for mavflies of the Rich! an area

are: The Mayflios, or Ephemerootera, of Illinois (Burks 1953),

and éfivflies of Tlchigan Trout Streams (leonard ofifl Leonard 1962).

I neat: 93 and 17:»at‘1er
 

€¢t§y {fiv13tlj1t10fis H340 hofcrc S?1f1:t£331

developed were frequofitly docarlyttvo in nztufa. The o1xliegt ox-

teceiva stuiv of insects an: thsir relation to climmko was eififucfisfl

by B. P. ”var v (1931). In stuojing the responses of insecto to

cnvironmontal f1ctors, Uvnrov said that it was necapzsry to 34313

the afinlytfical nethoo 394 to investigste the influence of cosh fac-

tor separately. Ho inflicatcfl that it veal: be igcorroot to nqauuo

that the rosgo“so of an tango: to the c03fifinod notion of 9930331 fac-

tors will roping at a sum of the rocfionscs to eJJE factor iwvnlvad.

C. E. Wiliiaws (193°, 1?fi3), witfi t“fi aid of R. L. Fisior.

both worfiivg at the Rntbawsto4 tuworinnfit Stafiion, Narrcn‘cu,

Engijn4, analyzcd four {onrs' c1ptur3 of inaoctn in a lith trao.

.. «at P. n , , -’ ... . ‘ ." o r."’&‘ '\- .- . . .1

Most CLJIVSu» were HJJQ by fluLuOMJ o; pJJoiol rm :csnlons and
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annlvsia of variance; ”llltans' works from 1?35 to present can-

st1tute the most comprehensive studies to 'cta dealing with ‘

ratenrolnvlcai factors and their effect ugon the total insect

ponulation and activitvo Hilliams Investltatod large hetero~enecus

pcwu-atlons about which ho n33u3;}od the tote 1 c133nfed slatfly. and

hence, daily chanres in the catch were 630 t0 changes in activity

of ta insec :3. Utilizina Severn years léror..-ion, he was able

to cairn3t tzc noun total ctch of en11rnnts fer its dopartures

from t'zn mgr“;-. (of txe four years) in actccrsiojical canditions

(1.0., we:mt1-r ans 011:323), obtaining a 33133 Eur what he be.

lievsfl woulé !.ava bcaen the catch had conditions be3a noywalo he

differcnces Pannining ha Cillcr tie pngulation eiQafits, and thase

qg . . .. “ . . 1, d0. . v - .o I r- .- p .‘ 5 ,v.

vagqus u3re (313.103t3 . In 313 33331333 10 among} JJVQOIOIOJEQRI

wreent of;.3 var 3330 of the tctalK
-

L
-

facturn 8300:31": fcr SU-v

pCéchtioa.

cur .‘P 4' . g _

Lwé nrnsewt stufiv, n s~nr:1 1g-. a ICFW.'"ifi1 fiwaxrnzvfii2xn 3? tifi

a ..I .. .. 1 .4 -. . .' .1: ' . .— .1 ‘ ' .,.. '1" .- w-r‘ - ‘lave;. aces Lot 1933 it"a11 to 9;»-133 a ”13193. Lid rdflilfiiOH

a 0‘! -.. - .f’ --- 0‘ . '. 1-. fl 5 .‘ " "'- ‘_'"“ ’ ... I" A I M0:. a 3.1111719 53 :93i08 C; ~"2‘-’:..’:.i.u:3 13 FL: CRIN... ”231C {”3- HOS in“? 1‘; .7 i-Ji'fil

1' " '9 ‘- 9 ,. . .. f. 1", 4'1 ls -"‘ I, I". “ -"~ ‘ "v'" ' l'.‘ b 01“
13.1.1 '. ~.-.«o w 9233:; an. - "zO'n-J “-332.11“; V6.9]potugstxofl stmfilcd by

_.“ . 1:. (J. ...-Q,

r "o 3“ r. udat 3033;3-g
)

p
»
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- C

3V . '3‘ ... J I! . ... .13 . J‘. ,

r33233j. Aha a-uit 11-3 323“ u; :u}.!ifi.
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6

as they affeLCC abunmance of n 9990103 or ggroup of insects. Host

work conducted to date at: the specific leavei remains quit: descrip-

tiva. Leonard and Leonard (1-3-62) recs-moi} the seasonal occurrence

of winged payflios ovnr a ainglo gravel riirlo on the Ecru Aarquecte

River in? 1:1«:1 ,am.

Tertpera 1:12 re

iilliS-xs (1’32?) believed to=pcratum1~=ns the most: i:.‘.poz'ta:".t

sinrtle clif‘atic factor in a coal reiipez‘fi e zany. {-1 :‘zirg‘hts Wan

the catch of all insects was Iii-311, mxiz'wa day and ninimm night

temperatures were hig‘wr. {‘0 indicated that the effect of maxim:

tez.:purat's-:re £11090 was of less siarmfic ° c3 than the sheet; of

minimum temperature.

Cook (1933) noted that Lepifioptera catch increased with In-

creasing air tangent-zines. the eifect heir-1;: much greater when

..

hunim‘cy was low. Uvarov (WEI) concluded that air temperature

is the chief mwironmonizal factor influencing: insect flight eatin-

‘

vitles, such activities beginning about 1".“ . with an Optima: tantra

"C

betwuea Z.‘ '8. Hith one 6?caption, Sfifitt and Gpdyke (19d!) fauna

no g-.:':;eral cor!‘elation l:et.:-ee1 aquatic izsect esrrrzrgence and air

tempt: rattu re .

In his black fly si:ue::io,'=«’i1'ii_iz=s for}1 that rmxitmm and

:ziniiur.) temwmturaa on days precaz’zlz-g the three nights of highest

. .0, g“. .u

cats-1 were 1 .. above tue mm“:7 mom, 11.1.1 1:1;3t3 of 1:13:21 activity

AC

‘L b.ocmzrring at a minimum temperature above





s
:

Chant: and Ivfcleod (1952) found ram-orator: mama to have a

close Inverse relation to cart-'15: abundance. This is in asmmant

with Davidson and Amfrm-Iartha (1933) «"10 foam tesmmtnre rem-3'3

to hove a definite influence on tfie ebunfislco of thrios.

Taylor (1‘233) believed than new both an LET‘I'CI‘ as: lower

reageqwture thresholi fer {gs-2t flist. In a ctr”? of aerial in-

sects, J. A. x’;‘..)‘-:;‘.:r.::.n 135.23) cello-star! rkC»...:t Grecian at a torrpemimt‘o

above 61¢? (1623), but baliovsfl tfizt anzoarance of many Species in

the air is more closely asscrlnted with their life history tfisn

with i mmiiato offsets of to porsture. Fustfinr, that "rortlar

daily catches of an aerial insect permistion 1:02;}?! throw more light

on tho pmz; 16: 51. n

Inclfieat Lafilation

The soul-co of heat which alters air teemramture 13 radio.

tion imm tho mm. “than is a ten'icncy for «root! catch-“s to £0110"!

sunny days (Hi 1 1153113 19-'--G)o

misture

Zillion: (133:5) fours" r213 (35.5. not: Imam a sir-:23: 02:23.21: (2:1

the Cit-1:31, eli;',0u__:h the 03153;: was usually law'r s to: a fruity

(2:13;. Zia fouzul relative mult'ity to have no enact on watch.

.Uvarcv (11}31) believed relative imrzi'ilty had an effect on the
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activitv of Id“"‘"“fi"“, thugs being {in inverse volatlon harvhsa

relative hu~i!’_t? and attlvity 259v; Sfi gynguenr gpinhiyg yuaggigy
nut—-‘c.’

and a direct r-fin1' on 561%? 3'3. pnroem’: 1-3.1rims 1's-”sir 11'".

t
‘
:
r

O 1 1 O t
?

(
”
a

(l .
3
.

L
) 0

t
.
-

1
) 3

c
o
l

£111“...«Tetra—...

v-u.» ”o..-

(15") fmu"‘ wkflrsfi,ur c puss“"“0 to have no sijni

en lacect ahvnfsfise.

£1353 swVfi1.--In a='”ition to lfifiisatini hijh knuislty.

cloud cover prevents rafitntion of heat from the grauflfl a: n! 9:,

tserofiy ken lug s£=kt temperature

dlatiou Erna tho ems, there:.y lowor.? .maximum torpofntnre. Clou1y

(5:1:fr3dszgg 1 1') 1-,ave a 151’, for ‘Tf'fif'fl 1113“?) {1’1”} :11: 7’ “$711." tifii'.‘1.i.-;=‘2'11 tifififififirfilfil 1‘0

than clear dn=3 (‘1llifis $k9, Ldufit and noises 133-).

’3n9.--;n nu.1=s is of tho effect of Visa is difficult dug
m

3
’
?

.
l
e

.
J

C

0
'

:
‘
o

to its toaid vsristion in strnsg .3“ . :slwtorugrien nigh ot“or

wentio: factors. It is pahgas for rfiis reason that this pasnuoter

4&3 boon lace slntolv {fiveskifsfi95.

L;::£é;L§.--F"lor to 1”" illia“s claisefi that moonllgfit

had a doffinfita effect on nocturnal insnc:ts and that low CRtCu‘

in a filth: trap, at full moon, are sot movfllv due to a phvslcsl ro-

'ductis; in offis -3:sy of t“o .rnn. Afro: evaluations utilizins suc-

tion trans wars conducted frsv lfil to ICC}. a=-'illia”.==. Sinus, and El

P I "— ' "‘l » Q =...-II - "1! . .. ’5. .. 4" - » -

fiaidy ‘1»35 conslafufi that L.o 1313 as it, on nalch they had based





their claims, was accidental and of no hi020;icnl sigxificnrca.

but 03 Hafiz-Furthar, that there was no evidence ralwiinz tfiz of

’I "i : :3 V—
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.light to tfie activity or cisrri2“:

did inflizm91:9 an QXczthlon in the case of same agsstic Sfimaiea, whe¢a

light a}3;2ea ato infl ce emergence fyom the water.

Scott and Up<rke (1041) cauvht far Ljppw 9‘”? ant aquatic

insects in light colored tnan dar1{ c0101:26 energauue t?ny3. They

hypothesized that vixen about to emerge, 3::ae or nymnhs must :9

stronuly phototato to lieat of rather "23k iauwu1ivv.

Lamar nflviebiity.--A lunar riythm has been associutud with
A‘- A

the ch31es in activity of mrtain aniraals, him wast of the

stablished can a are marine, and the effect may he partly due

to tides. Hora (1927) 1'sot0d in Iniia that Ska! .3 of 3:332:81 swecies

of mayfliss usually apneared during th9 full mega period. Hartlang.

Rowe (1955) suzgestad that swarming in an Africaa :aayfly (Pov‘TEQ

afinqta fiavas) is related to the lunar cycle. He hypothesized

that the lunar rhythm may only be maintained near the equator

where there is little annual variation in day largth and air tem-

perature.

"\

80x afirio

 

Hilliams (1939) found in Agrnkis n"""7"16‘53 and several

other sueciea of Hoctuiduse that tonal-as formed a s mailer proportion
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10

of the catch on nigfits wncn tfia Species was afinnflnnt. Accordln?
’ .. J

to Davis aw; “11112fi3 (1062) savorxl creases of black £1103 sfiow

a similar tronfl.



VEIHQES Au? HATfifilALS

5"1'. 3‘31

8;.“ i 51‘;

tull La.:e is located in Kalawaawe arm Bar~y Counties, T.IS.

and 1 N.; R. 9 a1J 13 "., in the nouLz“~3:2rn section of Lower

Michigan. The stuiy was cogisutfié at the U. K. 2g11.0LF1010{ca

Statiau, lecaicd on the northeast $150 of the late.

Cull Late i5 auong the daeper and Iarer of t

n - ‘ J .‘ -~. .a‘ a”. - .a

in southern Lighignn. TAG surface nrua is “J; hucwarns. A mJJor

cf 3L L-C-tcrs. It 13 classifisd as a celiaxater 1;ke. T33 watcr

is JIIJ-h'lline (9" 7.’?}-nr..{fi.).

3.33.3. r £9.82?’CI, 8A.: ring-13 are t 18 137: ‘I :f‘: ’CCL'tSI t‘jyFat): 01‘}
(.3

areas.
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Ob1010;lcal survey ofttha 13k

T-.c cli;;.te at Gull a’malternates ts: »mnt1=2nt.~1 and

,0 "I ’« '

.a.3 .ic:ijan.f
a
.

C

,
u

V
.

D 0 '
1
?

U L 1
;
:
-

5

X
'Se.mi.:arine , due to prev:ilfiijn31:?

The air tamper Cure £5113 to .23°C duz’iqg qut winters; there are

appfoximately 15 days each su:.3" when the temperature reaches

33°C or abcve. Average dates of ths firzt frsos£::z totworarre

in f?1.1 and t‘ra last in Spring are October 6 and Ha' 8, reagectively.
qr
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About '6? percent: of 1:53 3322131 total precipitation occurs from:

April, t0 Segre imr, w t‘=1 ralrr’all heaviczst in Juno.

?. hU-n“mgfifiinnl “mango-17¢.
. ..\r. ‘, - . _ .1 1 -'-. I c.

“a. A-_. u. ~A.‘ -.L __ -' 

An official maat‘xer station is located at the N. R. Kelqu

{1101931331 Svation. Air tor-mr.1tum and relative humiiity teem

o'ntnine-c? utilizing a ccn'Itiz'nemzs me 133ng E'7’yr7m-Thenwo-"fmohl A

contimous record of water temoeraturé was: obtnizwd utilizing a

Tat'lor tcfiperatum rec-cried (76 J tzrpé meet-riot). A 10:; was fittin-

talncd for vaa’fimr conriitions througfrsout t’ne st-ACy period. Air

thTTp-Z‘I‘GUJI'G and relative hwaldity were recorded at a distanca of

2 :mtt.;;:r3 from the trap arm l meter abofie rrmzmd Laval. Eater

tez'ryxature was rem-Nod at a depth of 13-31? ccéz‘atlrlwotérs and at

6

a difitgmce CE 2 meters from tim late sham in pracdrflty to the

113%: trap. Thus, nnasurevvznts of the (1.311;! phgmicsl enviromzent

C

were availalne for cmxparieon with light trap captures.

Records of the average air temperature, tote; precipita-

tion, and éerrtzweg of each from the norm). duriixt t'-.r:.~ past 33

3:0an :m-m ofrtzined from A. N. mot-rnior, State Clir‘zstoicxjjszt,

safuatfagr ’Fumau Office. Innsiimo





$360159 stuiiefl. Vit?\ ficEes on their hir.logy
 

(pier-l tinlvnv.---ayflies have a life cycle of 4 stages:
 

egg, aquatic ~Pv“., aerial subific o and inn 0. :crflzthr tLo

lnazo and sublwaxo will be referred to as "adults."

"fiqus of newrly ail “ickigan species inquire a year to

mature (lecnard and Leonard 13(2). Often an overlap in broods

results in a luzg seafional appearance by these species. A few

a Vitfl two broods per year, andO
‘

species have a shortar life excl

the 13:50 ephtworids usually require tva years to mature (”urko

1953).

QuratSOI of t:e wingeJ stage is urually 2-3 days, but varies

somewhat with the s?mncio.3a. nfilvifiumls, and probably with weather

nrn
conditloaa ( eedhan, Iravmr and Van 1935, Butte JJJ . Sabinegns

anally emerge in late afternoon or evening, sgaan the sublimaslnalI
:

eta5e rusting near the water, and make the final molt a day or so

later; than males swarn, mat W: occuts. and females Janos it efm'

soon aftérwnrd (Burke 93?).

Collefitng at l';Et3 u3‘h-lly yielda the largest number of

adults. Subimagos are often strongly atttxctd to light (éecdham,

or

Iravcr and Van 193:,Bur13 1233, and Loomrd and Lee?3rd 19’?).

STQClQR prfisewt.--It is assumed that adults of all sgecies

caU5’E.t 9:. r5-cd from Cull Lake.

'cxazc:ia i'Esta (Sortille)
     

Habitat: Jole-lika logs of tfie nywphs enable them to burrow lnto





l
t
d

E
.
‘

batten sedimnts of stream: 33:?- 1:32"er 1.3.203 (T333313. :15. 1.333331?

1962).

Life c'mlm Two years are usually rm.;1.:i:33=’z, althomggh the 3:313

13 completed 1.1 a year 1?: sons of the murder 301113323131 1: 32261331

1:13:03 (Hunt 1933). The vim-:02".- strzgn (2:71:33: 133123 three days (1133"

0.. 9

1933). Ernrgnfme am} swars‘sit‘g gin-2:: thin: Err)“; c3233: tn- z'ii-'E‘:i"?:t1
3
)

.
-

(33mm 1953).

.—'.— - 2.-. ‘ ‘ ' .

h I? 73-33 “:3 .1113 ( 31:73-31)
 

Habitat: I. E- 1. 1’1""?‘72, min-like 1033 of ny‘vphs enable t’ée‘n

to burrow into the su’mtmtwe P13? iLZIt-Jlxit strewn and 1:23:03 vii:

consitferatle wave action, and are mat abundant 1:3 waters Eu-w :15: a

sand and gravel mz‘mtrfit‘am (1.3071331 and Leonard 1‘352). 1173*; are

less COZ'I'JO’Q in silt and 7.1"} bars where 11. 1?"~’:nt.€: pradmrfirfites

(Leonard emf! {canard 1932

Life c7310: T33 cycle U33.3110 ta::03 m-c yC‘fl?3 t3 co"319t_ fiu‘ks

953). {-32:33:03 13 de.::3 he evening; 3.1:. sunning occurs over:

the 3.3th at (12:31: (Lac-332:1 3-1.31323.13 1? :2.) Ace-owing; ta 1.003;.er

and Leonard (1/3-) heavy 3333:1339. of 31;. 35.7.3333 usually 2:31:03

p13:a abot to:1 days before that: of if". 13.-~'*-~€:3.

5333103031 rif-“L’efl (7-‘cW-=13'33L1"")III“

5.1“

Habitat: Legs and body of ti: 33333313 2-": P13“‘°""nl, offerin (if
a

little resistance to water man?»:11: or action as t‘wy c11315 to

st3:333 and ot1.e r em.5191:ed ofgjccts. The;freq-Le'1‘] occur in the

33131133 water (133 than 13 0.3:;-1123t3r3) of ctz‘m's and 131323 with



strcng current or wave mtin. (L30?ward and Leonard 1952).

Life ovate: The cycle is c03310to 1 in a your. Cwarjenne occurs

frn: aftarnoon thruugh evmnfing (Eur:3 1 :7. Leonard and Leonard

‘,n4£3 51 alias (53}un3131H)
WW

habitat: 1he flf;\ficulate $11133 nvnphs izahgfirit quiet waterg whe3e

311: and debrEQ collect. Adults are asuux3d to have emvrg3d from

J I C O

h
‘
5

i

f
‘
\

2
‘

I

F
'

1
1
A
.

H

' I

11:23:00

- no. ,1 “a r.. . ,, 3.... ..-., _- ._ .,9 ~ -.. .

L330 3yciu: 3ne 1!; 3,.39 ls ro«;lcaud in a yuur Lsth heavinst

. .. .1 . . Q . '1 - - I". .J. o'er", "w
rjr. 9-: . . ‘s n v f‘ "'7. 5.. v r- ' . Q - on- v ~ v .- * AQ‘_- fl. {‘9 ,. ‘ ya. ¢ 1-, - -".

04.3); .'-.—1.r‘3 3..‘:'-.f .'.. 113.4 g ‘ ‘1 - ‘1}. ¢ .‘t"' a». (ox'L‘... ' u.) {I ‘. “9.9 .1 '_‘ O L m

suhirm30 3:3 is greatlv aktreviatad. as eviflfinced by Burk:5 (1?:3)

who observed the subima9inai e.mxvlae heir~ gyt§d flaring flight in~

,. R .2.-. - .. .

M .Lukly atar extrgance.(
i
:

OQF‘IH?$'§~ tr‘fl“"\3fl¢gl.a

- 't .1. . - " ~ . k‘ .

 

Pannrfihtinn of T1Wn 3.-~A 13w Jorsoy Cy3e [13 t:ap was

ut111333 far the collections from Watch 2:, 1967 to 3L13°19, 1?C?.

At this time the trap banana 196.-.3ula and was replnnefl with 3

.2t Elvin; Insect Trap, which Operated from July 30

1967 to So; cube: 15, 1967. Both traps cowblne 11ynt (Sew Jew‘33:

incandascent, Spinsect: black 113%: fluorescent) and suction (ratary

fan) and, therefore, are eSpeciall y us‘ofut for wank fliers. In €03-

!9 not availabla to datarm me the effect that chanzlnq traps

had on the nu3?:er and EW95 a: insects collected.
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in co varing the manner of mayflias ca: ht, 1033 cf the

nuuburs Hera used, as suggested by Williams (1936. {€51}.

"light to night variation In nfinbers V38 Hora gmnwatritg

than arithxwtifial, 1.a., hluh emerxmmea periods were asrociatefl

with a uultiplication of the catch 5y some factor, not the aflfii-

tion cf some number to the tutsh. It was ficccssary to tonvort

the catch to a 10; scale. so that geometric chanwes became linear

and nswal statistics-1 for‘mias cueuid he used. Since catches

were zero on many nights. 10 arithm of the hunter cauaht plus one

heat (13 ‘5 1)] U38 used.

Any incruana of .331 in the 102. catch Indicates that tWe

-
..

catch is doublofl.

statistical analysis of 103. catch in relation to meteoro-

lcdifidi factha was limitefl to events during the emotionce fins? flf

a emacies. caly then can adults of that species be expected to he

prasnht. uue to biclotical factors, one would act expect to find

g, sivalann in Augusc, hence thace is no point in considering weathet
 

couéitiuna in August as they directly luiiiencq the occurrence cf

.’»--' +-.. .111

o 5t.-_:93 fluthSC

k
s
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50333331 e-2r1"co 35 t" -¢-~r-~ pa 1

tum.Lm... 1c. ML-S‘I:L~.I s-n-h.r O...

1".70 major wiiwly 39:133-137.. .1

for 3-1. 7.1211111. altfl
r3611

(1)
‘1 \ .t'-{‘

2114:

close and ti?:rnfora c015 dw:r -:1 a. out

"w 1-.7—9 . 1r" 4-1

O". 0‘.' . . 7 .- ..

t :‘1 ,Qtice : 0.”.lale -': J t3?
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Emergence:

Peak e:semen-:0 period: May 31 to Jam.v

. I‘,

,2. ' 4-- n. ..-. - ‘ml.

. .... .J I.‘ _ ..

mm um...»

"-v-~ v0 - -.- 1. t ’ fw,‘: . q ". _'.’ . u I.

t..-.e.,_,.....c0: u: 1'13 la to w,“ (111:1:1

' .. .. - 1 ...” r 9...!"

P0321: 0. m‘reaca «2:10;: J1. I: 10 .4: 1...?

31131319113: nlhnx'n adults which 0111211636. du

1mm noticeably larger than tirose fmx.

Water tan-pennants, razt’i11m :m-r”

incident radiation on (12173 6.1 £7112: 1:720

C: i:

:"ay 26 to August 251 (Ft-1112's: 2)

11,

I. L:I’te

~
$

t"o second

01:0?”W130 1:131:10 oft-we'r'wsp “
‘c

1-3 P1;”('3‘

11.. "'1 t1': or:122:7;331'10

July 2‘? to Artist ‘2’:

the first 99:11:

peak.

riniazm air termemtum, and

and A::fzust peak3 when
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. . . 4. ...... . .3 5. . ‘0." - 1..

but Lizain t3; rave, 132:3. as.2'.2 te': 3:2. -2.-2.22 .232. :..:3 must; 0:: C".'.'ITB-:.

2:111:31: .11- tflzfij‘aman-Tim 63$ 13: .3 31:11:52 Ias usually re-

cov’ad swam: 6 am. It increased from 1-3022 in eariy‘21ay to 110”:

befom .171}! I:z.-1:"1ir.-22 GT2301‘=_'_.'W.§. 1-1332. 22232212343: t2; 'j::"2.21‘:.3 01:05: 22:;-

cn'rra;";nled pct-1:13:23 0:! 211232 :32va exam-3212.22 (51271521.: 1-3).

;V:;;““1 I;tsta was most fz'aqaantiy ta..en warm I 2"ininxm

ta: peratum of 11-17623 was recorded (Tabl 2). ti‘thin vile rant-=2,

there was no slznlflsmat cc1Mention Le""':n aim of the 102:.

Crate?- and :2 1-131: temmtum [Spa-arm". Earl: {Jerri'latimu .10(P

(r, z .253” .

33,3.- 1:13 was taken at all 3:33.213: temp:rature
MM

 

ram-ea commemc’ (Table 2.). 2.2.3 1:21;. 2.1.2.5. 2.3.22.3 3. 1:12: the 3:233

for 0*:‘21 r1“1‘

Egan-3‘12: an. :23 '22:: also was 33:312. at all ran-aw Maiden-es;
 

(12:31:: 2) but, 115112 a Kmelca 1-H“ 13.13 (1'2337 $313313 of 'e'arianr-e

b11:13:, Caera was a highiy 5inlf‘laa-nt 315391132333 53311 412111223123

10".. catches at. ea:3': 12:?!12'11 ten:aerataia range ["91“ 2-3.3)(..~1]

Ranges I}! and I?" were ccaiaincd fer: testing became of the 32:21.1

Range 1'? sample. 12"us:mt! :: of these data shows tfrnt the 1-33. catch

size can greatest from 14-1902: and decreased with decreasing mini-mm

tmpcmmms. Them atpenmd 1:: be a 001.. atie:: barman leg. catch

size 3:711 2:21;"..-.2;I tony; {‘“V't‘” (safest-«t 0’23. Elia-:38 2'22. {.3 with an L'.“WWW"
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Incident Radiation

Sunliqht docs not directly affect the catch since trappina

is between Sundown and sunrifie.

Peaks in incident radiation often occur during the day of,

or a day or two prior to, an observed increase in lca. catch. (me

markcd exception did occur when the E. rurrtn catch was high dur-

ing a period of cloudy, rainy weather (Figure 5). A period of very.

hiqh radiation, however, immediately preceded the eme:ccnce peak.

At low log. catch levels there anpeared to he a linear relation

between log. catch and incifiect radiation, but the relatinn co-

cave geometric, even though locarithms were used, during periods

when great nucficra of individuals exerted.

Incident radiation and fighcrcre sictifins low. catch ap-

peareé to correspond very closely (Figure 5), but the nuwher of

days of emergence was too small to warrant statistical aneivcis.

The leg. catch appcarcd to increase gc0ie-ricaily in relation to

incidcwt radiation during vary .igh cwacrsnce periods of tcc

other thrie cgscies, therefore normal stctietical tests aaeuninz

linesrity could not be uccd.
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Table 3.-.Total precipitation and departures from the normal

  

 

W— —~ W ._.u-Lm

Month ‘ Total Precipitation Dctnrturc from actual“

Hay 5.9écn(2.3¢ in) al.90cm(-l.39 in)

June ‘ 15.3?cm(6.03 in) '+&.57cm(4i.30 in)

July ’ 7.32cm(2.98 in)' + .33cm(+.01 in)

August 6.83cm(1.99 in) Agog-«4.75 n1)- '

Scctcctcr 7.82cm(3.3R in) - .Och(- .01 in)
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Tablc 3 shows that total precipitation was about normal in

i .

July acd Sectawbcr, but well above normal in June, and well below

norfial in Ma? and August.

In standard weather records rain is recorded from 9:00 a.w.

to 9:09 a.m. Rain falling up to 9:00 a.m. is crccitcd to the

previous day. Buring this study, day rain was rcccrficd from 6:53

com. to 6:80 p.m., and night rain recorded from 6:00 p.m. to 6:00

a.m. (Tigurc A).

L. :2

HQ 9:. facts of rain hcva been discussed previously (page 7).

Belgtive huwiflity.--Vaximum rclativc humidity commonly

reached 80 to 92 percent about 6 a.m. There appears to be no re-

lation between log. catch and maxiru~srclctivc humidity (Figure 9).
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I:inifluuuroigtivéhhuriiity raried from 13 to 92 fig? cut, and tfiahz

usually recorflcd about_3 pom. No relation between lag. catch ant

minimum relative humidity was Apparent (rig-um 113‘}. Av--2m,;o

.tEIQtive humidity was usually 45 to 75 percent With no appc chi

-rolaticn to leg. catzh (Figure 11).

32mg? parlo‘icitgw-Ifays of full and new 2201231 were not-wt
 

lunar periodicity in ems-game was not agtparent. The the apart

of the study {rs-s too short, ixouewzr, to warrant my cousin-31011:.

«x rgtio of nattdfinia lififiatfi £1 FLEitiflfi is (fianfgqu.--

T3113 S Show; the nunhor of ladividuals of each 331 CSRJHC fluriw:

périofs of high cue fence and low emergence.

tying the wilcoxon sum test, a siqnificant uifferencc is

I“
1
"

shown betweed the nuwbers of.eacfi sax cau;ht on fligfits of h ;h

marge-me [.5'1(P(h§9)(.02]. The data Show that the I'Mnsirar of

males greatly exceeds the nu;ber'of females on thnse niwhts.
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Tabla a..-uumhers of each sex taken on ninhts of high and low

Pifa;;nia lifitita (Serville) euerxence.
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High cmerdencc (over A0)

Date 971%: anfi'b

nuubor 10w.(u+l) nuvher loq.(n+1)

August 1, 1967 159 2.20 10 1.00

August 6, 1°67 378 2.50 51 1.72

August 7, 1967 55 1.75 35 1.56

August 8, 1967 7a 1.08 10 1.00

August 15, 1967 17 1.26 26 1.53

August 13, 1367 26 1.03 38 1.50

August 19, 1967 26 1.h3 18.3 1.?9

Auqust 20, 1007 26 1.53 10.3 1.29

August 21, 1967 26 l.&3 18.3 1.29

August ?0, 1067 123 2.09 5 0.78

August 25, 1067 433 2.65 18 1.23

Auuust 26, 1967 303 2-03 50 1.70

Low 62"":(‘1I'A-‘fi‘1fi’38 (1m hit 0'3)

June 23, 1967 2 0.08 2 0.58

June 24, 1967 l 0.30 0 0.00

July 2, 1967 1 0.30 0 0.00

July 8, 1967 O 0.00 1.5 0.11

July 9, 1967 0 0.00 1.5 0.41

July 19, 1967 l 0.30 3 0.60

July 2a, 1967 0 0.03 1 '0.30

July 25, 1967 0 0.00 2 O.h8

July 27, 1067 0 0.00 l 0.30

July 29, 1067 a .0.70 0 0.00

July 30, 1067 9 1.00 9 1.00

' August 2, 1967 7 0.90 16 1.23

AUgust h, 1967 h 0.70 2 3.&8

August 5, 1967 2 0.48 0 0.00

August 9, 1967 2 0.08 0 0.00

August 11, 1967 1 0.30 0 0.00

August 10, 1067 5 0.78 7 0.00

August 16,-1967 l - 0.30 5 0.7%

August 17, 1067 1 0.30 15 .27

. Angust 22, 1967 13 1.15 6 0.85

August 23, 1067 1 0.30 14 1.13

August 26, 1967 5 0.78 0 .00

August 27, 1967 5 0.70 1 .33

August 29, 1967 5 0.78 3 0.60
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The catch on any one night is 53:11:10:1:1 to to a rr-“vann-

1:11.113 83:71:11.3 of mayfliea fiytzg 1n 1:719 vicinity of the tram. Tan

area 13:9": 3.111(11. they am attractad 1:: not 3:307:11, 331:2 11:213.:123’1: €3.33-

fcrs far (2th suede-13, for the 5.51.11 33:10:13.6 on r‘?iffer:1nt 21.1 ._':_.'.t:,

and 110....12113! Effers between $.10:.1 sums of the 53-113 5519;211:111.

The catch is stunt-timid to 130% he 93511231121021 avails’fle

for £331:5:11:15, .723 activity of the 13133173153513. 1:1 1:11:11, 13-11211.1:1:L5

and 3113:1111??? 3-1:: a.MW“ by ”10104111 5.4.2.13-. such. :13 31'1'123

and 2.0 111..;.:..'-'"7 of t? .0. :111z;.:1213, and f‘u’rwz. x1111 r2101 £31101“.:, 1.0.,

1'i112=:t-.11 st":r?‘:’ (17'7) of. 131:: 619.321.1133 0?. 2.:«1-11.11.2.1.!

cauti’cim‘... 071. t’m 3111.121 71‘1... of 12;.103t...-1a.111. 1.11;}; myn:1.-zf:irzs1 311:1.

uct1vit‘v. T313 13 to3:31:51 .1 co::3:5..t:~r.1..:r: 3332933332. 01? gilz‘iflifl'jfi

1112.31.21.13: 1:1 3 {flirt}? cutzzfifntzt 1:017:31 WW3“ 5.1311. {"101 considering

‘ ' r0 ‘ v _.. “ .. .- (2" Q ...- '- Jimmutg, at: t ,3. srwfil.-1c 1:11.1111, 1:1ch 1‘, 1.1.9 21...)...3 m t1. 8'133'1-13

0
‘

dictum that there 1:111 he ;::>.::.‘£o<:.3s :23 i1;.k. 3.2:; 3:: :' ..i‘313r3'?3 c2217".-

(Eivi311:1”. 312.313 t".c1 life 91,317! of? 1'10 ”131 .2.-":33! 1:1 S‘réfif’:,

11311.: t???) mamas 1:111 1":{31-1c11je 1‘13 1-21. 1:11:11. mix} (:2 the @7711;
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3032333131? 1‘1 efficiency. Pm.ocevrnr, low. catch data collected during:

the agar-anon of the first trap were not conrpamd to thou collected

aux-1.3.52 over-anon of the second trap.

F?"‘t‘1‘__f'fi"t‘. 3.33133imager-twrgno-fi single myfly, which is

the unit: of masmrament, is small in cozmtison to the total catch

it many [mimiduns were caught. Khan the catch is amll. t’w

unit of "hasurament ls hljh in comparisow.to th: fatal, so small

chm. :3 have a wreater eff33t.‘

An estimte, rather than n dlmct count, should have no

effect on ti. 3 maul-t8, since (32‘rim-ates ware made only when bran-

saw:- n:f C. sis-”1.3333 were cauglz
 

‘ PAFAP-“fl? "3. 3 § .333! n 'av‘n' .fii‘.fi*‘l‘;
A _..._

_

?ha nuwier of ifisacts present is affected by wastfier con-

ditions pmvnilizc at: the tine of activity 3131* by t‘.~.:3 of 3:1: of

previous 3303‘;war ccfifitions (371 the level of the yx.3-3z.=i:32;iczz (313.1? 31:?

r‘ n n , - -vr-‘. . --'-,~,"'1 a _—.It ..frl~~-"‘.., p

II»). 31:30 3:31.33 am 619.2%.13, .323. .3. and iH‘N {34"«.3. ....i...~......c 3.3...-

- , -. ,., _33 .. - H v...,

3:130 J3.123.:tcrs, aw! 1 .~ .tv. 3. 39:9. trrmstrial 3-...J-..::r.3 m3 ‘2’:LL'. .1,

a 9 e_ . -. 0 «I!.n . . \ a. i ('1. .M . . ,, .f. ...,fl.-. .5 ,, .. 1 , . .... ,.,.1_ ‘. ,. ..-

.41 vi?~.~.-1y 1.091;. 3‘... 31:93 .99 t. ;x.. <:~.:‘..-{.. ....33‘530 L1; 22$ 1U CH...‘ 3. .3 3:23.33“? .2. 3.53.? CI,

" I5.11: no.

a“

Ia'3"".'~o‘v-mv’fivq 3
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-_..L

«R O ,‘ I C .‘o . '-'o 5‘ 3‘s . g .- . . . - n '- '0"

war 5 «ecia,s; 93.1z«..-1c.3..-'. more c.-. _ :1. :3... a 1,-2 serum.»- ranro o: U-..-‘J a...
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Tireso torpemtums fall 3«ri{;“::i:\ 3:32-33 1-3:.1333 cf? ’:~?:3-"‘3 at which (may?3".13.

h
‘
d
:

- -.‘ 2'..- - ..-.-.’ -. ..‘3 .
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to be sroiowgci t' Egjtira teflpojttrCS cf 16°C or lower, but

a“.

temperatures at uuil Lake during the enfir;unce pariofis ranginef

1”)-$ .. ' 2... a .a-« a 4"- r ‘0 Q ’4' . "t ' ." t"""' "‘ 'agave 10 a. .:”d an temk3-4taze turodfihout tue s.¢dy pelxod

3
o v' ‘remaiaéd above 6 C, a temperature ahove union williams (1“’¢

capttrcfl the greatest nudbers of emergent black i; 35.

Since bioiogy of the species as well as factors other than

temperature igfiuence the catch. and since extremely unfavorable con-

diti0ns may act as a limiting factor to daily catch, exceptions

occurzfil. in which the catch was sometimes low when temperature

cofiditions seemed favorable. and vice vet: .

Tha air ttmperature ét which activity of the adults was

1

noteu varied somewhat with the Species; g, ehrum an 3, Si ultra

were rctive at a greater ran a in averaze and minimum temperatures

than‘g. lin%ata or.§. sinulaws. This may be advantageous for'go
3
.
.
”

0 ’
1
‘rxbrxn and g, situlnrn, since their crerwence peaks are earl-

in tfie syring, when a greater fluccuaticn in tam;e*aturu is Iiacly.

_ggfier E? par tur¢.--Eatcr tum;wrature increased steadily

to 17°C before magfly enafgfiuce V35 note&.

A cgrgnrigon of vanthfir parameters at tfie time otlg. “v“t

~'- 1' ‘ a I‘ 'V ‘ . T 0 I u .0 In ._. -' .a ‘ -u C n ‘ .3

emer;eace pa“.3 in wane and in Angus; sdonad no aloniLicaHt c1;-

fcraaco betwce: any of the factors investigated, except water
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itar d3? 33 the August Sink. Aflvits
s

to “Frmture, wfiifih was

which cwer33d in Jure acme Irrtor than 341133 v‘:i::u cwr3‘ofl in

August. Farksps lower early season w~tc-r rmwanwnumes haé pcc3-

ponci efiorqa..:o, rcsuitlng in a latter nfflfih ans larfier 3331:.

It a;your"; tar): water to:per."11' .- 723‘; trlgjtrzr or 3033:9319

mavfly emergence. Laboratory stufiies and field data for SEVfiffil

years would he ncefiod befnra any such conciusions could be made with

Cft-Iif‘tt?o

Incifieut 734133‘0“

Sunlijht Cid net directly affec3 the catch, be:ML30 trfltp-uq

was 1nae 353wozq Sundgwn and suwrise. Sunny dsya ottcn ooczsrred

{are intely before or a anycr tin prior to tmi33 with 33333331

10%. catch, hut this is 1i 31' dale to an lufirert 0'

efzect on air tcfivcriture. Raiatiox also influcgccs the 33533 323-
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Nperacure, but its c---c

avcrgwe air LLtpcrature vary 33‘1 ccincl 33 with

Ira-'31 iii.) 10%.

cksistum

Rain did not wraafilv nffccc the catch of any of the CTQOEQS

evaluated. Its of facts were more noticeable durin lot: n"??1“_"~'.‘i31“.\3

periods, but durin? emotioncn peaks, the catch wn3 hl'h rehardlonn

of rein, although emergence tafnmr! off (ha-1.1". mrtmh or? pmimrmd

thin. Noodh93, Traver aué $33 {$33}, aafi hurts (ICS?) indicatéfi

that rain poqnlbly hinders 31313" fllfitt. Apparently, however, mayflies
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are 2%10 to £17 during most iny vcat*er, rswardleaa o! the size

of :99 individual.

The of f'ec*s cf r:.1n are prubnhly clean}? reiated to thoqe

of t:;rJGrnturc, since daay rain seems to rrwm:a the catch more tfian

night rain, which night he expected to havu the greater effect.

“ainy days are ununliy cooler, and follovod by cool nights. Rainy

n£:“ts gens:fily b~vn a hEth.r temperature due to cloud cover

(u111133¢’ 194%, Chant and Hnlnod 19C?). It nppnars that some

cffczta of rain tend to 0pnose tnoso of taaparaturo.

There was no apparent difference between maxlzmm, unimzrs,

or avarnga rethtiva huwlfiity between nights of high and law 101.

catch.' It mitht ha inferrad than, that th;r3 {a no selection of

damp or dry ni~hrs for activity or emarganca. But relatlva nu.

midity is dependent on temperature, and the actual moisture

cantont of tha air is :Lch grantar on warm nights than on cool

ni~ht3 of the same :91:tive hawldltv. Since the catch 15 generaliy

hijhar on warm nights, and since thore 19 no diffcrmnce in rQIa-.

tive Humiyity between niwhts of high catch (wars) afld nights of

lowc;t ch (:cl-), it fallo:s thzt tristure beaten: of the air is

hi~~cr on 1ma: niwits. £1~r'fn”n, Ifi -:r catches are associated

with $369, warm filjhts, and lever cw'fi:3 are ansocinted with dry,

c001 313ts.

3

f“~h*'i‘0 to 11 mar? (1993), m-7flis, ezgcclally subimasos,

Q o

are vorv vulnrrzbie to nqsztett'H
"

Q
1

.. “ninaiva huwiilty at night

Q I

gcncyzily 23.1:dLC-93perout, and agcuid no= h.ve been cric ca
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The results (ascriood were based an one year of contlnxous

trnpgiag of 1133: 3 with a si~113 11:32 trnn. Lfst calzulntions
- I

were 33:12 for all than 39-23103 of adult anvil-.133 (3:31:13! at Gull.

lake. It f-rtner svdies of tnia type are r'one, tne follow: ng sugges-

=tion8 are made!

1. Thara should be several traps wcrklng simultaneously

um‘er 1:9 91:11 in: co-~dltions as pomible. This V111 {five lame um-

bers of a species and redness tfca Sampling error.

2. the study should be extenied over sevarnl *ecra so data can

ba 115-:er for co::par1:.=ons of nights fem-r2 year toyear as wall as high”.

wit?1:1 y-ars. This v11! allow :23 ace of more pcwerZul statistical

tests.

3. A selecterfi 3pm!“ would be considered, rather than .011

3:103 of any one grvuo. Snrting the thousaafls of duliCé‘L3 (3-fi

m in length) 333$; giggija fmta all of the 061423: insects in each

day's catch was an on:ers-*'«-.al:iag task.

In. I:.--<.~... 33-3111 1*".‘331'2 19 suntan:ed for am. - at: inverzthntion
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a. It has r3iwtlve1y 14?: 533265: of hutfi p353n

c.' It is eesiiy filatiavuicfiu3 irw’ 01!.nr isects

Czu-’..“ {'1 t :3 tirgw.
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