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Abstract--In the two-fuel system for flight of the migratory locust, the haemolymph carbohydrate 
concentration falls during flight periods of up to I hr. the decrease being greater in case the pre-flight 
carbohydrate level is higher. The increase in the lipid concentration from the onset of tlight is virtuall! 
independent of the initial lipid concentration. Flight intensity affects these changes in substrate 
concentrations: the carbohydrate level decreases more rapidly if flight speed is higher, whereas the increase in 
lipid concentration is delayed at higher flight speeds. Respiratory carbon dioxide production is elevated 
rapidly during flight and reaches over eight times the resting level. From the rate of “CO, production after 
labeliin~ of the haemolymph diglyceride pool it is concluded that diglycerides contribute to providing the 
energy tor flight from the earliest stage of tlying activity; dig!yceride oxidation increases until maximum 
utilization is attained after some 45 min of flight. The decline in haemolymph carbohydrate concentration 
due to flying activity results in a decrease of haemolymph osmolarity. Free amino acids. particularly taurins. 
increase markedly in the haemolymph during flight; yet their concentration only partialI> counterbalancti 
the fall in haemolymph osmolarity. 

Ke! W’ord M~.Y: Locust. flight. transport. carbohydrate, digiyceride. energy supply. oxidation 

INTRODUCTION 

THE FLIGHT muscles of Locusta migrararia are capable 
of osidizing both carbohydrate and lipid for energy 
production (BEENAKKERS. 1969a: CANDY, 1970). 
During muscular exercise, however, utilization of 
these substrates is non-random, since initially 
carbohydrate is the predominant energy source 
whereas during prolonged flight lipids constitute the 
main fuel (WEIS-FOGH. 1952; MAYER and CAXDY, 
1969a: J~Tsu~~ and GOLDSWORTHY. 1976; VAN DER 
HORSY et al., 1978a, b). 

As metabolic substrates for flight are conveyed 
through the haemolymph, the control of haemolymph 
substrate levels would appear to be of major 
importance to flight performance. The high 
concentration of haemolymph trehalose in the resting 
locust declines rapidly in the initial period of flight, 
whereas conversely already in an early stage of flying 
activity lipid oxidation in the flight muscles is 
anticipated by an increase in the concentration of 
haemolymph diglycerides mobilized from fat body 
lipid stores (TIETZ, 1967) by the action of the 
adipokinetic hormone released from the corpora 
cardiaca (BEENAKKERS, 1969b; MAYER and CANDY, 
1969b: GOLDSWORTHY er al., 1972). Despite the 
involx-ement of lipoproteins in the transport of these 
diglycerides (MAYER and CANDY, 1967; PELED and 
TIETZ. 1975; MWANGI and GOLDSU.ORTHY, 1977; VAN 
DER HORST et ni.. 1979) haemolymph total protein 
concentration remains unaffected during flight 
(Mn-.~scr and GOLDSWORTHY, 1977: VAN DER HORST 
er al.. 1979). 

During extended flight. the reciprocal changes in the 
concentrations of haemolymph trehalose and 
diglycerides eventually result in the stabilization of 
steady state levels of both substrates eshibiting 
different turnover rates (VA% DER HORST e! al., 
1978a. h). 

The present study is concerned with the first period 
(60 min) of flight, in which the energy substrate 
concentrations in the haemolymph are balanced. and 
deals particularly with the effects of the pre-flight 
levels of haemolymph carbohydrate and lipid and of 
flight intensity on the dynamics in the concentrations 
of these substrates. Besides. respiration experiments 
were carried out to correlate the changes in 
haemolymph substrate concentration with the actual 
substrate utilization in the flight muscles. As the 
changes in haemolymph carbohydrate concentration 
perturb blood osmotic pressure, a possible realatory 
function of free amino acids uas also investrgated. 

;c’IATERIALS AND h1ETHODS 

Adult males of Locusra migraroria ( 12-14 da> s after 
the imaginal ecdysis) were used in all experiments. The 
locusts were reared in the laboratory under crowded 
conditions at 3O’C. 40”, r.h. and a photoperiod of 
12 hr. The insects were fed with reed supplemented 
with rolled oats. 

Flight experiments 

Flight experiments were carried out at an ambient 
temperature of 25 S_ 1 ‘C in thrse different u-a) s: 
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(a) In a series of experiments. locusts were flown in 
groups of j-15 suspended on a motor-driven 
roundabout (100 cm radius) rotating at a constant 
speed (3 m,‘sec). From each locust, haemoiymph lipid 
and carbohydrate concentrations were measured 
before and after flight. Free amino acid concentrations 
were determined in pooled haemolymph samples of 
ten locusts. 

(b) In another series, the effect of flight intensity on 
changes in haemolymph substrate concentrations was 
studied by flying locusts individually on a roundabout 
(2.5 cm radius) without mechanical propulsion. The 
number of revolutions flown in a certain period as 
registered by a light-sensitive switch connected to an 
electronic counter was used as a measure for flight 
intensity. 

(c) In a third series of experiments, respired carbon 
dioxide during flight was measured. Groups of 12 
locusts were suspended on a motor-driven roundabout 
(25 cm radius) in an enclosed perspex container 
(volume 48.6 1) equipped with a gas flow control unit. 
Carbon dioxide was removed from ingoing medicinal 
air by NaOH pellets; the metabolic production of CO1 
was measured continuously by chemically trapping 
using a titrimetric method according to R&ER et nl. 
(1971, 1972). The amount of CO, collected was 
corrected for the gas flow rate and the volume of the 
flight box. Resting insects suspended in the enclosed 
flight box served as controls. 

As the total carbon dioxide produced during flight is 
derived from both lipid and carbohydrate oxidation. 
lipid oxidation was measured separately after pulse- 
labelling of the haemolymph diglycerides with [l- 
“Cl-oleic acid as described previously (VAN DER 
HORST er al., 1978a). Production of “CO, was 
registered every 5 min of flight or rest by taking a 
duplicate sample (0.25 ml) from the titration vessel 
containing monoethanolamine as the trapping 
solution. Radioactivity was assayed in the counting 
medium according to JEFFAY and ALVAREZ (1961) with 
a Packard Model 2420 liquid scintillation 
spectrometer. Values were corrected for the gas flow 
rate, the volume of the flight box and the decrease in 
trapping solution during experimental time. 

Haemolymph analyses 

Haemolymph samples were taken with a Hamilton 
microsyringe from a punction in the ventral 
membrane between head and thorax. 

Total lipids were quantified by the modified vanillin 
method described by HOLWERDA et al. (1977). For 
determination of diglyceride specific radioactivity. 
total lipids were extracted with excess chloroform- 
methanol, separated into lipid classes by TLC on silica 
gel G and diglycerides eluted and quantified according 
to VAN DER HORST et al. (1978a). Diglyceride 
radioactivity was measured in Emulsifier Scintillator 
special MI-96 (Packard). 

Total carbohydrate content was determined by a 
modified anthrone method (HOLWERDA et al., 1977). 

Analysis of free amino acids was performed after 
mixing pooled haemolymph samples of 10 locusts with 
an equal volume of ice-cold 10”; (w,‘v) trichloroacetic 
acid. The precipitate obtained by centrifueation at 
12,000 g for 2 min was washed twice with ?‘{ (w,‘v) 

trichloroacetic acid. The combined supernatants were 
lyophilized and taken up into 0.5 ml of the appropriate 
chromatographic buffer. Analysis was performed with 
a Biocal analyzer (LKB) using chromax- 11 resins with 
lithium citrate buffers according to BENSON et al. 
(1967). Since addition of a reference mixture of amino 
acids to a haemolymph sample yielded recoveries 
between 96-103’?;, the extraction procedure was 
considered to be adequate. 

Haemolymph osmolarity was determined with a 
Fiske QFrM330 osmometer. 

RESULTS 

Flight-induced changes in haemolymph substrate 
concentrations 

The concentrations of total carbohydrate 
(27.4k6.7 mg/ml, n = 233) and total lipid (9.9k3.3 
mgjml, n = 380) in the haemolymph of locusts 
appeared to be subject to a large range in individual 
variations. Therefore, the effect of flight (a) (see 
Materials and Methods) on the concentration of these 
substrates was determined by comparing the changes 
in the mean values per group of locusts due to flight or 
rest. 

Except after 5 min of flight, in all groups analyzed 
the changes in carbohydrate concentration are 
significantly correlated with the initial values, as 
illustrated by the correlation diagram for the 30 min 
flight period (Fig. 1): the higher the initial value. the 
greater is the change in carbohydrate concentration 
during a given period of flight. As, however, upon 
extrapolation the regression lines do not cross the 
graph’s origin, a direct comparison of the changes 
measured during the various flight periods in different 
groups of locusts is not possible. Therefore, flight- 
induced changes in haemolymph carbohydrate 

decrease I!? carbohydrate 
concentration lmg’mll 

0 
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pre-fllghtcarbohydrate concentra:lon img/ml) 

Fig. I. Correlation (PcO.01) between the decrease in 
haemolymph carbohydrate concentration after 30 min of 
flight and the pre-flight carbohydrare concentration. 

Coefficient of correlation =0.8-I. 
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Fig. 2. Changes in the haemolymph carbohydrate 
concentration during flight in four groups of locusts with 
significantly (P<O.OL) different pre-flight values. Each point 

represents the mean _t S.D. of three determinations. 

concentration were determined by taking haemo- 
lymph samples repeatedly during flight from locusts 
assigned in four groups with significantly different pre- 
flight carbohydrate levels. The time course of the mean 
carbohydrate concentrations is shown in Fig. 2. The 
highest rate of decrease occurs during the first 30 min 
of flight, whereas a minimum carbohydrate 
concentration is reached about 60 min after the onset 
of flight. When flying activity is continued, the low 
level is maintained (Fig. 2). In resting locusts a small 
but transitory change in the concentration of 
haemolymph carbohydrate is observed, probably due 
to haemolymph sampling. 

0 

0 30 60 90 120 

tlme~mlnl 

Fig. 3. Changes in the haemolymph lipid concentration of 
locusts during flight and at rest. Means +_S.D. are shown. 
Figures in parentheses represent the number of observations. 
Increases in blood lipid concentrations are significantly 
different (P<O.OS) from 15 min on. For the double 
logarithmic plotting (insert), coefficient of correlation =0.93. 

Changes in lipid concentration during flight appear 
to be independent of the initial values. Therefore, the 
absolute changes in haemolymph lipid concentration 
are plotted against time (Fig. 3). During flight the 
concentration of lipids increases, the time course of 
this increase is approximated by plotting the logarithm 
of the mean increase per group against the logarithm 
of time. In this double logarithmic plotting the data fit 
with the regression line corresponding to the equation: 
log j = log 0.84 +0.64 log x, in which j is the absolute 
increase in mg/ml and x is the time in min, or by 
transformation: j = 0.84.~“.~~. Resting locusts do also 
show small changes in lipid concentration (Fig. 3): in 

Table I. Changes in the concentration of some free amino acids in the haemolymph of 
Locusfa migrntoria during flight 

Amino acid 

Concentration 
at rest 

(pmolejml) 

Changes in concentration 
during flight (min) 

I5 30 60 I20 

Taurine I 0.1650.02 +0.17 +0.53 + 1.41 +I16 
II 0.53 i-o.30 1-0.38 +O.S9 +2.08 +2.35 

Glutamine 45310.97 i-l.18 + I .45 -3.55 f6.29 
4.25 i_ 0.63 + 1.14 i 1.71 +5.12 +5.05 

Glycine 4.86kO.99 + 1.13 +0.88 + I.24 +3.10 
5.97 2 0.69 +0.05 + 1.04 12.62 +520 

Arginine 0.8110.31 +0.56 fO.52 +0.19 +0X 
0.62kO.10 +0.66 i0.63 +0.23 f0.27 

Concentrations of free amino acids were determined in two independent analyses 
(I + 11). Each value is the mean i S.D. of four determinations on pooled haemolymph 
samples of ten locusts. 



-i-u D. J. VAN DER HORST. X. M. D. HOCTJEN AND A. 41. TH. BEE~AKKERS 

Table 3. Haemolymph osniolarity and the concentration ofcarbohydrates and free amino 
acids 

Carbohydrates Free amino acids Osmolarity 

(mg,'ml) f~mole,ml) (mosmole:kg) 

At rest 31.6 78.0 395 
After 120 min of flight 12.7 39.4 355 
Change (mosmolefkg) -55.3* fll.4 -10 

*Calculated on basis of trehalose. Each figure represents the value measured in pooled 
haemolymph samples of 25 locusts. 

common with the changes in carbohydrate at rest these 

processes are transitory and most likely due to the 

stress-inducing effects of haemolymph sampling. 

The concentration of single free amino acids in the 

haemolymph appears to be highly variable in the 
various groups of resting locusts measured. For the 
majority of the amino acids the small changes in 
concentration which are observed during flight are 
therefore not significantly different from the pre-flight 
levels. Significant changes in concentration occur in 
only the few components which are shown in Table 1: 
the concentrations of glutamine, glycine, arginine and 
particularly taurine are increasing. The changes in the 
total free amino acid concentration are related with 
haemolymph osmolarity (Table 2). The difference in 
haemolymph osmotic pressure at rest and after a 120 
min flight is in fair agreement with the decrease due to 
the fall in carbohydrate concentration and the partial 
compensation caused by the rise in haemolymph free 
amino acids. -I : 

The effect of flight intensity on the concentration of 
haemolymph carbohydrate and lipid was measured in 
singly flown locusts (b) (see Materials and Methods) 
during flights of 15 and 30 min. It was noticed again 
that the fall in haemolymph carbohydrate depends to 
some degree on the pre-flight level, whereas the change 
in the lipid concentration is virtually independent of 
the concentration before the onset of flight. In both 
flight periods a statistically significant correlation was 
established between flight speed and the changes in the 
carbohydrate and lipid concentrations of the 

decrease an carbohydrate 
concentrarlon(mg mli 

haemolymph. During a certain flight period, locusts 
flying at higher speed show a larger decrease in 
haemolymph carbohydrate (Fig. 4). However, the 
flight-induced rise in the lipid concentration is smaller 
at higher flight speed (Fig. 5). During the first 15 min a 
relatively high flight speed even resulted in a 
temporary decrease in lipid concentration (Fig. 5). 

Substrate utilization during flight 

Total carbon dioxide production of groups of 
twelve locusts during flight or rest is plotted against 
time in Fig. 6. Resting locusts show a steady CCIs 
production of approximately 1.2 ml CO?/ 12 locusts/:, 
min. On the commencement of flight, however, there is 
an exponential increase in CO, production which 
results in a rather constant value of 10.2 ml CO,/12 
locusts/5 min in the period of 45-60 min of flight; the 
increase in this period of flight is 8.5 times the resting 
value. 

Carbon dioxide originating from lipid oxidation 
during flight was followed in locusts of which the 
haemolymph diglyceride pool was labelled with 
[I-‘*Cl-oleic acid. 14C02 production of groups of 
twelve locusts is shown in Fig. 7. The amount of “‘CO, 
produced is dependent on the rate of diglyceride 
oxidation in the flight muscles and on the 
concentration of radiolabelled haemolymph 
diglycerides. Latter concentration is the resultant from 
a decrease of the initial radioactivity by mobilization 
of unlabelled diglycerides from lipid stores on the one 
hand and utilization of labelled substrate on the other. 

. 
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Fig. 1. Scatter diagram showing the correlation between the decrease in the haemolymph carbohydrate 
concentration and the flight speed during flights of IS min (H W. P = 0.01) and 30 min (00, PcO.025). 
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Fig. 5. Scatter diagram showing the correlation between the changes in the haemolymph lipid concentration 
and the flight speed during flights of 15 min (00, P<O.O25) and 30 min (A A. P = 0.025). 

These changes in specific radioactivity of the 
haemolymph diglycerides are plotted against time in 
Fig. 8. Presuming the principal diglycerides to contain 
two C,, fatty acids (BEENAKKERS, 1973), oxidation of 
1 mg C,,-diglyceride will result in the production of 
1.29 ml COa. Using this value in the correlation 
between *‘CO, recovered (Fig. 7) and specjfic 
radioactivity (Fig. 8), CO2 production from 
diglyceride fatty acid oxidation can be calculated and 
is shown for locusts during flight in Fig. 9. It is 
apparent that lipid oxidation in the flight muscles due 
to flying activity is changing with time: the slope of the 
curve is increasing until after approximately 45 min of 
flight, maximum diglyceride oxidation is obtained. 
Total diglyceride utilization during the 1 hr flight 
period is about 2.1 mg/locust. 

60 

tlme(mml 

Fig. 6. Total carbon dioxide production from groups of 
twelve locusts during flight or rest. Means f S.D. are given 

(f_?-I5 min: n=lO: 20-30 min: n=7: 35-60 min: n=4). 

Fig. 7. Total radioactivity of respired t4C0, in groups of 
twelve locusts during fltght after pulse-labelling of the 
haemolymph diglycerides with [1-WI]-oleic acid. Means + 
S.D. are shown (O-l 5 min: n = 7; 20-30 min: n = 5; Z-%0 min: 

n=3). 

1 
OO 

I 

15 
I I 

45 60 
tlme(mln) 

Fig. 8. Decrease in specific activity of the haemolymph 
diglycerides labelled with [I-“Cl-oleic acid during flight or 
rest. Each point represents the mean &SD. of three groups 

of twelve locusts. 
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Fig. 9. Carbon dioxide production from a group of twelve 
locusts due to diglyceride fatty acid oxidation during flight. 
Calculations are based on ITO2 production during flight 
(Fig. 7) and the change in specific radioactivity of the 
haemolymph diglycerides (Fig. 8). Total amounts of 

diglycerides oxidized during flight are shown as well. 

DISCUSSION 

In order to meet the high metabolic demands in 
flight, the flight muscles of the locust must be supplied 
continuously with ample substrate. Therefore, the 
apparent metabolic strategy of the two-fuel system 
may be an efficient adaptation, since initially the 
muscle cells utilize the directly availablehigh amount 
of trehalose in the nearby haemolymph, whereas the 
more time-consuming processes of lipid mobilization 
from stores in other parts of the body and transport to 
the muscles come into prominence as flight is 
continued. The high concentrations of these flight 
fuels in the haemolymph may be necessary to provide a 
constant supply of metaboiites to the muscles {WEIS- 
FOGH, 1964; CRABTREE and NEWSHOLME, 1975), the 
relatively inefficient circulation compared to the 
capillary system of vertebrates taken into account. As 
flight does not result in a change in haemoiymph 
volume (BEENAKKERS, 1973; JUTSUM and 
GOLDSWORTHY, 1976) the sharp decrease in 
carbohydrate concentration on the commencement of 
flying activity reflects an actual reduction of the 
haemolymph stores. Since mobilization of trehalose 
from other body carbohydrate reserves is hardly 
occurring during the first half hour of flight (VAN DER 
HORST ef al., 1978b) carbohydrate concentration can 
be expected to decrease in proportion to the metabolic 
rate in the flight muscles. Indeed it is found that the 
carbohydrate concentration decreases more rapidly if 
flight speed is higher (Fig. 4). Furthermore, the fail in 
carbohydrate concentration appears to depend also 
on the pre-flight level. Utilization is more pronounced 
in locusts with a high pre-flight level compared to 
locusts with a lower initial concentration. However, a 
definite correlation between initial carbohydrate 
concentration and flight speed could not be 
demonstrated. In spite of the observed positive 
correlation between the decrease in carbohydrate 
concentration and the pre-flight level, post-flight 
levels are higher as initial levels are higher (Fig. 2). The 
persistent low carbohydrate concentration during 

sustained flight has been shown to be a steady state. in 
which the rate of mobilizatisn of trehalose from body 
carbohydrate stores is matched by the rate of 
utilization in the flight muscles (VAX DER HORST <r al., 
1978b). Whether or not hormonal factors are involved 
in the regulation of this steady state flight level is not 
clear; although hyperglycaemic factors are present in 
the locust corpus cardiacum, injecrion of corpus 
cardiacum extracts in fully developed locusts does not 
evoke a hyperglycaemic response (GOLDSWORTHY. 
1969; BEENAKKERS et al.. 1978). 

The rise in haemoiymph lipid concentration during 
flight is in accordance with earlier observations on 
flight-induced mobilization of diglycerides from fat 
body triglyceride stores (TIETZ, 1967; BEEXAKKERS, 
1973, JCTSUM and GOLDSWORTHY, 1976; VAS DER 

HORST ef al., 1978a). In this process an adipokinetic 
hormone is involved, which is qmhesized in the 
glandular lobe of the corpus cardiacum 
(GOLDSWORTHY et al., 1972) and released at an 
increased rate during flight (CHEESEMAS and 
GOLDSWORTHY, 1976; HOUBEN and BEENAKKERS. 
1976; RADEMAKERS and BEENAKI;ERS, 1977). In 
contrast to the changes in carbohydrate level. the 
increase in haemoiymph lipid concentration during 
flight on motor-driven roundabouts appears to be 
independent of the initial value, indicating immediate 
mobilization of lipids at the onset of flight. In view of 
the two-fuel system of toclcsro it would be conceivable 
to suppose a relationship between the initial value of 
haemolymph carbohydrate and the increase in lipid 
concentration during flight, as experimentaiiq 
produced high concentrations of disaccharides 
(trehalose, sucrose) in the haemol>mph of flying 
locusts prevent the release of the adipokinetic 
hormone (CHEESEMAN et al., 1976; V.X.\; DER HORST er 
al., 1979), which is reflected in the absence of an 
elevation of the haemoiymph lipid level. However, in 
spite of the significantly different pre-flight 
carbohydrate levels in the various groups of locusts 
used, no delay in lipid mobilization was established. 
suggesting the apparent absence of a mechanism for 
simultaneous control of the two parallel processes. vi:. 
carbohydrate oxidation and lipid release. Since the 
changes in the haemolymph lipid concentration 
during flight can be regarded as the net result of the 
rates of mobilization and utilization it is of interest 
that in locusts flying very fast on the roundabout 
without mechanical propulsion, lipid concentration 
decreased during the first 15, min (Fig. 5). From this 
effect it is already apparent that lipid oxidation occurs 
even during the early stages of flight, which is in 
agreement with previous estimations of lipid 
utilization (JUTSUM and GOLDSWORTHY, 1976: VA?; 
DER HORST er al., 1978a. b). The respiration 
experiments reported here substantiate these 
observations, as carbon dioxide production from 
iabelled haemoiymph diglycerides immediately 
increases on the initiation of flight (Fig. 8). Lipid 
oxidation reaches a plateau value after about 45 min of 
flight, though haemoiymph lipid level continues to rise 
(Fig. 3) until, after some 2 hr of flight, a steady state 
level is attained (VAN DER HORS er al., 197Sa). The 
oxidation rate of approximately 10 mg digiycerides, I2 
locusts in the period of 45-60 min of flight (Fig. 8) is in 
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close agreement with the data obtained from 
haemoiymph diglyceride turnover rates in locusts 
during longer (2-6 hr) nights, viz. iO.2 mg 

diglyceridesi 12 locusts, 15 min (VAN DER HORST er 01.. 
1978a). It should be noted that in all experiments 
tethered flight conditions were used; in migratory 
flight figures may be significantly higher. From the 
simultaneous increase in flight muscle lipid oxidation 
and haemolymph lipid concentration in the desert 
locust Schistocerca gregaria. MAYER and C.~NDY 

(1969a) suggested the rate of lipid oxidation to be 
partly controlled by the concentration of diglycerides 
in the haemolymph. This may be true for Locttsta as 
well. 

Some free amino acids appear to accumulate in the 
haemolymph of insects during flight, but with the 
exception of proline (KIRSTEN et al.. 1963: BCRSELL. 
1967: CRABTREE and NEWSHOLME. 1970: DE KORT er 

ai.. 1973: HANSFORD and JOHXSOS. 1975) no evidence 
for a direct use of free amino acids as energy substrates 
for flight has been reported so far. However. the 
observed increase in glutamate can possibly be viewed 

in the light of a flight-induced elevation of 
transamination processes as recent experimental 
evidence suggests that on the initiation of flight. part 

of the tricarboxylate cycle intermediates in the flight 

muscle mitochondria ot the locust may be supplied by 
glutamate, which would thus act as a -sparker’ (WORM 
and BEENAKKERS. 1979). The arginiric concentration 
could be raised as the resuit of hvdroIysis of argmine- 
phosphate. a phosphagene of insect flight muscles 
(GILMOUR. 1965). Regarding a possible role of taurine, 
the amino acid the most markedly increased in 
haemolymph concentration during flight, several 
suggestions generally habe been made, varying from a 
function as neurotransmitter (KACZMAREK and 
DAVISON, 1971) to a role as an osmoregulator 
(WIGGLESWORTH, 1949). Flight activity of Locusra 
results in a decrease of haemolymph osmolarity due to 
the decrease in carbohydrate concentration. The 
concomitant flight-induced stimulation oflipid release 
will not affect osmolarity as haemolymph lipids are 
transported through lipoproteins. As shown in 
Table 2. the increase of total concentration of 
haemolymph free amino acids will only partially 
counterbalance the fall in haemolymph osmolaritv: 
after a 7 hr flight compensation by free amino acidsis 
only some 20 per cent. 

.~dno,~ledgemenl-The help of Mr. A. H. KLEISE m the 
performance of the respiration experiments is gratefully 
acknouiedped. 
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