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Summary. The period between oviposition and the start of hatching varied 
from about 17 weeks at 3~ to about 1 week at 22 ~ C, and the length of the 
hatching period varied from about 34 days at 3~ to about 3 days at 22 ~ C. 
Regression equations are provided to estimate the lengths of both periods at all 
temperatures between 3 ~ C and 22 ~ C. 

Introduction 

Several  workers have  found tha t  t iny  nymphs  of Bagtis rhodani (Pictet) 

are present  in the benthos for long periods of t ime (e.g. Macan, 1957; 

t Iynes ,  1961; Ell iot t ,  1967). These nymphs  m a y h a v e  lived for several 

months  wi thout  growing, or they  m a y  have  only recent ly  ha tched  f rom eggs 

which remained unha tched  for long periods. This la t ter  conclusion was con- 

f i rmed by Illies (1959) who found t h a t  eggs of Bagtis took up to 297 days 

to ha tch  in the laboratory.  As the phenomenon  of delayed hatching 

could cause serious errors in calculations of growth ra te  and product ion,  

i t  is impor t an t  to discover the length of the period of delayed hatching 

a t  different  t imes of the year. This was the chief purpose of the present  

study.  

Materials and Methods 
Oviposition occurs underwater. The female lands on a partially submerged stone 

in rapidly flowing water, folds her wings along the abdomen, then walks under 
water and appears to search for a suitable oviposition site, usually on the under- 
side of the stone. She always faces the current and swings her abdomen from side 
to side until a row of eggs is laid in an are. The female moves slowly forward 
and thus lays contiguous rows of eggs to form a flat semi-circular plate with 
its concave edge facing the current. When oviposition ceases, the female may walk 
out of the water and fly away, but she is usually swept away downstream. As 
oviposition occurs in daylight, especially in the afternoon, it was possible to collect 
freshly laid eggs. On three occasions, the female was still on the stone and continued 
to lay her eggs when the stone was out of the water. 

The eggs were counted on the stones which were then enclosed inside bags in 
the stream or in trays in the laboratory. Each bag was double walled with an 
inner bag of nylon sifting cloth (aperture 75 ~, 68 meshes/cm) and an outer bag 
of "Tygan" plastic screening (aperture ca. 1 ram2). The bags and stones were washed 
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Table 1. Water temperature and number of eggs in each experiment. The numbers of 
dead embryos and hatched eggs are expressed as percentages of the total eggs in 

each experiment 

Month of Laboratory experiments Stream 
oviposition 

XI X II I  X IV V V VII VII X III  V 

Temperature 
(~ C) 
Mean and range 

Number 
of eggs 

Dead embryos 
(%) 

Hatched eggs 
(%) 

3.0 4.0 5.2 6.8 8.4 10.0 16 .9  19 .8  22.0 
•  •  ~:1.3 •  ~-1.5 --1.3 -~1.0 •  :~2.3 

238 416 796 861 1102 600 786 481 243 

0.4 0.5 0.1 0.4 0.4 0.2 0.4 0.4 0.8 

81.1 88.0 97.0 98.6 98.0 96.0 81.0 78.0 72.0 

4.4 7.1 14.0 
2.3 4.8 10.4 
to to to 
8.1 11.6  17.7 

896 601 286 

0.2 0.3 

96.0 99.0 

0.7 

94.8 

in a large bowl every 2 days at temperatures above 6~ and every 4 days at 
temperatures below 6 ~ C. This procedure removed newly hatched nymphs which 
were counted and returned to the stream. When hatching had apparently ceased, 
the bags and stones were regularly examined for a further 16 days, and finally 
the dead embryos were counted. 

There was a continuous flow of water through the trays and the oxygen 
concentration was over 85 % saturation in all experiments. Natural daylight and 
darkness were used. Maximum and minimum thermometers were read and reset 
underwater every 2 or 4 days. Temperature was fairly constant in each laboratory 
experiment but varied considerably in the stream experiments (Table 1). All the 
9 laboratory experiments were successfully completed, but only a third of the 9 stream 
experiments were completed without the bags being either torn open or washed 
away in spates. 

Results 

Over 94 % of the eggs in each experiment  hatched at  water tempera- 
tures between 4.4 ~ C and  14.0 ~ C, bu t  the Percentages were significantly 
lower at  temperatures  outside this range (Table 1). There were few dead 
embryos which were always less t han  1% of the tota l  eggs in each 
experiment.  As there was a large var ia t ion  in  the number  of eggs which 
hatched at  each temperature ,  the counts of newly hatched nymphs  were 
expressed as a cumulat ive  percentage of the total  number  of hatched eggs 
( ~ 100 % ). W h e n  these cumulat ive  percentages were plot ted against  t ime 
(Y days after oviposition), they followed the normal  probabi l i ty  distri- 
bu t ion  in  each experiment  (Fig. 1). An enlarged version of Fig. 1 was 
used to est imate the number  of days required for the hatching of 0.5 %, 
50% and  99.5% of the total  number  of hatched eggs. As the counts 
were made at  2 or 4 day intervals,  agreement  with the normal  distri- 
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Fig, 1. Time required for eggs to hatch a t  different temperatures (T~ in the 
laboratory and in the s t ream (4.4, 7.1, i4.0 ~ C). Ordinate:  number  of days af ter  
oviposi~ion. Absciss~ (on probabil i ty scale) : cumulative percentage of totM number  

of eggs hatched in each experiment 

button was often poor for values outside the range 0.5-99.5 %. Therefore 
it was impossible to estimate accurately the times when hatching started 
and ended, but the 0.5 % and 99.5% points were close estimates. Tile 
relationship between the time required for hatching (Y days after ovi- 
position.) and water temperature (T ~ C) was linear on logarithmic scales 
(Fig. 2A) and is given by the regression equation: 

log Y = log a - - b  log T 
or  

Y = a T  -b (1) 

where constant b :~ 95% confidence limits = 1.37 • 003;  and constant 
a ~-520 for 0.5% hatched, 593 for 50% hatched, 677 for 99.5 % hatched. 
The length o~ ~he hatching period ( Y days) also decreased with increasing 
temperature {Fig. 2B) and the relationship between the two variables is 
given by Eq. (1) with a = 9 7  and b = 1 . 3 0 ~ 0 . 1 4  for the period over 
which 95 % of the nymphs hatched (2.5-97.5 % points) ; and a = 112 and 
b =1.25:J:0.12 ~or the period over which 99 % of the nymphs hatched 
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Fig. 2. A Relationship between the time required for hatching (Y days) and water 
temperature (T~ Crosses and solid regression line are for 50% times, dots and 
broken lines are for 0.5 % and 99.5% times. B Relationship between the length 
of the hatching period (Y days) and water temperature (T~ Crosses and solid 
regression line are for period between 2.5 % and 97.5 % times, dots and broken lines 

are for period between 0.5% and 99.5% times 

(0.5-99.5 % points).  Therefore the  per iod  between oviposi t ion and  the  s t a r t  
of ha tch ing  var ied  f rom a b o u t  17 weeks a t  3 ~ C to abou t  1 week a t  22 ~ C, 
and  the  ha tching  per iod  var ied  f rom abou t  34 days  a t  3 ~  to abou t  
3 d a y s  a t  22 ~ C. 

Discussion 

I n  a morphological  s t u d y  of embryonic  deve lopmen t  in Bagtis spp.,  
Bohle (1969) found  t h a t  50 % of the  n y m p h s  of B. rhodani ha tched  af ter  
abou t  43 days  a t  6.8 ~ C, abou t  28 days  a t  8 ~ C, abou t  13 days  a t  16 to  
18 ~ C, and  less t h a n  12 days  a t  20 ~ C. These values  are s imilar  to  those 
ob ta ined  in the  presen t  s tudy.  Al though  only three  s t r eam exper iments  
were successful in the  presen t  s tudy ,  there  was good agreement  be tween 
the  resul ts  of the  s t r eam and  l abo ra to ry  exper iments .  Therefore the  
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regression equations calculated from the results of all experiments are 
applicable to a population of Bagtis rhodani, and both the start and 
length of the hatching period can be estimated for all water temperatures 
b e t w e e n  3 ~ C a n d  22 ~ C. 
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