
Oecologia (Berl.) 3, 390--400 (1969) 

Patterns in the Release of Gaseous Ammonia 
by Terrestrial Isopods 

W. W i ~ s ~  and  G. SCHW~IZ~* 

Institut ffir Zoologie, Lehrkanzel fiir Tierphysiologie, Universit~t Innsbruck, 
Austria 

R. HARTENSTEIN 

])cpartment of Zoology, State University College of Forestry, Syracuse, 
New York 

Received July 7, 1969 

Summary. In the fall and in early spring P. scaber and O. asellus released 
gaseous ammonia in the form of more or less regularly spaced bursts. In the 
spring about twice as much ammonia was released by O. asellus than in the fall. 
In late spring and summer, however, both species released ammonia in a rhythmic 
fashion, with a maximum as noon and early in the afternoon, and a minimum early 
at night. Sometimes a second maximum occurred late at night. 

In O. asellus the addition of a moist substrate to the reaction chamber shifted the 
maximum of the release of ammonia from noon to late night and early morning. 

Fed specimens of P. scaber released only about one-third as much NH a as 
fasting animals a n d - -  at least in constant darkness--  with a period of much reduced 
amplitude. 

I t  is concluded that the rhythmical release of ammonia is inversely related to 
the pattern of locomotory activity of these animals. This would implicate mecha- 
nisms that regulate either the production or the release of ammonia in such a way 
that the maximum occurs at a time when the animals' production of energy is at  a 
minimum and when they are protected against loss of water by sitting in their moist 
retreats. 

The  fact t h a t  m a n y  te r res t r i a l  i nve r t eb ra t e s  release n i t rogen  in the  
form of gaseous a m m o n i a  has  r ecen t ly  ga ined  prominence.  The  evolu t ion  
of th is  gas has  been shown to occur im isopods  (Dresel and  Moyle,  1950), 
snails (Speeg and  Campbell ,  1968), and  insects  (Blight,  1969). Ev idence  
is increasing wi th  r ega rd  to  isopods t h a t  vola t i le  a mmon ia  m a y  in fac t  
represent  the  d o m i n a n t  cndp roduc t  of p ro te in  me tabo l i sm (Sloan, 1967 ; 
Har tens te in ,  1968). Since ammon ia  is easi ly measured  a n d  i t s  evolu t ion  
can be mon i to red  conut inous ly  (e.g. t i t r imet r i eMly  wi th  p H - s t a t  recording) 
an  excel lent  o p p o r t u n i t y  is p rov ided  for a quan t i t a t i ve  appra i sa l  of 
p ro te in  me tabo l i sm in a group of an imals  wi th  a wide ecological range.  

* The work at Innsbruck was supported by the "Fends zur F5rderung der 
wissenschafflichen Forschung" of Austria. 
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T w o  of us (W. W. ,  R .  I I . )  h a d  b e g u n  i n d e p e n d e n t  s tud ies  on  t h e  

p a t t e r n  of a m m o n i a  e x c r e t i o n  f r o m  te r r e s t r i a l  i sopods  u n d e r  va r i ous  

e n v i r o n m e n t a l  condi t ions .  I n  th is  p a p e r  we r e p o r t  s o m e  of t h e  p a t t e r n s  

t h a t  were  obse rved ,  a n d  discuss  seve ra l  s imi la r i t ies  a n d  a p p a r e n t  differ-  

ences  b e t w e e n  t w o  g e o g r a p h i c a l l y  d i s t i nc t  p o p u l a t i o n s  of isopods. 

Methods and Materials 
Isopods were collected in the field and kept in containers at room temperature 

or at 15~ where they fed on decayed leaves, wood, and fecal material. Ceramic 
pots pushed into moist sand proved to be ideal containers. Experiments were 
carried out at 20~ in constant darkness (Innsbruck), or at 23~ under natural 
diurnal photofluctuations (Syracuse). 

The evolution of ammonia was measured differently at the two institutions. 
Specimens of Oniscus asellus in Syracuse were placed separately in 15 ml Warburg 
flasks attached to a Gilson differential respirometer. Air was flushed through the 
flasks at a rate of 30 to 60 cc/min after first passing through a gas washing bottle 
containing 300 ml 5 N H2SO a and a second gas washing bottle with distilled water. 
After flushing the chambers, the air was passed from a capillary tube through 
4 ml 0,01 N HC1. The ammonia content of the air was presumably quantitatively 
trapped. This was determined initially by placing from 0 to 0.6 y.M ammonia as 
ammonimn sulfate into the side arms and 0.5 ml saturated potassium carbonate in 
the main chamber, mixing the contents at time zero, and checking the recovery 
with a sensitive, nitroprusside technique (Brown et al., 1957) after two hours of 
flushing. The average recovery was 97 % with a range of 96 to 98 %. 

In  Innsbruck single male specimens of Porcellio scaber, O. asellus and Tracheo- 
niscus rathkei were placed in glass-stoppered chambers. GIasswool, soaked with 
0.1 ml of 0. 1N H2SO~, was placed inside the lid to trap excretory ammonia. The 
glass wool was removed and replaced by a fresh piece at the time of measurement. 
During this process the animals were removed from the thermostat and were exposed 
to light. Ammonia was determined by a modified phenol-hypochlorite reaction in 
which trichloroisocyanuric acid (TXCA) was used. A similar method was described 
by Seely et al. (1967). The reagents included 44 mg of TICA (Suchardt) in 10 ml 
1 N NaOI-1 (stable at 4~ for approximately three days) and 5 g phenol and 0.025 g 
sodium nitroprusside in 100 ml of distilled water. The procedure used was as follows: 
The ammonia trap (glass wool) was placed in a tube and mixed consecutively with 
1 ml wager, 0.5 ml phenol reagent, and 0.5 ml TICA reagent. Following an incubation 
period of ten minutes at 50~ the solution was made up to 4 ml with water and 
the blue color was measured at 578 nm in a Spectronic 20 photometer. The reaction 
is not specific for ammonia. However other volatile bases excreted by these animals 
are quantitatively insignificant (Dresel and Moyle, 1950). Standard curves were 
prepared with ammonium sulfate as substrate. 

Results 

1. Rhythms and Bursts 

T h e  r e l a t i onsh ip  b e t w e e n  t i m e  of d a y  a n d  p r o d u c t i o n  of a m m o n i a  

was  f i rs t  s t u d i e d  in  f a s t ing  males  of P. scaber f r o m  I n n s b r u c k  a t  va r i ous  

t i m e s  b e t w e e n  M a r c h  a n d  J u l y  1968. D u r i n g  th is  pe r iod  t h e  an ima l s  

d i s p l a y e d  consp icuous  r h y t h m i c i t y ,  w i t h  a m a x i m u m  e v o l u t i o n  of NI-I a 

26b Oecologia (BerI.), u 3 
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Fig. I. Release of ammonia as related to time of day in Porcellio scaber. Means, 
standard errors and numbers of measurements are indicated. The times at which 
the release of ammonia was measured are indicated on the middle abscissa. Dashed 
curve links main curve with a group of specimens that had produced less than 

I ng of ammonia between midnight and morning 

a t  noon and  in the  af ternoon,  and  a m i n i m u m  in the  evening and  early 
night .  Some animals  released no ammonia  between midn igh t  and  morn-  
ing while others  exh ib i ted  a second m a x i m u m  in this  in ter im.  Moreover,  
a s ignif icant  d is t inc t ion  could be made  be tween males  tes ted  f rom the  
end of March to the  beginning of Apr i l  and  those t e s ted  f rom May to 
Ju ly .  The earl ier  group released s ignif icant ly  less a mmon ia  in the  morn-  
ing and  evening and  this  in t u rn  resul ted  in a m i d - d a y  peak  t h a t  appea red  
p ronounced  re la t ive  to t h a t  exh ib i ted  by  the la te r  group.  These f indings 
are  summar ized  in  Fig.  1. 

Similar  tes ts  were conduc ted  in a u t u m n  with  P. scaber, O. asellus, 
and  T. rathkei in Innsbruek ,  and  O. asellus in Syracuse.  The  results ,  
however,  were s t r ik ingly  different  f rom those descr ibed above,  in t h a t  
the  N H  a was given off in the  form of seemingly er ra t ic  bursts .  The ease 
has been s tud ied  best  for O. asellus in Innsb ruek  and  Syracuse  (Tables 1, 2). 
Some specimens p roduced  only a single burs t  in 24 days .  Other  specimens 
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Table 2. Release o/ammonia (ng/mg • hr) a by lasting Oniseus 

Fall Day after  beginning experiment 
specimens 
weight 
(rag) 2 3 4 5 6 7 8 9 10 11 12 

44 8.3 0 16.4 3.6 0 0 0 16.0 1.5 0 5.2 
6.7 6.6 0 0 0 0 16.0 

50 0 0 10.0 0 0 5.4 0 0 4.1 2.3 8.5 
7.6 4.1 0 0 0 0 0 

44 0 0 0 0.1 0 0 0 0 0 0.3 0 
0 33.8 0 0 0 0 0 

42 0 6.6 0.5 0 18.0 0 0 7.5 0 0 10.0 
7.7 3.7 0 0 0 0 0 

34 0 0 0 13.2 0 0 0 2.5 4.2 7.2 14.6 
0 4.1 0 0 0 0 0 

Spring Day after beginning experiment 
specimens 
weight 
(rag) 1 2 3 4 5 6 7 8 9 10 11 

55 0 14.6 41.2 14.8 15.0 14.0 5.6 1.8 9.0 11.5 1.7 
102 0 3.2 37.4 19.0 41.6 I0.0 5.9 20.4 6.3 11.4 12.2 
41 0 8.4 24.3 3.6 21.2 3.5 7.5 7.5 5.2 7.0 1.7 
34 4.2 1.2 23.5 0.2 7.0 4.6 1.6 1.6 2.5 14.6 0 
40 9.0 21.8 3.1 3.5 30.0 10.8 4.5 4.0 3.2 12.2 9.0 
38 12.1 4.9 16.0 6.9 2.7 12.5 10.8 9.8 3.4 15.0 17.5 
49 1.0 10.0 1.9 2.1 1.4 8.9 1.4 1.3 2.2 1.7 4.0 

a [Based on initial weight. No correction was made for loss in weight with time. 
b Where two figures are given, the first represents ammonia  released between 

7 a~ and 17 a~ hours, and the  second figure between 17 30 and 7 a~ hours. 

e x h i b i t e d  m o r e  r e g u l a r l y - s p a c e d  b u r s t s ,  w i t h  a n u m b e r  of " s i l e n t "  d a y s  

b e t w e e n .  T h e  I n n s b r u c k  d a t a  s u g g e s t - -  w h e r e  m e a s u r e m e n t s  we re  m a d e  

in  t h e  m o r n i n g ,  at n o o n ,  a n d  i n  t h e  e v e n i n g  o n  d a r k - a d a p t e d  a n i m a l s ,  

at 20~ -- that ammonia is released maximally in the afternoon and 

minimally at night. On the other hand, an arhythmie pattern emerged in 

Syracuse where the animals were subjected to diurnal fluctuations in 

light, and measurements were made twice during a 24-hour period. 

A given individual released approximately equal amounts of ammonia 

during approximately eleven hours of light and thirteen hours of darkness 

over a 24-hour period, or different amounts of ammonia during the 

daytime and at night, or all of the ammonia at night on some days and 

during the daytime on other days. That these results were not merely 



Patterns in the Release of Gaseous Ammonia by Terrestrial Isopods 

asellus /rom Syracuse in late Fall 1968 and early Spring 1969 b 

395 

13 14 15 16 17 18 19 20 21 22 23 24 25 26 

0 0 0 5.2 0 0 0 0 4.0 0 11.5 0 0 0 

0 0 2.3 12.1 0 0 0 0 1.1 0 13.5 4.1 

0 0 0 0 3.2 0 0 0 2.9 

6.0 6.0 8.3 0 27.5 0 7.5 20.0 18.0 

13.8 2.1 2.1 IO.O 4.2 9.7 9.9 9.2 

12 13 14 15 16 17 18 19 20 21 22 23 24 25 

10.3 29.5 15.6 25.5 2.2 30.7 44.2 12.7 51.0 26.7 18.9 44.2 46.6 28.6 
0.8 0.8 19.2 7.0 4.3 6.4 13.4 16.0 3.5 8.4 
2.6 0 21.5 11.3 7.8 34.5 28.5 35.2 61.0 61.0 11.8 17.3 9.2 
1.8 0 10.3 13.2 14.0 8.2 12.8 12.0 13.6 27.4 34.8 9.3 23.0 
3.2 0 0 25.5 8.6 17.4 9.2 8.7 16.0 35.0 40.0 4.7 7.0 45.0 
0 0 44.0 12.2 13.0 l l .4  38.0 79.0 36.5 45.5 32.0 36.5 42.0 
0 0 0 0 0 2.4 1.6 1.4 4.0 0 4.2 13.6 21.0 23.7 

apparen t  and due to the restr ict ion of two sampling periods over  a 

24-hour dura t ion  was shown subsequent ly  through exper iments  in which 

single specimens were cont inuously  moni tored  through pI-I s ta t - reeording 
with  a Rad iome te r  T T T  1. 

In  March and in the beginning of Apri l  O. asellus produced more ammo-  

n ia than  in au tumn,  both  in Syracuse and in Innsbruek,  bu t  still in a burst-  
like fashion. In  Syracuse, for example,  six specimens examined  during 

the fall released a mean of 4.9 ng NHa/mg tissue x hour over  a period of 

15 days, in contras t  to 9.4 ng NHs/mg tissue x hour for 15 days f rom 14 
specimens during the spring. 

However ,  when O. asellus of Innsbruek  was tes ted  again in May, a 

repl ies  of the rhy thmica l  pa t t e rn  of ammonia  evolut ion  shown by  P.  

scaber one year  earlier was obtained,  a l though less amonia  was released 

(Fig. 2). Under  the condit ions in Innsbruek  both species released ammonia  

min imal ly  early a t  n ight  and maximal ly  between noon and afternoon.  
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Fig. 2. Release os ammonia as related to time of day in 2 species of isopods and at 
2 levels of humidity in the reaction chambers. "Moist" conditions are represented 
by experiments in which a piece of moist glass wool was put at the bottom of the 

reaction chamber. Means, standard errors and n's are indicated 

2. E/feet o/Humidity 
I n  the  I n n s b r u c k  exper iments  considered so far, the  animals  were 

kep t  in chambers  wi th  a s t r ip  of mois t  f i l ter  paper  a t t a c h e d  to  the  walls 
to  compensa te  for the  sl ight  d ry ing  effect of the  sulfuric acid. Since 
O. asellus is a ve ry  hygrophi l ic  species we inves t iga ted  the  effect of in- 
creased h u m i d i t y  by  placing mois t  glass wool a t  the  b o t t o m  os the  
chamber  to humid i fy  the  ven t ra l  sides os the  animals .  The a mmon ia  
conten t  of this  glass wool was measured  s imul taneous ly  wi th  t h a t  of 
the  ammonia  t r ap  a t  the  t op  of the  chamber .  The increased h u m i d i t y  
shif ted the  m a x i m u m  of the  release of ammonia  to la te  n igh t  and  ear ly  
morning,  b u t  the  m i n i m u m  remained  ear ly  a t  n igh t  (Fig. 2). 

3. E//ect o/Feeding 
The specimens considered so far  were no t  al lowed to feed dur ing the  

exper iments .  I n  exper iments  conduc ted  with  animals  feeding on decayed  



Patterns in the Release of Gaseous Ammonia by Terrestrial Isopods 397 

leaves the pat tern  of N H  a discharge changed drastically. The amount  of 
ammonia given off during a 24-hour period dropped to about 30 % of the 
fasting value and the daily periodicity all but disappeared (Table 3). 

Table 3. Mean values and standard errors o/ ammonia production (ng/mg x hr) o/ 
/asting and ]ceding Porcellio seaber during di/]erent times o/ day 

Period of measurement 

a.m. p.m. 

24--8 8--12 12--18 18--24 

Fasting 6.2 i 0.9 12.5 ~ 1.35 16.4 • 1.3 4.3 • 0.6 
n 22 40 76 38 

Feeding 2.8 ~ 0.37 3.0 ~ 0.41 3.25 -L 0.31 2.3 • 0.37 
n 20 16 16 8 

Discussion 

The most striking aspect of our findings is the fact that  in the isopods 
investigated the rhythmical  release of ammonia is inversely related to 
their pat tern of locomotory activity (Fig. 3). Both O. asellus and P. scaber, 
the former species with or without a moist substrate, released minimal 
amounts of N H  a at the hours before midnight. This period coincides with 
a time when these species are most active in the field (Brcreton, 1957) 
and under experimental light/dark conditions (Cloudsley-Thompson, 
1956). I t  is not clear why the addition of a moist substrate shifted the 
maMmum release of ammonia from noon to late night and early morning 
in O. asellus, but  it is significant tha t  this species has a second minimum 
of h)comotory activity at  this time (Brereton, 1957 ; Cloudsley-Thompson, 
1956). I t  is conceivable that  at high humidities isopods are relatively more 
active in daylight and thus produce less NI t  8 at  this time than specimens 
with exclusively nocturnal habits. At a relatively high humidity the late 
night and early morning hours may represent a period of restricted 
activity relative to the noon and afternoon hours. 

The feeding experiments further support the contention tha t  activity 
and discharge of ammonia are inversely related. The addition of leaves 
to dark reaction chambers at constant temperature stimulated nearly 
continuous feeding activity as evidenced by the steady production of 
fecal pellets (Wieser and Schweizer, in preparation). Under these conditions 
nitrogen production was reduced from an average of 10 ng NHa-N/mg/hr in 
fasting specimens of P. seaber to approximately 3 ng and the rhythmici ty 
all but disappeared. 

The three patterns of activity combined in Fig'. 3 give the impression 
tha t  the release of ammonia during periods of feeding reflect the sum of 
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in feeding and non-feeding specimens of P. scaber, expressed as per cent deviation 

froln n lean  

two rhythmical patterns with a phase difference of approximately 
90 degrees: the locomotory rhy thm with a maximum at  night, and the 
rhythm of N-production with a maximum during the day. The persistence 
of the locomotory rhy thm during constant darkness and at  constant 
temperature implicates an endogenous clock, as suggested by Cloudsley- 
Thompson (1952). On the other hand, the manner in which the rhythmical  
pattern underlying the release of ammonia in fasting animals relates to 
the pat tern exhibited when food is available remains to be established. 
This problem will be pursued further. 

There are two basic mechanisms tha t  may  be invoked to explain the 
inverse relationship between locomotory activity and the release of 
ammonia. First, the metabohc processes involved in N-turnover are 
separated in t ime from the processes involved in the maintenance of 
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loeomotory activity. Second, N-metabolism per se is not separated in 
time from locomotory activity, but the permeability of membranes is 
regnlated in a way that  gaseous NH~ is discharged only during sedentary 
periods. Both mechanisms could be interpreted as being of adaptive 
significance. 

The most pertinent indication of the possible existence of the second 
mechanism is the observation by Lindqnist (1968) ol an inverse relation- 
ship between loeomotory activity and water loss in P. 8caber and Arma- 
dillidium vulgate. Lindqnist suggested that  the permeability of membranes 
in isopods, presumably of the pleopods, is hormonally regulated. By 
employing this mechanism the animals would be insured against an 
excessive loss of water during periods of major activity. I t  would be an 
interesting fact if the permeability of membranes to NH~ was coupled 
with permeability to water. In this way, the discharge of ammonia would 
be maximal at periods of inactivity when the animals are likely to sit in 
their moist retreats. 

There is substantial evidence regarding the first mechanism that  
nitrogen turnover is low in fed, feeding or generally more active animals, 
and relatively high in fasting and starved animals. This suggests that  
nitrogen turnover and energy production (usually expressed as oxygen 
consumption) are inversely related. In the present study specimens of 
P. scaber, fasted for four to five days, released about three times more 
nitrogen per hour than fed animals (Table 3). In a related study, it was 
noted that  the oxygen consumption after three days of fasting was about 
80 % of that  exhibited by fed, quiescent specimens, and only 30 % of that  
of moving animals (Wieser, 1962). That  protein serves as a predominant 
source of energy in starving crustaceans also has been suggested by 
Nefland and Seheer (1953), and Jnngfreis (1968). I t  is questionable, 
however, whether the inverse relationship between nitrogen turnover and 
locomotory activity during one photoperiod may be interpreted simply 
as the expression of switches between different substrates for energy 
production. Rather, we are inclined to think that  the regulation of 
maintenance metabolism in these animals, involving the turnover of 
proteins and amino acids, occurs when it interferes least with processes 
of high energy production during locomotory activity. One could look 
at the hepatopancreas, the central metabolic organ in isopods, as capable 
of executing different metabolic functions at different times of the day 
in order to minimize interference between them. 
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