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The behaviour of larval Tabanus reinwardtii Wied., Chrysops furcata Walk., and Chrysops 
mitis O. S., in relation to light, moisture and temperature was studied. Rate of movement, ag­
gregation, and localized movements of the head capsule were used as criteria for analyzing 
larval behaviour. The anterior region of the larval head capsule is sensitive to light; a pair of 
eye spots on the head capsule is suggested as the photoreceptors. On illumination larvae are 
able to integrate light energy over periods of seconds and to utilize this to produce a directional 
response. Larval C. furcata and C. mitis show no preference for the dry or the wet side in various 
humidity gradients. However, they show abnormal behaviour on a uniformly dry substratum. The 
mean water content of C. mitis larvae is 79.5% and the effects of desiccation on survival are 
discussed. The reactions of C. furcata and C. mitis larvae in uniform temperatures and in tem­
perature gradients are described. The speed of movement and time percentage of activity, though 
affected by temperature, are shown to be more affected by light. 21.4—0.8C is suggested as 
the 'preferred temperature' of larval C. mitis, 37 — 40C is lethal to the larvae. Light and tem­
perature are the most important environmental factors. 

Cameron (1917) is the only inves t iga tor who has noted that l a rva l 
t aban ids , l ike other soil i n s e c t s , a r e negat ively phototac t ic . Other than 
this no work has been published on l a rva l r eac t ions to envi ronmenta l 
f a c t o r s . The chief a im of the p r e s e n t work has been to inves t iga te the 
or ient ing r eac t ions of l a rvae i n r e l a t i o n to the light, m o i s t u r e , and t h e r ­
m a l s t imul i the l a r v a e encounter in the i r na tu ra l env i ronment . An a t ­
tempt has been made to r e l a t e the r e s u l t s of this l abo ra to ry study to the 
ac t iv i t i es of l a r v a l tabanids under na tu ra l condi t ions . 

Collecting Methods 

Larvae were obtained from the mud of i r r i ga t i on d i t ches , along 
the banks of s t r e a m s , pools and s w a m p s . The method r e c o m m e n d e d by 
Marchand (1920) of separa t ing the l a rvae by washing the soil through a 
s ieve was m o s t effective in col lect ion of Chrysops mitis O .S . and Tabanus 
reinwardtii Wied. but Chrysops furcata Walk, were obtained by turning over 

the soi l with a garden fork. The f i r s t col lect ion was m a d e on October 
7, 1958 at Winterburn swamp, 8 mi l e s west of Edmonton. The vegetat ion 
cons i s ted chiefly of sphagnum m o s s and s edges , m a r s h cinquefoil , 
s p r u c e , l a r c h , Canada blue g r a s s and m a r sh r e e d g r a s s . La rva l C. lurcata 
were col lec ted on the wes t banks of the poo ls . Pupat ing l a r v a e w e r e 
found as a ru le 1 - 2 inches below the sur face at the pool 's edge. Smal l 
l a r v a e w e r e found deeper in the soi l and often submerged in w a t e r . The 
second col lect ion site was a g r a s s y lake near Raymond, about 18 m i l e s 
south of Le thbr idge , A lbe r t a . This a r e a cons i s ted of about 200 a c r e s of 
clay soil covered with a shallow layer of organic m a t t e r and inter s p e r s e d 
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with slough g r a s s ( Beckmannia s p . ) . La rva l T. reinwardtii we re found at 
depths of 2 - 3 inches below the su r f ace . Two roads ide i r r i ga t ion s t r eams 
near Vauxhall and Water ton, A lbe r t a , we re m o s t product ive for l a rva l 
C. mitis . The a v e r a g e depth of water in the midd le of the s t r e a m was 
2 - 3 feet. La rvae of va r ious s ize s were obtained from the mud entangled 
with heavy growth of algae ( Cladophora sp . ) and comple te ly submerged in 
w a t e r . The vegeta t ion bo rde r ing the s t r e a m banks was s p a r s e . Only 
the Raymond soil where l a r v a l 7". reinwardtii we re found, was ac id ic . Or ­
ganic m a t t e r content was high, an a v e r a g e of 69% for the Winterburn 
soi l and 42 . 5% for Raymond, Vauxhall and Water ton so i l s . 

Maintenance of Stocks 

Larva l s tocks in the l abora to ry were main ta ined as r e commended 
by Shemanchuk. L a r v a e were s to red in 3 x 1 inch p las t ic vials with a 
soil med ium r i ch in decaying organic m a t t e r . No other food was sup­
pl ied. These l a r v a e when kept at 5 - 10 C in a r e f r i g e r a t o r , did not 
pupate . Room t e m p e r a t u r e of 21 C brought about pupation of m a t u r e 
l a r v a e in a few days . The ave rage pupal per iod de t e rmined from six 
spec imens (5 female and 1 male) of C. mitis was 7 d ay s . Fo r C. furcata it 
was 11 days , based on 3 females and 7 m a l e s . 

L a r v a e of Tabanus sp . , occas iona l ly s t r u c k each other when placed 
together in a d ish . However , cann iba l i sm was never obse rved . La rvae 
of Chrysops spp. , showed l e s s i n t e r e s t in f resh an ima l t i s s u e s even though 
they w e r e kept together in v ia ls with c lean tap water and s t a rved for a 
month or m o r e . G r e a t e r ac t iv i ty amongs t l a r v a l C. mitis than C. furcata 
was obse rved under l a b o r a t o r y condi t ions . La rva l T. reinwardtii did not 
surv ive such long pe r iods in water as the l a rvae of Chrysops spp. 

Mor ta l i ty dur ing main tenance of l a r v a l s tocks ranged up to 40% 
chiefly due to fungus growth, a nematode identified by Dr . H. E. Welch, 
Bel lev i l le , Ontar io as Bathymermis sp . (Shamsuddin 1966) and inadequate 
vent i la t ion. Few deaths o c c u r r e d •when the soil was changed once every 
3 months and when the s to rage via ls were provided with pe r fo ra ted caps 
to e n s u r e p rope r vent i la t ion. 

BEHAVIOUR OF LARVAL TABANIDS IN RELATION TO LIGHT 

The effect of l ight on the r a t e of locomot ion of eye l e s s fo rms h a s 
been l e s s s tudied than or ien ta t ion to l ight. Welsh (1932, 1933), working 
with Unionicola (Arachnida) , concluded that in a light sens i t ive o rgan i sm 
the extent of m u s c u l a r act ivi ty b e a r s a definite r e l a t ionsh ip to the in tensi ty 
of i l luminat ion . Duggar (1936), Jones (1955), and Millott (1957) give 
good s u m m a r i e s of photokinesis in eye les s fo rms of i n s e c t s , echino-
d e r m s , and m o l l u s c s . Mi l ler (1929) has d i s c u s s e d the r e s u l t s obtained 
by Mas t (1911) and H e r m s (1911) on the speed of crawl ing of fly l a rvae 
(Calliphora , Sarcophaga , a n d Musca s p . ) . 

F u r t h e r informat ion is included in the works of Holmes (1905), 
Pa t t en (1914, 1915, 1916), Loeb (1918), C r o z i e r (1927), Mitchel l and 
C r o z i e r (1928), E l l swor th (1933), F r a e n k e l and Gunn (1940), Bolwig 
(1946), and Hafez (1950, 1953) on the photonegative r e s p o n s e s of musco id 
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l a r v a e . The re is a genera l a g r e e m e n t that fly l a r v a e behave photoneg-
a t ive lyand that the i r m e c h a n i s m of or ien ta t iqn to light r e p r e s e n t s typical 
kl inotaxis (Carthy 1958). However , a wide d ive r s i t y of opinion p reva i l ed 
for a long t ime as to the t r ue na tu re of pho to recep to r s in fly l a r v a e . 
Lowne (1890-95) a s quoted by Hollaender (1956) d e sc r i b ed two pa i r s of 
sma l l papi l lae on the apex of the l a rva l head a s being photosens i t ive . 
E l l swor th (1933), on the bas i s of h is to logica l findings in Lucilia s p . , r e ­
por ted the p r e s e n c e of pho to recep to r s on the l a r v a l m a x i l l a r y l o b e s . 
However , Welsh (1937) indicated that the s e n s o r y papi l lae of fly maggots 
previous ly r e g a r d e d a s pho to recep to r s a r e gus ta to ry . The pho to recep to r s 
of housefly l a rva were finally identified by Bolwig (1946) as two sma l l 
groups of sense c e l l s , s i tuated one on each side jus t above the an t e r i o r 
ends of the l a r v a l pharyngeal s c l e r i t e s . 

Impor tan t informat ion has been obtained on the photosens i t ive o r ­
gans of the eye les s fo rms by us ing local ized s t imula t ion through light 
pa tches (Harper 1905, H e r m s 1911, Hess 1921, 1924, 1925, E l l swor th 
1933, Young 1935, Hawes 1945, Newth andR oss 1955, Yoshida 1956, 1957, 
and Millot t 1957). Such a method has a l so been used for inves t igat ion of 
d e r m a l photosensi t iv i ty of fo rms ranging from i n v e r t e b r a t e s , through 
lower chorda tes to v e r t e b r a t e s . Local iza t ion of sens i t iv i ty i s , however , 
too i l l defined and an e lec t rophys io log ica l demons t r a t i on of photosen­
si t ivi ty is s t i l l needed. 

Experimental Methods 

Expe r imen t s were done from May 1, 1959 to J anua ry 4, I960 in a 
d a r k room at a t e m p e r a t u r e of 23 .3 ± 2 . 8 C. Two g lass p l a t e s , 35 x 70 
cm and 45 x 60 cm and a photographic t r a y m e a s u r i n g 22 x 17 cm were 
u sed . In a l l expe r imen t s the p la tes r e s t e d on b lack p a p e r . One of the 
light s o u r c e s was a photographic en l a rge r with a 75 watt bulb. Low light 
in tens i t i es w e r e obtained by us ing the en la rge r lens which had a focal 
length of 150 m m . High light in tens i t i es w e r e obtained f rom 100 - 150 
watt e l ec t r i c bulbs enclosed in a light t ight box. The difficulty of o b s e r ­
ving in the da rk r o o m was ove rcome by us ing a photographic safe light 
which, accord ing to the m a n u f a c t u r e r s , t r a n s m i t t e d wave leng ths beyond 
580 m u . 

M a t u r e l a r v a e of Tabanus reinwardtii a n d Chrysops furcata w e r e k e p t i n 3 
x 1 inch p las t ic v ia ls with about 1/2 inch of tap water and s to red in the 
da rk r o o m . If the l a r v a e w e r e exposed to l ight in an exper imen t they 
were al lowed at l eas t 1/2 hour r e s t in the da rk before being used in an ­
other exper imen t . Observa t ions w e r e usua l ly m a d e on single l a r v a e . 
The g lass was t r e a t e d with a water suspens ion of ta lc on which the l a rva 
c rawled leaving a t r a i l behind i t . During each exper imen t , t ime i n t e r ­
vals w e r e m a r k e d with a wax penci l . The t r a c k s were m e a s u r e d with a 
m a p m e a s u r e r . 

Preliminary Studies 

Activity in the dark 
One hundred and eighteen l a r v a e in s e p a r a t e g lass v ia l s containing 

ei ther c lean m o i s t sand or tap wate r w e r e watched under the r ed light 
singly for 3 minu tes each. About 86% of the l a r v a e showed act ivi ty c h a r -
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a c t e r i s e d by flexing of the body and occas iona l c rawl ing . Such ac t iv i t ies 
could be eas i ly mi s t aken for r e s p o n s e s to light s t imula t ion . It was , 
t h e r e f o r e , n e c e s s a r y to r e c o r d each type of act ivi ty for a smal l group 
of 20 l a r v a e with the he lp of a hand l ens . These l a r v a e were placed on 
the t r a y under the r ed i l luminat ion. All of them crawled; however , a 
r e s p o n s e c h a r a c t e r i s t i c of behaviour under the exper imen ta l white light 
i . e . , wi thdrawal of the head capsule into the cephal ic co l la r p r e p a r a t o r y 
to c rawl ing , was never shown. When 34 an ima l s were put singly on the 
g lass p la te , each for 5 m i n u t e s , a l l r e sponded by c rawl ing . A mean 
speed of 1. 6 ± 1. 1 c m / m i n was r e c o r d e d for these l a r v a e . This is taken 
as a basa l r a t e of movement of l a r v a e in the dark . 

Response to general illumination 

If the expe r imen ta l white light was tu rned on when the l a rvae were 
inact ive or crawl ing they hes i t a t ed m o m e n t a r i l y , r a i s e d the an t e r i o r t ip , 
swung it violently from side to side in an exp lora to ry fashion and then 
withdrew the head capsule into the cephal ic co l l a r . The sudden with­
drawal of the head capsule was found to be a r e l i ab l e indicator for photic 
r e s p o n s e and hencefor th will be r e f e r r e d to a s the ' r e t r a c t i o n ref lex 1 . 

The ' r e t r a c t i o n r e f l ex ' was usua l ly followed by a fur ther s e r i e s of 
head m o v e m e n t s , then by turning movemen t s involving the whole body, 
finally by c rawl ing . Hence t he re a r e m e a s u r a b l e t ime in te rva l s between 
the onset of i l luminat ion and the ' r e t r a c t i o n re f l ex ' and crawl ing . The 
f i r s t t ime in te rva l is r e f e r r e d to as the ' r eac t ion t i m e ' of l a rvae which 
is the per iod from the t ime of i l luminat ion unti l the head capsule is with­
d rawn . P r e l i m i n a r y expe r imen t s showed that i l luminat ion m u s t be con­
tinuous during the r eac t ion t i m e . The 2nd t ime in t e rva l is the per iod 
elapsing from the end of the ' r e t r a c t i o n re f l ex ' unti l c rawl ing is s t a r t ed 
and is r e f e r r e d to a s the ' c rawl ing t i m e ' . 

Reaction Time and Crawling Time 

The light s o u r c e s used were the photographic en la rge r and the 
e l ec t r i c bulbs a s desc r ibed e a r l i e r . To e n s u r e that t e m p e r a t u r e did 
not affect the r eac t ion t i m e , g lass hea t f i l te rs were used in the in tensi ty 
r ange of 100 - 1600 foo t -candles . The expe r imen ta l t rough always con­
tained at l eas t 50 cc of tap water and a r ec t angu la r blotting paper m a t ­
ting 19 x 14 c m . A g lass vial containing one C. fwcata l a rva with about 1 
cm wate r was empt ied over the t r a y and an in t e rva l of 1 minute was a l ­
lowed. The light was then switched onand two s topwa tches s t a r t e d s i m ­
ul taneous ly . One of them was used to r e c o r d the r eac t ion t ime and the 
other the t ime to c r a w l . 

The r e s u l t s obtained with 3 different groups of l a r v a e a r e s u m ­
m a r i z e d in fig. 1. All l a rvae showed a g rea t va r i a t ion in r eac t ion t ime 
even under the s a m e light source and in tens i ty . This was p a r t i c u l a r l y 
t r ue in the low light i n t ens i t i e s . At high in tens i t i e s the r eac t ion t ime 
approaches a m i n i m u m and is l i t t le affected by g r e a t i n c r e a s e s in in ten­
si ty . The r eac t ion t ime of each group v a r i e s i n v e r s e l y with t h e l o g a r i t h m 
of the in tens i ty . 

The crawl ing t ime for a group of 5 l a r v a e t e s t ed 10 t imes each is 
a l so given in fig. 1. Cons ide rab le va r i a t ion was shown by individual 
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Fig . 1. The r e l a t ion between r eac t ion t ime ( # 1 5 5 read ings with 70 
la rvae) and crawl ing t ime ( • 5 0 read ings with 5 la rvae) and light in tens i ty 
for C. turcata. Lines indicate s t andard e r r o r s . 

l a r v a e . No r e l a t ionsh ip was found between the r eac t i on t ime and the 
crawl ing t i m e . F o r example , l a rvae with a shor t r e ac t i on t ime a t a 
given in tens i ty did not n e c e s s a r i l y show a shor t c rawl ing t i m e . However , 
a p a r t f rom the anomalous data at 30 foo t -cand les , c rawl ing t ime d e c ­
r e a s e s with i nc r ea s ing light in tens i ty . 

Photoreceptive Organs 
Structure 

P r e l i m i n a r y expe r imen t s indicated that l a r v a l tabanids have a light 
s ense located in the eye spo t s . Gross d i s s e c t i o n s , inject ion of vi tal 
s t a i n s , and s e r i a l sect ioning a l l failed to r e v e a l ne rve connect ions to 
these although g r o s s concen t ra t ions of p igment w e r e found. 
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Experimental 
A sa t i s fac to ry method of obtaining local i l luminat ion was by r e ­

placing one ocular of a b inocular m i c r o s c o p e with a m i c r o s c o p e l amp 
so that the r a y s converged through the object ive . The d i a m e t e r of the 
light spot could be changed from 0. 8 to 12. 0 m m by changing the m i c r o ­
scope ob jec t ives . This a r r a n g e m e n t provided a p r e c i s e d i a m e t e r of 
l ight spot . 

Twenty m a t u r e l a r v a e of C. fmcata we re chi l led for one minute and 
examined with a 1 m m d iame te r penci l of l ight . R esponses w e r e obtained 
as follows: head capsu le , 20; 3rd tho rac ic segment , 1; abdominal s eg ­
m e n t s , none; G r a b e r ' s organ and siphon, 5. This exper imen t demon­
s t r a t e d that the l a r v a e have m a x i m u m sens i t iv i ty to light in the head 
reg ion . 

In another exper imen t 3 m a t u r e l a r v a e of T. reinwardtii w e r e kept in 
a light of 7 foot -candles for an hour before the l ight penci l t e s t s t a r t e d . 
All p a r t s of the body of each an ima l w e r e careful ly s e a r c h e d with the 
light penci l appa ra tus giving a light spot 2 m m in d i a m e t e r . When the 
local light r e a c h e d the p igmented spots d e s c r i b e d as eye spots in the 
l a rva of Haematopota pluvialis L. (Tabanidae) by C a m e r o n in 1934, s i tuated 
l a t e r o - d o r s a l l y on the head capsu le , the l a r v a e responded by turning 
away from the light s o u r c e . Local iza t ion of the light penci l on the eye 
spots 'was a difficult t a sk owing to the e x t r e m e mobi l i ty of the head c a p ­
su le . However , whenever this was achieved, it caused violent head 
movemen t s of the l a r v a . This r e ac t i on was m a x i m a l when the head c a p ­
sule r e m a i n e d p ro jec ted out with the eye spots comple te ly exposed. 

At tempts to paint the eye spots with a m i x t u r e of India ink and 
g u m a r a b i c w e r e not success fu l . It w a s , however , poss ib le to paint the 
a n t e r i o r head capsu le including the eye spots of s ix l a r v a l Chrysops . F i g . 
2 shows the a r e a of the head which was painted. After b lackening, the 
l a r v a e w e r e s to red in the d a r k for an hour and then examined by local 
and gene ra l i l luminat ion . The r e s p o n s e v a r i e d f rom none to incomple te 
wi thdrawal of the head capsule under local i l luminat ion with a 1 m m light 
spot . But under a 10 m m light spot , the r eac t i on was obvious in a l l the 
l a r v a e . When the painted a r e a s w e r e washed and the t e s t s r epea t ed the 
l a r v a e displayed the typica l ' r e t r a c t i o n re f lex 1 . 

To see if the a n t e r i o r t ip of the head capsu le was r e spons ib l e for 
s ensi t ivi ty to light as has been d e m o n s t r a t e d in Lucilia sericata by E l l swor th 
(1933), 1 m m of the a n t e r i o r head t ips w e r e cut off f rom each of 7 l a r v a e . 
Ten such opera t ions w e r e done; 3 died immed ia t e ly but the r ema in ing 7 
w e r e in hea l thy condit ions for s e v e r a l m o n t h s . Reac t ion t imes for these 
w e r e r e c o r d e d one day after the opera t ion , under both local and genera l 
i l luminat ion . The m e a n r e a c t i o n t ime a t 100 foot-candles was 28 .7 s e c , 
much higher than any of the va lues of fig. 1. Thus although the r e m o v a l 
of the a n t e r i o r t ip does not a l t e r the c h a r a c t e r of the ' r e t r a c t i o n r e f l ex ' , 
i t does i n c r e a s e the r e a c t i o n t i m e cons ide rab ly . 

The r e s u l t s of these expe r imen t s d e m o n s t r a t e the p r e s e n c e of 
photosens i t ive o rgans in the head capsu l e . The expe r imen t s on painting 
indicate that d e r m a l sens i t iv i ty a l so ex is t s in l a r v a l t aban ids . The con­
s ide rab l e i n c r e a s e in r e ac t i on t i m e s on r e m o v a l of the a n t e r i o r t ip sug­
ges t s that photosens i t iv i ty i s s p r e a d throughout the a n t e r i o r r eg ion of the 
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head capsu l e . We cannot yet specify the n a t u r e of the pho to recep to r s in 
l a r v a l tabanids beyond s ta t ing that they appea r to be contained in the a n ­
t e r i o r reg ion of the head capsu le , pe rhaps the eye spo t s . 

Reactions in a Dark-Light Choice Chamber 

Two pe t r i dish l ids with a d i a m e t e r of 15 cm, w e r e p laced one 
upon the other with the edges in contac t . A mo i s t ened disc of about 2 
m m thick brown c a r d b o a r d divided the chamber into an upper and lower 
half. The lower half of the chamber was filled with wate r which r e m a i n e d 
in contact with the c a r d b o a r d pa r t i t ion throughout the e x p e r i m e n t s . F o r 
each expe r imen t a s e p a r a t e c a r d was u sed . This a r r a n g e m e n t kept the 
c a r d b o a r d su r f ace , on which the an ima l s c rawled , m o i s t . One half of 
the chamber was covered with b lack c a r d b o a r d to provide a choice of 
d a r k and l ight . The light sou rce was the photographic e n l a r g e r . 

Fifty m a t u r e l a r v a l C. (urcata we re used . Ten l a r v a e w e r e put in 
the cen te r of the choice chamber at a t i m e and the i r pos i t ions w e r e r e ­
corded after 15 m i n u t e s . The r e s u l t s a r e s u m m a r i z e d in table 1. The 
in tens i ty of l ight r e a c t i o n is e x p r e s s e d a s 100 (D-L) /N (Per t tunen 1959), 
w h e r e D r e p r e s e n t s the number of l a r v a e on the d a r k s ide , L the n u m b e r 
of l a r v a e on the i l luminated s ide and N the total number of posi t ion r e ­
c o r d s . 

TABLE 1. In tens i ty of l ight r e a c t i o n of l a r v a l Chrysops furcata Walk, in a 
choice chamber of d a r k n e s s and light; m e a n of 5 expe r imen t s with the 
s a m e 50 spec imens at each light in tens i ty , t e m p e r a t u r e 2 3 . 3 ± 2 . 7 C. 

Light in tens i ty Mean in tens i ty of r eac t ion , 
in foot -candles 100 (D-L) /N after 15 m i n . SD S E 

0.25 57 .4 12. 3 5 . 5 
0.50 4 7 . 3 16. 3 7. 3 
1. 00 6 3 . 2 29. 0 12. 9 
2. 00 52 .4 25 .8 11 . 5 
5. 00 70. 3 2 6 . 8 11 .9 

10. 00 7 1 . 3 17 .3 7 . 7 

At r o o m t e m p e r a t u r e the l a r v a e of C. furcata behave photonegat ively 
at a l l the in tens i t i e s used . The in tens i ty of r e ac t i on , however , does not 
show a r e g u l a r i n c r e a s e with i n c r e a s e in light in tens i ty . 

Intensity of Illumination X Speed of Crawling 

It was ant ic ipa ted that l a r v a l tabanids m a y move a t different speeds 
at different l ight i n t ens i t i e s , for l ight frequently has an effect on the r a t e 
of movemen t of a n i m a l s , including d ip te rous l a r v a e (F raenke l and Gunn 
1940). A s e r i e s of m e a s u r e m e n t s was m a d e with each of 7 - 10 l a r v a e 
at each light in tens i ty in the r ange of 0. 03 - 500 foo t -cand les . L a r v a e 
w e r e p laced in the cen te r of the g lass p la te . The light was switched on 
30 seconds l a t e r . Each l a r v a was allowed to c r a w l for 5 m i n u t e s , but 
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I 1 
A r e a painted 

F ig . 2. P h o t o m i c r o g r a p h of the cephal ic segmen t s with thehead<capsule 
p ro jec ted out, showing the a r e a painted . La rva of C. furcata Walk. 

00 

o 

- 1 

/ 

c m / m i n 

F i g . 3 . Effect of l ight in tens i ty on the speed of movemen t of l a rva l 
C. furcata. L ines indica te s t anda rd e r r o r s . 
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only the t r a c k of the midd le 3 minu t e s was m e a s u r e d . The a v e r a g e speed 
in c m / m i n was r e c o r d e d . The r e s u l t s a r e s u m m a r i s e d in fig. 3 . The 
curve is s igmoid, but t h e r e is c lose a g r e e m e n t with the W e b e r - F e c h n e r 
law (Pat ten 1915) in the r ange of 10 - 500 foo t -cand les . 

Behaviour in a Light-Gradient 

The cons t ruc t ion of the l i gh t -g rad ien t appa ra tu s was fundamental ly 
s i m i l a r to the ' non -d i r ec t i ona l ' g rad ien t d e s c r i b e d by Ullyott (1936). A 
s teep grad ien t was a r r a n g e d with a g l a s s diffusing pla te and a m o r e m o d ­
e r a t e grad ien t with a g raded film in an e n l a r g e r . The fo rmer • ranged 
f rom 150 to n e a r l y z e r o foot -candles over 30 c m , the l a t t e r f rom about 
50 foot -candles to z e r o over the s a m e d i s t ance . Each grad ien t was 
o r ien ted with the high in tens i ty to the e a s t . 

A l a r v a was p laced in the cen te r of the expe r imen ta l p la te with i t s 
head d i r ec t ed towards ea s t . The expe r imen ta l l ight was switched on af ter 
30 seconds and the d i rec t ion of movemen t in r e l a t i on to the l i gh t -g rad ien t 
was r e c o r d e d a t the end of 5 m i n u t e s . Fif ty l a r v a e w e r e u s e d in t h e s e 
e x p e r i m e n t s . The t r a c k s of 18 other l a r v a e w e r e r e c o r d e d by placing a 
s ingle l a rva in any p a r t of the expe r imen ta l p la te and leaving it for 3 
minu t e s in the d a r k . The l ight was then switched onand the obse rva t ions 
m a d e t i l l the l a rva r e a c h e d the edge of the g l a s s . 

The r e s u l t s obtained with 50 l a r v a e a r e shown in table 2. If m o v e ­
m e n t s w e r e a t r andom with r e s p e c t to the l i gh t -g rad i en t s then we would 
expect to find a m e a n number of 6 .25 l a r v a e going in each of 8 d i r e c t i o n s , 
A c h i - s q u a r e t e s t applying Y a t e s ' c o r r e c t i o n for sma l l n u m b e r s was used 
for t he se da ta . The purpose was to a s s e s s the probabi l i ty of any one 
d i rec t ion being chosen by the l a r v a e in the l i gh t -g rad ien t . The ch i -
s q u a r e value obtained for the m o d e r a t e grad ien t i s significant at the 2% 
leve l . It i s , t h e r e f o r e , obvious that the l a r v a e do not m o v e in a l l d i r e c ­
t ions in equal n u m b e r s . The c h i - s q u a r e value for the s teep grad ien t i s 
not significant at the 5% level . The g r e a t e s t number of l a r v a e , however , 
moved in the w e s t e r l y d i r ec t ion , that i s down the l ight in tens i ty g rad i en t . 

L a r v a e which w e r e p laced in the grad ien ts with the i r heads facing 
the high in tens i ty zone showed turn ing m o v e m e n t s towar ds the d a r k e r ends 
of e i ther g rad ien t . In fact, the longer t i m e i n t e rva l between the f i r s t 
i l luminat ion and crawl ing favoured the chance of a d i rec ted or ien ta t ion 
in the low in tens i ty reg ion of the g rad ien t . 

Lateral Light Stimulation 

Reactions to two balanced lateral sources 

Loeb (1905) has pointed out that "when two s o u r c e s of l ight of equal 
in tens i ty and d is tance ac t s imul taneous ly upon a (negatively) he l io t rop ic 
an ima l , the an ima l puts i t s med ian plane at r igh t angles to the l ine con­
nect ing the two s o u r c e s of l ight" . We should expect , then , that a l a r v a , 
subjected to the act ion of opposed b e a m s of equal in tens i ty , would con­
tinue crawl ing in a d i r e c t i o n a t a r ight angle to a l ine connect ing the two 
s o u r c e s . That such i s the ca se with blowfly l a r v a e has been d e m o n s t r a t e d 
by Pa t t en (1915). Since l a rva l tabanids in p r e l i m i n a r y expe r imen t s 
showed a photonegative r eac t ion in a hor izon ta l beam of l ight , it was 
thought n e c e s s a r y to check the i r r eac t ion under balanced i l luminat ion . 
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TABLE 2. The d i r ec t ions taken by 40 l a r v a l Chrysops iurcata Walk, a t the 
end of 5 minu t e s in l i g h t - g r a d i e n t s . Each l a rva was p laced at the cen te r , 
15 cm from the m a x i m u m in tens i ty . 

Min. 
l ight 

Max. 
light 

S T E E P 
GRADIENT W N W SW N S N E S E E 

Observed 12 9 5 5 3 6 5 5 

Observed minus 
r a n d o m (O-R) 

+5 .75 +2 .25 - 1 . 2 5 - 1 . 2 5 - 3 . 2 5 - 0 . 2 5 - 1 . 2 5 

X 2 

- 1 . 25 

= 9.52 

MODERATE 
GRADIENT 

Observed 15 8 3 5 4 6 5 4 

Observed m i n u s 
r andom (O-R) 

+8 .75 +1 .75 - 3 . 2 5 - 1 . 2 5 - 2 . 2 5 - 0 . 2 5 - 1 . 2 5 - 2 . 2 5 

X 2 = 1 7 . 1 2 

T h r e e 25 watt l amps in l ight proof c a s e s with r ec t angu la r a p e r t u r e s 
3 x 1 c m , cut in one face w e r e u s e d . The l ights w e r e p laced in the c e n t e r s 
of 3 s ides of a 54 x 54 c m wooden boa rd with the a p e r t u r e s facing the 
c e n t e r . F o u r t e e n l a r v a e of C. iurcata w e r e u s e d . With the l ights switched 
off each l a r v a was put on the cen te r of a 23 c m d iame te r g lass plate so 
that the axis of i ts body was at r igh t angles to the l ine joining the balanced 
l ights w i t h i t s head pointing away f rom the unbalanced l ight . The ba lanced 
l ights w e r e then switched on s imul taneous ly , and the c o u r s e of m o v e ­
m e n t was r e c o r d e d . The unbalanced light r e m a i n e d off in these e x p e r i ­
m e n t s . 

The a v e r a g e d i r ec t ion of s e v e r a l c o u r s e s taken by each of the 14 
l a r v a e in 74 t r a i l s is r e p r e s e n t e d in fig. 4 . The gene ra l pa t t e rn in taking 
c o u r s e 1 ( s t ra ight ahead) was shown by about 67% of the l a r v a e . The 
tendency to deviate from the expected c o u r s e was m o r e pronounced in 
the i m m a t u r e l a r v a e . 8% of the l a r v a e c r awled to one or other of the 
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ba lanced l i g h t s . 

Reaction to a change of 90° in the direction of illumination 

The r e s u l t s d e sc r i b ed above sugges t s that (1) o r ien ta t ion of l a r v a l 
t aban ids , a s of blowfly l a r v a e (Pat ten 1915, 19.16) to balanced and._pppo.sed 
i l lumina t ion depends upon symmet r i ca l ly located b i l a t e r a l s ens i t ive a r ea s ; 
and that (2) such an or ien ta t ion v a r i e s with the age of l a r v a e . To fur ther 
t e s t t he se two po in t s , the following e x p e r i m e n t s w e r e conducted. 

P r e l i m i n a r y expe r imen t s w e r e done to se l ec t l a r v a e of uni form 
sens i t iv i ty a s d e s c r i b e d by Pa t t en (1916). Nine m a t u r e and eight i m ­
m a t u r e l a r v a l C. lutcata which r e a c t e d by changing the i r c o u r s e of m o v e ­
m e n t with r e f e r e n c e to an ins tan taneous change of 90° in the d i r ec t ion of 
a b e a m of l ight w e r e se lec ted and used in these e x p e r i m e n t s . 

The a r r a n g e m e n t of the l ights was the s a m e a s before but the l a r ­
vae w e r e p laced with h e a d s pointing away f rom one of the ba lanced l i gh t s . 
The left or r igh t ba lanced l ight was kept on unt i l l a r v a e r e a c h e d c lose 
to the cen te r of the c i r c u l a r g l a s s p l a t e . The d i r ec t ion of the incident 
l ight was then changed through 90° by switching on the unbalanced light 
ins tead . Each l a rva was allowed to c r a w l through twice , once under the 
influence of the left l ight and once under the influence of the r igh t . The 
t r a c k s w e r e t r a c e d . The tota l change in d i r ec t ion of t r a v e l in 3 cm from 
the point a t w h i c h t h e l ight was changed was m e a s u r e d a s shownin fig. 5, 
by m e a n s of a p r o t r a c t o r . Thus the a v e r a g e angular deflection of two 
t r a i l s was r e c o r d e d a s the r e s p o n s e of a l a r v a to the change of 90 in 
the d i rec t ion of i l luminat ion . 

F ig . 4 . The d i rec t ions of m o v e - F i g . 5. Two t r a i l s of l a rva no. 
men t of l a r v a e in two b e a m s of 9. The s t a r t ing (balanced) light 
light f rom equal and opposi te was switched off and the unba l -
s o u r c e s A and B. anced light on when the an ima l 

r e a c h e d c lose to the c e n t r e . 

http://and._pppo.sed


282 Behaviour of Tabanids 

The r e s u l t s a r e shown in table 3. It can be seen that the change 
in the d i rec t ion f rom which the l a t e r a l l ight ac t s c a u s e s co r respond ing 
changes in the d i rec t ion of locomotion of the l a r v a . However , such a 
change is subject to cons iderab le va r i a t ion . The ave rage values of two 
t r a i l s r ange f rom 4 . 5 to 60° in the i m m a t u r e and 51 .5 to 90 i n t h e m a t u r e 
l a r v a e , so that a m o r e a c c u r a t e or ien ta t ion to the change of 90 in the 
d i rec t ion of i l luminat ion is shown by m a t u r e l a r v a e . It s e e m s , t h e r e ­
fore , that a l a r g e p a r t of the va r i a t ion in r e s p o n s e to the l a t e r a l light 
s t imula t ion i s due to the difference in age of the l a r v a e . Such a v a r i ­
at ion has been r e p o r t e d in l a r v a e of s e v e r a l spec ies of the family Ca l -
l iphor idae (Pat ten 1916). 

TABLE 3. The angular deflection m e a s u r e d in d e g r e e s of 17 l a r v a e of 
Chrysops turcata Walk, subjected to a change of 90 deg ree s in the d i rec t ion 
of l ight. Ave rages of a r igh t and left pa i r of t r a i l s in fig. 5. 

1st t r a i l 2nd t r a i l 
Right Left 

Ave rage in 
deg ree s 

I m m a t u r e 5 4 
80 40 

8 45 
34 10 
75 36 
30 68 
55 29 
58 23 

4 . 5 
60 .0 
2 6 . 5 
22 .0 
55 .0 
4 9 . 0 
4 2 . 0 
4 0 . 5 

Mean 37 .4° 

M a t u r e 7 5 " 20 
82 45 
65 50 
58 110 
53 64 

100 56 
87 68 
90 91 
45 38 

4 7 . 5 
63 .5 
5 7 . 5 
84 .0 
58 .5 
7 8 . 0 
7 7 . 5 
90 .5 
4 1 . 5 

Mean 66. 5° 

Discussion 
L a r v a l Chrysops r e a c t to light in two different ways . One i s by 

suddenly withdrawing the head capsule and the other by c rawl ing . R e ­
ac t ions s i m i l a r to the f i r s t r e s p o n s e have been r e c o r d e d in widely dif­
ferent fo rms of an ima l s such as hydroid polyps , s e a - a n e m o n e s , tub i -
colous w o r m s , s e v e r a l ech inoderms and c e r t a i n mo l lu sc s (Hollaender 
1956) and a r e commonly known as the ' r e t r a c t i o n r e f l ex ' . 

The r e a c t i o n t i m e s of 3 groups of l a r v a e d e t e r m i n e d a t different 
in tens i t i e s formed a hyperbol ic r e l a t ionsh ip when plotted aga ins t the 
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l oga r i thm of light in tens i ty (fig. 1). This is roughly in a g r e e m e n t with 
the Bunsen-Roscoe Law of r ec ip roc i t y (Steven 1950). Accord ing to Adr i an 
(1928) this law r e p r e s e n t s on ly the m i d - r e g i o n of an i n t eg ra l d i s t r ibu t ion 
curve which i s expected from the addit ion of m o r e and m o r e ac t ive r e ­
cep to r s with i nc reas ing in tens i ty of s t imu lus . P i r e n n e (1956) r e p o r t s 
i n c r e a s e d v a r i a t i o n i n the photic r e s p o n s e of va r ious groups of o r g a n i s m s 
as the th resho ld is approached . The r e l a t ive ly l a rge deviat ions from the 
t heo re t i ca l l ine (fig. 3) in the lowin tens i ty r e g i o n a g r e e with t h e s e v i e w s . 
The deviat ions in the en t i re r a n g e m a y b e due t o a n u n c o n t r o l l a b l e e r r o r , 
owing to a continuous change in the in tensi ty of i l luminat ion of l a r v a l 
pho to recep to r s dur ing movemen t . This can be eas i ly brought about by 
the extension and r e t r a c t i o n of the l a rva l head capsu le . F u r t h e r , the 
works of Pa t t en (1915), Hecht (1918), and Har t l ine and G r a h a m (1932) 
point out that the W e b e r - F e c h n e r law cannot d e s c r i b e r e s p o n s e s in which 
s e v e r a l s teps in te rvene between the s t imulus and the r e s p o n s e . Since 
locomot ion in the l a r v a l tabanids r e p r e s e n t s a complex or in teg ra ted r e ­
sponse which is brought about by two different r e ac t i ons a s shown e a r l i e r , 
the whole p r o c e s s cannot be p r o p e r l y d e s c r i b e d by this law. 

In the choice chamber e x p e r i m e n t s , the l a r v a e tended to a g g r e g a t e 
a round the wall of the c h a m b e r . The contact p roduced a slowing down of 
locomotion and a l so affected the d i rec t ion of t h i s . This m e a n s that a l ­
though l a r v a l Chrysops a r e photonegative in the choice c h a m b e r , the i r b e ­
haviour to l ight i s subject to i n t e r f e r ence by the uncon t ro l l ab le factor of 
th igmotax i s . This m a y be why the in tens i ty of r e a c t i o n (table 1) in the 
choice chamber was not d i rec t ly p ropor t iona l to the logar i thm of the 
light in tens i ty . 

The behaviour in do r sa l l ight g rad ien ts sugges t s that l a r v a e r e a c t 
or thokinet ica l ly in the h igher in tens i ty zone . But a t lower in tens i t i e s 
they s e e m to r e a c t k l inotac t ica l ly . Thus l a r v a e left at the d a r k end of 
the grad ien t se ldom moved up the g rad ien t . They appa ren t ly showed 
d i r ec t ed r eac t ions and tu rned back. It fur ther s e e m s that l a r v a e a r r i v e 
at the da rk a r e a as a r e s u l t of 3 f ac to r s : (1) the ' r e t r a c t i o n r e f l ex ' ; (2) 
the local movemen t between the ' r e t r a c t i o n ref lex 1 and c rawl ing ; and 
(3) the i n c r e a s e in speed of locomotion due to an i n c r e a s e in light in ten­
s i ty . These observa t ions and the data in table 2 suggest that the l a r v a l 
r e ac t i ons w e r e not t ru ly r a n d o m . The re fo re the behaviour in a d o r s a l 
l ight gradient can be sa t i s fac to r i ly d e sc r i b ed in t e r m s of a combinat ion 
of o r thokines i s and k l ino tax is . 

The expe r imen t s on l a t e r a l l ight s t imula t ion show that l a r v a l t a b ­
an ids , l ike Musca , Calliphora, and Lucilia l a r v a e (F raenke l and Gunn 1940), 
d i s p l a y a photonegative r eac t ion in a ho r i zon ta l beam of l ight . The o r i e n ­
tat ion away f rom the light sou rce is chiefly a t ta ined by k l ino tax i s . 

These findings suggest that a negat ive phototaxis coupled with photo-
or thokines i s fit the l a rva well for i t s env i ronment . It will l ie r e l a t i ve ly 
inact ive in the d a r k within the so i l . If exposed, it will become ac t i ve . 
The negat ive phototaxis 'would add an or ient ing factor making the r e t u r n 
to soil m o r e r ap id . Light r eac t ions can, t h e r e f o r e , explain the appa ren t 
absence of l a r v a e f rom the sur face of the so i l . Changes in them with age 
may a l so explain why l a r v a e a r e found in different s i tuat ions as they 
m a t u r e . 
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REACTIONS OF LARVAL TABANIDS TO MOISTURE 

Although soil m o i s t u r e is an impor t an t env i ronmenta l fac tor , the 
influence of water a s d is t inc t f rom a i r humidi ty , o n i n s e c t behaviour has 
not been widely inves t iga ted . Work on in sec t r e ac t i ons t o m o i s t u r e h a s 
b e e n r e v i e w e d by Lees (1943). Since then, p r a c t i c a l l y no work h a s been 
publ ished in this r e g a r d . Li t t le is known about the humidi ty s ense and 
or ien ta t ion in s e m i - a q u a t i c i n s e c t s . The humidi ty a n d m o i s t u r e r eac t ions 
and data on wate r loss of the l a r v a e of two s p e c i e s , C. furcata and C. mitis 
a r e r e p o r t e d h e r e . 

Experimental Methods 

In m o s t expe r imen t s the choice chamber method as d e sc r i b ed by 
Gunnand Kennedy (1936), Wigglesworth (1941), and Lees (1943) was u sed . 

T h r e e different types of humidi ty c h a m b e r s w e r e employed.- Type 
1 cons i s ted of a cy l indr ica l g l a s s v e s s e l , 15 c m in d i a m e t e r and 6 c m 
deep . This was c losed by a g lass p la te with a sea lab le ho le , 3 c m in 
d i a m e t e r in the m i d d l e . A v e r t i c a l pa r t i t i on 2. 5 c m deep was .a t t ached 
to the g lass roof to divide the chamber into, two h a l v e s . A p e t r i d ish , 
14 c m in d i a m e t e r , which was divided into two ha lves by a thin g lass 
pa r t i t i on 2. 5 c m deep fo rmed the floor of the c h a m b e r . A false floor of 
w i r e gauze was suppor ted f rom the ac tua l f loor . In a few expe r imen t s 
l a y e r s of g lass beads (average d i a m e t e r about 2 mm) w e r e in t roduced on 
the w i r e gauze t r a y to faci l i ta te the m o v e m e n t of the l a r v a e . This was used 
a s a cons tant humidi ty chamber by removing the pa r t i t i on f rom the g lass 
roof and the p e t r i d i sh . Type 2 cons i s t ed of two p e t r i d ish l i d s , 10 cm in 
d i a m e t e r and 1 c m deep , p laced one upon the other with the i r we l l -g round 
edges in contac t . A d isc of 1 m m m e s h s a r a n gauze divided the chamber 
into an upper and a lower half. Type 3 a p p a r a t u s was e s sen t i a l ly the 
s a m e a s in 2, except that the two l ids h a d a d i a m e t e r of 7. 3 c m and w e r e 
0. 7 c m d e e p a n d the lower l id was divided into two ha lves by a thin g lass 
pa r t i t i on of 7. 0 x 0. 5 c m . 

The c h a m b e r s w e r e m a d e a i r t ight with vase l ine and d e s i r e d h u m ­
id i t i es w e r e main ta ined by m e a n s of sulfuric a c i d - w a t e r m i x t u r e s (Wilson 
1921) p laced on the floor of each c h a m b e r . A space of only about 2 m m 
below the false floor r e m a i n e d empty . Thus the r e l a t i ve humidi ty j u s t 
above the gauze was c lose to the t heo re t i c a l value for the sulfuric - ac id 
- wa te r m i x t u r e u sed . 

Usual ly the humidi ty c h a m b e r s w e r e p r e p a r e d on the evening p r i o r 
to the expe r imen t s or w e r e left und i s tu rbed for a t l e a s t 2 - 3 h o u r s . L a r ­
vae w e r e in t roduced and p laced in the midd le of each chamber e i ther 
through the hole of the g lass roof or by s l ight ly lifting the upper half of 
the c h a m b e r . In s im i l a r e x p e r i m e n t s Hafez (1950) r e p o r t e d that the d i s ­
tu rbed humidi ty equi l ibr ium is soon r e - e s t a b l i s h e d . 

Type 2 c h a m b e r s w e r e u s e d to d e t e r m i n e the r a t e of crawl ing of 
individual l a r v a e in s e v e r a l r e l a t i v e h u m i d i t i e s . After half an hour , 
m o v e m e n t s of an an ima l for fifteen minu t e s w e r e r e c o r d e d on squa red 
p a p e r . The upper l ids of the c h a m b e r s w e r e m a r k e d off into s q u a r e s to 
faci l i ta te th is r e c o r d i n g . A stop watch was u s e d to r e c o r d one minu te 
t i m e m a r k s on the t r a c k s a s wel l a s the pe r iods of inact iv i ty las t ing 
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m o r e than one minu te . The d i s t ances w e r e m e a s u r e d with a m a p m e a s u r e r 
and the a v e r a g e speed in c m / m i n was r e c o r d e d . 

F o r de te rmin ing specific di f ferences in ac t iv i ty of l a r v a e type 1 
and 2 c h a m b e r s w e r e u sed . Ten an ima l s w e r e used in each e x p e r i m e n t 
and the ac t iv i ty , e i ther for 15 minu te s or a t different i n t e rva l s in the 
r ange of 0 - 60 m i n u t e s , w e r e r e c o r d e d . 

Since c e r t a i n soi l i n s e c t s under d r y condit ions a r e r e p o r t e d to 
lose water rap id ly (Cameron 1917, Subklew 1934, Lees 1943), a few 
expe r imen t s w e r e c a r r i e d out to d e t e r m i n e app rox ima te ly the r ange of 
t ime over which l a r v a e could su rv ive in de s i cca t ed a i r . Smal l sulfur ic 
acid d e s i c c a t o r s (11 c m deep and 11 cm in d i ame te r ) at 21 - 22 C w e r e 
u sed . Two ba tches of ten l a r v a e each, w e r e f i r s t washed in running 
wate r and then t r a n s f e r r e d to d r y f i l ter p a p e r s for 15 minu tes p r i o r to 
being weighed. During des icca t ion each batch was weighed a t two hour 
i n t e r v a l s . The loss of weight was u s e d to r e p r e s e n t the wate r l o s s (Gunn 
1933, Syr jamaki I960) . 

Choice c h a m b e r s of type 1 and 3 w e r e u s e d to d e t e r m i n e the h u m ­
idity p r e f e r e n c e of l a r v a e . 5 - 20 an ima l s w e r e used in each expe r imen t . 
The dura t ion of each expe r imen t was t h r e e h o u r s . In o r d e r to e l imina te 
any poss ib le b ias of the l a r v a e due to l ight, the c h a m b e r s w e r e tu rned 
through 180 halfway through each expe r imen t . Each expe r imen t was 
r e p e a t e d 5 - 1 0 t imes and a cont ro l (% R . H. 100 : 100) was u sed . The 
number of posi t ion r e c o r d s in each zone e . g . m o i s t e r , d r i e r and midd le 
w e r e n o t e d . The e x c e s s pe r cen t age r a t i o 100 (W - D)/(W + D) (Gunn and 
Cosway 1938) was employed to e s t i m a t e the in tens i ty of r e a c t i o n . In this 
exp re s s ion W and D a r e t h e n u m b e r s of the a n i m a l s in the 'wet ' and 'd ry 1 

s ides r e s p e c t i v e l y a n d the t heo re t i c a l value for no r eac t i on i s 0.0%. F o r 
the pu rpose of c o m p a r i s o n , the W/D r a t i o (Gunn 1937) was a l s o ca l cu ­
la ted . In t h i s , the value for no r eac t ion i s 1. 0. The an ima l s r e c o r d e d 
f rom the middle zone w e r e omit ted f rom the ca l cu la t ions . 

E x p e r i m e n t s on the m o i s t u r e of the s u b s t r a t u m w e r e c a r r i e d out 
in the s e a r c h for ce r t a in definite l a r v a l r e ac t i ons and to r e l a t e the r e s u l t s 
with those obtained on uni form r e l a t i v e h u m i d i t i e s . These w e r e conducted 
in a 9 c m d i ame te r pe t r i d ish . The bot tom of the dish was cove red with 
#1 Whatman fi l ter paper which contained vary ing amounts of m o i s t u r e . 
P e r c e n t a g e m o i s t u r e was ca lcu la ted a s : 100 x (wet weight - d ry weight) / 
wet weight . In each expe r imen t one an ima l a t a t ime was in t roduced 
into the pe t r i dish for a pe r iod of 5 m i n u t e s . The following w e r e ca l cu ­
la ted for each l a rva : (1) Ave rage speed c m / m i n ; (2) Ave rage pe r iod of 
inact ivi ty; (3) Number of wall c l imbings ; (4) Number of b u r r o w i n g s ; 
(5) Number of head capsu le e leva t ions ; (6) Number of r o l l i n g s . 

Preliminary Experiments 

In expe r imen t s with the cons tan t humidi ty c h a m b e r s both C. furcate 
and C-mitis show dis t inct r eac t ions to low and high R . H . F o r example , 
in 50% R . H . and below the l a r v a e r emained s t rongly con t rac t ed for p e r ­
iods of 1 0 - 20 m i n u t e s . During con t rac t ion quick p r o t r u s i o n a n d r e t r a c ­
t ion of the head capsu le usua l ly took p lace . The l a r v a e se ldom showed 
any crawl ing or bur rowing m o v e m e n t s although head m o v e m e n t s w e r e 
f requent . As a r e s u l t d i s p e r s a l f rom the cen te r of the cons tan t humidi ty 
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c h a m b e r s was l e a s t in the range of 0 - 40% R . H. 
In c h a m b e r s of 80 - 100% R . H . , the l a r v a e usua l ly showed act ive 

m o v e m e n t and r e m a i n e d bu r rowed under the g lass beads whenever these 
w e r e prov ided . The l a r v a e a l so c rawled up on the roof of the chamber 
and tended to r e s t t h e r e in high r e l a t i v e h u m i d i t i e s . 

When l a r v a e w e r e obse rved over pe r iods of 30 minutes in the choice 
chamber appa ra tu s (type 1), they showed a p r e f e r e n c e for one or the other 
s ide but did not r e m a i n i n t h e m o i s t e r s ide only. In m o s t c a s e s the l a r v a e 
moved at r andom around the edge of the a r e n a showing no behaviour sug­
ges t ive of e i ther a k l inokines is or k l ino tax i s . 

A few expe r imen t s w e r e c a r r i e d out i ncons t an t humidi ty c h a m b e r s 
of 0 - 100% R . H. to find the effect of des icca t ion . About 13 hou r s ex­
posu re at 24 C and approx imate ly 0% R . H . was found to kill l a r v a l t a b ­
an id s . It was a l so not iced that C. mitis was m o r e ac t ive and sens i t ive to 
the effects of humidi ty than C. furcata . 

Variation in Activity and Rate of Movement with Humidity 

Variation between species 

The r e s u l t s obtained f rom data on 100 l a r v a l C. im'h's a r e s u m ­
m a r i z e d in table 4 . It can be seen that the act ivi ty i n c r e a s e s a s the r e ­
la t ive humidi ty approaches 100%. This is in fair a g r e e m e n t with the ob­
se rva t ions m a d e in p r e l i m i n a r y expe r imen t s where the m a r k e d c o n t r a c ­
tion of l a r v a e at low humid i t i e s was noted. 

TABLE 4 . Act iv i ty of l a r v a l Chrysops i n u n i f o r m h u m i d i t i e s . The p e r c e n -
tageof l a r v a e ac t ive a t va r ious t i m e s . C. mitis at 25 C in type 1 c h a m b e r ; 
C. furcata a t 25 .6 ± 1. 2 C, in type 2 c h a m b e r ; both at 85 foo t -cand les . 

T ime in minu te s f rom p lacement of l a r v a e in the chamber 
C. mitis (100) C. lurcata (6 x 10) 

15 0 10 15 20 30 4 0 50 60 

% R . H. P e r c e n t a g e of l a r v a e ac t ive 

0 4 3 17 11 6 11 8 7 7 4 
10 42 20 2 1 19 18 16 7 7 11 
30 38 22 18 2 1 20 17 22 19 14 
60 7 0 29 27 27 27 28 28 31 30 

90 82 37 37 37 39 4 0 36 38 38 
100 - 25 35 42 38 4 5 34 35 4 1 

A m o r e deta i led s e r i e s of e x p e r i m e n t s was c a r r i e d out to examine 
the ac t iv i ty under va r ious r e l a t i v e h u m i d i t i e s . Ten l a r v a l C. furcate w e r e 
p laced in the cons tan t R . H. c h a m b e r s and the number ac t ive and inact ive 
w e r e noted a t 0, 10, 1 5 , 2 0 , 3 0 , 4 0 , 50, and 60 m i n u t e s . The data w e r e 
obtained f rom 60 l a r v a e which yielded 480 r e c o r d s . The r e s u l t s which 
a r e shown in tab le 4, d e m o n s t r a t e that the ac t iv i ty r e a c h e s a basa l level 
after 30 minu tes and that the l a r v a e a r e m o r e ac t ive in wet a i r than in 



Shamsuddin 287 

d r y a i r . 
The p rocedu re for the two spec ies which a r e s u m m a r i z e d in tab le 

4 differed in only one r e s p e c t e. g . , the types of the humidi ty c h a m b e r s 
used . However , the pe rcen tage ac t iv i ty in the range of 0 - 90% R . H . for 
C. mitis is a lways found higher than for C. furcata . 

Variation in crawling rate with humidity 
The r e s u l t s a r e shown in table 5. The m e a n speed in c m / m i n in ­

c r e a s e s with the i nc r ea s ing r e l a t ive humidi t ies and r e a c h e s a m a x i m u m 
at 100% R . H . F u r t h e r , the m e a n pe r iod of inact iv i ty d e c r e a s e s a s the 
R . H . r e a c h e s sa tu ra t ion . The speed i s a l m o s t cons tant in the r ange of 
80 - 100% R . H . These r e s u l t s , however , p r e s e n t l a r g e individual v a r ­
i a t i ons . Another s e r i e s of expe r imen t s was a l s o conducted with five 
l a rvae which w e r e se lec ted on the ba s i s of s ize and s i m i l a r i t y of r e s p o n ­
ses to va r ious humid i t i e s . The r e s u l t s a r e given in table 5. Omitt ing 
the individual va r i a t i ons , the speed and the m e a n pe r iod of inact iv i ty of 
l a rvae in the range of 10 - 100% R. H . , s e e m to be good examples of an 
or thokinet ic or ien ta t ion (F raenke l and Gunn 1940) in which the a v e r a g e 
speed of locomotion or the frequency of act ivi ty depends on the in tens i ty 
of s t imula t ion . 

TABLE 5. The speed of movemen t of Chrysops (areata and pe r iods of 
inact ivi ty in uni form humid i t i e s in type 2 c h a m b e r s a t 85 foo t -cand les . 

15 l a r v a e at 27. 1 ± 1. 6 C 
Mean speed Mean pe r iod 

% R . H. c m / m i n S E of inact ivi ty S E 

10 0.55 0. 14 6 . 7 1 .6 
4 0 0 .61 0 .18 7 . 2 1 .4 
80 1.20 0. 30 4 . 1 1 .3 
90 1.24 0 .20 2 . 9 1 . 0 

100 1.64 0 .31 1.7 0 . 6 

5 l a r v a e at 26 .4 ± 1. 1 C 
Mean speed 

% R . H . c m / m i n S E 

10 0.16 0. 15 
4 0 0 . 2 1 0. 19 
80 1.03 0.47 
90 0.86 0 .29 

100 1.05 0 .34 

Rate of Moisture Loss 

F i g u r e 6 shows the pe rcen tage lo s s of weight in C. mitis in s u c c e s -
s i v e h o u r s during des icca t ion in d ry a i r a t 21C. The weight of two ba tches 
showed a lmos t no fur ther change after des icca t ion for 18 h o u r s . A c c o r -
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ding to th is the m e a n wate r content of l a r v a l C. mitis i s 79. 5%. 
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Des icca t ion begins to cause m o r t a l i t y of l a r v a e v e r y soon. After 
6 h o u r s of exposure to dry a i r (average weight l o s s 33.5%) m o s t of the 
l a r v a e w e r e unable to move and 15% of them had a l r e a d y died. After 8 
h o u r s (average weight l o s s 49 . 5%) a l l the l a r v a e w e r e dead. The r a t e of 
wate r l o s s follows a s igmoid p r o g r e s s and the result 's conf i rm the p r e ­
l i m i n a r y obse rva t ions that l a r v a e cannot su rv ive d r y condit ions for m o r e 
than 13 h o u r s . 

Reactions in Humidity Choice Chambers 

The r e s u l t s of 12 e x p e r i m e n t s a r e shown in table 6. The a v e r a g e 
m e a n exces s p e r c e n t a g e of a l l con t ro l s was 4 . 15% which roughly app rox ­
ima ted the t h e o r e t i c a l value for no r e a c t i o n . The r e s u l t s show that below 
50% R . H'. l a r v a e a r e quite unaffected by d i f fe rences of 30% or even 40% 
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R . H . , but they show some r eac t i on when the a l t e rna t i ve humidi ty offered 
is c lose to sa tu ra t ion . Thus some r eac t ion i s found in each of 100 : 90, 
9 0 : 6 0 , 90 : 40, 90 : 30, and 70 : 30 R . H . None of these r eac t ions can, 
however , be r e g a r d e d a s in tense except that of 90 : 30 w h e r e 61 l a r v a e 
w e r e r e c o v e r e d from the wet s ide , 29 f rom the d r y s ide and the r e m a i n ­
ing 10 posi t ion r e c o r d s w e r e from the middle zone. This p a r t i a l avoid­
ance of the d r y s ide gives an excess pe rcen tage on the wet s ide of 35. 5 
and a W/D ra t io of 2 : 1. 

TABLE 6. R eacti on s of l a r v a l Chrysops to a l t e rna t ive r e l a t i ve humid i t i e s . 

In tensi ty of 
% R.H. 

High Low 
Position Records 

Wet Dry Middle 
Reaction as: 

Excess% Ratio W/D 

C. imcata, m e a n s of 5 expe r imen t s with 100 l a rvae at 25. 6 ± 0. 6 C, type 1 
chamber , 85 foo t -candles . 

100 90 53 38 9 16.5 1.4 
100 80 44 47 9 -3.3 0.9 
90 70 53 44 3 9.3 1.2 
90 60 52 37 11 16.9 1.4 
90 40 56 36 8 21.7 1.6 

* 90 30 61, 54,43 29 36, 50 10, 10,7 35.5,20,-7.5 2 1,1.5,0.9 
80 30 54 40 6 14.9 1.4 
70 30 54 36 10 20.0 1.5 
50 30 47 41 12 6.8 1.1 
50 20 38 45 17 -8.4 0.8 
50 10 44 51 5 -7.4 0.9 
20 10 47 47 6 -1.1 1.0 

C. mitis, m e a n s of 10 exper iments with 50 l a r v a e at 26. 1 + 0. 6 C, type 3 
c h a m b e r , r e d l ight . 

100 90 19 23 8 -9.5 0.8 
100 80 27 21 2 12.5 1.3 
90 70 18 28 4 -21.7 0.6 
90 60 19 18 13 2.7 1. 1 
90 40 19 20 11 -2.6 0.9 
90 30 22 21 7 2.3 1.0 
80 30 22 25 3 -6.4 0.9 
70 30 19 18 13 2.7 1.1 
50 30 25 20 5 11.1 1.3 
50 20 24 23 3 2.1 1.0 
50 10 22 20 8 4.8 1.1 
20 10 23 11 16 35.3 2.0 

* 90 : 30 exper iment r epea t ed and again r e p e a t e d in the da rk . 
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To check the above r e s u l t s it was thought n e c e s s a r y to u s e type 3 
humidi ty choice c h a m b e r s for another se t of e x p e r i m e n t s . Since the 
a n i m a l s a r e s m a l l and s luggish , t h e u s e o f such c h a m b e r s would d e c r e a s e 
the space and consequent ly i n c r e a s e the f requency of l a r v a e encounter ing 
the humidi ty boundary (Wellington I960). F u r t h e r , in t he se e x p e r i m e n t s , 
l ight a s a va r i ab l e factor was con t ro l l ed by cover ing the humidi ty c h a m ­
b e r s with a p iece of b lack cloth and the m o r e ac t ive l a r v a l C. mitis w e r e 
u sed . It was expected that under t he se condit ions the humidi ty r eac t ion 
of l a r v a e might p rove to be an in tense one. The r e s u l t s of 12 such ex­
p e r i m e n t s a r e a l so s u m m a r i z e d in table 6. The a v e r a g e m e a n exces s 
pe r cen t age of a l l controls , was 1.3 which approx ima ted the t heo re t i ca l 
value for no r e a c t i o n . Thus ne i the r t h e u s e o f s m a l l a l t e rna t i ve humidi ty 
c h a m b e r s nor the cont ro l of l ight and the u s e of r e l a t ive ly ac t ive l a r v a e 
improved t h e m e t h o d for inves t iga t ing the humidi ty r e a c t i o n s . However , 
s t i l l another set of e x p e r i m e n t s was conducted with the type 1 chamber 
in the hope of r epea t ing the signif icant r e ac t i on in 90 : 30% R . H . The 
r e s u l t s of t he se e x p e r i m e n t s a r e a l so given in table 6. The data show 
that t h e r e is h a r d l y a n y r e a c t i o n over t h r e e h o u r s in the da rk . C lea r ly , 
l a r v a l C. turcata and C. mitis show only a r a t h e r s l ight tendency to col lec t 
on the m o i s t e r s ide . 

Reactions to the Moisture Content of the Substratum 

The r e s u l t s a r e included in tab le 7, and show that l a r v a e move 
fas te r with i n c r e a s i n g m o i s t u r e . The tendency to burrow, and to c l imb 
the wal l of the conta iner a r e a l so g r e a t e r a t h igher p e r c e n t a g e of m o i s t u r e 
than a t l ower . On the other hand, pe r iod of inac t iv i ty , d is t inc t elevat ion 
of the head capsu le and inabi l i ty to hold on the s u r f a c e o l the a r e n a , e . g . , 
ro l l ing , a r e cons ide rab ly h igher a t the lowest pe r cen t age m o i s t u r e . Such 
behaviour a p p e a r s to be due to physio logica l ins tabi l i ty , p e r h a p s caused 
by lo s s of wa te r through evapora t ion . These r e s u l t s a r e cons i s t en t with 
those obtained in expe r imen t s with cons tant humidi ty c h a m b e r s , where 
l a r v a e se ldom showed any r ap id c rawl ing or bu r rowing movemen t under 
low h u m i d i t i e s . 

Discussion 

Most of the expe r imen t s w e r e des igned to find out whether t h e r e 
w e r e any k l inokine t ic , k l ino tac t ic , or or thokinet ic r eac t i ons of l a r v a l 
tabanids t o m o i s t u r e . No in fo rma t ion on kl inokinet ic and kl inotact ic r e ­
sponses was obtained. However , as the pe r cen t age act ivi ty and speed in 
c m / m i n of the l a r v a e i n c r e a s e with i n c r e a s i n g m o i s t u r e conditions and 
a t the s a m e t ime the m e a n pe r iod of inac t iv i ty d e c r e a s e s , a t r u e o r tho -
k ines i s i s a major pa r t o l the or ien ta t ion m e c h a n i s m which would b r ing 
about aggrega t ion of l a r v a l C. mitis and C. turcata in a d ry p lace if the r e ­
sul ts a r e to be i n t e r p r e t e d in the conventional way. Such an explanat ion 
is confusing in view of the following fac t s : (1) In na tu re ne i ther l a r v a l 
nor pupal s t ages of the spec ies s tudied a r e found in dry p l a c e s . (2) In 
the choice c h a m b e r a p p a r a t u s l a r v a e do not show any p r e f e r e n c e for the 
d r y s ide ; and (3) The inac t iv i ty and a b n o r m a l behaviour p a t t e r n of l a r v a e 
in low R . H . and m o i s t u r e pe r cen t age of s u b s t r a t e a r e obviously produced 
by the in jur ious effects of d r y a i r . It follows that the hygro or thokines i s 
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could not poss ib ly b r ing about l a r v a l aggrega t ion in d r y p l a c e s . Now, 
m o i s t soi l is the p r e f e r r e d habi ta t of tabanid l a r v a e and while the l a b o r ­
a to ry condit ions included m o i s t u r e , the soil with i t s a s s o c i a t e d fac to r s 
( th igmotact ic , t ex tu ra l , food, e t c . ) we re absen t . T h e r e f o r e , the m o i s t 
s u b s t r a t e in the l a b o r a t o r y expe r imen t s would tend to produce an o r t h o -
kinet ic r eac t ion , s ince in m o i s t soil the l a r v a e a r e r e l a t ive ly inac t ive . 
P o s s i b l y then, the l a r v a e a r e s t imula ted under m o i s t condit ions to r e a c t 
o r thok ine t i ca l lyun t i l the ideal condit ions of m o i s t soi l a r e r e a c h e d . A l ­
though the signif icance of such an or thokinet ic r e ac t i on in t e r m s of b e ­
haviour under na tu r a l condit ions is open to quest ion it s e e m s l ikely that 
such a r eac t ion would s e r v e a s a se lec t ive r e s p o n s e dur ing m i g r a t o r y 
p h a s e s of l a r v a e f rom water to the bank of the pool and f rom the ve ry 
m o i s t soi l to the sl ightly d r i e r ground. Another poss ib le explanation is 
that l o w m o i s t u r e conditions would b r ingabou t t e m p o r a r y a r r e s t of l a r v a l 
growth and consequent ly , no movement , while the act ivi ty of l a r v a e could 
be brought on again by m o i s t condi t ions . Such t e m p o r a r y a r r e s t of a c ­
tivity dur ing d r y conditions and subsequent ly i n c r e a s e d act ivi ty under 
m o i s t condit ions a r e quoted by Wigglesworth (1953) amongs t l a r v a l s t ages 
of some Dip te ra . 

TABLE 7. Types of ac t iv i t i es of l a r v a l C. otitis under va r ious p e r c e n t a g e s 
of m o i s t u r e . Each f igure r e p r e s e n t s 10 obse rva t ions involving 50 l a r v a e . 

% Mean speed 
M o i s t u r e c m / m i n S E 

2 . 3 1.99 ± 0 .44 0. 13 
12. 0 1.95 ± 0 . 4 8 0. 15 
2 4 . 4 2 .32 ± 0 .94 0 .29 
4 1 . 5 3 .90 ± 1. 10 0. 34 
7 7 . 5 4 . 8 0 ± 1 . 5 0 0.47 

The expe r imen t s on des icca t ion show that this is a r e a l p e r i l to 
l a r v a l t aban ids . However , the in i t ia l con t rac t ion of the l a r v a l body wall 
in r e s p o n s e to a continuous s t imulus of low R . H . pe rcen tage s e e m s to 
cont ro l wa te r l o s s a t l e a s t for a shor t t i m e . The l a r v a is incapable of 
main ta in ing the con t r ac t ed condit ion af ter a c e r t a i n amount of wa te r i s 
los t . These obse rva t ions and the data on rap id loss of weight of C. mitis 
on des icca t ion ind i rec t ly suppor t the view (Gunn 1933, P a l m e n and 
Suomalainen 1945) that m o s t of the lo s s of weight of an a r t h ropod on 
des icca t ion is due to evapora t ion of water f rom the in tegument . 

TEMPERATURE REACTIONS OF LARVAL TABANIDS 

The works of Mi l l e r (1929), F a l c o n e r (1945), and Hafez (1953) 
sugges t that the r a t e of movemen t of l a r v a l i n sec t s is d i r ec t ly p r o p o r ­
t ional to t e m p e r a t u r e over a wide r a n g e . Omardeen (1957) r e p o r t e d that 
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when second i n s t a r l a r v a e of Aedes aegypti w e r e subjected to a t e m p e r a t u r e 
g rad ien tbf 8 - 42 C, m o s t l a r v a e agg rega ted over the range of t e m p e r ­
a t u r e 23 - 32 C. Th i rd and fourth i n s t a r l a r v a e and pupae showed a p r e ­
fe rence for 28 - 32 C. L i t e r a t u r e pe r t inen t to behav ioura l work with 
aquat ic i n s e c t s or f o rms living in semi- f lu id m e d i a i s s c a r c e . I have 
s tudied ac t iv i ty and r a t e of c rawl ing of l a r v a l C. mitis and C. turcata in 
r e l a t i on to t e m p e r a t u r e . The t e m p e r a t u r e p r e f e r e n c e of C. mitis was a l so 
s tudied. 

In the pas t , t h r e e kinds of obse rva t ions have been m a d e on the ef­
fects of t e m p e r a t u r e on the locomoto ry ac t iv i ty of i n s e c t s . Shapley (1920) 
m e a s u r e d the speed of c reep ing of ants at v a r i o u s t e m p e r a t u r e s , the ob­
j ec t being to find the ' n o r m a l r ange of t e m p e r a t u r e s for the locomotory 
ac t iv i ty 1 . Chapman et al. (1926), as quoted by Nicholson (1934), r a i s e d 
the t e m p e r a t u r e of a v e s s e l containing va r ious i n sec t s at a r a t e of 21 C 
pe r hour and r e c o r d e d quant i ta t ively the kinds of ac t iv i ty . Nicholson 
(1934) e s t ima t ed the p ropor t i ons of ac t ive or inact ive individuals in s e v e r a l 
ba tches of blowflies under given t e m p e r a t u r e condi t ions . Shapley ' s and 
Nicho l son ' s me thods have been adopted for the p r e s e n t e x p e r i m e n t s . 
O m a r d e e n ' s (1957) me thod s l ight ly modif ied a s d e s c r i b e d below was u s e d 
for the t e m p e r a t u r e p r e f e r e n c e e x p e r i m e n t . 

Experimental Methods 

Six cons tan t t e m p e r a t u r e r o o m s a t 5, 10, 15, 20, 25, and 20 C w e r e 
u sed . Higher t e m p e r a t u r e s (35, 37, 40 and 42 C) w e r e obtained by two 
wate r b a t h s . T e m p e r a t u r e s w e r e checked before and after each e x p e r ­
iment with a t e l e t h e r m o m e t e r . Glass p la te t e m p e r a t u r e s obtained by 
the u s e of the wate r ba ths v a r i e d + 2 C in t i m e and + 0. 8 C over, the pla te 
and hence the a v e r a g e t e m p e r a t u r e s for t h e s e w e r e r e c o r d e d . 

The a n i m a l s u s e d for the ac t iv i ty r e c o r d s cons i s t ed of two ba tches 
of ten l a r v a e of C. turcata. These w e r e s t o r e d at 10 C for twenty days in 
the da rk . Before each expe r imen t the l a r v a e w e r e t r a n s f e r r e d to a p e t r i 
d ish containing 1 c m of tap w a t e r , and w e r e then left at the cons tan t t e m ­
p e r a t u r e of the p a r t i c u l a r expe r imen t for eight h o u r s . F o r the h igher 
t e m p e r a t u r e e x p e r i m e n t s the p e t r i d ish was p laced on a g l a s s pla te s u s ­
pended over a wa te r ba th . The f i r s t r ead ing on c rawl ing ( c r i t e r ion for 
act ivi ty) was taken af ter seven h o u r s and four fur ther r ead ings w e r e 
m a d e at fifteen minu te i n t e r v a l s . T h e s e r e a d i n g s w e r e r e c o r d e d dur ing 
a pe r i od of 30 seconds each t i m e on ba tches 1 and 2 with the he lp of a 
white diffuse l ight of 55 foot -candles and a r e d l ight of 2. 5 foot -candles 
r e s p e c t i v e l y . 

Two ba tches of ten l a r v a e each of C. mitis w e r e used for d e t e r m i n ­
ing the speedof m o v e m e n t at v a r i o u s t e m p e r a t u r e s . Observa t ions w e r e 
taken only af ter an an ima l had been a t l e a s t two h o u r s a t the expe r imen ta l 
t e m p e r a t u r e . However , one ba tch of l a r v a e was exposed to the e x p e r i ­
m e n t a l t e m p e r a t u r e for 8 h o u r s before r ead ings w e r e taken on speed of 
m o v e m e n t . S e v e r a l g l a s s p la tes up to 132 x 100 c m w e r e used on which 
the l a r v a e m a d e the i r own t r a i l s . Again the g lass p la tes w e r e p laced 
over a wa te r bath for the high t e m p e r a t u r e e x p e r i m e n t s . Each l a r v a was 
al lowed to c r a w l for 15 minu t e s and the a v e r a g e speed in c m / m i n was 
r e c o r d e d . 
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All expe r imen t s on the r a t e of movement w e r e c a r r i e d out in the 
da rk . The only l i gh tused at the t ime of p lac ing the l a rvae on the e x p e r i ­
men ta l g lass p la tes was a r ed light of 2. 5 foot -candles in tens i ty . Since 
dif ferences in speed between individuals w e r e cons ide rab le in the da rk , 
l a rva l photonegative behaviour in a b e a m of hor izon ta l l ight was ut i l ized 
and a l a t e r a l l ight sou rce of 55 foot -candles was used for one s e r i e s of 
m e a s u r e m e n t s to r educe the individual va r i a t ions as well as to seek p o s ­
s ible effects of l ight in combinat ion with the expe r imen ta l t e m p e r a t u r e s . 
Two ba tches of C. lurcata l a r v a e w e r e used; one in .the da rk and one under 
a l a t e r a l l ight . 

T e m p e r a t u r e grad ien t expe r imen t s w e r e c a r r i e d out in an appa ra tus 
s i m i l a r that as de sc r i b ed by Omardeen (1957). This cons i s t ed of a thin 
sheet m e t a l t rough, 35. 5 x 5 x 7 c m with 1 c m layer of 2 - 3 pe r cen t 
agar in tap w a t e r . The t rough was fixed over a thick copper p la te , 59 .5 
x 10 c m . An extended pa r t , 7 x 5 cm, of the t r ough ' s floor was i m m e r s e d 
in a f reezing m i x t u r e of ice and sal t , and cold water was c i r cu la t ed in 
the copper p la te a t the cold end. An e l ec t r i c flat i m m e r s i o n h e a t e r was 
used to hea t the copper plate f rom the other end. Thus by cooling one 
end of the pla te and heat ing the other a t e m p e r a t u r e gradient in the agar 
solution ranging f rom 9.7 - 34. 8 C was ma in ta ined . 

The floor of the t rough was m a r k e d off into 14 sec t ions of one inch 
each. The t e m p e r a t u r e a t t h e m i d d l e o f each sec t ion was m e a s u r e d with 
a te le ther r r tometer and the slope of the t e m p e r a t u r e grad ien t was found 
to be uni form and main ta ined a lmos t constant over pe r iods of two h o u r s . 
A 47 x 10 cm f luorescen t l amp was constant ly u sed overhanging the t rough . 
The light in tens i ty on the floor of the t rough was 210 ±5 foo t - cand les . 

A hundred C. mitis l a r v a e w e r e used in the t e m p e r a t u r e p r e f e r e n c e 
e x p e r i m e n t s . These w e r e s to red a t 21 .4 + . 5 C for two weeks p r io r to 
exper imenta t ion . Only those l a r v a e which showed the l e a s t i l l effects of 
hea t w e r e used . In each exper imen t ten l a r v a e w e r e evenly sp r ead over 
sect ion seven (20. 8 C) of the t rough and the n u m b e r s of l a r v a l posi t ions 
in each sec t ion w e r e counted at 5 minute i n t e rva l s for 30 m i n u t e s . Each 
s e r i e s of expe r imen t s was r epea t ed ten t i m e s . 

Activity and Speed at Uniform Temperatures 

The r e s u l t s a r e s u m m a r i z e d in fig. 7. It will be seen that at any 
t e m p e r a t u r e f rom 10 - 37 C the pe r cen t age act ivi ty in batch 1 r e c o r d e d 
under a 55 foot -candles l igh twas always h igher than that in batch 2, the 
a v e r a g e i n c r e a s e being 32%. This obvious difference is a t t r ibu ted to 
the l ight . However , the two se t s of data on the two ba tches a r e conf i r ­
m a t o r y to each other in so far as the act ivi ty under a n o r m a l r ange (15 
- 25 C) of t e m p e r a t u r e is concerned . Nei ther batch shows any apprec iab le 
act ivi ty up to 10 C. At 15 C the ac t iv i ty suddenly r i s e s in each batch and 
r e m a i n s a lmos t constant up to 25 C. The deg ree of constancy of ac t iv i ty 
in this t e m p e r a t u r e r ange (15 - 25 C) sugges t s that these t e m p e r a t u r e s 
a r e not ha rmfu l . This t e m p e r a t u r e r ange of 15 - 25 C a p p e a r s to be the 
p r e f e r r e d zone of l a r v a l C. lurcata. 

At 37 C a n a v e r a g e o f 30 pe rcen t m o r t a l i t y was noted for each batch 
of l a r v a e . The r e m a i n i n g 70 p e r c e n t of the l a r v a e a t the end of the ex ­
p e r i m e n t a t 42 C w e r e a l so dead. Thus the t e m p e r a t u r e r a n g e of 37 -
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42 C is le thal to the l a r v a l C. furcata under these condi t ions . 

10 20 30 40 
°C 

F i g . 7. Effect of t e m p e r a t u r e on the act ivi ty of l a rvae C. furcata , o% a c ­
tivity under r ed light, • % act ivi ty under white light, • speed under l a t e r a l 
l ight, • speed in d a r k n e s s ; • l a rva l C. mitis speed in d a r k n e s s . 

The m e a n values of speed c m / m i n of C. mitis i n c r e a s e ve ry gradual ly 
in the t e m p e r a t u r e range of 5 - 25 C and a r e a l so included in fig. 7. The 
speed is roughly constant a t 25 and 30 C and is d e c r e a s e d at 35 C and 40 
C. Thus the t e m p e r a t u r e zone for m a x i m u m speed i s 25 - 30 C. 

The data obtained with the two ba tches with d i f f e r en tp r e t r ea tmen t 
condit ions p r io r to the expe r imen ta l t e m p e r a t u r e s a r e c lose ly s i m i l a r . 
It s e e m s , t h e r e f o r e , that such precondi t ioning has l i t t le influence on the 
r a t e of movemen t of the l a r v a l C. mitis. 

The m e a n values of speed of C. furcata at any t e m p e r a t u r e for batch 
2 a r e a lways h igher than batch 1. Since the exper imen ta l conditions were 
the s a m e for e i ther batch except that the l a t e r a l l ight source was used 
for batch 2, it is obvious that the difference in speed is caused by the 
influence of l ight. Leaving as ide the difference produced by light, _the 
two s e r i e s of data a r e c lose ly s im i l a r to each other in r e s p e c t to m i n i ­
m u m speed at 5 C, i nc r ea s ing speed with i n c r e a s i n g t e m p e r a t u r e and 
the amount of va r i a t ion shown by the l a r v a e . The t e m p e r a t u r e zones for 
m a x i m u m speed, however , a r e s l ightly different in each batch. 

C. mitis shows a h igher speed than C. furcata throughout the t e m p e r ­
a t u r e range of 10 - 40 C. The r a t e of movemen t a t 40 C does not d im­
in ish s teeply . .However, a l l l a r v a e of both spec ies died at 40 C. 
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The Distribution of Larvae in the Temperature Gradient 

The r e s u l t s of 40 expe r imen t s including the cont ro l and r e p r e s e n ­
ting some 3000 posi t ion r e c o r d s a r e s u m m a r i z e d in fig. 8. Under con­
ditions of uni form t e m p e r a t u r e and i l luminat ion the l a r v a e moved f reely 
along the t rough aggrega t ing at both ends . This 'end effect1 is c l e a r l y 
shown in the h i s t o g r a m for the cont ro l e x p e r i m e n t s . 

F i g . 8. The d i s t r ibu t ion of l a r v a l C. mitis in t e m p e r a t u r e - g r a d i e n t s ; 
above, con t ro l , aga r solution t e m p e r a t u r e c o n s t a n t a t 2 1 . 5 ±0. 5°C; below, 
t e m p e r a t u r e - g r a d i e n t 1 7 - 3 1 . 5 C C , light in tens i ty 210 ± 5 foo t -cand les . 

The t e m p e r a t u r e grad ien t expe r imen t s show that the l a r v a e a g ­
g rega te in the e x t r e m e cold end of the t rough, the m a x i m u m number of 
posi t ion r e c o r d s being obtained f rom sect ion 1 w h e r e the t e m p e r a t u r e 
was 9 .7 C. The l ea s t number of posi t ion r e c o r d s appear between s e c ­
t ions 6 - 13, unti l a t the ho t tes t end the d i s t r ibu t ion of l a r v a e is fa i r ly 
s i m i l a r to those in sec t ions 2 - 3 . This d i s t r i b u t i o n ' s due to different 
r e ac t i ons displayed by the l a r v a e a t the two ends of the t e m p e r a t u r e 
grad ien t . D i r e c t obse rva t ions sugges t that when l a r v a e a r e f i r s t i n t r o ­
duced into the g rad ien t , they tend to m o v e towards the hot end. But a s 
t ime p a s s e s many of them tu rn by a ' t r i a l and e r r o r 1 method of o r i e n ­
tat ion and c r a w l towards the cold end. Some of the l a r v a e do, however , 
r e a c h the ho t t e s t end and a r e forced to r e m a i n t h e r e by the pathological 
effects of hea t . All l a r v a e on r each ing the ho t t e s t end showed i n c r e a s e d 
r a t e of movemen t and an occas iona l tendency to c l imb and b u r r o w for 
awhi le . With t i m e , however , the behaviour changed to r ap id prob ing , 
coil ing, and ro l l ing sugges t ing s t ages of d i s t r e s s and los s of con t ro l . 
F e w l a r v a e under t he se condi t ions , could move in the d i r ec t ion of the 
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cold end of the g rad ien t . On the other hand, the aggrega t ion at the cold­
es t end o c c u r s owing to s l owmovemen t and deer easing act ivi ty of l a rvae 
with t i m e . F u r t h e r obse rva t ions sugges t that l a r v a l a g g r e g a t i o n i s a l so 
influenced to a g r ea t extent by the 'end effect' at the coldes t end. This 
end effect was different f rom that of the ho t tes t end s ince l a rvae h e r e 
formed inact ive groups main ly in the c o r n e r s of the t rough; th igmotaxis 
a p p e a r s to be a potent factor in producing l a r v a l aggrega t ions at the 
co ldes t reg ion . The impor t ance of cold, however , is supported by the 
r e s u l t s as shown in fig. 7 where the l eas t pe rcen tage act ivi ty and speed 
in c m / m i n have a l r eady been demons t r a t ed in the uniform t e m p e r a t u r e 
range of 5 - 10 C. 

L a r v a l C. mitis do not exhibit any c lea r ' t e m p e r a t u r e p r e f e r e n c e ' 
under these expe r imen ta l condi t ions , pe rhaps because of the s t eepness 
of the t e m p e r a t u r e g rad ien t . A few expe r imen t s w e r e c a r r i e d out with 
the s a m e batch of l a r v a e but in a t e m p e r a t u r e gradient where the t e m ­
p e r a t u r e ranged f rom 17 - 31 . 5 C r e p r e s e n t i n g only twelve one inch 
sec t ions of the m e t a l t rough . Ten l a r v a e w e r e evenly sp read over s e c ­
t ion s ix of the t rough and the number of the l a r v a l posi t ions counted in 
each sect ion at 5 minute i n t e rva l s for 60 m i n u t e s . The i n c r e a s e in r e ­
cording t ime i n c r e a s e d the chances of a l a r v a coming into contact with 
a l l the p a r t s of the t e m p e r a t u r e grad ien t s e v e r a l t i m e s . The h i s t o g r a m 
for this s e r i e s of expe r imen t s i s of c o m p a r a b l e significance with the 
o thers s ince each is based on 1200 posi t ion r e c o r d s . A compar i son 
shows: (1) a s l ight i n c r e a s e in the number of posi t ion r e c o r d s at the 
ho t tes t end; but (2) a cons ide rab le d e c r e a s e in the number of posi t ion 
r e c o r d s at the co ldes t end; and (3) the p r e s e n c e of a middle range of 
l a r v a l aggrega t ion a t a t e m p e r a t u r e of 22 - 24 C. These differences in 
the d i s t r ibu t ion pa t t e rn a r e a t t r ibu tab le to the difference in t e m p e r a t u r e 
r ange and slope of the g rad ien t . L a r v a l C. mitis in the 17 - 31 .5 C g r a ­
dient showed continuous act ivi ty both at the cold and the hot end of the 
g rad ien t . Obse rva t ions , however , again indicated that aggrega t ions at 
the ends a r e main ly a t t r ibu tab le to th igmotax i s . Among the l a r v a e r e ­
main ing outs ide the cold and hot sec t ions the t e m p e r a t u r e zone of 22 - 24 
C a p p e a r s to be p r e f e r r e d . 

Discussion 
Var ious w o r k e r s (Shapley 1924, C r o z i e r and St ier 1925, Boden-

h e i m e r and Klien 1930, F a l c o n e r 1945, and Hafez 1950) have analyzed 
the i r data on the r a t e of m o v e m e n t of i n sec t s on the ba s i s of the Q^Q r u l e 

or the A r r h e n i u s equation (Croz ie r 1924). The va lues of Q . Q and the 
c r i t i c a l i n c r e m e n t (|J.) for the A r r h e n i u s equation a r e about 2 - 3 and 
10, 000 - 18, 000 r e s p e c t i v e l y . Examinat ion of the cu rves in fig. 7 shows 
no r e s e m b l a n c e to the usua l type of Q i o o r A r r h e n i u s curve except b e ­
tween 10 - 30 C. This p a r t i a l r e s e m b l a n c e of the c u r v e s to the Qio 
cu rve is to be expected s ince M i l l e r ' s (1929) study on Lucilia l a r v a e and 
C r o z i e r and S t i e r ' s (1925) work on the c a t e r p i l l a r s of Malacosoma s p . , 
sugges t that the f requency of m u s c u l a r con t rac t ion v a r i e s d i r ec t ly with 
the expe r imen ta l t e m p e r a t u r e s but the ampl i tude of cont rac t ion waves is 
cons tant in the n o r m a l r ange of t e m p e r a t u r e and d e c r e a s e s outside these 
l i m i t s . Since the n o r m a l r ange of t e m p e r a t u r e for l a r v a l tabanid act ivi ty 
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a p p e a r s to be 1 0 - 3 0 C the d e c r e a s e in the r a t e of movemen t outside this 
t e m p e r a t u r e zone s e e m s quite logica l . These r e s u l t s suppor t the views 
of Uvarov (1931) and Mellanby (1939) that the r a t e of m o v e m e n t or a c ­
t iv i t ies of i n sec t s within the n o r m a l l imi t s is not cons tant but i n c r e a s e s 
with r i s ing t e m p e r a t u r e . 

The l a r v a l aggrega t ion in sec t ions 6 - 7 of the g rad ien t , which had 
a m e a n t e m p e r a t u r e of 23 C has been sugges ted as due to a t r ue t e m p e r ­
a t u r e p r e f e r e n c e of the l a r v a e . Since the other r eac t i ons to t e m p e r a t u r e 
de sc r i bed sugges t a number of n o r m a l r anges of t e m p e r a t u r e for l a r v a l 
tabanids a ' t e m p e r a t u r e p r e f e r e n c e value 1 was ca lcu la ted f rom the data 
obtained with the t e m p e r a t u r e g r a d i e n t s , us ing the p r o c e d u r e r e c o m ­
mended b y H e r t e r (1953). T h e n u m b e r s o f l a r v a e r e c o r d e d f rom the ends 
of the g rad ien t s w e r e omi t ted s ince such l a r v a l pos i t ions w e r e due to end 
effects . The m a x i m u m act ivi ty t e m p e r a t u r e s r ange f rom 2 1 . 9 - 28 .4 C 
and, under l a b o r a t o r y condi t ions , l a t e r a l l ight p roduces a m o s t n o t i c e a b l e 
effect. The ' t e m p e r a t u r e p r e f e r e n c e ' va lues v a r y l i t t le and range f rom 
19. 3 - 24. 4 C with a m e a n of 2 1 . 4 ± 0. 8 C. This i s in c lose a g r e e m e n t 
with the value 23 C obtained f rom the t e m p e r a t u r e grad ien t e x p e r i m e n t s 
d i r ec t ly . 

GENERAL CONCLUSIONS 

Although l a r v a l tabanids w e r e exposed to s implif ied condit ions of 
l ight, t e m p e r a t u r e , humidi ty , and m o i s t u r e which a r e not s e p a r a b l e in 
n a t u r e , the r e s u l t s obtained in the foregoing sec t ions can be r e l a t e d to 
the ecology of the l a r v a e in the i r n o r m a l env i ronmen t . 

Very few soil bu r rowing insec t s a r e other than negat ive ly photo-
tac t ic (Cameron 1917). L a r v a l tabanids r e a c t to light e i ther by c rawl ing 
or by suddenly withdrawing the head capsu le . A gene ra l sens i t iv i ty to 
light r e su l t i ng in mo to r r e s p o n s e would keep the l a r v a e bur ied in the 
soil and consequent ly p ro tec t them aga ins t wander ing into i l luminated 
a r e a s where they would be exposed to p r e d a t o r s and des i cca t ion . This 
m a y be why even the pupae a r e found cove red under leaves or vegeta t ion . 

Reac t ion t ime expe r imen t s showed that l a rvae a r e able to i n t eg ra t e 
l ight energy over pe r iods of seconds and to u t i l i ze the effect to p roduce 
a d i rec t iona l r e s p o n s e . Severa l eye les s an ima l s have been shown to p o s ­
ses this abi l i ty (North 1957). The m e c h a n i s m of in tegra t ion of light 
might be of advantage to a l a rva in the d a r k env i ronment e spec ia l ly when 
it is m ig ra t i ng to the soi l sur face for pupat ion. 

No d i r ec t ed r eac t i on to d ry or wet a i r was obse rved in s e v e r a l 
different types of humidi ty g r a d i e n t s . T h e s e negat ive r e s u l t s a r e not at 
a l l s u r p r i s i n g s ince i t i s well known that the l a r v a e l ive in a m i c r o c l i m a t e 
which is. typical ly m o i s t and pe rhaps they do not p o s s e s s the abi l i ty of 
hygro tac t ic o r ien ta t ion . Thei r p r e s e n c e in m o i s t habi ta t s can be ex­
plained a s a r e s u l t of d i r e c t se lec t ion of such p laces by the oviposit ing 
female t aban ids . 

A cons i s ten t inact ivi ty under low pe rcen t age of R . H. and m o i s t u r e 
is shown by l a rva l t aban ids . Such a r e ac t i on under na tu r a l condit ions 
s e e m s espec ia l ly impor t an t for aes t iva t ing l a r v a e in which inac t iv i ty 
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would be induced by the d rynes s of the envi ronment and g r e a t e r act ivi ty 
by i n c r e a s i n g m o i s t u r e of the soi l . Var iab le act ivi ty of this n a t u r e d e ­
pendent on m o i s t u r e pe rcen tage has been r e p o r t e d in many soi l i n sec t s 
(Uvarov 1931). 

Publ i shed data show that the m e a n m a x i m u m t e m p e r a t u r e for July 
f rom the sur face to any depth of the soi l down to 50 cm does not exceed 
23 C in any of my col lect ing s i t e s . Since the exper imenta l ly de t e rmined 
le tha l t e m p e r a t u r e for l a r v a l tabanids is 37 - 42 C, high t e m p e r a t u r e 
cannot l imi t the d i s t r ibu t ion of these l a r v a l tabanids in the soi l in A lbe r t a . 

Hiberna t ing l a r v a l tabanids a r e subject to t e m p e r a t u r e s down to 
-3 C in sou thern Alber ta and - 8 C i n n o r t h e r n Albe r t a , if we a s s u m e that 
l a r v a e m i g r a t e down to 20 c m below the soi l sur face (Cameron 1917). 
Although no expe r imen t was conducted below 5 C, a t 5 - 10 C l a r v a l a c ­
t ivi ty va r i ed f rom 0 - 4% while the r a t e of c rawl ing was 0 .2 c m / m i n a n d 
l a r v a e in the soi l a t and below 5C become s luggish and quiescent and do 
not pupate . It s e e m s l ikely that a t e m p e r a t u r e of 5 C or lower in i t ia tes 
h ibe rna t ion . The t e m p e r a t u r e p r e f e r e n c e of t h e m a t u r e l a r v a e was found 
to be 2 1 . 4 ± 0. 8 C, a t e m p e r a t u r e which is common during J u n e - A u g u s t , 
the per iod of m a x i m u m act ivi ty of l a r v a l tabanids under field condi t ions . 

On the b a s i s of the l a b o r a t o r y findings it s e e m s imposs ib le to a s ­
s e s s the r e l a t i ve contr ibut ion m a d e by each of the foregoing physica l 
fac to rs to gene ra l behaviour of the l a r v a in i ts n o r m a l habi ta t . But it 
is highly probable that in swamps , pools and l a k e s , where t he re is no 
r i s k of des icca t ion , light and t e m p e r a t u r e a r e the m o s t impor tan t en­
v i ronmen ta l fac to rs influencing the behaviour of the l a r v a e . 

Var ia t ion in r e s p o n s e of l a r v a l tabanids to phys ica l fac tors was 
a common fea ture in this s tudy. It was not poss ib le to u s e l abo ra to ry 
r e a r e d l a r v a e s ince no sui table m e a n s of r e a r i n g l a r v a e f rom the eggs 
a r e known. Although i t was poss ib le to col lect l a r v a e in adequate num­
b e r s , s t andard iza t ion of l a r v a e for tes t ing in the l abo ra to ry was a p r o b ­
l e m . The r e s p o n s e of l a r v a e to light v a r i e d somewhat with age; for 
example , i m m a t u r e ones m a y be indifferent to l a t e r a l l ight, m a t u r e ones 
show in tense negat ive phototaxis , -whereas those which a r e about to pupate 
a r e m o r e light t o l e r an t . It w a s , t h e r e f o r e , poss ib le to se lec t l a r v a e of 
a l m o s t un i form sens i t iv i ty for l ight e x p e r i m e n t s . Screening methods 
w e r e not appl icable in humidi ty , m o i s t u r e , and t e m p e r a t u r e expe r imen t s 
s ince no d i r ec t ed r eac t i on was obtained for t he se condi t ions . 
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