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INTRODUCTION 



INTRODUCTION 

Since de Geer's observations on the swarming of winter 
gnats (Trichocera) i n 1776, many studies have been made on them, 
but these have been mainly on t h e i r swarming behaviour and 
taxonomy, and r e l a t i v e l y l i t t l e i s known about t h e i r ecology. 

Among the studies on swarming Eaton ( l 8 8 l ) gave approximate 
temperatures when swarming was observed; A i n s l i e (l907) described 
the f l i g h t p a t t e r n and mating behaviour; Alexander (l920) gave an 
account of the general biology i n c l u d i n g the swarming behaviour; 
and Cuthbertson (l926) gave the general conditions under which 
swarming occurs (calm, dry evenings a f t e r wet weather) and 
described how the swarms b u i l t up during the evening. Dahl (l965) 
made the f i r s t r e a l l y d e t a i l e d study of the weather conditions 
under which swarming occurs, and determined the l i m i t s f o r each 
species observed. Syrjamaki (l968) mentions (Trichocera swarming 
over grass tussocks i n Spitsbergen, the only reference to swarm 
markers t h a t I could f i n d . 

The genus Trichocera and i t s close r e l a t i v e s have been 
included i n the f a m i l i e s Tipulidae and Rhyphidae, as they show 
morphological resemblances to both, but are now put i n a 
separate f a m i l y , the Trichoceridae. E a r l i e r keys used wing 
venation and col o u r a t i o n to separate the species (Edwards, 1921, 
1938; Curran, 1934; Freeman, 1950), but modern workers consider 
these c h a r a c t e r i s t i c s too va r i a b l e and use wing vein setae 
(Laurence, 1957) and the d e t a i l e d s t r u c t u r e of the g e n i t a l i a 
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(Dahl, 1957, 1966, 1967a, 1967b, 1968). 

B r i e f mention i s given to the Trichoceridae i n most general 
entomological textbooks e.g. Imms (l957) p. 610. More d e t a i l e d 
studies on single species have been c a r r i e d out on the lar v a and 
pupa of T. r e g e l a t i o n i s Linn, by Rhyne^art (l925); the early stages 
of T. maculipennis Meigen by Karandikar (1931); the larva and pupa 
of T. hiemalis de Geer by K e i l i n and Tate (l940); and the l i f e 
h i s t o r y of T. s a l t a t o r Harris by Laurence ( l 9 5 6 ) . 

I n the present i n v e s t i g a t i o n I set out to study two things. 
The f i r s t was the swarming f l i g h t of Trichocera and the weather 
conditions governing i t . This had to be s t a r t e d q u i c k l y while 
the adults were about, so I began the f i e l d work at the end of 
November, 1968, before I even had any equipment apart from a 
net, and without much foreknowledge of the animals or the work 
t h a t had already been done on them. This may have led me i n t o 
making mistakes, but i t meant tha t the study was as unbiased as 
possible. 

The second p a r t of the i n v e s t i g a t i o n was on the Trichocera 
caught i n the Rothamsted l i g h t t r a p at the Zoology Department 
F i e l d S t a t i o n , I decided t o count and i d e n t i f y those caught each 
ni g h t during the 1968-69 Trichocera season, and to t r y to 
c o r r e l a t e the catch w i t h the p r e v a i l i n g weather conditions, using 
s i m i l a r methods to those used by ¥illiams (l94 0 ) . Study of the 
l i g h t t r a p catches also provided information on the seasonal 
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occurrence of eight species of Trichocera at Durham during 
one year (l2-13 July 1968 to 11-12 J u l y 1969.) I t i s re a l i s e d 
t h a t t h i s may not provide r e l i a b l e data f o r c e r t a i n species th a t 
may not be s t r o n g l y a t t r a c t e d to a l i g h t t r a p . 
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PART I 

THE S¥ARMING BEHAVIOUR OF TRICHOCERA 



PART 1 

The Swarming Behaviour of Trichocera 

1. Equipment and Methods 

(a) Equipment 

The swarming behaviour of insects i s markedly affected by 
the immediate weather conditions (Bates, 1949; Downes, 1955, 1958, 
1969; ¥olfe and Peterson, 1960; Dahl, 1965; Syrjamaki, 1968) and 
the f a c t o r s recorded i n t h i s study were a i r temperature, wind speed 
and r e l a t i v e humidity. 

A i r temperature was measured by a Gallenkamp -5 to 50°C/0.i°C 
mercury thermometer. This was kept i n an open sided woodert case 
f o r protection, and the case also acted as a screen. 

¥ind speed was measured using a Casella A i r Meter (a vane 
anemometer) capable of measuring wind s p e e d s f r o m 30-100,000ft./min. 

Percentage r e l a t i v e humidity was calculated using a Casella 
¥hirling Hygrometer and a s l i d i n g conversion scale. 

As Cloudsley-Thompson (l962) points out, these instruments are 
unsuitable f o r measuring micro-climates, but are suitable f o r 
measuring what Uvarov ( l 9 3 l ) c a l l s the ecoclimate - "the 
meteorological f a c t o r s w i t h i n a h a b i t a t . " 
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I was not able to measure the e f f e c t s of l i g h t i n t e n s i t y on 
the swarming a c t i v i t y of Trichocera. as the l i g h t meters available 
were not s u f f i c i e n t l y s e n s i t i v e to measure the low l i g h t i n t e n s i t i e s 
at dawn and dusk accurately. By the time I r e a l i s e d t h i s and had 
a dual purpose meter made, t h a t could measure both high and low 
l i g h t i n t e n s i t i e s , the swarming a c t i v i t i e s of Trichocera had ceased. 

(b) Methods of Observing Swarming Behaviour 

( i ) Swarming L o c a l i t i e s 

Swarming was observed i n three l o c a l i t i e s near the laboratory, 

three a t the F i e l d S t a t i o n , h a l f a mile away, and one s i x miles 

d i s t a n t . 

I Over a path beside a playing f i e l d , near a fence covered 
w i t h i v y (Hedera h e l i x ) . 

I I I n a g u l l e y where a stream enters the River Wear (see P l . l ) 
The g u l l e y contains rhododendron bushes (Rhododendron) 
ponticum), h o l l y bushes ( i l e x a q u i f o l i u m ) , and clumps of 
reed-grass (Phalaris arundinacea). 

I l l Outside the rear entrance of the laboratory (see P I . 2 ) , 
where there are two white flagstones i n the tarmac by the 
end w a l l of the workshop. 

IV Over the stream at the F i e l d S t a t i o n (see P I . 4 ) . On the 
banks are various grasses, h o l l y bushes, hawthorn bushes 
(Crataegus monogyna) and oak trees and seedlings (Quercus 
netraea.) 
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Plate :]. A g u l l e y where a stream enters the River ¥ear, 
containing rhododendron and h o l l y bushes, and 
clumps of reed-grass. 

Plate 2 Outside the rear entrance of the l a b o r a t o r y , 
showing the white flag-stones i n the tarmac. 





Plate 3. Outside the F i e l d S t a t i o n hut, showing the 
white paving stones. 

Plate 4. The stream at the F i e l d S t a t i o n , showing the 
various grasses on the bank, h o l l y bushes and 
oak t r e e s . 



/ • 



V Over the paving stones outside the F i e l d Station hut (see 

PI.? ) 

"VI Over r o t t i n g logs at the F i e l d S t a t i o n . 
V I I Over gorse bushes (Ulex europaeus) near the River ¥ear at 

¥illington, Co. Durham. 

( i i ) Procedure 

¥hen a swarm was found, records of the f l i g h t behaviour, swarm 
height and dimensions, swarm marker, and instrument readings, were 
made on a data sheet (see f i g . l ) . ¥hen the swarm was at i t s 
e q u i l i b r i u m size, i . e . the number of f l i e s leaving the swarm was 
equal to the number j o i n i n g i t , i t was captured i n a sweep net with 
an extension on the handle. The swarm was taken back to the lab
o r a t o r y , the species and sex i d e n t i f i e d using Freeman's (l950) 
key, the number i n the swarm counted, and the data sheet completed. 

2. The Swarm 
(a) D e s c r i p t i o n 

( i ) Composition 

A l l the swarms observed consisted mainly of males of 
Trichocera r e g e l a t i o n i s , Linn, but on two occasions there were 
females i n the swarms, and on four occasions males of other species 
were present (see Table 1.) This was probably because the ma j o r i t y 
of the work was done i n January and February, when most of the 
other species had disappeared, and Trichocera r e g e l a t i o n i s was by 
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F i g . I . Data sheet f o r recording information on 
Trichocera swarms. 

TRICHOCERA SWARMING DATA 

Date Time ... : 
Temperature ., ,T.".?.9r.Q. .Humidity 
Wind speed .. .<i.^9. ?7;/ni^. 
General weather conditions .;VtWi. 
. .<7W^. .. .^K^.. C?j^^^. 
Location 
• • • • • • • • • • • • • • • • k • V • • • • • • • • • • • • « • • • • • • • • 
Height . . . i ^ f . l . . . . Dimensions . " i ^ ; . 1 fJ. 

Species ... 
Sex . (f. ..Number -f;? 
General remarks ,U Sf^iMcC^W.. y^f?^. 

.. j^TV.^.... n^... J^ivfrj:^viv;^.if'>^...,. 



f a r the most common species (see f i g . 4 ) • According to Dahl 
(l965) the swarming behaviour of other species of Trichocera, 
and of females, i s broadly the same as th a t of T. r e g e l a t i o n i s 
males. 

( i i ) F l i g h t Pattern 

During swarming f l i g h t the insects face i n t o the wind and 
perform a d i s t i n c t i v e r i s i n g and f a l l i n g movement over the same 
spot. The i n d i v i d u a l moves upwards through a short distance by 
beating i t s wings, then i t f a l l s back through the same distance w i t h 
i t s wings held out, h o r i z o n t a l l y , from the sides of the body. The 
distance involved i s about 20-30cm. under calm conditions, but i s 
much shorter when there i s a breeze blowing. 

¥hen two i n d i v i d u a l s come w i t h i n about 1cm. of each other 
they grasp each other w i t h t h e i r legs, w h i r l b r i e f l y , and part 
again. I d i d not observe mating, but according to A i n s l i e (l907) 
and Dahl (l965) when a female enters a swarm of males she i s grasped 
i n t h i s way, and the p a i r f a l l to the ground and copulate. However, 
on one occasion I d i d observe t h i s sort of behaviour, but when I 
captured seven pairs f a l l i n g from the swarm I found th a t each 
consisted of one T. r e g e l a t i o n i s male and one T. annulata Meigen 
male. I do not know whether the r e g e l a t i o n i s males had mistaken 
the annulata males f o r females, or whether t h i s was a form of 
" t e r r i t o r i a l " behaviour, one species removing the other from i t s 
swarming area. From the method of removal used i . e . the "mating 
grasp", I would be i n c l i n e d to favour the former explanation. 
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( i i i ) Swarm Markers 

The 'Swarm keeps i t s p o s i t i o n v i s u a l l y by means of a swarm 

marker, as do many other species of Nematocera (Nielsen and 
Greve, 1950; Downes 1955 and 1956). The marker i s an edge 
between two d i f f e r e n t coloured objects. The markers i n the 
various l o c a l i t i e s were: 

I The edge of the grey path and the grass. 
I I The edges of patches of dead leaves, and the dry leaves of 

Phalaris clumps. 

I I I The banks of the stream, clumps of dead grass, and low 

bushes. 
IV The edge of the white flagstones w i t h the tarmac. 
V The edge of the white paving stones and the grass. 
VI The edge of the black hole i n the r o t t i n g log. 
V I I The edge of the dark green bush against the dry grass. 

Dahl (l965) says "no form of swarm marker could be found," but 
Syrjamaki (l968) reports Trichocera swarming over t u f t s of dry 
grass. I c a r r i e d out several marker experiments showing th a t the 
swarm would form and dance over sheets of white paper l a i d on the 
ground, but perhaps the most convincing experiment was when I had 
a swarm over my white net. I moved the net slowly round i n a 15ft 
c i r c l e , and the swarm moved above i t . I was able to repeat t h i s 
several times on d i f f e r e n t occasions. 
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( i v ) R e s t i n g 

I n d i v i d u a l s can be seen J o i n i n g and l e a v i n g t h e swarm, and 
t h e y r e s t on n e a r b y v e g e t a t i o n , h a n g i n g w i t h t h e i r w i n g s f o l d e d . 
¥hen a swarm i s c a p t u r e d i t i s r e p l a c e d w i t h i n a few m i n u t e s . 
¥hen I c a p t u r e d each swarm as i t r e a c h e d e q u i l i b r i u m s i z e , u n t i l 
I had c a p t u r e d a l l t h e T r i c h o c e r a i n t h e a r e a , I c a l c u l a t e d t h a t 
a b o u t 10-12^ o f t h e f l i e s were i n t h e a i r a t any one t i m e . 

( v ) D i m e n s i o n s 

The b e s t d e f i n i t i o n o f a swarm i s one o r more i n d i v i d u a l s 

p e r f o r m i n g swarming f l i g h t s i n r e l a t i o n t o a m a r k e r , as o u t l i n e d 

a bove. The number o f i n d i v i d u a l s i n a swarm does n o t seem t o be 

a f f e c t e d by c l i m a t i c f a c t o r s , and p r o b a b l y depends on t h e number 

o f f l i e s i n t h e v i c i n i t y (see T a b l e l ) . A i n s l i e ( l 9 0 7 ) saw 

s e v e r a l swarms a t once, and t h e y were o f d i f f e r e n t s i z e s and 

d i f f e r e n t h e i g h t s above t h e g r o u n d . The h e i g h t above t h e g r o u n d 

seems t o be a f f e c t e d o n l y b y s t r o n g b r e e z e s , when t h e f l i e s dance 

i n a s m a l l , t i g h t g r o u p a b o u t 30cm. above t h e g r o u n d . Under calm 

c o n d i t i o n s t h e swarm i s a column o f i n s e c t s a b o u t 30cm. i n d i a m e t e r , 

t h e l e n g t h v a r y i n g w i t h t h e numbers p r e s e n t . The h e i g h t o f t h e 

swarm above t h e g r o u n d v a r i e s f r o m a b o u t 1 t o 4 m e t r e s . 

( b ) ¥eather F a c t o r s 

The c o n d i t i o n s o f t e m p e r a t u r e , w i n d speed and r e l a t i v e h u m i d i t y 

u n d e r w h i c h T r i c h o c e r a r e g e l a t i o n i s was o b s e r v e d swarming a r e 

shown i n T a b l e 2 and f i g s . 2 and 3. C o n d i t i o n s r e c o r d e d when no 
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TABLE 1 
THE COMPOSITION OF THE TRICHOCERA REGELATIONIS S¥ARMS OBSERVED 

Number of Number of Number of Other 
T. r e g e l a t i o n i s males females species 

8 8 - -
55 55 - -
10 10 - -

7 6 1 -
96 97 - T. annulata 

48 47 1 -

16 16 - -
8 8 - -

15 16 - T. annulata 

28 28 ' - -
3 4 - T. annulata 

10 10 - -

8 8 - -

19 19 - -
26 26 - -

14 14 - -
1 1 - -

14 15 — T. hiemalis 



TABLE 2 

CONDITIONS RECORDED ¥HENTRICHOCERA REGELATIONIS ¥AS S¥ARMING 

¥ind Speed Temperature Relative Humidity 
( f t . / m i n . ) (°C) (%) 

< 30 9.40 85 

<30 8.50 85 

<30 10.00 90 

50 12.50 90 

75 9.80 80 

75 8.50 80 

80 • 12.00 -

< 30 11.50 -

< 30 9.70 -

<30 7.90 86 

<30 6.75 86 

<30 8.00 72 

<30 6.10 72 

< 30 8.50 75 

50 10.40 45? 



P i g . 2. OlDserved temperature range f o r swarming 
i n T r i c h o c e r a r e g e l a t i o n i s . 

^ O 

CO 
o •H -P 
? 4 u o m P o 
o *̂  

o 

6 8 .10 
Temperature (̂ 'C) 

12 — J 
14 

o 

12. F i g . 3. OlDserved humidity range f o r swarming 
i n T r i c h o c e r a r e g e l a t i o n i s . 

10 

CO 8 
o 
•H •P 
a 
> 

CD 

o 

o 
4 

3U 40 50 60 70 80 
R e l a t i v e Humidity {%) 

90 100 



TABLE 3 

CONDITIONS RECORDED ¥HEN NO TRICHOCERA S¥ARMING ¥AS OBSERVED 

¥ind Speed Temperature Relative Humidity 

( f t . / m i n . ) (°C) (%) 

210 5.20 97 
70 4.00 85 

122 3.45 92 

98 3.30 93 
102 3.00 94 
182 1.30 96 

180 0.30 96 

250 3.80 90 

230 5.70 80 

135 4.00 84 
< 30 1.60 92 

< 30 0.45 92 

< 30 18.15 40 

< 30 17.90 46 

70 17.30 40 

40 15.65 40 

50 14.90 42 

60 14.60 40 



swarming was observed are shown i n Table 3. 

( i ) ¥ind speed 

The highest wind speed at which swarming was observed was 
80ft./min. (0.41 m./sec.) The swarm was small and close to the 
ground, and the r i s i n g and f a l l i n g f l i g h t was very short (about 
10 cm.) As soon as the wind speed rose a small amount the swarm 
dispersed. The m a j o r i t y of observations were at speeds less than 
30 f t . / m i n . which was the lowest value to anemometer could record, 

( i i ) A i r Temperature 

The temperature range over which swarming was observed was 

6.10 - 12.50°C. (see f i g . 2.) 

( i i i ) Relative humidity 

Swarming was observed between 72 and 90fo R.H. (see f i g . 3.) 
The value of 459̂  recorded on one occasion i s do u b t f u l , as 
although the a i r was generally quite dry, the swarm was low over 
the surface of the stream, where the humidity was probably much 
higher. 

( i v ) The a f f e c t of weather f a c t o r s 

Comparison of Tables 2 and 3 shows that none of the sets of 

data recorded when swarming was observed overlaps w i t h any when 

swarming was not observed. 

On 13th February, 1969, there was a report i n the Times of 

wint e r gnats swarming over snow i n winter sunshine, a f t e r a very 
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cold n i g h t . This shows t h a t the animals are able to survive bad 
weather and swarm again as soon as conditions are s u i t a b l e . I t 
would be i n t e r e s t i n g to look i n t o the physiology of t h i s s u r v i v a l , 
but t h a t i s outside the scope of the present study. 

Ordinary f l i g h t i s possible under conditions when swarming 
i s not, and the Trichocera f l y i n a s t r a i g h t l i n e i n t o the wind. 

Dahl (1965) c a r r i e d out a f i v e year study on the swarming of 
Trichocera. using e l e c t r o n i c recording instruments, so her figures 
are much more comprehensive than mine, but ray records f a l l w i t h i n 
the l i m i t s t h a t she give f o r swarming i n Trichocera r e g e l a t i o n i s . 
She also measured the e f f e c t s of l i g h t i n t e n s i t y , which I was 
unable to do. I agree w i t h her t h a t swarms disperse at low l i g h t 
i n t e n s i t i e s at dusk, but 1 was unable to observe swarming at 
high l i g h t i n t e n s i t i e s around mid-day (see her f i g . 13) although 
I could f i n d the f l i e s r e s t i n g i n the vegetation. Cuthbertson 
(1926) also observed t r i c h o c e r i d s swarming only on calm evenings. 

I t i s d i f f i c u l t to say which weather f a c t o r , i f any, has the 
greatest e f f e c t on swarming. Swarming can only occur i f a l l the 
f a c t o r s are w i t h i n the permitted l i m i t s , and d i f f e r e n t f a c t o r s 
have a c o n t r o l l i n g influence at d i f f e r e n t times. Dahl i s of the 
opinion, and I agree w i t h her, that wind i s of major importance, and 
i t i s c e r t a i n l y the most obvious f a c t o r a f f e c t i n g the swarming 
behaviour of Trichocera. 
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(c) The Reasons f o r Swarming 

The f a c t o r s a f f e c t i n g the swarming of t r i c h o c e r i d s and other 
dipterans are f a i r l y w e l l known, but the actual reasons f o r 
swarming are not. Some authors have regarded swarming p r i m a r i l y 
as a mating a c t i v i t y , e.g. Gibson ( l 9 4 5 ) , working on chironomids, 
but others have disagreed. Downes (l955) says t h a t i n ceratopogonids 
a swarm i s a group of i n d i v i d u a l s reacting independently to a 
marker when weather conditions are r i g h t . Dahl (l965) agrees i n 
p a r t w i t h t h i s , although she found no response to swarm markers, 
and says the t r i c h o c e r i d s are reacting i n d i v i d u a l l y to the c o n t r o l l 
i n g environmental f a c t o r s . 

More r e c e n t l y Downes (l969) comes to the conclusion t h a t "the 
swarm i t s e l f i s e s s e n t i a l l y a f l i g h t - s t a t i o n , an assembly point 
c o n t r o l l e d by a land mark (swarm marker) at which the short range 
r e c o g n i t i o n and capture of the female can take place. The females 
are o f t e n captured almost immediately upon a r r i v a l and the p a i r 
leaves the swarm which, as a p e r s i s t i n g e n t i t y , thus consists 
l a r g e l y of males." 

I agree w i t h Downes. I have seen single t r i c h o c e r i d s showing 
swarming behaviour, and also I have never observed mating, whereas 
i n a l l cases the swarms were reacting to a marker. The primary 
stimulus f o r swarming to occur i s not the urge to mate, but a 
r e a c t i o n to a marker when conditions are s u i t a b l e . Mating seems to 
be a secondary r e a c t i o n when males and females of the same species 
are brought i n t o contact by swarming, 
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PART I I 

TRICHOCERA FROM THE FIELD STATION LIGHT TRAP 



FART 11 

Trichocera from the F i e l d S t a t i o n Light Trap, 

1. I d e n t i f i c a t i o n 
(a) Key to Genera and Species. 

The f o l l o w i n g key i s due to Freeman (l950) and i s based on t h a t 

of Edwards ( l 9 3 8 ) . 

1. Eyes bare; o v i p o s i t o r short and fleshy; t i b i a l 
spurs minute, p i l e , only one to each t i b i a ; 
wing veins conspicuously h a i r y ; 2A longer 
( f i g . 31), r-m s t r a i g h t and v e r t i c a l ; 
wings without markings Diazosma Bergroth. 
One species, r a r e l y recorded, wing-
length 5-8 mm. D. hirtipenne Siebke, 
Eyes h a i r y ; o v i p o s i t o r horny, down-
curved; t i b i a l spurssmall, d i s t i n c t , 
two t o each t i b i a ; wing veins not 
conspicuously h a i r y ; 2A very short, 
s t r o n g l y curved ( f i g . 32) r-ra usually 
oblique and c u r v e d « o o o . . . . . . . . . . . « e . a « « « > c « . o Trichocera Meigen. . . .2 

2. Abdomen more or less d i s t i n c l y banded 3 
Abdomen unicolorous or at most w i t h t i p p i l e 4 

3. ¥ings w i t h spot or cloud over base of Rs, 
o f t e n extending across upper basal c e l l ; 
cross veins more or less d i s t i n c t l y clouded; 
p o s t e r i o r margins of abdominal segments pale; 
male s t y l e s w i t h small basal t u b e r c l e , 
parameres long and curved. ¥ing-length 
7-8mm. T. maculipennis Meigen 
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¥ings unspotted, though cross veins may be 
darkened or clouded; a n t e r i o r margins of 
abdominal segments pale; male g e n i t a l i a 
resemble maculipennis. T. annulata Meigen. 

4. A more or less d i s t i n c t cloud over r-m 
( f i g . 32) other cross veins sometimes 
f a i n t l y darkened; male sty l e s without basal 
t u b e r c l e , parameres long and recurved. 
¥ing length 5-8 mm. Abundant everywhere i n 
w i n t e r , also found on mountains i n summer....T. r e g e l a t i o n i s Linnaeus 
No trace of cloud over r-m 5 

5. R2 + ^ ( i . e . s t a l k of R2 and R^) shorter 
than f i r s t section of R2 ( i t i s advisable 
to use the g e n i t a l i a as confirmatory characters) 6 
^2+3 longer than ( r a r e l y about equal t o ) f i r s t 
s e ction of R2 7 

6. Largest B r i t i s h species (wing length 7-9.5mm); 
female brownish w i t h long slender c e r c i 
( f i g . 38) males s t y l e s long without T. major Edwards. 
basal tubercle parameres very short ( f i g . 3 3 ) . 
Smaller species (wing lengfti5-7 mm.); female 
b l a c k i s h w i t h shorter t h i c k e r c e r c i ( f i g . 39); 
male g e n i t a l i a unknown. T. fuscata Meigen. 

7. C e l l M̂  longer, more than twice as long 
as broad, nearly p a r a l l e l - s i d e d ; male 
st y l e s without basal tubercle 8 
C e l l M̂  shorter, u s u a l l y not more than twice 
as long as broad, somewhat widened a p i c a l l y ; 
male s^les w i t h small basal tubercle 9 

8. ^horax l a r g e l y reddish, only praescutum dark 
i n the middle; scape y e l l o w i s h ; female c e r c i 
moderately long, as fuscata; male g e n i t a l i a 
( f i g . 34) as s a l t a t o r , but paramers shorter. 
¥ing length 5-6 mm. T. rufescens Edwards. 
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Thorax b l a c k i s h ; scape dark; female c e r c i 
moderately long ( f i g . 40); male parameres ( f i g . 35) 
long and recurved (var. ? r u f u l e n t a Edwards has 
much shorter c e r c i as i n fi g . 4 1 and reddish thorax.) 
¥ing length 6-8 mm. Abundant everywhere i n win t e r . . . T . s a l t a t o r Harris 

9. Smallish species; wings i n d i s t i n c t l y pale basally; 
basal p r o j e c t i o n s of male coxites forming a 
complete bridge ( f i g . 36) parameres long and 
recurved but not as long as i n parva. ¥ing 
length 5-6.5mra. Abundant everywhere i n winter T. hiemalis Degeer 
Very small species; wings w h i t i s h at the base; hasal 
p r o j e c t i o n s of male coxites not meeting i n the 
middle ( f i g . 37) parameres longer. ¥ing length 
4.5 - 5.5mm. T. parva Meigen. 
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68 I X (2). DIPTEBA : NEMATOCERA 

F I G S . 31-32.—Wings of TRICHOCEKIDAE. Zl. Diazosma hirtipenne. Z2. Trichocera 
regelalionia. 

F I G S . 33-41.—Hypopvgia of males and ovipositors of females of Trichocera. 33. T. major. 
34. T. rvjexcctis.' 35. T. saUator. 36. T. hie7iialis. 37. T. parva. 38. T. major. 
39. T.fuscaia. 40. T. ealtaior. 41. T. ruJuUvia. 

(from Freeman - Handbopk f o r the I d e n t i f i c a t i o n 
of B r i t i s h I n s e c t s IX ( 2 ) . ) 



This key was used to i d e n t i f y a l l the material examined 

i n t h i s study. 

I found t h a t v i n g venation i s usu a l l y a good i n i t i a l guide, 
but can be ambiguous, and should be checked w i t h the g e n i t a l i a . 
The male g e n i t a l i a are f a i r l y e a s i l y i d e n t i f i e d ( e s p e c i a l l y 
hiemalis and ma.ior) , but the female ovipositors are more d i f f i c u l t 
t o d i s t i n g u i s h between (except f o r ma.i o r ) . 

Colour can also be ^ v a r i a b l e . I f the abdomen of a female 
i s f u l l of eggs i t appears paler than normal, and may appear 
" s t r i p e d " i f the plates are forced apart. Swelling of the 
abdomen can also make the o v i p o s i t o r appear shorter. 

¥ing length can be useful i n placing an i n d i v i d u a l (a 
use f u l t i p i s to know the distance between the points of your 
forceps, so t h a t a rough estimate can be made quickly) but 
can be ambiguous e.g. a large parva can have longer wings than 
a small hiemalis. 

Laurence (l957) says t h a t thekeys of Edwards and Freeman 
are u n s a t i s f a c t o r y because Trichocera often shows abnormalities 
of venation and v a r i a b i l i t y i n the lengths of veins and c e l l s . 
He also says th a t the cloud over r-m on the wings of r e g e l a t i o n i s 
i s u n s a t i s f a c t o r y . He recommends t h a t i d e n t i f i c a t i o n should be 
based on the d i s t r i b u t i o n of setae on the subcosta and r a d i a l 
veins of the wings, 
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Dahl (1966, 1967) says th a t because of the i n t r a s p e c i f i c , 
and sometimes i n t e r s p e c i f i c v a r i a b i l i t y of the above characters 
i t was impossible to i d e n t i f y every specimen. She used 
d i s s e c t i o n and c a r e f u l examination of the parts of the g e n i t a l i a 
t o i d e n t i f y her t r i c h o c e r i d s . 

¥hile I agree w i t h the c r i t i c i s m s of Freeman's key, i t i s 
easy and quick to use, and t h i s was of major importance w i t h so 
many animals to i d e n t i f y i n a l i m i t e d period. The m a j o r i t y of 
Trichocera can be i d e n t i f i e d accurately from t h i s key, and the 
small number t h a t do not f i t can be i d e n t i f i e d w i t h reasonable 
c e r t a i n t y once one has handled a large number of "normal" types. 

(b) Trichocera fuscata (Meigen) 

Freeman's key says of T. fuscata. ."R2+3 shorter than f i r s t 
s ection of R2 female blackish w i t h shorter, t h i c k e r c e r c i ; 
male g e n i t a l i a unknown." The females t h a t f i t t h i s d e s c r i p t i o n 
are q u i t e easy to d i s t i n g u i s h , and I also found males tha t f i t t e d 
on colour and wing venation. The g e n i t a l i a of the males appeared to 
be s i m i l a r to those of rufescens, w i t h shorter parameres than 
s a l t a t o r . I l a t e r r e a l i s e d t h a t the apparent length of the 
parameres on the whole animal depends on how much they are extended, 
and not t h e i r actual length, which can only be seen by diss e c t i o n . 

Edwards ( l 9 2 l ) said of the male of fuscata. "claspers have no 
basal t u b e r c l e ; parameres curved and pointed and longer than 

rufescens." Later (Edwards, 1938) he expressed doubt about the 
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i d e n t i t y of fuscata and said i t may be a v a r i a t i o n of s a l t a t o r . 

Laurence (l957) kept s a l t a t o r larvae taken from cow dung, 
and found t h k t some of the r e s u l t i n g adults had ^2+3 shorter than 

( f u s c a t a ) , but they keyed out as s a l t a t o r on wing setae, and 
the male g e n i t a l i a were i d e n t i c a l to those of s a l t a t o r . 

Dahl ( 1 9 6 6 ) examined Meigen's o r i g i n a l "type" specimen of a 
female of s a l t a t o r ( H a r r i s ) . She says, "fuscata Meigen should be 
t r e a t e d as a j u n i o r synonym f o r s a l t a t o r . as suggested by 
Laurence." 

The evidence seems to be conclusive th a t fuscata i s s a l t a t o r , 
but i t i s possible to d i s t i n g u i s h two sorts of s a l t a t o r female: 
those w i t h ^2+3 lo^^g^r than R2 and f a i r l y long c e r c i ; and those w i t h 
^2+2 shorter than and short c e r c i . I have l e f t my i d e n t i f i c a t i o n 
of the l i g h t t r a p m a t e r i a l i n i t s o r i g i n a l form, w i t h s a l t a t o r 
and fuscata shown separately (see f i g s . 4« and 39 ., and the 
appendices), i n accordance w i t h the key I used. 

2. The Light Tran Mate r i a l 

(a) The Trap. 

The l i g h t t r a p , of the Rothamsted patt e r n (see ¥illiams, 1948), 
was s i t u a t e d on the P i e l d S t a t i o n , about h a l f a mile from the 
l a b o r a t o r y . I t i s h a l f way up a grass slope, close t o the hut, 
about 1 5 yards from a small wood consisting of pine (Pinus 
s y l v e s t r i s ) and beech (Fagus s v l v a t i c a ) , and about 20 yards from 
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the stream already described ( l o c a l i t y IV , PI.4 . ) , which 

l i e s at the f o o t of the slope. There are also patches of 

brambles (Rubus f r u t i c o s u s ) close by, i n which I have seen 

Trichocera r e s t i n g . 

The l i g h t t r a p consists e s s e n t i a l l y of a 200 V. filament 
bulb suspended above a 71b. sweet j a r , i n which i s a small j a r 
containing cotton wool soaked i n ethylene t e t r a c h l o r i d e . The 
sweet j a r i s enclosed i n a wooden box w i t h a door i n one side, 
and the bulb i s i n a perspex cone which leads down i n t o the j a r . 
The l i g h t i s switched on and o f f automatically at preset times, 
which vary throughout the year according to sunset and sunrise. 

Night f l y i n g phototropic insects are a t t r a c t e d to the " l i g h t , 

overcome by the k i l l i n g agent, and f a l l i n t o the sweet j a r . 

(b) M a t e r i a l from the Light Trap 

Since the 13th J u l y , 1968, the insects caught i n the l i g h t 
t r a p have been c o l l e c t e d d a i l y , so I decided to examine the catch 
f o r one year, from the night of 12-13th Ju l y , 1968, to the night 
of 11^12th July, 1969. 

The n i g h t l y catch i s sorted i n t o the various insect orders, 
and Diptera are sorted i n t o " t i p u l i d s , " s i m u l i i d s and miscellaneous 
f l i e s . Trichocerids are included i n the " t i p u l i d " group, which i s 
preserved i n alcohol. I sorted out the t r i c h o c e r i d s from each 
night's catch, using a low power (x 7) microscope ( t h i s can be 
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TABLE 4 
The numbers of Trichocera caught i n the 

F i e l d S t a t i o n L i g h t Trap during the year J u l y 1968-July•1969 

Species Males Females Total 

Annulata 31 54 85 
r e g e l a t i o n i s 10,486 4,593 15,079 

ma.i or 432 239 671 

fuscata 208 y.60 1,368 

rufescens 2,034 1^31 3,365 

s a l t a t o r 5,393 5,674 11,067 
hiemalis 2,517 1,914 4,431 

parva 650 329 979 

Totals 21,751 15,294 37,045 



done w i t h the naked eye, but t h i s increases the chances of 
missing them among other, s i m i l a r sized, f l i e s ) , and i d e n t i f i e d 
them, using a X 30 microscope. ¥hen there were more than about 
a hundred t r i c h o c e r i d s i n one night's catch I took a sample of 
around f i f t y i n d i v i d u a l s , i d e n t i f i e d them, and estimated the 
numbers of each species present i n the t o t a l catch. The d e t a i l e d 
r e s u l t s are shown i n appendices 1 to 10. 

The numbers of males and females and the t o t a l numbers of each 
species are shown i n Table 4. T. annulata was caught i n very low 
numbers, and T, major and T. parva i n only moderate numbers. I 
do not know whether t h i s i s a true r e f l e c t i o n of the numbers 
present i n the area of the l i g h t t r a p , or whether some species are 
more a t t r a c t e d to l i g h t than others. ¥illiams (l940) points out 
t h a t nobody knows the area from which a l i g h t t r a p a t t r a c t s and 
catches in s e c t s , but t h a t t h i s probably varies f o r d i f f e r e n t species, 
and even the same species on d i f f e r e n t nights. 

F i g . 4 shows t h a t the m a j o r i t y of the species were caught i n 
the autumn and e a r l y winter period from September to January, and 
t h a t a f t e r the severe weather i n February only r e g e l a t i o n i s and 
hiemalis were caught r e g u l a r l y (¥illiams (l939) says t h a t s a l t a t o r , 
annulata and hiemalis are caught only during the winter (September 
to February) i n l i g h t t r a p s , but r e g e l a t i o n i s i s also caught i n 
March, A p r i l and May). I n f a c t 35,859 t r i c h o c e r i d s , 96.8?^ of a l l 
those caught i n the l i g h t t r a p during the period studied, were 
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P i g . 4. Periods of capture of T r i c h o c e r a i n the F i e l d 
S t a t i o n l i g h t trap f o r the year 1968-69. 
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taken i n the September - January period. The numbers caught per 
month ( f i g . 5) shows t h i s c l e a r l y , w i t h a peak at 16,498 i n 
November, and a trough at 83 i n d i v i d u a l s i n February. There i s 
also a small peak at 438 i n A p r i l . 

¥hen the numbers of Trichocera are expressed as a percentage 
of the t o t a l insect catch ( f i g . 6) there i s a peak i n November due 
to the high numbers of t r i c h o c e r i d s present, but the major peak i s 
i n February - March, i n d i c a t i n g t h a t Trichocera are more active 
i n the severe weather than most other insecfs. 
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P i g . 5. .Total Catch of T r i c h o c e r a per Month from the 
F i e l d S t a t i o n L i g h t Trap. 
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F i g . 6. T o t a l T r i c h o c e r a expressed as a percentage of 
a l l i n s e c t s caught i n the l i g h t trap per month. 
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PART I I I 

THE EFFECT OF THE ¥EATHER ON THE TRICHOCERA CATCH 



PART I I I 

The E f f e c t of the ¥eather on the Trichocera Catch. 

According to Laurence (l956) the larvae of Trichocera (except 
maculipennis) remain i n diapause u n t i l about September i n cow dung 
or the surface layers of the s o i l . The adults emerge during the 
autumn and e a r l y w i n t e r , mate, and the females lay t h e i r eggs. This 
i s the time during which they are caught i n the l i g h t t r a p (¥illiams, 
1939) (see f i g . 4.). 

During the 1968-69 Trichocera season the catch reached a peak 
i n November (see f i g . 5.), which can be assumed to be the peak of 
the emergence i f the l i g h t t r a p samples the t o t a l population of the 
area i n an unbiased manner. I f , however, one looks at the n i g h t l y 
catches (see appendices 1 to l O ) , these are very v a r i a b l e , and I 
wanted t o f i n d the explanation f o r t h i s v a r i a t i o n . A f t e r consider
a t i o n of the work of Eaton ( l 8 8 l ) , Uvarov ( l 9 3 l ) , ¥illiams (l940, 
1951, 1961, 1962) and my own f i e l d work, the obvious place to look 
was the p r e v a i l i n g weather conditions on the nights t h a t the animals 
were caught. 

1. The Meteorological Records Available 

D a i l y meteorological observations are taken at Durham Uni v e r s i t y 

Observatory, which i s s i t u a t e d on a s l i g h t eminence about three 

quarters of a mile to the west of the F i e l d S t a t i o n . 
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Records are a v a i l a b l e f o r maximum and minimum temperatures 
(Fahrenheit) from glass thermometers i n a standard Stevenson 
screen; grass minimum temperature from a ground l e v e l thermometer; 
wet and dry bulb temperatures, from which I calculated the r e l a t i v e 
humidity; r a i n f a l l , measured i n a standard 5 inch diameter r a i n 
guage; wind speed and d i r e c t i o n measured by a Dines pressure tube 
anemograph, 53 fe e t above ground l e v e l ; earth temperatures from 
buried thermometers; a i r p o l l u t i o n ; cloud cover; and v i s i b i l i t y . 
A l l readings are taken at 0900 hours G.M.T. 

Average d a i l y wind speed records are available u n t i l the end 
of 1968, but only the 9a.m. spot readings a f t e r t h a t . Since these 
two readings usually correspond to w i t h i n a few knots of each other, 
I hoped t h a t any discrepancies would be overcome by using a set 
of wind categories. I used ¥illiams (l940) values, f o r purposes of 
comparison. 

Category 1 - dead calm. 
" 2 - less than 2 m.p.h. 
" 3 - 2-5 m.p.h. 
" 4 - 5-10 ra.p.h. 
" 5 - IOT-20 m.p.h. 

" 6 - greater than 20 m.p.h. 

The lower categories cover a smaller range of wind speeds than 

the higher ones, as a small increase i n wind speed at low speeds 

has a greater e f f e c t on insect f l i g h t than at high speeds. 
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2. Theory and S t a t i s t i c s of the Analysis. 

(a) The Theory. 

¥illiams has made extensive studies of the e f f e c t s of weather 
conditions on both the a c t i v i t y and population numbers of insects, 
based on l i g h t t r a p catches. He has studied the t o t a l insect catch 
( 1 9 4 0 ) and several orders and f a m i l i e s w i t h i n the catches (l940, 
1961, 1962). I decided to t r y to analyse the Trichocera fi g u r e s 
f o r a c t i v i t y , using ¥illiams's methods, so here i s an o u t l i n e of 
the theory on which i t i s based (see ¥illiams, 1940). 

The number of insects caught i n the t r a p on any one night 
i s mainly determined by two f a c t o r s ; ( l ) the a c t i v i t y of the insects, 
and (2) the t o t a l population available f o r sampling. The a c t i v i t y 
v aries from n i g h t to n i g h t and i s determined l a r g e l y by the weather 
conditions of the moment. The population changes happen more 
slowly and are determined more by the weather conditions some time 
previous than by those at the moment. Thus, i f one considers the 
d i f f e r e n c e i n catch between two successive nights, t h o ^ f f e c t w i l l 
be l a r g e l y due to differences i n a c t i v i t y . 

(b) The S t a t i s t i c s 

There are several sources of error i n the method of c o l l e c t i n g 

the data used. 

( 1 ) the t r a p i s not perfect and some insects may not enter i t . 

I n e f f i c i e n c i e s of t h i s k i n d are constant and should not a f f e c t the 

a n a l y s i s . The f a i l u r e of the lamp, or the escape of insects that 
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have entered the t r a p are more serious, and can only be overcome by 

replacing the bulb and k i l l i n g agent r e g u l a r l y . 
( i i ) Several traps working simultaneously would help to eliminate 
the above t r a p e r r o r s , but since the material used a l l came from 
one t r a p any errors must be accepted. The bulb f a i l e d on one 
occasion during the Trichocera season (the night of 13-14 October, 
1968) and t h i s n i g ht was omitted from the c a l c u l a t i o n s . 

( i i i ) The u n i t of measurement of the catch i s one insect. This 
has l i t t l e s i g n i f i c a n c e i n a large catch, but i n a small catch the 
u n i t might be such a high proportion of the t o t a l as t o mask small 
changes. This error can be avoided by using common insects or by 
dealing w i t h periods of the year when insects are common. I n t h i s 
case the insects and the time of year are f i x e d , so the error must be 
accepted. I t should be small as Trichocera are very common during 
t h e i r season. 
( i v ) There i s an error due to the distance of the meteorological 
s t a t i o n from the t r a p . I t h i n k t h a t they are close enough f o r t h e i r 
"macro climates", i . e . temperature and r a i n f a l l , to be s i m i l a r , 
and t h a t only w i t h wind speed i s there a p o s s i b i l i t y of any large 
e r r o r s , as the wind vane i s i n a much more exposed p o s i t i o n , on the 
Observatory roof, than the insects near the gound. This error may be 
p a r t l y eliminated by using wind categories, which only give an 
i n d i c a t i o n of the general wind conditions of the area. 

The n i g h t l y catches i n a l i g h t t r a p throughout a year consist 
of a large number of small catches, and a small number of very 
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l a r g e c a t c h e s . T h i s g i v e s a markedly skewed frequency d i s t r i b u t i o n 

•which cannot be a n a l y s e d by o r d i n a r y s t a t i s t i c a l methods, and 

a l s o t h e e f f e c t s of v e r y l a r g e c a t c h e s swamp those of s m a l l c a t c h e s 

( e . g . by g i v i n g a h i g h mean c a t c h v a l u e ) and they have much more 

importance t h a n t h e y r e a l l y d e s e r v e . ¥illiams ( l 9 3 7 , 1940) has 

shiErwn t h a t by u s i n g the l o g a r i t h m of the c a t c h number ( i n p r a c t i c e 

l o g ( c a t c h + l ) to overcome the problem of zero c a t c h e s , s i n c e 

the l o g of zero i s minus i n f i n i t y ) a n e a r l y normal d i s t r i b u t i o n 

i s o b t a i n e d which can be a n a l y s e d by normal s t a t i s t i c a l methods. 

¥illiams a n a l y s e d h i s r e s u l t s i n v a r i o u s ways and found t h a t , 

f o r t h e measurement of the e f f e c t of p r e v a i l i n g weather c o n d i t i o n s 

on a c t i v i t y , the b e s t r e s u l t s were ob t a i n e d u s i n g d e v i a t i o n s of 

both n i g h t l y catch numbers and weather f a c t o r s from monthly and 

y e a r l y mean v a l u e s . T h i s compensates f o r p o p u l a t i o n changes 

changes d u r i n g t h e p e r i o d under c o n s i d e r a t i o n . He determined h i s 

mean v a l u e s from f o u r y e a r p e r i o d s of l i g h t t r a p c a t c h e s and 

m e t e o r o l o g i c a l d a t a . S i n c e I had o n l y one y e a r s r e s u l t s I c o u l d not 

use t h i s method, so I r e s o r t e d to ¥illiams's second method, which 

gave him s l i g h t l y l e s s s i g n i f i c a n t c o r r e l a t i o n s . T h i s uses the 

d i f f e r e n c e s between p a i r s of s a c c e s s i v e days, comparing days 1 and 

2, 3 and 4, 5 and 6, and so on. ( s e e ¥illiams, 1940). T h i s a l s o 

compensates f o r p o p u l a t i o n changes. 

I d e c i d e d not to use p a i r s of days when both had zero c a t c h e s , 

because once z e r o i s r e a c h e d t h e r e can be no f a l l i n the i n s e c t 
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c a t c h (you cannot c a t c h n e g a t i v e i n s e c t s ) but the v e a t h e r f a c t o r s 

can go on changing beyond the l e v e l t h a t i n h i b i t s i n s e c t a c f i v i t y . 

3. The A n a l y s i s 

( a ) Methods« 

I wanted to see hovr f a r ¥illiams's methods could be used f o r 

s i n g l e s p e c i e s , and f o r s i n g l e sexes of a s p e c i e s , bjit a t the ;same 

time I d e c i d e d t o l i m i t t h e a n a l y s i s to t he e f f e c t s of s i n g l e weather 

f a c t o r s , to p r e v e n t i t from becoming too complex to handle i n the 

time a v a i l a b l e . 1 a n a l y s e d the whole T r i c h o c e r a season from 

September to May and a l s o the monthly d a t a s e p a r a t e l y , ( i t was 

n e c e s s a r y to put F e b r u a r y , March and A p r i l t o g e t h e r , and to miss out 

June, because of the low number of c a t c h e s i n t h e s e months). Because 

r e g e l a t i o n i s and h i e m a l i s were caught throughout the season, I used 

the f o l l o w i n g c a t c h f i g u r e s i n the a n a l y s i s : 

( i ) t o t a l T r i c h o c e r a 

( i i ) t o t a l males 

( i i i ) t o t a l females 

( i v ) t o t a l r e s r e l a t i o n i s 

( v ) r e e e l a t i o n i s males 

( v i ) r e g e l a t i o n i s females 

( v i i ) t o t a l h i e m a l i s 

( v i i i ) h i e m a l i s males 

( i x ) h i e m a l i s f e m a l e s . 
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Prom the m e t e o r o l o g i c a l r e c o r d s a v a i l a b l e I used the 

f o l l o w i n g d a t a : 

( x ) wind speed c a t e g o r y 

( x i ) maximum temperature of the p r e v i o u s day 

( x i i ) minimum temperature of the n i g h t 

( x i i i ) g r a s s minimum temperature 

( x i v ) d a i l y r a i n f a l l 

( x v ) r e l a t i v e h u m i d i t y . 

I t was obvious t h a t even f o r the s i m p l e , s i n g l e f a c t o r 

a n a l y s i s , t h i s would i n v o l v e c a l c u l a t i n g 5 6 c o r r e l a t i o n c o e f f i c i e n t s 

and r e g r e s s i o n s f o r each month and f o r the whole season, and t h a t I 

c o u l d not do t h i s by hand i n the time a v a i l a b l e . So I took the 

problem to the U n i v e r s i t y Computor U n i t , where I was t o l d t h a t t h e r e 

was a s t a n d a r d m u l t i p l e r e g r e s s i o n programme ( D C L 1 4 0 0 1 ) i n the 

computor which would c o r r e l a t e any one f a c t o r w i t h each of the 

o t h e r s , and c o u l d a l s o g i v e a r e g r e s s i o n c o e f f i c i e n t and i t s e r r o r 

f o r each p a i r of f a c t o r s . 

I t u r n e d the c a t c h f i g u r e s f o r each n i g h t i n t o l o g . ( c a t c h + l ) 

v a l u e s , and e x p r e s s e d them as changes between s u c c e s s i v e days on a 

p l u s - m i n u s b a s i s . The m e t e o r o l o g i c a l d a t a was e x p r e s s e d as changes 

between s u c c e s s i v e days of the o r i g i n a l f i g u r e s . A l l the f i g u r e s 

were punched onto c a r d s and f e d i n t o the computer, which took about 

1 5 seconds to work out each s e t of c o r r e l a t i o n s and r e g r e s s i o n s , and 
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P i g . 7. R e l a t i o n "between log t o t a l c a tch and minimum 
temperature f o r the whole year from d i f f e r e n c e 
"between s u c c e s s i v e days. 
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P i g . 8. R e l a t i o n "between log c a t c h of T.hiemalis males 
and wind speed f o r November 1968 from 
d i f f e r e n c e between s u c c e s s i v e days. 
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a f u r t h e r 20 seconds to p r i n t i t out. 

(b) R e s u l t s 

The c o r r e l a t i o n c o e f f i c i e n t s , t h e i r s i g n i f i c a n c e l e v e l s , i f 

any, and t he s i g n i f i c a n t r e g r e s s i o n c o e f f i c i e n t s ( i . e . those i n 

which the e r r o r i s l e s s t h a n h a l f the c o e f f i c i e n t ) are g i v e n i n 

a p p r e n d i e e s 11 t o 18. F i g s . 7 and 8 show two t y p i c a l r e g r e s s i o n 

l i n e s , one p o s i t i v e and one n e g a t i v e , which can be drawn through 

the o r i g i n a l d a t a p o i n t s , 

( c ) D i s c u s s i o n of the R e s u l t s 

F o r t h e whole 9 month season (September-May) o n l y minimum 

te m p e r a t u r e and g r a s s minimum temperature show s i g n i f i c a n t c o r r e l 

a t i o n s , f o r the t o t a l c a t c h and f o r r e g e l a t i o n i s ( h i e m a l i s tends to 

g i v e p oorer c o r r e l a t i o n s , and t h i s may.be due to the many zero 

v a l u e s t h a t were i n c l u d e d ) . Minimum and g r a s s minimum temperatures 

a r e a l s o c l o s e l y c o r r e l a t e d w i t h each o t h e r , w i t h the v e r y h i g h 

c o r r e l a t i o n c o e f f i c i e n t of O.'SOOO. 

The f i g u r e s agree f a i r l y w e l l w i t h W i l l i a m s ' s ( l 9 4 0 ) f i g u r e s 

f o r t h e t o t a l i n s e c t c a t c h of a y e a r . My r e g r e s s i o n f o r minimum 

te m p e r a t u r e on the t o t a l c a t c h of T r i c h o c e r a i s 0.0498 compared to 

0.060 g i v e n by ¥illiams, and f o r g r a s s minimum 0.0417 compared to 

0.030. 

¥ind speed, maximum temperature, r a i n f a l l and h u m i d i t y a l l have 
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low c o r r e l a t i o n s . ¥ind i s p o s i t i v e l y c o r r e l a t e d w i t h the c a t c h , 

w hich i s unexpected, as h i g h winds u s u a l l y i n h i b i t i n s e c t f l i g h t . 

Maximum temper a t u r e i s p o s i t i v e l y c o r r e l a t e d , and the c o r r e l a t i o n 

might be expected to be s m a l l , as most of the p e r i o d c o n s i d e r e d 

i s d u r i n g the c o l d e r p a r t of the y e a r , when the n i g h t temperature 

drops q u i t e c o n s i d e r a b l y . R a i n f a l l shows a n e g a t i v e c o r r e l a t i o n 

w i t h t h e c a t c h , which a g r e e s w i t h ¥illiams's f i n d i n g s . Humidity 

a l s o has a n e g a t i v e c o r r e l a t i o n , which i s the o p p o s i t e to what 

¥illiams found. 

I n the monthly r e s u l t s , minimum temperature i s o n l y c o r r e l a t e d 

s i g n i f i c a n t l y w i t h the c a t c h i n J a n u a r y , and g r a s s minimum temperature 

o n l y i n May. ¥ind speed g i v e s h i g h l y s i g n i f i c a n t p o s i t i v e 

c o r r e l a t i o n s i n October and J a n u a r y ( s e e f i g . 9 ) . There i s a 

r e a s o n a b l e c o r r e l a t i o n between wind and minimum temperature i n 

J a n u a r y (0.4920) so t h a t the i n c r e a s e i n temperature on windy 

n i g h t s c o u l d e x p l a i n the i n c r e a s e s i n the c a t c h , but t h e r e i s no 

s u c h good c o r r e l a t i o n i n October, so the r e s u l t i s v e r y d i f f i c u l t 

to e x p l a i n . As ¥illiams s a y s , the p r e s e n c e of a h i g h c o r r e l a t i o n 

between two f a c t o r s i s i n no way pro.o'f t h a t one f a c t o r i s d i r e c t l y 

i n f l u e n c i n g the o t h e r , and i t i s f r e q u e n t l y t r u e t h a t a r e l a t i o n 

between two c o r r e l a t e d f a c t o r s i s not one of d i r e c t cause and e f f e c t , 

but both a r e c o r r e l a t i e d w i t h a t h i r d f a c t o r which has not appeared 

i n t he d a t a p r o v i d e d . 

The r e s u l t s of the a n a l y s i s of the T r i c h o c e r a c a t c h i n the l i g h t 
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P i g . 9. R e l a t i o n "between log t o t a l c a t c h and wind 
speed f o r October 1968 from d i f f e r e n c e 
between s u c c e s s i v e days. 
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t r a p on t h e b a s i s of m e t e o r o l o g i c a l d a t a , u s i n g W i l l i a m s ' s 

method a r e , on the whole, disappointing'. The r e s u l t s f o r the whole 

y e a r f o r the t o t a l c a t c h and f o r r e g e l a t i o n i s a r e f a i r l y r e a s o n a b l e 

and agre e b r o a d l y w i t h W i l l i a m s ' s r e s u l t s , but the r e s u l t s f o r 

h i e m a l i s and a l l the monthly r e s u l t s a r e v e r y poor. T h i s could be 

due t o s e v e r a l r e a s o n s : 

( i ) t h e m e t e o r o l o g i c a l d a t a a r e not s u f f i c i e n t l y a c c u r a t e . Many of 

the r e a d i n g s a r e spot v a l u e s t a k e n a t 0900 hours, and may bear l i t t l e 

r e l a t i o n s h i p to weather c o n d i t i o n s as much as 15 hours p r e v i o u s l y 

( t h e l i g h t t r a p goes on a t 6 p.m. or e a r l i e r i n the middle of w i n t e r ) ; 

( i i ) t h e method used ( d i f f e r e n c e s between s u c c e s s i v e n i g h t s ) i s not 

itlhe''b'est method, but t h i s needs p r e v i o u s d a t a , as does refinement 

of t h e method used; 

( i i i ) T r i c h o c e r a a r e p r o b a b l y not the b e s t i n s e c t s to work w i t h , 

as W i l l i a m s p o i n t s out t h a t the r a p i d emergence of l a r g e numbers 

of i n s e c t s changes t h e p o p u l a t i o n q u i c k l y and up s e t s the b a s i c 

argument. He a l s o s a y s t h a t the emergence of T r i c h o c e r a upset t h i s 

autumn r e s u l t s by masking the f a l l i n the t o t a l i n s e c t c a t c h as the 

tem p e r a t u r e f a l l s . I t h i n k t h a t t h i s g r e a t - ' r i s e i n the numbers of 

T r i c h o c e r a i n the autumn c o u l d w e l l be the reas o n f o r the l a c k of 

c o r r e l a t i o n s d u r i n g the September-December p e r i o d , and may have 

c a u s e d s p u r i o u s c o r r e l a t i o n s e l s e w h e r e . 

I t may w e l l be t h a t T r i c h o c e r a . and other groups of i n s e c t s whicl 

show s i m i l a r " e x p l o s i v e " emergences, w i l l have to be a n a l y s e d by 

some o t h e r method. 
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(d) F u r t h e r A n a l y s i s 

By p l o t t i n g the t o t a l T r i c h o c e r a c a t c h a g a i n s t the d a t a I 

o b t a i n e d a curve f o r the September-December s e c t i o n which probably 

c o r r e s p o n d s t o the autumn emergence. I p l o t t e d minimum temperature 

a g a i n s t the date f o r the same p e r i o d and o b t a i n e d a l i n e showing a 

downward t r e n d . Comparison of t h e s e two graphs ( f i g . lO) shows t h a t 

the major d e v i a t i o n s of both from t h e i r g e n e r a l t r e n d s correspond 

w i t h each o t h e r . 

I thought I might be a b l e to c o r r e l a t e the d e v i a t i o n s from the 

t r e n d l i n e s , but t h e s e l i n e s proved i m p o s s i b l e to draw u s i n g normal 

methods, as the T r i c h o c e a c a t c h graph i s not a normal curve ( t h i s 

was shown by p l o t t i n g the p e r c e n t a g e c u m u l a t i v e f r e q u e n c y of the 

c a t c h on a r i t h m e t i c p r o b a b i l i t y paper, when i t d i d not g i v e n a 

s t r a i g h t l i n e ) , and the temperature graph i s n e i t h e r a s t r a i g h t l i n e 

nor a normal c u r v e . The computer a n a l y s i s a l r e a d y c a r r i e d out had 

done a s i m i l a r c o r r e l a t i o n to t h i s anyway. 

I t h e n t r i e d a s i m p l e comparison of the two graphs, g i v i n g 

a p o s i t i v e mark when t h e y r o s e or f e l l t o g e t h e r and a n e g a t i v e mark 

when one r o s e as the o t h e r f e l l , and t h e n compared the numbers 

of p o s i t i v e s and n e g a t i v e s o b t a i n e d u s i n g a c h i - s q u a r e d t e s t . 

U n f o r t u n a t e l y the d a t a would not s t a n d up to such c l o s e s c r u t i n y , and 

f o r t h e whole T r i c h o c e r a season t h e r e were 111 p o s i t i v e marks and 

92 n e g a t i v e marks, and 

= 1.778 p>0.1 
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GENERAL DISCUSSION 



G e n e r a l D i s c u s s i o n 

The f i e l d s t u d i e s of the swarming behaviour have confirmed 

t h a t T r i c h o c e r a swarm o n l y under c e r t a i n c o n d i t i o n s , i . e . wind speeds 

l e s s t h a n 1 m.p.h., a i r t e m p e r a t u r e s between 6 and 13°C, and 

r e l a t i v e h u m i d i t i e s over 70^, as shown by Dahl ( l 9 6 5 ) . They have 

a l s o shown t h a t T r i c h o c e r a . l i k e many oth e r d i p t e r a n s , swarm i n 

r e s p o n s e t o a marker, and t h a t t h i s i s an edge between two d i s t i n c t 

c o l o u r s or shades. E x c e p t f o r a b r i e f mention by S y r j a m a k i ( l 9 6 8 ) 

of t r i c h o c e r i d s d a n c i n g over g r a s s t u s s o c k s i n S p i t s b e r g e n , t h i s 

has not been shown b e f o r e . I t seems probable t h a t the marker r e l e a s e s 

swarming b e h a v i o u r i n i n d i v i d u a l s , and t h a t the swarm s e r v e s as a 

meeting p l a c e f o r t h e two s e x e s f o r the purposes of mating. 

The a n a l y s i s of the e f f e c t of the weather on a c t i v i t y shows 

t h a t over the whole season the c a t c h i s m a i n l y a f f e c t e d by the 

minimum a i r te m p e r a t u r e and the ground temperature d u r i n g the n i g h t , 

which i s what W i l l i a m s has shown f o r other i n s e c t s . The more 

d e t a i l e d monthly a n a l y s i s does not show t h e s e r e s u l t s , and I t h i n k 

t h a t t h i s i s because both a c t i v i t y and emergence are a f f e c t e d by 

t h e weather c o n d i t i o n s , and the e f f e c t on one masks, or even 

c o n f l i c t s w i t h , t h e e f f e c t on the o t h e r . An i n d i c a t i o n of t h i s can 

be seen by comparing the c o r r e l a t i o n s of the September-December 

p e r i o d w i t h t h o s e of the J a n u a r y - A p r i l p e r i o d ( s e e appendices 11-17). 

Those of the former p e r i o d , when the main emergence occured (see 

f i g 1 0 ( a ) ) a r e u s u a l l y low, whereas those of the J a n u a r y - A p r i l 

- 33 -



p e r i o d , when the weather was worse and the emergence much l e s s 

r e g u l a r , a r e g e n e r a l l y much h i g h e r . 

The c o n d i t i o n s f a v o u r i n g emergence a r e not known, but 

p r o b a b l y i n v o l v e ground temperature ( s i n c e the prepupae a r e i n the 

s u r f a c e l a y e r s of the s o i l ) over a p e r i o d of time, which may be 

s e v e r a l weeks. C o n d i t i o n s on a p a r t i c u l a r n i g h t may not be s t r o n g l y 

c o r r e l a t e d w i t h t h o s e over a p e r i o d of time p r e v i o u s l y , e.g. 

the minimum temperature of a n i g h t can a l t e r markedly i n a few hours 

i f c l o u d cover i s removed by u p p e r ^ a i r c u r r e n t s . T h i s means t h a t a 

n i g h t of f a v o u r a b l e c o n d i t i o n s f o r a c t i v i t y may f o l l o w a p e r i o d w i t h 

a h i g h emergence, or a p e r i o d w i t h a low emergence, and t h e r e f o r e the

r e i s a poor s h o r t p e r i o d c o r r e l a t i o n between a c t i v i t y and weather 

c o n d i t i o n s . 

The l a r v a e of T r i c h o c e r a a r e sc a v e n g e r s i n r o t t i n g v e g e t a t i o n 

and dung (Rhynehart, 1924; K a r a n d i k a r , 1931; K e i l i n and T a t e , 1940; 

L a u r e n c e , 1956), but t h e a d u l t s , l i k e a l l t h e i r r e l a t i v e s , have 

a t r o p h i e d mouthparts and can o n l y t a k e l i q ; u i d food. I t i s not 

known whether t h e y f e e d i n the n a t u r a l s t a t e , but i f th e y do i t 

must presumably be on wat e r , as t h e r e i s no n e c t a r a v a i l a b l e i n the 

w i n t e r . The a d u l t s may, however, l i v e f o r q u i t e a long time 

( L a u r e n c e kept s a l t a t o r a d u l t s a l i v e on sugar water f o r up to 59 

days i n t h e l a b o r a t o r y ) but s e v e r a l f r o s t y n i g h t s may k i l l o f f a l o t 

of a g e i n g a d u l t s . I f t h i s i s f o l l o w e d by a f a v o u r a b l e n i g h t f o r 
a c t i v i t y t h e l i g h t t r a p c a t c h may be r e l a t i v e l y low due to the 

poor s u r v i v a l r a t e . 
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Although t h e s e i n s e c t s must be adapted p h y s i o l o g i c a l l y to 

c a r r y out t h e i r l i f e p r o c e s s e s a t low te m p e r a t u r e s , t h e y a r e 

doing so v e r y n e a r the l i m i t f o r temperate c l i m a t e i n s e c t s , so t h a t 

f a i r l y s m a l l changes i n weather c o n d i t i o n s can have l a r g e q u a n t i t 

a t i v e e f f e c t s on s u r v i v a l and a c t i v i t y . 

When more i s known about the b i o l o g y of t r i c h o c e r i d s , such as 

the c o n d i t i o n s t h a t a f f e c t emergence, how long the a d u l t s l i v e and 

a r e a v a i l a b l e f o r c a t c h i n g , and how and when t h e y r e a c t to the 

l i g h t t r a p , i t may be p o s s i b l e to draw an " i d e a l " emergence curve, 

based o n l y on the c o n d i t i o n s t h a t a f f e c t emergence, and then 

c o r r e l a t e any d e v i a t i o n s from t h i s w i t h weather c o n d i t i o n s t h a t 

a f f e c t a c t i v i t y . 

Such a p r o j e c t would i n v o l v e l a b o r a t o r y s t u d i e s to determine 

a d u l t s u r v i v a l a t d i f f e r e n t t e m p e r a t u r e s , the c o n d i t i o n s c o n t r o l l i n g 

the so c a l l e d l a r v a l d i a p a u s e d u r i n g the summer, which l e a d s to 

p u p a t i o n and emergence when i t i s broken,' and the t h r e s h o l d 

t e m p e r a t u r e and t h e r m a l sum f o r the p r o c e s s , as w e l l as f i e l d work 

on both a d u l t s and l a r v a e , and countin g and i d e n t i f y i n g the l i g h t 

t r a p c a t c h . C a t c h f i g u r e s and m e t e o r o l o g i c a l data f o r s e v e r a l 

p r e v i o u s y e a r s may a l s o h e l p i n r e f i n i n g the methods used. 

Although the r e s u l t s of may own a n a l y s i s have not been as 

good as I had hoped, t h e y have a t l e a s t i n d i c a t e d t h e d i r e c t i o n of 

f u r t h e r s t u d i e s ofl T r i c h o c e r a . 
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SUMMARY 



Summary 

F i e l d s t u d i e s were c a r r i e d out on the swarming behaviour of 

T r i c h o c e r a i n the Durham a r e a , and i t was found t h a t t h e y swarmed 

over a marker a t low wind speeds ( l e s s t h a n 1 m.p.h.), temperatures 

between 6 and 13°C, and r e l a t i v e h u m i d i t i e s over 70%. I t was 

c o n c l u d e d t h a t t h e marker r e l e a s e s the swarming behaviour, which 

b r i n g s the sexes t o g e t h e r f o r mating. 

The m a t e r i a l : , from the Zoology Department F i e l d S t a t i o n l i g h t 

t r a p f o r the y e a r J u l y 1 9 6 8 - J u l y 1969 was examined and the 

T r i c h o c e r a p r e s e n t counted and i d e n t i f i e d . An attempt was made, 

u s i n g m u l t i p l e r e g r e s s i o n a n a l y s e s , to c o r r e l a t e the n i g h t l y c a t c h 

w i t h the p r e v a i l i n g weather c o n d i t i o n s . F o r the whole T r i c h o c e r a 

s e a s o n (September 1968-June 1969) the c a t c h numbers c o r r e l a t e d 

s i g n i f i c a n t l y w i t h the minimum a i r and ground temperatures d u r i n g 

the n i g h t . A monthly a n a l y s i s d i d not g i v e good c o r r e l a t i o n s , and 

i t was thought t h a t t h i s was because the massive autumn emergence 

masked the e f f e c t s of the weather on a c t i v i t y . The c o n c l u s i o n 

r e a c h e d was t h a t more i n f o r m a t i o n i s needed on the c o n d i t i o n s a f f e c t 

i n g t h e emergence of T r i c h o c e r a . 
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APPENDICES 

Appendices 1 - 1 0 show the n i g h t l y l i g h t t r a p c a t c h 
f o r the t e n months, September, 1968-
June, 1969. 

Appendices 11 - 18 show ( a ) the c o r r e l a t i o n c o e f f i c i e n t s , 
and (b) the r e g r e s s i o n c o e f f i c i e n t s of 
n i n e c a t c h f i g u r e s w i t h s i x weather v a r i a b l e s , 
f o r t h e whole season and f o r s i n g l e months. 
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