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The arrival pattern of Triehoptera at artificial light at He Ste. f/elene, in the St. Lawrence River 
opposite Montreal, Quebec, is examined. A Robinson trap with a mercury vapour light bulb ivas combined 
with a Lafrance trap which changed containers hourly. Ten minute catch periods were used to examine the 
evening peak in detail, containers being changed manually. Numbers and sex ratios for each of 78 species 
taken are given. One species not then described, and two other doubtful forms, females, were noted. Thir
ty one genera and thirteen families are represented. The pattern in each of 7 species examined in detail 
is nocturnally bimodal, with only a small morning peak. The roles of light, temperature; wind, relative 
humidity, and saturation deficit in determining total catches per night and fluctuations of numbers within 
any one night, are examined. Temperature and wind are the primary factors, with light fixing the time of 
the evening and morning peaks. Neither relative humidity nor saturation deficit seemed to be of any sig
nificance, at the values experienced. A differential effect of wind on flight, depending on species size, is 
shown. Sex ratios throughout the night are briefly examined, and it is concluded that no one sex of any of 
the seven major species is alone responsible for any peak. It is considered that the pattern of arrival at 
light reflects a natural pattern of flight activity. 

It has p rev ious ly be en found that in E a s t Afr ica (Corbet & Tj^nneland 
1955) the n u m b e r s of T r i e h o p t e r a at l ights v a r y throughout the night a c 
cording to a pa t t e rn . This study is an inves t iga t ion of the a r r i v a l p a t t e r n 
of T r i e h o p t e r a at a r t i f i c ia l light at night at He Ste . Helene in the St. 
Lawrence River opposite Mon t rea l , Quebec . The effects of m e t e o r o 
logical f a c t o r s , including na tu r a l l ight, on the p a t t e r n w e r e examined . 
While the study deals with the p a t t e r n of a r r i v a l a t a r t i f i c i a l l ight , and 
the r e s u l t s can only be d i r ec t l y i n t e r p r e t e d within the obse rved condi t ions , 
some a t t empt is m a d e in the d i s c u s s i o n to r e l a t e the p a t t e r n found to the 
na tu r a l p a t t e r n of flight ac t iv i ty , independent of a r t i f i c i a l s t imu l i . 

METHODS AND EQUIPMENT 

To examine p a t t e r n s of an ima l ac t iv i ty r e l a t i v e to t i m e , the t ime 
involved m u s t be subdivided to a number of equal p e r i o d s , h e r e cal led 
'ca tch p e r i o d s ' or jus t ' p e r i o d s ' . The populat ion a t l ight was sampled 
during s u c c e s s i v e ca tch p e r i o d s . To c o m p a r e p a t t e r n s between nights 
and obtain meaningful ave rage p a t t e r n s for the s u m m e r , it is n e c e s s a r y 
to s t a r t anyone chosen catch pe r iod at the s a m e so la r t i m e each evening. 

* Publ ica t ion No. 6 r e suit ing f rom the World Exhibi t ion Shadfly P r o j e c t : 
Canada Depa r tmen t of A g r i c u l t u r e , R e s e a r c h Branch ; P r o v i n c i a l D e p a r t 
men t of A g r i c u l t u r e , Quebec; and Canadian Corpo ra t i on for the 1967 
World Exhibi t ion. 
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Two so l a r t i m e s w e r e used : sunse t ( so lar e levat ion m i n u s 0. 83°) and 
civi l twilight ( so lar e levat ion m i n u s 6 ). These t i m e s , t r a n s l a t e d to local 
c lock t ime for each night , w e r e obtained f rom tab les p r e p a r e d by the 
Dominion O b s e r v a t o r y , Ottawa, and the Meteoro logy Branch of the Canada 
D e p a r t m e n t of A g r i c u l t u r e , Ottawa. The t i m e s w e r e p r e p a r e d for the 
la t i tude and longitude of He Ste . Helene (45°31'N, 73°32 'W). 

It was decided to examine the pa t t e rno f the en t i r e night us ing 1 h r 
ca tch p e r i o d s , the f i r s t of which was to s t a r t one half hour p r i o r to sun
se t , and to examine the evening peak in m o r e de ta i l , u s ing 10 minu te 
p e r i o d s , s t a r t ing one hour p r i o r to civi l twil ight . Civil twilight was used 
for the 10 m i n ca tches a s i t was noted after running s e v e r a l nights a t 1 
h r p e r i o d s that the m a s s i v e u p s u r g e to the evening peak genera l ly o c 
c u r r e d in the second pe r iod , in which c ivi l twilight a l so o c c u r r e d . It was 
felt tha t c ivi l twilight migh t be of s ignif icance to the evening peak of flight 
ac t iv i ty and the 10 m i n s e s s i o n s w e r e des igned to d e t e r m i n e the t iming 
and form of the evening peak, and pe rhaps the f ac to r s control l ing i t . 

The 1 h r catching pe r iod nights a lways r a n for a to ta l of 12 h r s 
as th is was the capac i ty of the au tomat ic t r a p u s e d and cove red the en t i r e 
night, ending well pa s t s u n r i s e . As m a n y a s 19 ten minu te pe r iods w e r e 
run on some n igh t s , but 13 was decided o n a s the m i n i m u m which sufficed 
to cover the per iod of peak flight ac t iv i ty . On one night t r app ing was 
stopped af ter 9 p e r i o d s due to cold; the data a r e on lyused in the r e s u l t s 
when cons ide r ing ca tch nights individual ly. 

Trapping Methods and Equipment 

Trapping -was done at the old F o r t (figs. 1 & 2). The 1 h r ca tches 
w e r e taken with a m e c h a n i c a l t rapp ing device des igned and buil t by Mr. 
J . Laf rance (1965) of the Canada D e p a r t m e n t of A g r i c u l t u r e Labo ra to ry , 
St. J ean , Quebec , and loaned for this s tudy. It is capable of hour ly (±2 
min) changing of ca tch c a n i s t e r s , but can be adjusted for other p e r i o d s . 
Capaci ty is 12 c a n i s t e r s , and the ki l l ing agent u sed was 70% ethanol . 

The i n sec t s r e a c h e d the cans by way of a l a r g e funnel on top of the 
t r a p body, -with the spout pass ing through the roof to the cans below. On 
top of the funnel was placed the m e t a l cone of a Robinson t r a p (Robinson 
& Robinson 1950), which b e a r s a socket for an ' O s r a m ' 125 wat t , high 
p r e s s u r e m e r c u r y vapour light bulb (230-240 vo l t s ; mode l M B / V ) . The 
light f rom this bulb is p a r t i c u l a r l y r i c h in UV light, and i s highly a t t r a c 
tive to T r i c h o p t e r a in consequence (Wil l iams 1951). The s p e c t r a l c o m 
posi t ion of light f rom a s i m i l a r s o u r c e is given in table 1. A cy l indr i ca l 
co l l a r , 7" high by 13" d i a m e t e r , m a d e of f i le - fo lder c a r d was p laced 
around the upper edge of the Robinson cone to r educe the in tens i ty after 
a n a b o r t i v e f i r s t u s e of the t r a p in which s o m a n y T r i c h o p t e r a a r r i v e d as 
to swamp the cans and n e c e s s i t a t e r e j ec t i on of the ca tches for that night . 
It was used for both 1 h r and 10 m i n c a t c h e s . Even so , some of the 
ca tches taken on s o m e nights w e r e beyond the capac i ty of the m a c h i n e . 
When this was so the en t i r e n igh t ' s ca t ches w e r e d i s c a r d e d . In t r in s i c 
to the R obinson t r a p cone a r e 4 vanes se t at 90 to each other on the inner 
su r f ace , w h i c h s e r v e to stun the i n s e c t s as they s p i r a l i nwards and down
wards towards the l ight; they then fall into the ethanol below. The vanes 
a l so s e r v e d to hold the co l la r in p lace and hold the light bulb socke t . 
This p a r t of the Robinson t r a p 'was r e t a ined and t e m p o r a r i l y coupled to 
the Laf rance t r a p . 
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TABLE 1 - Intensi ty of the r a d i a t i o n f r o m a h i g h p r e s s u r e m e r c u r y vapour 
bulb c o r r e c t e d for t r a n s m i s s i o n through l ime - soda g lass 
(from R o s s l e r 1939). 

Wavelength 5791 5770 5461 4916 4358 4047* 3906 
(A) -5791 

R elat ive ener gy 
in wat ts 6.39 4 . 9 9 6. 10 . 063 4 . 90 3 .23 . 054 

Wavelength 3650 3341 3126 3022 2967 2925 2894 
(A) 

Rela t ive ener gy 
in wat ts 6.62 . 374 1.51 .215 .046 .002 . 004 

* Lower l imi t of v is ible rad ia t ion in this s p e c t r u m . 

The s a m e equipment was used to take the 10 minute ca tches except 
that as the Laf rance t r a p could not be set for ten minute i n t e r v a l s , the 
j a r was changed manual ly eve ry ten m i n u t e s . Other condit ions were as 
ident ica l as poss ib le to those of the 1 h r ca tch p e r i o d s . The nights on 
which t rapping took p lace , and other r e l evan t da ta , a r e set out in table 
2 (1 h r ca tches) and table 3 (10 min ca tches ) . 

TABLE 2 - Dates and t i m e s ( ea s t e rn daylight saving) of the f i r s t of 12 
consecut ive 1 hr ca tches of T r i c h o p t e r a at l ie Ste. Helene 
Mon t rea l , s u m m e r 1964. 

Date C o r r e c t S ta r t of E r r o r 
sunse t t ime f i r s t per iod (p. m . ) (mins) 

13-14 June 8.45 8. 15 0 

16-17 u 8.45 8. 15 0 

17-18 " 8.45 8. 15 0 

27-28 11 8.48 8. 18 0 

1 - 2 July 8.47 8. 17 0 

4 - 5 i t 8.46 8. 16 0 

6 - 7 i t 8.45 8. 16 + 1 
13-14 11 8 .41 8. 12 + 1 
18-19 11 8. 38 8. 09 + 1 
23-24 11 8.33 8. 04 + 1 
1 - 2 August 8.22 7. 54 + 2 
3 - 4 i t 8. 19 7.52 + 3 
8 - 9 11 8. 13 7 .45 + 2 
12-13 11 8.06 7 .39 + 3 
19-20 11 # 7.55 7 .25 0 

25-26 11 7.44 7. 14 0 

* Catch 12 not obtained. 
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TABLE 3 - Dates and t i m e s ( ea s t e rn daylight saving) of the f i r s t of s e r i e s 
of 10 minute ca tches of T r i c h o p t e r a , at He Ste . Helene , 
Mont rea l , s u m m e r 1964. 

S ta r t (p. m . )* Number End oJ 
Date of of l a s t 

f i r s t ca tch ca tches ca tch 

2 - 3 July 8.24 19 11. 34 
7 - 8 " 8 .23 16 11 . 03 
14-15 " 8. 18 18 11. 18 
19-20 " 8. 14 14 10. 34 
24-25 " 8 .09 18 11 . 09 
6 - 7 August 7 . 5 1 13 10. 01 
13-14 " 7 .50 9 9.20 
23-24 " 7 .22 13 9 .23 
26-27 " 7. 17 13 9.27 
30-31 " 7. 09 13 9.19 

One hour p r i o r to civil twil ight . 

Other Observations 

All the 1 h r ca tches w e r e taken in the pe r iod for which continuous 
r e c o r d s of t e m p e r a t u r e , r e l a t i ve humidi ty , wind, and ra infa l l w e r e m a d e 
on the i s land , except that wind r e c o r d i n g s t a r t e d after the f i r s t t r app ing 
night, June 13. The r e c o r d s u sed h e r e a r e f rom the West Station (see 
fig. 1), about 20 ft ho r i zon ta l ly f rom the edge of the r i v e r , but about 50 
ft above the wate r and 1/4 m i l e f rom the t r app ing s i t e . The s ta t ion was 
s e t u p and ma in ta ined by the Canada D ep a r tmen t of T r a n s p o r t , i ncon junc -
t ion with the Shadfly P r o j e c t . 

T e m p e r a t u r e and r e l a t i ve humidi ty w e r e r e a d f rom the c h a r t s ob
tained at the mid -po in t of each 1 h r ca tch per iod ; wind speed, in m i l e s 
pe r hour , is ave raged for each ca tch per iod; s a tu ra t ion deficit was ob 
tained f rom t e m p e r a t u r e and r e l a t i ve humidi ty by t a b l e s . Zenith light 
in tens i ty r ead ings w e r e taken at the mid -po in t of each 10 m i n pe r iod . 
It was l a t e r d i s cove red tha t the l ight r ead ings could not be conver t ed to 
foot -candles as the p r e c i s e s p e c t r a l sens i t iv i ty of the s e n s o r unit was 
unknown and could not eas i ly be d e t e r m i n e d . It has been poss ib l e , how
eve r , to obtain a cu rve of l ight in tens i ty in a r b i t r a r y uni ts (p. 238). As 
t ime p e r m i t t e d , notes on cloud, ra infa l l , and wind w e r e taken . 

Treatment of Catches and Data 

Genera l ly , a l l T r i c h o p t e r a taken w e r e d e t e r m i n e d to spec ies and 
sex . Without except ion a l l -were counted. But occas iona l ly a spec ies or 
group of s p e c i e s , Hydropt i l idae e spec ia l ly but a l so Hydropsychidae and 
Protoptila maculata (Hagen), w e r e taken in such n u m b e r s that the p ropor t i ons 
of each spec ies and sex had to be e s t ima t ed f rom a s u b - s a m p l e . Select ion 
of s amp le s i ze was a r b i t r a r y but in g e n e r a l the l a r g e r the to ta l n u m b e r s , 
the s m a l l e r the per cent sampled . 
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To r educe the effect of f luctuations due to env i ronmenta l f a c t o r s , 
the a r i t h m e t i c va lues (n) m a y be t r a n s f o r m e d to the logar i thmic value 
(log n) . To bypass the difficulty of z e r o s , for which t h e r e is no l o g a r 
i thmic va lue , Wil l iams (1937) sugges ted adding one (1) to a l l va lues in a 
t ime s e r i e s , and t r a n s f o r m i n g the r e su l t i ng va lues (n + 1) to l o g a r i t h m s . 
If the log (n + 1) va lues for a l l pe r iods of any one t ime s e r i e s , or equi
va lent pe r iods in t e r m s of so la r t ime of s e v e r a l t ime s e r i e s a r e averaged , 
[2 log (n + 1)] / N and the anti log taken, an approx imat ion to the geomet r i c 
m e a n of the s e r i e s is obtained. This approx imat ion is knownas Wi l l i ams ' 
m e a n (Haddow I960) , and is symbol ized as M w . The value 2 log (n + 1) / 
N, when obtained for equivalent pe r iods of s e v e r a l t ime s e r i e s and plotted 
aga ins t t ime gives an ave rage p a t t e r n for these t ime s e r i e s . 

RESULTS 

Numbers of Specimens Examined 

Table 4 l i s t s the spec i e s taken , in descending o r d e r of n u m b e r s 
taken per spec ies in a l l c a t c h e s . The to ta l number of spec imens of 
T r i c h o p t e r a was 297, 967 for a l l s p e c i e s . A total of 78 spec i e s , 
in 31 genera and 13 fami l ies was taken , plus 2 doubtful f o r m s . One of 
t h e s e , Cheumatopsyche montre.ale.nsis N immo (1966) was not then d e s c r i b e d . The 
following spec i e s w e r e se lec ted for deta i led examinat ion of da ta , and a r e 
g i v e n i n o r d e r of a b u n d a n c e : llydroptila spatulata M o r t o n , Cheumatopsyche. speciosa 

( B a n k s ) , Protoptila maculata ( H a g e n ) , Ilydropsyche. recurvata B a n k s , Psychomyia flavida 

H a g e n , Athripsodes cancellatus ( B e t t e n ) , a n d Athripsodes tarsipunctatus ( V o r h i e s ) . 

Agraylea multipunctata Cur t i s was not se lec ted although m o r e numerous than 
Athripsodes tarsipunctatus b ecause the ca tch was s p r e a d over 27 nights whe rea s 
that of A. tarsipunctatus was concen t ra t ed into 18. Also in table 4, the total 
n u m b e r s pe r spec i e s a r e b roken down to s e x e s , sex r a t i o s (per cent 
ma le s ) a s in Henderson , Henderson & Kenneth (I960), and finally the range 
of da tes on which each spec ies was taken is given, concern ing which it 
m u s t be r e m e m b e r e d that t rapp ing s t a r t e d on June 2 and ended August 3 1 . 

The r a t i o s m a y be a r t i f ac t s of the t rapping method , due to differ
ent ia l a t t r a c t i o n of the s e x e s . One r e m a r k a b l e fact e m e r g e s from table 
4 , however . P- flavida shows a sex r a t io of v i r tua l ly z e r o . M a r s h a l l 
(1939) obtained s i m i l a r r e s u l t s , but caut ioned about the poss ib le differ
ent ia l a t t r a c t i o n . Bet ten (1934) s t a t e s that he had only 2 s p e c i m e n s , 
f e m a l e s , but that Sibley (1926) took 893, in an unspecif ied m a n n e r , a l l 
of them fema le . If th is is the n a t u r a l r a t i o , then P- flavida m u s t b e u s u a l l y 
pa r thenogene t i c . Cr ich ton (I960) c o n s i d e r s in detai l only the r a t io s of 
spec i e s 'with over 100 individuals taken , which i s a l s o done h e r e . Only 
26 spec ies qualify of which 17 give r a t i o s above 50, 3 of them close to 
t h i s : Leptocella Candida ( 5 2 . 0 0 ) , 'Agraylea multipunctata ( 5 3 . 0 5 ) a n d Athripsodes ancylus 

( 5 3 . 7 8 ) . 

Pattern of Arrival at Artificial Light 

The data will be examined f i r s t in the form of to ta l n u m b e r s of 
T r i c h o p t e r a pe r ca tch , after which the s e p a r a t e data on the p rev ious ly 
se lec ted spec ies wil l be examined, for both 1 hr and 10 min c a t c h e s . 

http://montre.ale.nsis
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TABLE 4 - Species of T r i c h o p t e r a taken at l ie S te . Helene , Mon t r ea l , 
s u m m e r 1964 in descending o r d e r of n u m b e r s taken in both 
1 h r and 10 min c a t c h e s . 

S e x Rang e of 
Species Tota l df r a t i o d a t e s 

(%d) when taken 

Hydroptila spatulata M o r t o n 114,980 94 ,220 8 1 . 94 13 Jun, -30 Aug. 
Cheumatopsychc spcciosa ( B a n k s ) 54,582 25 ,616 4 6 . 9 3 13 Jun. -30 Aug. 
Protoptila maculata ( H a g e n ) 50,738 30, 323 59 .76 19 Jun. -30 Aug. 
Hydropsycho rccurvata B a n k s 32,515 18,190 56 .82 2 Jun. -30 Aug. 
Psychomyia flavida H a g e n 13,015 2 0. 02 13 Jun. -30 Aug. 
Athripsodes cancellatus ( B e t t e n ) 9 ,951 7, 766 78. 04 1 Ju l . -26 Aug. 
Agraylca multipunctata C u r t i s 5,229 2 ,773 53. 05 3 Jun. -30 Aug. 
Athripscxles tarsipunctatus ( V o r h . ) 4, 107 2', 985 72. 68 27 Jun. -25 Aug. 
Cheumatopsychc campy la R o s s 2,598 716 27. 56 2 Jun. -30 Aug. 
Hydroptila waskesia R o s s 1,598 1,466 91 .74 1 Ju l . -20 Aug. 
Hydroptila waubcsiana B e t t e n 1, 182 817 69. 12 13 Jun. -30 Aug. 
Glossosoma lividum ( H a g e n ) 897 5 4 1 60. 30 2 Jun. -30 Aug. 
Occetis inconspic.ua ( W a I k e r ) 695 276 39 .70 16 Jun. -30 Aug. 
Athripsodes annulicornis ( S t e p h . ) 674 2 3 1 34 .27 2 Jun. - 5 Ju l . 
Cheumitopsyche sordida ( H a g e n ) 610 185 30 .30 27 Jun. -30 Aug. 
Hydropsycho morosa H a g e n 600 4 9 8 83. 00 2 Ju l . -30 Aug. 
Hydropsycho scalaris H a g e n 593 294 49 . 60 4 Ju l . -30 Aug. 
Hydroptila pordita M o r t o n 577 530 9 1 . 80 14 Jun . -30 Aug. 
Hydropsycho bifida B a n k s 4 4 0 237 53. 80 13 Jun. -25 Aug. 
Polycontropus cincrcus H a g e n 4 2 8 311 72 .60 14 Jun. -30 Aug. 
Neureclipsis crcpuscularis ( W a l k e r ) 3 4 1 247 72 .40 14 Jun. -30 Aug. 
Loptocolla Candida ( H a g e n ) 325 168 52. 00 27 Ju l . -30 Aug. 
Brachycentrus lateralis ( S a y ) 184 80 4 3 . 4 0 2 Jun. -14 Jun. 
Hydropsycho placoda R o s s 146 107 73 . 20 13 Jun. -26 Aug. 
Oocotis immohilis ( H a g e n ) 121 31 25. 60 1 Ju l . -30 Aug. 
Athripsodcs ancylus ( V o r h i e s ) 106 57 53.70 27 Jun. - 1 Aug. 
Chimarra soda H a g e n 96 59 19 Jun. -30 Aug. 
Macronemum zebratum ( H a g e n ) 92 59 27 Jun. - 1 Aug. 
Athripsodes angustus ( B a n k s ) 63 23 14 Ju l . - 8 Aug. 
Mystacidcs sepulchralis ( W a l k e r ) 59 36 27 Jun. -30 Aug. 
Holicopsyche borealis ( H a g e n ) 50 45 27 Jun. - 3 Aug. 
Nyctio phylax vesti tus ( H a g e n ) 4 1 28 28 Jun. -19 Aug. 
Oecetis cinerascons ( H a g e n ) 4 1 24 2 Ju l . -30 Aug. 
Lcptocella albida ( W a l k e r ) 39 24 2 Ju l . -25 Aug. 
Hydropsycho walkeri B e t t e n & M o 3ely 37 27 28 Jun. - 1 Aug. 
Hydropsyche bronta R OS S 19 12 19 Jun. -30 Aug. 
Athripsodes punctatus ( B a n k s ) 19 8 13 Ju l . - 1 Aug. 
Hydroptila albicomis H a g e n 17 16 13 Jul;6,30 Aug. 
Athripsodes resurgens ( W a l k e r ) 14 12 13 Jun. -19 Ju l . 
Athripsodes submacula ( W a l k e r ) 14 10 13 Jun. -19 Ju l . 
Triaenodes flavesccns B a n k s 14 1 13 Ju l . -30 Aug. 

http://inconspic.ua


224 Nimmo 

TABLE 4 (cont.) 

S e x R a n g e of 
S p e c i e s Total cC r a t i o d a t e s 

CM w h e n t a k e n 

Triaenodes injusta ( H a g e n ) 12 3 1 J u l . - 7 J u l . 
Chimarra obscwa ( W a l k e r ) 9 7 1 1 J u l . - 1 9 J u l . 
Oecetis avara ( B a n k s ) 8 6 6 J u l . - 3 A u g . 
Leptocerus americanus ( B a n k s ) 7 1 2 J u l . - 1 4 J u l . 
Athripsodes alagmus R o s s 6 6 1 & 3 A u g . 
Chematopsyche analis ( B a n k s ) 6 2 27 J u n . & l A u g . 
Hydroptila hamata M o r t o n 6 4 2 , 14 J u l . ,6 A u g . 
Trianodes marginata S i b l e y 6 3 27 J u n . - 3 0 A u g . 
Oecetis osteni M i l n e 5 1 13 J u l „ 2 6 , 3 0 A u g . 
Athripsodes dilutus ( H a g e n ) 4 2 2 J u n . - 5 J u l . 
Limnephilus moestus B a n k s 4 2 14 J u n . & 2 J u l . 
Molanna musetta B e t t e n 4 3 5 J u l . 
Neotrichia okopa R o s s 4 2 7 &19 J u l . 
Athripsodes uvalo R o s s 3 2 24 J u l . & 25 A u g . 
Cheumatopsyche montrealensis N i m m o 3 3 27 J u n . 
Molanna s p . 3 0 2 & 13 J u l . 
Banksiola selina B e t t e n 2 0 14 J u n . &2 J u l . 
Hydropsyche s p . 2 0 13 J u n . &:8 A u g . 
Lepidostoma togatum ( H a g e n ) 2 0 17 J u n . &2 J u l . 
Limnephilus ornatus B a n k s 2 0 28 J u n . &5 J u l . 
Limnephilus submonilifer W a l k e r 2 0 1 7 , 2 8 J u n . , 2 J u l . 
Neureclipsis validus ( W a l k e r ) 2 0 2 & 5 J u l . 
Phylocentropus placidus ( B a n k s ) 2 0 7 J u l . & 1 2 A u g . 
Agapetus hessi L e o n a r d &; L e o n a r d 1 0 27 J u n . 
Anabolia ozbumi ( M i l n e ) 1 0 2 J u l . 
Cemotina S p . 1 0 19 J u l . 
Hydropsyche vexa R o s s 1 0 14 J u n . 
Hydroptila armata R o s s 1 0 19 J u l . 
Hydroptila consimilis M o r t o n 1 0 6 A u g . 
Hydroptila virgata R o s s 1 0 7 J u l . 
Hydroptila s p . 1 0 13 J u l . 
Leptocalla exquisita ( W a l k e r ) 1 0 19 A u g . 
Limnephilus hyalinus H a g e n 1 0 2 J u l . 
Neureclipsis bimaculatus ( L . ) 1 0 7 J u l . 
Polycentropus nascotius R o s s 1 1 5 J u l . 
Rhyacophila melita R o s s 1 1 14 J u n . 
Setodes oligia ( R o s s ) 1 0 7 J u l . 
Triaenodes dipsia R o s s 1 1 1 J u l . 
Triaenodes tarda M i l n e 1 0 3 J u l . 

Grand tota l 2 97,967 
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Species pa t t e rns follow c lose ly the tota l number s p a t t e r n s . The a v e r a g e 
p a t t e r n for each spec ies for the s u m m e r , wil l , however , be p r e s e n t e d . 
Only 1 h r ca tches will be cons ide red r e l a t i ve to w ea th e r , as it i s i m 
poss ib le to r ead va lues a c c u r a t e l y f rom the m e t e o r o l o g i c a l c h a r t s for 
in t e rva l s as sma l l as 10 m i n u t e s . 

1 Hour Catches - Total Numbers per Catch 

In fig. 3 a peak occu r s genera l ly in the second pe r iod . In 2 of 15 
nights the peak o c c u r r e d in per iod t h r e e . This m a y be due to ex t r ins i c 
f ac to r s obscur ing or delaying the peak. A second peak, s l ight or o the r 
w i se , is found in the f i r s t or second pe r iod i m m e d i a t e l y p r i o r to sun
r i s e . This is the morn ing peak. 

Between the two peaks , evening and morn ing , it is seen that adults 
a r e taken, occas ional ly in v e r y nicely d e c r e a s i n g s e r i e s , as in fig. 3(25-
26 August) , but often in widely varying n u m b e r s . 

The ave rage pa t t e rn for the s u m m e r , as d e t e r m i n e d by the nights 
on which t rapping was c a r r i e d out, is shown by fig. 4 (total number s ) . 
The dis t inct evening peak is seen , but the morn ing peak is not man i fe s t . 
This is due to s u n r i s e shift dur ing the season in r e l a t ion to sunse t and 
hence a l so in re la t ion to the catch p e r i o d s . 

It r e m a i n s now to d e m o n s t r a t e the dependence of the peaks on na tu r a l 
light in tens i ty , and to explain the in te rvening pe r iod of g radua l dec l ine , 
or fluctuation a s the case m a y be . 

Depend/r> < of the Peaks on Natural Ligltt Intensity 

i n e l eas t fluctuating nightly g raphs a r e se lec ted for v i sua l e x a m 
ination of the concomitant env i ronmenta l f a c t o r s . These graphs of fig. 
3 (17-18 June , 13-14 July, and 25-26 August) show the peaks wel l . Table 
5 p r e s e n t s the me teo ro log ica l data for t he se t h r e e nights and examinat ion 
shows that t e m p e r a t u r e is e i ther decl ining throughout the night, usua l ly 
slowly, or holding s teady, but never i n c r e a s i n g . Next, wind holds s teady 
for at l e a s t the f i r s t two p e r i o d s , in which the evening peak o c c u r s . 
F ina l ly , r e l a t ive humidi ty and sa tu ra t ion deficit s e e m to f luctuate e r 
r a t i ca l ly . On the night of 13-14 July, however , they held s teady for 5 
hours p reced ing and including the morn ing peak. This s e e m s to ru le out 
these two fac tors as influencing the peak, at l e a s t at the values encoun
t e r ed h e r e . 

Thus me teo ro log i ca l fac tors a r e e i ther decl ining fa i r ly evenly, 
holding s teady, or fluctuating and showing no c o r r e l a t i o n with log (n + 1), 
yet the peaks occur outstandingly. The f i r s t ca tch is fixed on t ime of 
sunse t , and the evening peak always occu r s in the s a m e per iod , the second. 
The morn ing peak m a y occur in per iod 9, 10, or 11 , depending onthe 
season , but always in the p r e - s u n r i s e per iod . 

Table 5 omits only light in tens i ty . In the evening, with al l f ac to r s 
genera l ly decl ining, the re is a peak in n u m b e r s of T r i chop t e r a caught . 
In the morn ing , the same conditions preva i l ing , t he r e is another peak in 
n u m b e r s caught. The only factor which has equal values in both evening 
and morn ing is light in tens i ty . Obviously from the g raphs , the light va lues 
involved occur after sunse t and before s u n r i s e . Thus the causa l (or 
t r igger ing) factor of both peaks appea r s to be a c e r t a i n light in tens i ty . 
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19-20 August 
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1,1, 
13-14 July 
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Jl_ 
25-26 August 
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F i g u r e 3 - Total hour ly n u m b e r s of T r i c h o p t e r a at UV light, l ie Ste . 
Helene , Mon t r ea l , s u m m e r 1964. A b s c i s s a e 1 h r p e r i o d s , o rd ina tes 
log (n + 1), p lo t t eda t the per iod m i d - p o i n t s : Sunset coincident with f i r s t 
per iod mid -po in t . A r r o w s indicate approx ima te s u n r i s e . 
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Hydroptila spatulata 
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Cheumatopsyche speciosa 
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Hydropsyche recurvata 
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Athripsodes tarsipunctatus 
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F i g u r e 4 - Total number s and n u m b e r s of 7 spec ies of T r i chop t e r a s e p a r 
ate ly , taken at l ie Ste. Helene, Mont rea l , in a UV light t r a p on 16 nights 
(or fewer) , 1964; ave rage values per 1 hr per iod for the s u m m e r . Ab
s c i s s a e 1 hr pe r iods , ord ina tes Wi l l i ams ' m e a n (Mw) t r a n s f o r m e d to %. 
Sunset coincident with the f i r s t per iod mid-po in t . 
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TABLE 5 - Meteoro log ica l data and log (n+1) of total n u m b e r s of T r i c h -
op te ra taken per 1 h r pe r iod at He Ste . Helene , Mont rea l , 
on t h r e e se lec ted evenings , s u m m e r 1964. 

Per log Wind % * 
iod (n + 1) T°F mph R.H. S.D. 

1 1. 30 63. 5 6 29 0.42 
2 4.40** 63. 0 7 32 0. 39 
3 2.79 62. 0 7 36 0. 36 
4 1. 89 61. 0 7 39 0. 33 
5 1.65 60. 0 9 42 0.30 
6 1. 18 60. 0 8 46 0.28 
7 1. 14 60. 0 8 47 0.27 
8 1. 04 59. 0 10 49 0. 25 
9 1. 11** 60. 0 9 50 0. 26 
10 0.48 63. 0 6 53 0. 27 
11 0. 30 63. 0 7 57 0. 25 

1 1.62 71.0 2 85 0. 11 
2 3.51** 70. 0 1 82 0. 12 
3 2.89 69. 5 3 81 0. 14 
4 2.42 69.5 3 84 0. 12 
5 2. 25 69. 0 2 89 0. 08 
6 2. 09 68.5 2 88 0. 08 
7 2. 09 68.0 2 88 0.08 
8 2. 08 68.0 2 88 0. 08 
9 2.21** 68. 0 1 88 0. 08 
10 0 68.5 2 86 0. 09 
11 0 69. 0 1 84 0. 10 

1 3. 14 73. 0 9 58 0.34 
2 4.45** 69.0 9 60 0.28 
3 2.76 67. 0 19 54 0. 30 
4 2.21 67. 0 19 70 0.20 
5 2. 15 67. 0 18 76 0. 16 
6 1.81 67. 0 15 79 0. 14 
7 1. 77 67. 0 14 79 0. 14 
8 1.74 66.0 15 76 0. 15 
9 1.91 65.0 14 71 0. 18 
10 1.85 64. 0 14 72 0. 17 
11 1.98** 63. 0 13 72 0. 17 

* S.D. = sa tu ra t ion deficit , in inches of m e r c u r y . 
** P e a k s . 
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Effects of Other Environmental Factors 

The night as a whole _ Examined h e r e a r e those pe r iods of each night 
between and including sunse t and s u n r i s e . 

Means of each fac tor , t e m p e r a t u r e , wind speed, r e l a t i ve humidi ty , 
and sa tu ra t ion deficit we re obtained for each night . Each factor was then 
plotted aga ins t the m e a n log (n + 1) values for each night . As seen in 
fig. 5, t e m p e r a t u r e and l o g ( n + l ) a r e c l e a r l y c o r r e l a t e d ; no other factor 
showed any significant c o r r e l a t i o n . That i s , on an evening of high t e m 
p e r a t u r e s (70-80°F) one can expect a l a rge ca tch , the opposi te a l so holding 
t r u e . Cor re l a t i on coefficients a r e not ca lcu la ted h e r e as this is p r e l i m 
ina ry to an ana lys i s of the data for the pe r iods without sunlight . It should 
be noted that ca tches may be low despi te high t e m p e r a t u r e s , due to r e 
la t ive s ea sona l s c a r c i t y of T r i c h o p t e r a . This explains some lack of 
c o r r e l a t i o n in fig. 5. Other u n r e c o r d e d or unrecognized fac to r s m a y 
a l so be involved. Wind speed shows l i t t le appa ren t c o r r e l a t i o n with log 
(n + 1), although it can have a d is t inc t effect on flight ac t iv i ty . The bes t 
avai lable example is the night of 18-19 July (table 6): 

TABLE 6 - Total n u m b e r s of T r i c h o p t e r a taken, a n d m e t e o r o l o g i c a l d a t a 
for 1 hr catch per iods 1-9, 18-19 July, l ie Ste . Helene , 
Mon t rea l . 

Catch period - 1 2 3 4 5 6 7 8 9 

Log (n + 1) 1.60 2.57 2.73 2.71 3. 15 4. 20 4. 15 4.40 3.91 
T°F 89 88 87 86 85 85 84 83 83 
Wind speed 

(mph) 24 25 25 23 14 8 5 3 1 

T e m p e r a t u r e was high and d e c r e a s i n g slowly. While a m o r n i n g peak is 
c l e a r , the evening peak is r e p r e s e n t e d only by the s m a l l s tubs in pe r iods 
2 and 3. As the wind dropped, r a t h e r abrupt ly , t he r e was an u p s u r g e in 
number s of T r i chop t e r a taken. This ca tch i s one of the m o s t useful of 
al l ca tches taken. It will be noted that in fig. 5 the plot ted posi t ion of 
18-19 July is one of the poor ly c o r r e l a t e d c a t c h e s . If the evening had 
been ' n o r m a l ' , wind being low or absen t , the point would probably have 
been located wel l to the r igh t . 

Wind on the night of 16-17 June v a r i e d from 17 to 22 mph and the 
pa t t e rn is c l ea r (fig. 3). It va r i ed from 13 to 18 mph on 23-24 July and 
the pa t t e rn appea red . On 1-2 August the wind v a r i e d from 2 to 8 mph, 
but the t e m p e r a t u r e fell 14°F; the p a t t e r n i s obscured by f luctuat ions 
between the peaks . Thus , if the effect of wind be r emoved , i t is seen 
that t e m p e r a t u r e plays a major ro l e in de te rmin ing flight ac t iv i ty . The 
fact that m o s t T r i chop t e r a spec ies fly en masse at night and not dur ing the 
day when t e m p e r a t u r e s a r e h igher , sugges t s an inhibiting effect of e i ther 
or both of t e m p e r a t u r e or l ight. Wind can only m a k e it difficult, or i m 
poss ib le , for the in sec t s to fly, and thus to come to the t r a p , no m a t t e r 
how much t h e y m a y be encouraged to fly by high t e m p e r a t u r e . The pa t 
t e r n will r e m a i n c lea r but n u m b e r s will be r educed . Thus wind and 
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F i g u r e 5 - Mean night (plus sunse t &; s u n r i s e per iods) t e m p e r a t u r e plotted 
aga ins t m e a n log (n + 1) of the hour ly catch of T r i c h o p t e r a . 
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F i g u r e 6 - M e a n night ( in ter-peak) t e m p e r a t u r e plotted aga ins t the m e a n 
log (n + 1) of the hour ly catch of T r i c h o p t e r a . 
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t e m p e r a t u r e s e e m to be ma jo r fac tors in de t e rmin ing the ove ra l l ca tch 
for any one night. But the peaks , b a r r i n g such except ional c i r c u m s t a n c e s 
as o c c u r r e d on the night of 18-19 July, will r e m a i n de tec tab le . 

The periods between the peaks - To d e t e r m i n e m o r e p r e c i s e l y the effects 
of env i ronmenta l fac to rs the peak pe r iod data m u s t be omi t ted f rom con
s ide ra t ion , and the i n t e r - p e a k pe r iods examined m o r e c lose ly . The 
pe r iods involved h e r e a r e n u m b e r s 3 to 7, 3 to 8, or 3 to 9, depending 
on the t ime of s u n r i s e . 

Sa tura t ion deficit is not cons ide red as it f luctuates f rom one hour 
to the next , with no appa ren t c o r r e l a t i o n with T r i c h o p t e r a number s. F i g s . 
6 and 7 i l l u s t r a t e m e a n log (n + 1) plot ted aga ins t m e a n t e m p e r a t u r e and 
m e a n wind speed, for the a p p r o p r i a t e se t s of pe r iods on col lec t ion n igh ts . 
F i g . 6 shows a s t rong c o r r e l a t i o n of t e m p e r a t u r e with m e a n log (n + 1). 
Wind speed (fig. 7) shows some negat ive c o r r e l a t i o n as expected, but this 
is obscured s ince wind i s secondary to t e m p e r a t u r e . F i g s . 6, 7, and 8 
col lec t ive ly d e m o n s t r a t e the ro le of wind in d i s rup t ing the effect of t e m 
p e r a t u r e on the flying populat ion. F ig . 8 gives m e a n log (n + 1) plotted 
aga ins t m e a n t e m p e r a t u r e t imes m e a n wind speed. It will be seen that 
the d i s t r ibu t ion of nights is s im i l a r to that of fig. 7; a s t e m p e r a t u r e is 
a l so ' involved , the v e r t i c a l sp r ead in fig. 8 is s l ight ly g r e a t e r than in fig. 
7. In fig. 6, showing m e a n log (n + 1) aga ins t m e a n t e m p e r a t u r e , the 
d i s t r ibu t ion is en t i r e ly different , and the c o r r e l a t i o n is much improved , 
and pos i t ive . This i s fur ther evidence of the ove r r id ing effect of t e m 
p e r a t u r e and the subs id i a ry d i s rup t ing effect of wind on flight of T r i c h 
op te ra in the t ime between the p e a k s . 
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F i g u r e 7 - Mean wind speed aga ins t m e a n log (n + 1) of i n t e r - p e a k catch 
of T r i c h o p t e r a . 
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F i g u r e 8 - Mean t e m p e r a t u r e X m e a n wind speed aga ins t m e a n log (n + 1) 
of i n t e r - p e a k ca tch of T r i c h o p t e r a . 

F i g . 9 p r e s e n t s log (n + 1) plot ted aga ins t t e m p e r a t u r e for each 
s e p a r a t e per iod , as l imi ted in this sec t ion, for a l l ca tch n igh t s . Again 
a definite c o r r e l a t i o n is seen , in m o r e de ta i l . The c r o s s e s r e p r e s e n t the 
5 ca tches f rom the night of 18-19 July and i t will be obse rved t h a t p e r i o d s 
3, 4, and 5, before the wind dropped, , show low ca tches r e l a t i ve to the 
r e s t of the s c a t t e r . 

In a s t a t i s t i c a l ana lys i s of the data f rom i n t e r - p e a k p e r i o d s , the 
me thod of mul t ip le c o r r e l a t i o n a s se t out in de ta i l by Croxton &: Cowden 
(1955) was used . Values of log (n + 1) a r e des ignated in the following as 
X^; of t e m p e r a t u r e , X2; of wind speed, X3. Deta i l s of the ca lcula t ions 
a r e omi t ted , suffice i t to s u m m a r i z e the r e s u l t s , X^ being the dependent 
v a r i a b l e : 

Using one independent v a r i a b l e : X2 or X3 

Total va r i a t i on of X . , 2 x 4 = 69.7634 
Var ia t ion explained by u s e of X , only = 32.4282 
S tandard e r r o r of e s t i m a t e = 0. 6789 
Coefficient of c o r r e l a t i o n , 12 = +0.6817 

Thus va r i a t i on in t em.pera ture s e r v e s to explain 68% of the va r ia t ion in 
log (n + 1), or 68% of the changes in number s a r e a s s o c i a t e d with changes 
in t e m p e r a t u r e . 
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F i g u r e 9 - T e m p e r a t u r e aga ins t n u m b e r s of T r i c h o p t e r a (as log (n + 1)) 
taken at an u l t r a - v i o l e t l ight t r a p a t He Ste . Helene , Mon t r ea l , s u m m e r 
1964. Each 1 hour i n t e r - p e a k per iod for a l l catch nights plotted s e p a r 
a te ly . 

Var ia t ion explained by u s e of X3 only = 14. 3372 
Standard e r r o r of e s t i m a t e = 0. 8272 
Coefficient of c o r r e l a t i o n = - 0 . 4 5 3 3 

Thus va r i a t i on in wind, s e r v e s to explain 45% of the va r i a t i on of log (n+ 1); 
i . e . 45% of the changes in log (n + 1) a r e a s s o c i a t e d with changes in wind 
speed . 

Using two independent v a r i a b l e s 

Tota l va r i a t ion , 
Explained va r i a t i on , 
Coefficient of c o r r e l a t i o n , 

Thus t e m p e r a t u r e and wind speed together account for 7 5% of the va r i a t i on 
of log (n + 1); i . e. 75% of the changes in log (n + 1) a r e a s s o c i a t e d 'with 
changes in t e m p e r a t u r e , wind speed, or both. 

As the combined effect of t he se two f ac to r s on n u m b e r s of i n s e c t s 
taken is to the extent of 75%, the in t e rac t ion of t e m p e r a t u r e and wind m a y 
be a s s u m e d to be 38% ( i . e . 4 5 - (75-68) = 38). The r e m a i n i n g 25% of 
va r i a t i on m a y be a t t r ibu ted to s a tu ra t ion defici t and other u n m e a s u r e d 
and unrecogn ized f a c t o r s . An appl ica t ion of the F t e s t for the r e l i ab i l i t y 
of 1^1,23 shows this to be c l e a r l y s ignif icant , that i s , the c o r r e l a t i o n 
between X^, and X? <̂  3 a p p e a r s to be v e r y good. 

ales: X£ and X3 
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The pattern at the species level- F o r each spec ies the graphed p a t t e r n of 
only one night is u sed as the spec ies p a t t e r n s follow the tota l n u m b e r s 
p a t t e r n c lose ly . The night chosenfor each spec ies was that which showed 
the pa t t e rn m o s t c l e a r l y . Varying seasona l o c c u r r e n c e p reven ted the 
s a m e night being used for a l l spec i e s , but only two nights w e r e needed: 
13-14 June and 25-26 August . Species and night a r e given in fig. 10. 
It will be seen in these graphs that a l l seven spec ies tend to follow the 
pa t t e rn , with d i f fe rences , of c o u r s e , but these a r e m i n o r . 

Included in fig. 10 a r e 2 addit ional g r aphs , for //. recwvata and 
C. speciasa . They a r e both for the night of 18-19 June on which the 

speed suddenly d e c r e a s e d . In these two f igures an evening peak i s d i s 
ce rn ib l e , espec ia l ly in //. recurvata . The overa l l d e p r e s s i o n of the f i r s t 
half of the night shows, but the spec ies n u m b e r s r o s e to a peak, then fell 
away; the wind dropped and the number s r e c o v e r ed to the a s s u m e d ' no r 
m a l ' for that night. On this night Athripsodes cancellatus a l so showed a peak, 
but not so wel l . The in t e r e s t i ng point h e r e i s , that it was the t h r e e large 
spec ies (body length > 4 mm) which produced d i s ce rn ib l e evening peaks 
of flight act ivi ty despi te the high wind. T h r e e other s p e c i e s , Psychomyia 
flavida, I'ratoptila maculata , a n d Hydroptila spatulata, s h o w e d n o e v i d e n c e of a p e a k a t 
all : they a r e a l l m i c r o - T r i c h o p t e r a . Thus s i z e i s seen to be of impor t ance 
to a spec ies in mainta in ing the pa t t e rnof night t ime act iv i ty , if winds a r e 
high and fluctuating. This d ive r s i ty due to s ize m a y well be another factor 
in the 25% var ia t ion in log (n + 1) r ema in ing to be explained. 

In fig. 4 a r e graphs of the pa t t e rns us ing m e a n values of log (n + 1). 
Allowance should be made for s u n r i s e shift. 

Sex Ratios 

Sex r a t i o s w e r e examined to de t e rmine if the sexes were act ive at 
different t i m e s . In a l l seven spec ies cons ide red in deta i l , at l e a s t fifty 
pe r cent of the tota l n u m b e r s of each night a r r i v e d by pe r iod t h r e e . In 
m o s t c a s e s the r a t io is about 50 throughout the night. 

It s e e m s safe to conclude that the pa t t e rn of t o t a l n u m b e r s of T r i c h -
op te ra taken at l ight is due ne i ther to any one sex of any one or m o r e 
s p e c i e s , nor to any spec ies as a whole. 

Ten Minute Catches — Total Numbers 

Fig . 11 shows pa t t e rns for individual nights us ing log (n+1) va lues , 
and fig. 12 shows the ave rage pa t t e rn for the s u m m e r , us ing m e a n values 
of log (n + 1). 

The points to obse rve a r e a s follows. F o r the f i r s t six per iods 
t h e r e were no ca tches o r , at m o s t , s m a l l n u m b e r s : occas iona l ly ca tches 
in pe r iods 4 to 6 w e r e subs tan t ia l . The peak of flight ac t iv i ty genera l ly 
o c c u r r e d in ca tch per iod 7 but s o m e t i m e s in per iod 6, 8, or even 9. 

F r o m f igs . 11 and 12 it will be seen that the peak follows immed ia t e ly 
after civi l twilight. F ig . 13 shows that a s h a r p change in r a t e of decl ine 
of l ight in tens i ty o c c u r s at civi l twil ight . 

The curve of ac t iv i ty genera l ly s t a r t s to r i s e p r i o r to civi l twilight, 
indicat ing a r e s p o n s e e i ther to low, or a lowering of, l ight in tens i ty . 
However , the suddenupsu rge to the peak s e e m s to be a s soc i a t ed with the 
sudden change in r a t e of decl ine of light at civil twil ight . H a r k e r (1961) 
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4j_ 25-26 Au 

3 

2 

1 

25-26 Au 

//. spatulata 

25-26 Au 

25-26 Au 

ll„lillli 

P. maculata 

. . 13-14 Jy 

// recurvata P. flavida A. canccllatus 

t . 1 3 - 1 4 Jy 

1 5 10 
A", larsipunclatus 

.. 18 -19 Jy 

1 ll. 
5 10 

C. speciosft 

F i g u r e 10 - P a t t e r n of a r r i v a l on se lec ted nights of seven spec ies of 
T r i c h o p t e r a at a UV light t r a p at He Ste . Helene , Mon t rea l , s u m m e r 
1964. Two addi t ional g raphs a r e included for r e a s o n s given in the text . 
A b s c i s s a e in 1 hr p e r i o d s , o rd ina tes n u m b e r s as log (n + 1). Sunset 
coincident with the f i r s t per iod mid-po in t . Sunr i se indicated by a r r o w s . 

points out that " . . . , it is r a r e for ac t iv i ty to occur as an i m m e d i a t e 
r e ac t i on to change in light in tens i ty" . It could be , t h e r e f o r e , that the 
peak i s a delayed r eac t i on to the light va lues of e a r l i e r p e r i o d s , which 
a r e t h e m s e l v e s vas t ly lower than n o r m a l day t ime v a l u e s . N i e l s e n ' s 
(1963) s u m m a r y of the s i tuat ion in po ik i l o the rms : "The r e l e a s i n g factor 
m a y be a c e r t a i n low level of i l luminat ion , or it might be a c e r t a i n r a t e 
of change of in tens i ty or a combinat ion of bo th" s e e m s a p p r o p r i a t e to the 
unce r t a in ty concern ing the ro le of na tu r a l light in producing the peaks in 
T r i c h o p t e r a . One fur ther poss ib i l i ty i s tha t the change in the r a t e of 
decl ine of l ight in tens i ty i n d u c e s ' a n i m m e d i a t e i n c r e a s e i n flight ac t iv i ty . 
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13-14 
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23-24 
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A u 
30-21 
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J 
F i g u r e 11 - Total number of T r i c h o p t e r a taken at a UV light t r a p at He 
Ste. Helene , Mont rea l , s u m m e r 1964, for each night on which 10 min 
catch pe r iods were used . Ord ina tes in log (n + 1), a b s c i s s a e in 10 minute 
p e r i o d s , log values plotted at the per iod m i d - p o i n t s . Civil twilight indi 
cated by the a r r o w s . 

DISCUSSION 

Previous Studies of Nocturnal Activity Patterns in Trichoptera 

L-ighttrap s tudies of the noc turna l flight ac t iv i ty rhy thms of in sec t s 
of i m m e d i a t e i n t e r e s t , a r e those by Wil l iams (1935 and o the r s ) , Stage 
& Chamber l i n (1945), Southwood (I960), Corbet and Tj^nneland (1955), 
and Brindle (1957 a, b , and 1958). Most p a p e r s ment ion Tr i chop te ra in 
pa s s ing , if a t a l l . T r i c h o p t e r a have been s tudied seasona l ly (Crichton 
I960, M a r s h a l l 1939), r a t h e r than hour ly , as h e r e ; such s tudies a r e 
consequent ly of l i t t le i n t e r e s t in the p r e s e n t context . It is unfortunate 
that t h e r e appear to have been no s tudies of T r i chop te ra using non-a t 
t r ac t i ve t r a p s , other than that of Lewis &; Taylor (1965). 
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F i g u r e 12 - Means of n u m b e r s of T r i c h o p t e r a taken per 10 min pe r iod 
at an u l t r a - v i o l e t l ight t r a p at l ie Ste. He lene , Mon t rea l , for those equi 
valent pe r iods of each night on which t rapping was c a r r i e d out, s u m m e r 
1964. A b s c i s s a e in 10 min p e r i o d s , o rd ina tes in log (n + 1) with va lues 
plotted at per iod m i d - p o i n t s . The a r r o w s m a r k civil twil ight . 
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F i g u r e 13 - Curve of light in tensi ty ( a r b i t r a r y 
units) at the mid-po in t of each 10 min per iod 
f rom 18. 18 pm EDT on the night of 14-15 July 
1964 at He. Ste. Helene , Mont rea l . No cloud 
cover , qua r t e r moon, light haze . 
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The Pattern at Montreal 
The p a t t e r n found in this study has the following c h a r a c t e r i s t i c s : 

b imodal , the evening peak r e l a t i ve ly much m o r e pronounced than the 
morn ing peak; the p a t t e r n of n u m b e r s in pe r iods exclus ive of the peaks 
fo rms a g radua l ly d e c r e a s i n g slope f rom the evening peak t i l l the sl ight 
r i s e to the morn ing peak; the i n t e r p e a k slope m a y be punctuated by f luc
tuat ions of vary ing d e g r e e s , dependent on m e t e o r o l o g i c a l f a c to r s ; the 
morn ing peak is t e r m i n a t e d by an abrupt drop-off in n u m b e r s to z e r o , 
or a l m o s t z e r o . R e f e r r i n g to Corbet & Tj^nneland 's (1955) c lass i f ica t ion 
of r e l a t i v e development of the two peaks in E a s t Afr ican T r i c h o p t e r a , 
the p r e s e n t 7 spec ies s e e m to fit the i r c l a s s 2 well ; "Both peaks d i s 
c e r n i b l e , dusk peak far m o r e pronounced" . 
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Meteorological Factors and the Pattern 

The day- to -day effects of t e m p e r a t u r e and wind w e r e deal t with h e r e 
only superf ic ia l ly , for two r e a s o n s : 1). The pauci ty of data did not 
w a r r a n t any emula t ion of, for example , Wi l l iams 1 work on Lepidoptera 
(1961) and Simuli idae (1962) in this r e s p e c t and, 2). th is was not the 
purpose of the study. The ana lys i s h e r e was done s imply as a s tep towards 
examinat ion of the i n t e r - p e a k f luctuat ions, and to aid in de te rmin ing the 
ro le of l ight. The g r o s s effect of t e m p e r a t u r e and wind on magni tude of 
the tota l catch onany one night has been d e m o n s t r a t e d and Wil l iams (1961) 
says that "The act ivi ty of i n sec t s on any one night i s v e r y l a rge ly d e t e r 
mined by t e m p e r a t u r e and wind, . . . " . Br indle (1957a) ment ions the effect 
of wind on two night ' s c a t c h e s . Each night the wind was f r o m a different 
q u a r t e r : once from a r i v e r , once f rom a r e s e r v o i r . The spec ies c o m 
posi t ion differed r e m a r k a b l y on these nights and co r r e sponded with the 
fauna of the source from which the wind blew. One spec ies was common 
to both nights however , but not to both hab i t a t s , " . . . a s t rong f lyer" a s 
Br indle says and, be inga spec ies of Pfuyganea, i t is a ' l a r g e 1 t r i c h o p t e r a n . 
Th i s , again, a g r e e s with the evidence from the night of 18-19 July, for 
the different ial effect of wind depending on insec t s i z e . Br ind le a l so 
examines the effect of t e m p e r a t u r e and r e l a t i ve humidi ty and finds h igher 
t e m p e r a t u r e s , a s soc i a t ed with lower r e l a t i ve humidi ty , be t t e r for l a r g e r 
c a t c h e s . It i s u n c e r t a i n how he r e g a r d s r e l a t i v e humidi ty , but ce r t a in ly 
t he re is a g r e e m e n t on t e m p e r a t u r e effects . My de te rmina t ion of t e m 
p e r a t u r e and wind as p r i m e fac tors in de te rmin ing the total catch of any 
one night i s in gene ra l a g r e e m e n t with the f e w p a p e r s which dea l s p e c i 
fically with T r i c h o p t e r a ac t iv i ty pa t t e rns and wea the r , and with Wi l l i ams ' 
(1961) s t a t emen t . 

The Role of Light Intensity 

The r o l e of na tu ra l l ight in producing the peaks in n u m b e r s taken 
at duskand dawna t a r t i f i c ia l l ight, has p rev ious ly been examined only by 
Corbet &; Tj^nneland (1955). They concluded that flight is inhibited by 
light above a c e r t a i n in tens i ty . At in tens i t i e s below this light is conducive 
to m a s s flight act iv i ty ; at s t i l l lower in tens i t i e s flight ac t iv i ty dwindles 
but does not c e a s e en t i r e ly . They specula te that act ivi ty is pos i t ively 
c o r r e l a t e d with light in tens i ty , up to the inhibit ing value , but do not ex
plain why flight occurs when it is a l m o s t da rk , a s between the peak p e r i o d s . 

It has been shown h e r e that the evening peak was p r e c e d e d by a 
s h a r p u p s u r g e from z e r o , j u s t p r i o r to civil twil ight . The s h a r p drop-off 
after the morn ing peak s e e m s to m i r r o r the s h a r p r i s e before the evening 
peak. Detai led examinat ion of the morn ing peak m a y b e expected to show 
that the sudden drop occur s ve ry c lose to but after morn ing civil twilight, 
as found by Corbet &; Tj^nneland in Af r ica . One poss ib le explanation for 
the r e l a t i ve insignif icance of the morn ing peak m a y be found in the fact 
that l ight is i n c r e a s i n g , r a t h e r than d e c r e a s i n g . I have sugges ted that 
the evening peak is t r i g g e r e d by a c e r t a i n light va lue , but that a l l that is 
needed for night ac t iv i ty , is light lower t h a n a c e r t a i n in tens i ty (see fig. 
13). If th is is so, the i n c r e a s e in light in the morn ing p r i o r to a t t a in 
men t of the c ruc ia l light in tens i ty , should have l i t t le effect on the n u m b e r s 
taken. Then, when the c r i t i c a l in tens i ty o c c u r s , l i t t le t i m e w i l l be a v a i l -
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able for a peak to develop as the condit ions of full daylight which follow 
inhibit flight. 

Meteorological Factors and the Inter-Peak Periods 

A p a t t e r n of s teadi ly but g radua l ly d e c r e a s i n g n u m b e r s between the 
evening and morn ing peaks a p p e a r s to be usua l at Mont rea l and r e s e m b l e s 
that d e s c r i b e d by Corbe t & Tji6nneland (1955). Meteoro log ica l fac tors 
play a vi tal r o l e in de t e rmin ing the level of the pa t t e rn provided the i r 
a c t i o n i s s teady or non-violent throughout the night. However , the i n t e r -
peak p a t t e r n will re f lec t any sudden changes in me teo ro log ica l f a c t o r s . 

C o r b e t a n d Tji&nneland r a n the i r t r a p on nights in which t h e m e t e o r -
ological fac tors v a r i e d l i t t le f rom night to night, or within n igh ts . Thus 
they had no opportunity to d e t e r m i n e the effect of f luctuations on their 
c a t c h e s . T h e y u s e d 10 min ca tches throughout the n igh tand thoseof the i r 
spec ies which showed p a t t e r n s s im i l a r to the one h e r e , but much m o r e 
c l ea r ly , showed a c e r t a i n amount of fluctuation between the peaks which 
is not d i r ec t l y a t t r ibu tab le to any fac tors cons ide red h e r e , and can p r o 
bably be label led i n t r i n s i c . But though they exper ienced only light b r e e z e s 
they did d e m o n s t r a t e the different ial effect of wind on spec ies of va r ious 
s i z e s ; they did not r e l a t e wind d i r ec t l y with pa t t e rn f luctuat ions, but 
appear to have done so ind i rec t ly . Thus pa r t of the apparen t ly in t r ins ic 
va r i a t ion m a y have been due to light wind and sma l l s p e c i e s . 

Natural Affinities of the Pattern 

To d e t e r m i n e the ac tua l dai ly flight act ivi ty pa t t e rn of T r i c h o p t e r a , 
some t rapping method i s r e q u i r e d which co l lec ts independent ly of any 
r e s p o n s e on the pa r t of the insec t s ( e . g . Lewis &c Taylor 1965). It s e e m s 
r ea sonab l e to suppose that , in spec ies showing a b imodal act ivi ty pa t t e rn 
such a s w e r e worked with h e r e , the pa t t e rn between the t ips of the peaks is 
a re f lec t ion of the na tu ra l pa t t e rn . The gradua l deer ease from the usual ly 
much l a r g e r evening peak, towards the morn ing peak is ignored for the 
p r e s e n t . The point is that a c e r t a i n bas ic level of ac t iv i ty appea r s to be 
d e m o n s t r a t e d between the peaks . Whether this is the same level as the 
dayt ime flight ac t iv i ty level , or h igher or lower , cannot be said. But day
t ime flight is no tuncommon in T r i chop t e r a (Brindle 1957a, P e t e r s o n 1952, 
Lewis & Taylor 1965). Dayt ime flight, e spec ia l ly in la te afternoon was 
frequent ly obse rved in s e v e r a l spec ies a t He Ste. Helene . Swarming 
act iv i ty , e spec ia l ly by //. recuwata , was common. So it m a y be, in some 
s p e c i e s , that the n ight t ime level may be the low point of the 24 hour 
per iod , and the peaks the r e s u l t of inducement to s t i l l g r e a t e r act ivi ty . 
But m o s t spec ies genera l ly only appeared flying after sunse t . Some lack of 
r e s p o n s e to the m e r c u r y vapour light m a y explain pa r t of the abrup t r i s e 
and fall in evening and morn ing , but as the change from twilight to full 
sunlight , is g radua l , so a l s o should the d e c r e a s e in a t t r a c t i v e n e s s of the 
light be g radua l , which it is not. But f rom jus t what level of a flying 
populat ion the evening r i s e , for example , is abrupt , cannot be deduced 
h e r e . Cons ider ing the day ac t iv i ty of some spec i e s , the abrupt r i s e may 
be explained by the light gradual ly becoming effective when the flying 
popula t ion is a l r e a d y a t a high leve l . However , the peaks , a s such, above 
this leve l , can only be r e g a r d e d as na tu r a l phenomena in t h e m s e l v e s , due 
to the g radua l d e c r e a s e after the evening peak and the sl ight r i s e p r e -
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ceeding the morn ing peak. 
Another point which m a y suppor t the ' n a t u r a l ' peak is the s p e c t r a l 

quality of the light source (see table 1 p . 220). Emit t ing l a rge ly in the 
shor t wavelength end of the s p e c t r u m , the bulb should appea r in dayt ime 
as a d i s c r e t e sou rce of s t ronge r r ad ia t ion of these a t t r a c t i v e wave leng ths . 
The s m a l l e r n u m b e r s of i n s e c t s taken in the t r a p in day t ime m a y be a t t r i 
buted in p a r t to compet i t ion of daylight with the t r a p light s o u r c e and in 
p a r t to l e s s ac t iv i ty . In a way, t h e r e f o r e , the u s e of a m e r c u r y vapour 
light sou rce may ac tua l ly provide a p r e l i m i n a r y guide as to whether or 
not the pa t t e rn is n a t u r a l . It i s p roposed that , in i t s e s sen t i a l f e a t u r e s , 
it i s , for those spec ies which exhibit i t . 
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