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Introduction 

Ross (1964) described five basic types of trichopteran larvae, free living, 

net builders, saddle case builders, purse case builders and tube case 

builders. Morphologically the three types of case builders, saddle-, purse- 

and tube- demonstrate progressive consolidation of the anal claws and 

hooks, culminating in the two anal hooks directed laterally and anchoring 

the insect in its case at the opposing mid-lateral points. Ross argued  that 

the evolution of the Trichoptera began with free living larvae, much like 

the present-day Families Rhyacophilidae and Philopotamidae, which have 

largely colonized swift-flowing mountain streams rich  in dissolved 

oxygen, and the subsequent development of the group has included the 

acquisition of adaptations which have enabled the larvae to colonise lentic 

and lotic habitats, environments characterized by higher temperatures and 

progressively more anaerobic conditions. Such larvae generally construct 

cases made of carefully selected materials bound together with silk, which 

serve not only for protection, but also as a means of ventilating the 

abdominal tracheal gills. Rhythmic undulations of the abdomen can be 

used to take water in through the front of the case and expel it through the 

back, thus increasing the gradient of oxygen concentration across the gills. 
 

The larva of the leptocerid caddis fly, Triplectides obsoleta, is common in 

streams and lakes throughout New Zealand, is large and can be easily kept 

in an aquarium. Unlike almost all other trichopteran cased larvae, which 

construct their cases out of characteristic and carefully chosen materials, it 

instead occupies hollow sticks or small twigs, and therefore has very little 

control over the internal diameter of its case. A priori,  case diameter 

should affect the efficiency of water flow through the case and hence the 

efficiency of oxygen uptake. Experiments were therefore carried out to 

determine the efficiency of oxygen extraction by the larva. 
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Methods: 
Larvae were collected from streams near Auckland and mature larvae 

selected for experiment. They were kept in aerated fresh water at 18
o
C. 

Oxygen uptake was determined by inserting a single larva into a small 

sealed box of known volume, filled with water, which was kept well 
stirred, and measuring the fall in oxygen concentration over time with a 

Beckman oxygen electrode. Measurement of ventilation frequency was 
achieved by placing an isolated larva in an artificial case made of glass 

tubing carefully pulled to reach the same internal diameter as the original 
case. The larvae could be removed from their cases by the gentle insertion 
of a blunt needle into the rear end, and after introduction into the glass tube 

they usually remained in it. The artificial case was sealed with wax into a 
Perspex partition dividing a chamber into two compartments, each of 130 

ml. A balanced thermocouple, in a Wheatstone bridge  configuration, 
placed near the rear of the tube recorded the slight change in temperature 

caused by changes in the flow rate through the tube, and this was amplified 
and displayed on a pen recorder to give a measure of the frequency of 

respiratory movements. 
 

Total water flow through the artificial case was determined using a dye 
dilution technique. The dye amaranth (Azorubin-S), was added to the 

anterior chamber to give a concentration of 0.1 mmol l
-1 

and 0.5  ml 
samples of the posterior chamber were taken at regular intervals. The two 
chambers were kept at constant volume by a siphon connecting them. Dye 
intensity was measured as absorbance at 525 nm using a Beckman 
spectrophotometer, and the volume transferred over the gills of the insect 
calculated. 

 

In all experiments the water used was well oxygenated beforehand, and 

experiments were carried out at room temperature (18
o
C) 

Results 

Respiratory movements. 

The larva (Figure 1) possesses a lateral tuft of tracheal gills on abdominal 

segments 2-7. These are irrigated by rhythmic dorsoventral undulations of 

the abdomen, which is held in position within the case by the anal claws at 

the posterior end of the abdomen, and, at the anterior end, by three   fleshy 
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protuberances of the first abdominal segment, one dorsal and two lateral. 

These rhythmic movements of the abdomen, initiated anteriorly and 

passing back to the rear, then serve to drive a flow of water from the front 

of the case to the back. 
 

 
 

 

Figure 1. The larva of Triplectides obsoleta. Legend: dp-dorsal process; g- 

tracheal gills; ht-heart; lp- lateral processes; lt –lateral line; pg-pygopod; 

pn- pronotum. 
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Oxygen consumption. 

The rate of oxygen uptake by three larvae is shown in Table 1. It was 

found to have a mean value of 4.3 nl mg fresh weight
-1 

min
-1 

at 18
o
C, 

although this varied considerably between insects. 
 
 

Weight (mg) Time (min) O2 used (μl) O2 consumption 
(μl mg

-1 
min

-1
) 

238.29 220 173.9 0.0033 

51.77 100 23.3 0.0045 

103.56 115 63.0 0.0052 
 

Table 1. Oxygen uptake by larvae of T.obsoleta in well oxygenated water 

at18
o
C 

Frequency of ventilatory movements. 
Undulations that produce an anterio-posterior flow of water through the 

case take place in the dorso-ventral plane from the second abdominal 

segment rearwards. Observations of the larvae in a ‘case’ of glass tubing 

revealed that the fleshy dorsal protuberance on the first abdominal segment 

was braced against the dorsal part of the case, pushing the ventral surface 

of the segment against the floor, thus making a firm anterior base against 

which the abdominal longitudinal dorsal and ventral muscles contract 

alternately. Posteriorly the pygopods secure the rear of the larva, while the 

lateral protuberances on the first abdominal segment position the larva 

centrally in the case enabling a flow of water over the laterally positioned 

tracheal gills on abdominal segments 2-7. This arrangement means that 

the larval thorax is free to move about, while the soft and vulnerable 

abdomen is still protected by its case, and respiratory activity and 

locomotion are thus independent. Clearly the amplitude of the respiratory 

wave, and its propulsive efficiency, is primarily determined by the 

diameter of the case, although the larva can, to some extent, extend or 

contract the abdomen to ensure a better fit. 
 

Respiratory movements occur intermittently, a period of activity lasting for 

several minutes is followed by an interval, in well oxygenated water, of 

two or three minutes. The mean frequency of ventilation is  shown  in 

Table 2. 
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The mean frequency of ventilatory movements was found to be 8.5 ± 0.3 

beats min
-1

, although this incorporated some periods of inactivity. The 
frequency was increased considerably in water of low oxygen content, and 
the periods of inactivity decreased also (data not shown). 

 
 

Weight (mg) Duration 

(min) 

Ventilatory 

movements 

Frequency(Beats 

min
-1

) 

48.26 15 120 8.0 

 30 272 9.1 

56.21 15 123 8.2 

 60 421 7.0 

50.5 15 146 9.7 

 30 269 8.9 

 30 270 9.0 

 60 475 7.9 
 

 

Table 2. The frequency of ventilatory movements made by the larva of 

T.obsoleta in well oxygenated water at 18
o
C. 

Stroke volume of ventilatory movements 
The volume of water flowing past the gills is dependent not only on the 

frequency of the ventilatory movements but also on the stroke volume, the 

amount of water transferred per pulse. Results of measurement of the 

volume of water passing through the cases are shown in Table 3. 
 

Larval weight 

(mg) 

Time (min) Fluid flow (ml) Flow rate (μl 

min
-1

) 

62.1 10 2.850 285.00 

 10 4.787 478.7 

 75 12.43 165.7 

76.28 20 16.97 848.6 

 30 9.522 317.4 

 40 14.341 368.5 

74.25 30 4.697 156.6 

 40 9.017 225,4 

 40 13.773 344.3 

 60 15.679 258.0 
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Table 3. Flow of water through the case of larval T obsoleta 
 

The mean rate of water flowing through the larval case of Triplectides was 

found to be 343.2 ± 63.7 μl min
-1 

(n=10). This was a  mean  value 
measured over several minutes and incorporated periods of inactivity, and 
hence the calculated volume of water ejected per pulse, about 40 μl, is an 
underestimate. 

 

Discussion 
The mean rate of oxygen use by the larva of Triplectides in well aerated 

water was found to be 4.3 μl gm
-1 

min
-1

. This corresponds well with 
published figures for aquatic insects, although this rate  can vary over a 

wide range; not only with size and ambient oxygen tension, but also with 
time of day and activity (Slama 1984; Nespolo et al, 2003).  Mechanisms 

of oxygen uptake by insects have been reviewed in detail by Chapman 
(2013). It is interesting to note that oxygen uptake by an insect using 

tracheal gills, such as Triplectides, is intrinsically less efficient than in 
mammals, where an intimate relation is established between blood and gas, 

and the diffusion gradient is steep. In an aquatic insect oxygen has to 
diffuse through a layer of chitin in the outer cuticle and then reach the site 

of metabolism by diffusion down narrow tubes to the tracheolar end cells. 
An ‘order of magnitude’ calculation shows that a larva  weighing 75 mg 

will consume about 0.32 μl oxygen min
-1

, extracting it from the 343 μl of 

water passing over the gills. Since this volume, when saturated with 

oxygen, contains approximately 2.1 μl of dissolved gas, it follows that the 
efficiency of extraction of oxygen from the water is of the order of 15%. 

This degree of efficiency must be critically dependent upon the pumping 
efficiency of the abdomen and its relation with the wall of  the  case. 
Larvae of Triplectides obsoleta differ from most other cased caddis larvae 

in that they do not build their case, but occupy hollow twigs. They must 
therefore either adapt their body size to fit respiratory efficiency, modify 

their case to accommodate their oxygen requirements, or like hermit crabs 
seek out new twigs as they grow. This will be explored in a further article. 
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