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Background

Experimental protocol

Figure 2. Relative change in body mass of spiders (Pardosa prativaga) during feeding and fasting. Spiders 
were fed either protein-rich, intermediate or lipid-rich diets. Spiders were allowed to feed ad lib during the 
initial 16 days, whereafter they were fasted for one week. Then they were fed 1 fly and spiders where then 
fasted for up to 35 days (Graph only depicts 17 days of fasting). Mean ± SEM.

Figure 3: Gas exchange of digesting and fasting P. prativaga at 25ºC. A: Oxygen consumption (VO2) 
and B: Respiratory exchange ratio (RER) of spiders during feeding and fasting. Note the expanded x-
axis to visualize the fast rise in metabolism during digestion. Mean ± SEM.
. 

Conclusions

Figure 4: Metabolic response of digestion following different feeding on three different experimental diets. 
A: The SDA response is presented as the total oxygen consumption in excess to the routine metabolism. 
B: The SDA response is calculated relative to the ingested energy (SDA-coefficient). Data is presented as 
mean ± SEM.

Metabolic response

Figure 6: Theoretical survival limit of fasting P. 
prativaga is calculated by dividing the total lipid 
energy content by the routine daily energy 
consumption of fasting spiders (average routine 
metabolism of the three treatment groups after 
35 days of fasting – See figure 3A).
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Spiders were fed fruit flies with variable lipid and protein content. 
These different diets resulted in large differences in body 
composition of the spiders (i.e. lipid rich prey → lipid rich spider, 
etc.)

Spiders gained mass fast during 
feeding and lost mass slowly when 
fasting.

Spiders fed a lipid-rich diet grew slower 
(~ 150% increase over 16 days) than 
the spiders fed an intermediate or 
protein rich diet (~ 200% increase over 
16 days).

Over the first 17 days of fasting the 
spiders lost ~ 0.7% of body mass pr 
day.

Questions investigated
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Routine metabolic rate of P. partivaga
was not affected by diet

The metabolic response to digestion was 
similar for all diets. 

Routine metabolic rate of the “sit and 
wait” P. prativaga is low (~ 0.2 μl O2 mg-1

h-1) compared to active insects like 
Drosophila (~ 2-3 μl O2 mg-1 h-1). 

Feding and digestion is associated with a 
large but short-lasting rise in metabolism. 
Thus, metabolism increased 5-fold 
during the first 3 h of digestion, but 
returned to routine levels already by 6 h.

Routine metabolic rate declined 
progressively during prolonged fasting.

The respiratory exchange ratio (RER) of 
~ 0.77 indicates that lipids are the 
primary fuel metabolised during routine 
conditions. RER increased during 
digestion indicating an increased 
contribution of protein and carbohydrate 
catabolism during the SDA response.

Despite the variable protein and lipid content, the three 
different diets did not affect the absolute (Fig. 4A) nor 
the relative cost of feeding and digestion (Fig. 4B).

In mammals SDA coefficients may vary from 2-3% for 
pure lipid digestion and up to 30% for protein digestion. 
This suggests that the “start costs” of the SDA 
response in P. prativaga (i.e. capture, handling of prey, 
cost of feeding, synthesis of enzymes etc.) may be a 
mayor contributor of the overall SDA response. Such 
high ”start costs” may override the putative differences 
in the metabolic processing of protein and lipid, 
respectively.

Figure 5: Survivorship of spiders fed protein rich, intermediate or lipid rich prey for 14 days and then 
starved. Lipid rich prey (Blue) > intermediate prey (Black) > protein rich prey (Red)

The difference in starvation tolerance between dietary 
treatments is of similar magnitude when starvation 
tolerance is calculated from the caloric content of the 
total lipid store relative to routine metabolic rate. Thus 
lipid rich spiders have a projected survival time of 32 
days compared to 23 days for intermediate spiders and 
18 days for protein rich spiders.

The calculated starvation tolerance is ~ 14 days lower 
than the empirical observations indicating that other 
sources of energy (i.e. protein) may also be 
metabolized during starvation. Alternatively routine 
metabolic rate may continue to decline during 
prolonged starvation.

Starvation tolerance of fasting P. prativaga differed 
between the three dietary treatments. Thus the fasting 
duration that caused 50% mortality was 46 days for 
lipid rich spiders, 40 days for intermediate spiders and 
34 days for spiders fed a protein rich diet. 

This difference correlates well with differences in lipid 
content (compare to Fig. 6).
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Wolf spiders are semi-mobile ambush predators that hunt without webs. Consequently, they 
have little influence on type and amounts of prey captured and may also frequently starve for 
prolonged periods (Wise 1993; Fagan et al., 2002). It is interesting, therefore, to study whether 
these spiders possess adaptations when subjected to nutrient imbalance and/or starvation. 
Earlier studies indicate that spiders reduce metabolism under prolonged starvation (Nakamura 
1987), but little is known of how metabolism is related to nutrient imbalance.

Spiders fed too much lipid and too little protein may potentially increase fat storage size, or 
alternativly they may increase metabolism which would allow a higher total intake of food and 
thereby potentially remedy protein deficiency associated with a protein deficient diet.

Studies on other animals are ambiguos: some indicates that protein poor foods increase 
energy metabolism (Gurr et al 1980) while other studies show that protein rich food increase 
metabolism (Halton and Hu 2004). This latter response may potentially be related to an 
increased cost of feeding and digestion.

Protein deficiency in the lipid rich treatment resulted in a slower growth rate

No compensation for increased lipid intake and protein deficiency by changing basal metabolism or 
SDA response

Overall spider body composition resempled the body composition of the prey they consumed

Reduced basal metabolic rate during prolonged fasting indicate that spiders are adapted to cope 
with extended periods of starvation

Spiders fed lipid rich prey performed better during fasting condition

Selection for increased metabolism to remove excess fat may be counteracted by selection for large 
storage fat to cope with periods of starvation.
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How does the dietary protein/lipid ratio affect growth rates of spiders? 

How does the dietary protein/lipid ratio affect body composition of spiders?

Do spiders vary their basal metabolic rate or their respiratory exchange ratio (RER) in 
response to the dietary treatment?

Does the metabolic cost of consuming prey (The Specific Dynamic Action, SDA) vary between 
dietary treatments?

How does the dietary protein/lipid ratio affect starvation tolerance during extended periods of 
starvation?

(Log-Rank test, P<0.0001)
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