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ABSTRACT 

W a t e r' e x c h a n g e , t e m p e r' a t u r· e t o 1 e r' a n c e a n d o x y g e n c o n s u m p t i o n of 

· t h e s n a i 1 , T r' i g on e p h r' u s s p . , f r o m t h e s o u t h e r' n N a m i b d e s e r' t of 

N a m i b i a we r' e e x a m i n e d a n cl r· e 1 a t. e d t o a c t i v i t y . At 2 5° C a n d 1 5 % 

relative humidity, mean water loss and potential food and water 
- 1 - 1 uptake were 5.95 mg.day and 628 mg.day , respectively. Body 

temperature tracked sand temperature. Snails tolerated sand 

temperatures as high as 45°C. Mean !S.D. oxygen consumption 
- 1 - 1 0 rates were 32.0 +9.7 body mass .h (at 15 C, active) 

- 1 - 1 0 and 12.6 !5.4 fl02·9 body mass .h (at 25 C, inactive). These 

values are 2-6 times lower than those recorded for the similarly-

s i z e d me s i c s n a i 1 , H e l i x a s p e r· s a . A c t i v i t y e x p e r· i me n t s · i n d i c a t e d 

that low ambient temperatures and high humidities were favoured 

b y t he s n a i 1 s • T h i s , i n a d d i t i o n t o t h e b u r' y i n g b e h a v i o u r· of 

these s n a i 1 s d u r' i n g hi g h temper· at u r' e s , suggests that they 1 i m it 

stress by restricting activity to physiologically-favourable 

periods, even though under experimental conditions more extreme 

. conditions may be tolerated. 
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INTRODUCTION 

The abundance of pulmonate snails in many arid areas has resulted 

in a wide range of studies of environmental triggers leading to 

dormancy, arousal and activity (Her·r·eid & Rokitka 1976) and of 

the physiological responses of snails while in these states 

(Herreid 1976). Various aspects of land snail physiology have 

been investigated, including water exchange {Machin 1967, 1972; 

Y o m - To v 1 9 7 1 a ) , t e m p e r· a t u r' e t o 1 e r· a n c e ( S c h m i d t - N i e 1 s e n e t a 1 . 

1971, 1972; Yom-Tov 1971b) and metabolism/respiration (Riddle 

1 9 7 5 ; B a r· n h a r· t 1 9 8 3 , 1 9 8 6 , B a r n h a r t & M a c M a h on 1 9 8 7 ) • 

S o u t h e r· n A f r· i c a h a s a n a b u n d a n t t e r· r· e s t r· i a 1 s n a i 1 f a u n a , 

including numerous desert families, most notable of which is the 

e n de m i c f a m i 1 y D o r· c a s i i d a e : ( V a n B r· u g g e n 1 9 7 8 ) . T h e g e n u s 

_Trigonephrus (ten species), is distributed from the south-western 

Cape to southern Namibia (Connolly 1931, Bequaert 1973, · 

Van Bruggen 1978) in arid and semi-arid habitats. Two species 

have been described from the southern Namib desert, Trigonephrus 

haughtoni and connoll yi. 1 e the taxonomic status of these 

two morphologically-similar species is in dispute (Van Bruggen 

1978), both species have been described from the sandy areas of 

the Namib desert. From the descriptions and the type locations 

(Connolly 1931) it is likely that the study species is T. 

haughtoni. 

Conditions here for a desert snail are particularly harsh -

mean monthly ambient temperature is 20.6°C. Mean monthly maximum 

temperature .in the hottest month (March) and mean monthly-minimum 
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t e m p e r· a t u r· e s ' i n t h e c o 1 d e s t m o n t h ( A u g u s t ) a r· e 3 9 . 8 ° C a n d 2 . 7 ° c , 

r· e s p e c t i v e 1 y ( L a n c a s t e r' e t 1 9 8 4 ) . R a i n f a 1 1 i s 1 o w , a v e r' a g i n g 

8.04 mm per month. The mean rainfall in the wettest month 

(March) is 20.3 mm, while in the driest month (November) an 

a v e r· a g e of 2 . 5 m m r' a i n f a 1 1 s ( S c h u 1 z e & c G e e 1 9 7 8 ) • 

our aims in this study were to describe the water exchange, 

t e m p e r' a t u r· e p r' e f e r e n c e s , o x y g e n c on s u m p t i o n a n d a c t i v i t y of 

Trigonephrus sp., and to compare these values with those of other 

d e s e r' t s n a i 1 s • 

MATERIALS AND METHODS 

study site 

Snails were collected from or below (to -15 cm) the surface 

in the southern Namib dunes (27°40 1 5 16°12 1 E) in April 1988. 

Voucher specimens were interred in the State Museum, Windhoek 

(Namibia). The partially-vegetated dunes are bordered by gravel 

plains fringed by the Swartkloofberg mountains on ·the eastern 

side and extend to the Atlantic Ocea-n in the west. These snails 

occur in habitats that have a surface layer of coarse sand and a 

degree of protection from the prevailing wind (Dallas & Curtis in 

press). Average summer windspeed (southeriy to south-westerly 

direction) is about 25km.h- 1 (for Aus, about 100 km from the 

study site - Anon. 1944). 

Water exchange 

Twelve inactive snails (mean +S.D. mass prior to desiccation 
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9.01 were placed in separate open-topped 

containers within a desiccating chamber containing silica gel 

(Relative Humidity The activity of snails was classified 

· as follows: dormant snails have the body retracted and 

e p i p h r· a gm a t e d ; i n a c t i v e s n a i 1 s a r· e r· e t r· a c t e d b u t 1 a c k a n 

epiphragm; and snails have their foot extended outside the : 

shell. The desiccation container was sealed and maintained at a · 

constant temperature (25 !1°C) for ten days. Subsequent trials 

(n=3) were 10 days long and snails were weighed after each trial 

to determine water loss. The presence of faeces was noted and 

the relevant corrections made. For parametric statistical 

analyses, we arcsin transformed the percentage water loss values. 

Shell thickness and aperture size may influence water loss 

(Machin 1967). We therefore measured the thickness of 15-30 

· r· a n d o m 1 y - s e 1 e c t e d p i e c e s of b r' o k e n s h e 1 1 f o r· e a c h of 1 0 d i f f e r' e n t 

empty snail shells. Maximum aperture length and width were 

me a s u r· e d f or· e a c h s n a i 1 . 

The ab i 1 i t y of s n a i 1 s to t a k e up f re e w ate r· a n d food w a s 

. a s s e s s e d g r a v i me t r i c a 1 1 y . S n a i 1 s we r· e p 1 a c e d i n i n d i v i d u a 1 

containers with moist sand, and fed ad libitum (pieces of 

lettuce) and maintained at 25!1°C for four days. This was 

r· e p e a t e d t w i c e a n d a c t i v i t y , p a r· t i c u 1 a r· 1 y f e e d i n g , w a s note d • 

Deep - b o d y a n d e n v i r· on me n t a 1 temp e rat u r· e s 

The deep-body temperatures (Tb) of five snails in the field were 

m on i t o r· e d h o u r· 1 y o v e r· a 4 8 h p e r· i o d ;· n J a n u a r· y 1 9 8 9 , u s i n g 
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t he r' m o coup 1 e s i n se r' t e d l bet wee n t he s n a i 1 b o d y a n d t he second 

whorl of the shell. The thermocouple wire was sufficiently long 

to enable snails to move about on the surface or to bury down to 

a depth of 50cm. Sand temperatures (5 cm intervals from 0-30 

depth) were monitored simultaneously. Monitoring was started at 

21h00 (snails positioned on the sand surface); from 12h00 until 

1BhOO on Day One (first full day) shading was erected over the 

snails to eliminate any risk of thermal death, and at 12h00 on 

Day Two the snails were dug up and reburied at 10-15 cm. 

Oxygen consumption 

0 x y g e n c o n s u m p t i o n of 1 2 T r' i g on e p h r· u s s p . a n d s i x a s p e r· s a w a s 

at 5°C increments (10-30°C) by placing the snails in 

60ml syringes and withdrawing air samples (20 ml). Oxygen 

concentration of these samples was measured with a Beckman 

through-flow oxygen analyzer, following the method of Bartholomew 

& Casey (1977). Relative humidity was not controlled, although 

it was kept >50% for all experiments. 

Activity 

The relationship between activity and temperature (at 5°C 

intervals from 10-30°C) was determined by placing 12 snails in 

s e p a r· a t e 6 0 m 1 s y r' i n g e s i n w a t e r· b a t h s . Relative humidity was 

>SO% at all times. Observations were conducted on the temporal 

activity pattern of snails in open-air enclosures at ambient 

temperature and humidity at the Desert Ecological Research Unit, 
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G ob ab e b i n t h e c e n t r· a 1 N a m i b d u r· i n g S e p t e m b e r· 1 9 8 9 • Si rn i 1 a r· 

temperatures and humidities are experienced there as in 

t h e o r· i g i n a 1 s i t e i n t h e s o u t h e r n N a m i b d e s e r· t ( L a n c a s t e r· e t a 1 • 

1984). 

In January 1989 a field study was conducted at the area 

where snails had been collected. A m b i e n t a n d s a n d t e m p e r' a t u r' e s 

( 0 , 5 , 1 0 a n d 1 5 c m de p t h s ) , r' e 1 a t i v e h u rn i d i t y · a n d w i n d s p e e d 

me a s u r' e me n t s we r e t a k e n t h r' e e t ;· me s d a i ·1 y ( 0 6 h 3 0 , 1 4 h 0 0 a n d 

20hOO). A sling psychrometer was used to measure ambient 

t e m p e r a t u r· e . To me a s u r' e s a n d t e m p e r· a t u r· e , a wood e n s t i c 1<. w i t h 

· t he r' m o coup 1 e s at t a c he d at t he a pp r' o p r' i ate de p t h s w a s ha m me r' e d 

i n t o t h e s a n d a n d a 1 ·1 ow e d t o e q u i 1 i b r· a t e f o r· 2 h b e f o r· e 

measurements were made. Snail activity was monitored 

s i' m u 1 t a n e o u s t o t e m p e r· a t Llr' e me a s u r· e me n t s . 

RESULTS 

: \A/ a t e r' 1 o s s 

There was no significant difference in water loss among the three 

t r' i a 1 s ( AN C 0 V A , c o v a r' i a t e = b o d y m a s s , p > 0 . 0 5 ) , s o t h e d a t a f o r' 

each trial were lumped together. Some snails (a total of 16 out 

of 3 6 s n a i 1 s o v e r· t h e t h r' e e t r· i' a 1 s ) "'' e r· e e p i p h r· a •;J m a t e d d u r· i' n g t h e 

t e n -cl a y d e s i c c a t i o n t r· i a l s , e i t h e r i n t h e b e g i n n i n g ( n = 6 ) , a t t h e 

e n d ( n = 5 ) o r' t h r· o u g h o u t ( n ::: 5 ) . N o d i f f e r' e n c e , h owe v e r· , w a s n o t e d 

in percentage water loss between snails in various states of 

inactivity/dormancy (ANCOVA, covariate = body mass, p>O.OS). 
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1,1 e a n + S • 0 • p e r' c e n t a g e w a t e r' l o s s ( s h e 1 l e d m a s s of l i v e s n a i 1 ) f or' 

e a c h s n a i 1 ( F i g . 1 ) , i n d i c a t e s t h a t t h e r' e i s a ·1 a r- g e a m o u n t of 

·1 n t r' a - a n d i n t e r' - s n a i 1 v a r' ·i a t i o n . T h e o v e r' a 1 1 me a n + s . 0 • w a t e r' 

of snails in the 10-day desiccation trial s , calculated on a 

daily basis, was 5.95 !3.11 mg.day- 1 . The mean percentage 

water loss per unit total snail body mass was 0.07 !0.04%.g 

·t • d a y - 1 • T h e r' e w a s n o s i g n i f i c a n t c o r' r' e I a t i o n ( p > 0 . 0 5 ) b e t we e n 

the percentage water los s and snail size (length). 

I t h a s b e e n c a 1 c u 1 a t e d t h a t a s n a i 1 c a n s u r' v i v e a 1 o s s o-F a t 

1 ea s t 3 5% of i t s b o d y w at e r' ( about 8 0% of t o t a ·1 b o d y 

m a s s ) ( K a m a n d a 1 9 3 3 , M a c h i n 1 9 6 7 , S c h m i d t - i e ·1 s e n e t a 1 . 1 9 7 1 ) • 

Extrapolating from our water loss data, we estimate that 

Trigonephrus sp. snails subjected to 25°C and 15% relative 

humidity would be able to survive for about 400 days. This is 

1 o n g e r' t h a n t h e 0 • 6 y e a r' s p r' e d i c t e d f o r' a s p e r' s a , s i m i 1 a r' t o 

that p r' edict e d for ' Ot a 1 a 1 act ea ( 1 • 1 ye a r s ) , but cons i de r' ab 1 y 

s h or t e t'' t h a n t h e 3 • 6 y e a r' s p r' e d i c t e d f o r' S p h i n c t e r' o c h i 1 a b o i s s e r' i 

( a c h i n 1 9 6 7 ) • 

S h e 1 1 t h i c k n e s s w a s h i g h l y v a r' i a b 1 e , b u t c o n s i d e r' a b 1 y 

t h i c k e r' ( me a n ! S . E • = 0 • 7 3 .:!:_ 0 . 1 1 m m ) t h a n t h a t of t h e me s i c 

snai-ls!::!._:_ aspersa (0.42 .:!:_0.05 mm) and Q_:__ lactea (0.37 +0.04 

mm)(Machin 1967). The shell thickness of the desert snail s. 
b o i s 5 e r' i i s 5 i m i 1 a r' ( 0 • 8 4 !_0 • 0 4 m m ) t o t h a t of T r' i g o n e p h r' u s s p . . 

There was no significant correlation (p >0.05) between shell 

t h i c k n e s s a n d s h e 1 1 s i z e i n T r ·i '3 o ne p h r' u s s p . . 

Mean maximum !S.D. aperture length and width were 15.23 

+1.40 mm and 13.50 +1.04 mm, respectively. An estimate of mean 
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a p e r· t u r· e a r· e a w a s c a 1 c u 1 a t e d , a s s u m i n g a s q u a r· e o p e n i n g , t o b e 

2.07 +0.33 2 cm • 

Water' uptake 

During the water-uptake experiments., three snails only fed in the 

f i r· s t t r· i a 1 (me an mass ·:;J a i n = 3 1 4 _: 6 2 • 1 mg • day - 1 ) , w hi 1 e 1 1 

snails fed in the second trial (mean mass gain = 628 

- 1 +281 mg.day ). e a n .:!:_S • D • p e r· c e n t a g e m a s s i n c r· e a s e p e r g r· a m 

body mass was 6.9 _:2.7%.g - 1.day- 1• There was no significant 

c o r· r e 1 a t i o n b e t we e n p e r· c e n t a e m a s s i n c r· e a s e p e r· r a m b o d y m a s s 

(arcsin transformed) and initial body mass (p > 0.05, n = 12 snails, 

t h r e e t r· i a 1 s f o r· e a c h s n a i 1 ) • 

Oxygen consumption 

There was no significant correlation between oxygen consumption 

p e r· g r· a m b o d y m a s s a n d t e m p e r· a t u r· e i n e i t h e r· T r· i g o n e p h r· u s s p • o r· 

· a 5 p e r· s a ( p > 0 • 0 5 ) • T h i s m a y h a v e b e e n r· e l a t e cl t o v a r· i a t i on i n 

activity states among snails (Fig. 2) or variation in pneufuostome 

o p e n i n g b y i n d i v i d u a 1 s ( B a r· n h a r' t & c a h o n 1 9 8 7 ) • For· this 

reason, we compared oxygen consumption values among species at 

1 5° C ( when a 1 .1 s n a i 1 s we r· e act i v e ) and 2 5° C ( a ·1 ·1 s n a i ·1 s 

inactive). 

T h e r· e w a s a s i g n i f i c a n t c h a n g e i n o x y g e n c o n s u m p t i o n b y 

Trigonephrus sp. between active and inactive states (ANOVA, 

· . p < 0 • o 5 ) • e a n _: S • D • o x y g e n c on s u m p t i o n of T r· i g o n e p h r· u s s p • 

dur·in·:;J activity ( 15°C) \AJa5 32.0 !_9.7 ,AJ ·Io2·9 total mass- 1.h- 1 and 
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inactivity (25°C) was 12.6 tJl02·'d total mass- ·11.h- 1 • Ther'e 

was no significant difference in the oxygen consumption of active 

a n d i n a c t i v e H e 1 i x a s p e r' s a ( AN 0 V A , p > 0 • 0 5 ) • A c t i v e ( 1 5 ° C , n = 6 ) 

and inactive ( 25 °C, n=3) oxygen consumption of t!._:_. aspersa was 

- 1 - 1 
62.7 .!_15.5 ,1Jl02.g total mass .h· and 57.4 total 

- 1 I - 1 . t" 1 t" b 1" m a s· s • 1 , r' e s p e c 1 v e y • 0 x y g e n c o n s u m p 1 o n y He 1 x a s p e r' s a 

w a s s i g n ;· f i c a n t -, y h i g h e r' t h a n t h a t of T r' i g o n e p h r' u s s p • a t b o t h 

t e m p e r' a t u r' e s t e s t e d ( AN C 0 V A ; c o v a r' i a t e ::: b o d y m a s s , p < 0 • 0 0 0 1 ) • 

B o d y t e m p e r' a t u r' e s 

T h e r' e w a s n o s i ':3 n i f i c a n t cl -1· ·f f e r' e n c e ;· n T b a m o n g t h e f ·i v e s n a i 1 s 

t IH' o u g h o u t t h e 4 8 h p e r· i o d ( A t··J C ()Vi\ ; c o v a r' ;· a t e = s a n d t e rn p e r· a t u r' e ; 

p>O. 05). Thus, we cornbi ned these data and a mean value was 

ob t a i n e d f o r· e a c h 11 o u r' ( F ;· • 3 ) . 8 e t we e n 0 3 h 0 0 a n d 0 8 h 0 0 , a 1 ·1 

five snails buried down into the sand to a depth of 1-5 cm. 

Thr·oughout the exper' imenta 'l per'iod, Tb c ·l ose 'l y tr'acked sand 

temperature. The following least-squares regression equation was 

obtained: 

2 T b = 1 • 0 3 ( s a n d t e m p e r· a t u r' e ) + 0 • 1 7 ( r' = 0 • 9 3 , F = 3 0 5 4 • 9 7 , 

p<0.0001). 

The maximum Tb attained by one of the snails was 44.7°C at 

12hOO on Day One. I . 0 T1e mean +S.O. max1mum Tb was h2.78 C 

( r· a n e = 3 9 • 6 - 4 4 • 7 ° C ) , a n d t h e me a n + S • 0 • m i n i m u rn T b w a s 1 1 • 1 6 

· !:_ 0 • 8 7 ° C ( r' a n g e = 1 0 • 5 - 1 2 • 8 °C ) • W h e n s n a i 1 s vv e r· e r· e b u r' i e d a t 1 0 -

1 5 c m d e p t h , t h e i r b o d y t e m p e r· a t u r· e s d e c r e a s e d t o s a n d 

temperatures at those depths. 
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Activity 

(a) Labor'atory 

At the lower temperatures (10 and 15°C) all snails became active 

within the 30 min acclimation period (Fig. 3). At 20°C, seven 

s n a i 1 s we r· e a c t i v e a f t e r' 5 h , w h i 1 e a t 2 5° C n o s n a i 1 s b e c a me 

active during the 6 h experiment. At 30°C, seven snails were 

active 20 min into acclimation, but the number of active snails 

declined until all were inactive by the termination of the 

exper'i ment. 

( b ) 0 ut door e x p e r· i me n t s at Gob ab e b 

Temporal activity observations at Gobabeb in the central Namib in 

September ($pring) indicated that snails were mainly active 

during the early hours of the morning (06h00 to 09hOO) when mean 

· :_ S E . a m b i e n t t e m p e r' a t u r' e w a s 1 1 • 2 + 2 . 2 ° C a n cl r' e 1 a t i v e h u m i d i t y 

was high (79.8 !9.1%). Mean sand temperature and humidity at-

1 0 c m w a s 1 0 . 8 + 1 . 6 ° C a n d 4 7 ·. 4 6 . 0 % , r' e s p e c t i v e ·1 y . 

(c) Field observations 

I n J a n u a r' y ( S u m me r' ) , n o a c t i v e s n a i 1 s o r' s i g n s of a c t i v i t y we r' e 

noted. Mean ambient temperature ranged from 10.4°C (surface 

sand at 06h30) to 52.2°C (air temperature at Relative 

humidity ranged from 21-99% and windspeed from 4.0-26.7 km.h- 1 . 

Although air temperature dropped to 10.4°C at 06h30 with a 

. h u m i d i t y of 9 1 % , t h e s a n d t e m p e r a t u r' e at t h e 1 0 c m a n d 1 5 cm 

depths (where dormant snails were found) ranged from 22.6-l3.2°C. 
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T h e r· e f o r· e , we a s s u me t h a t f o r· s n a i 1 a r· o u s a 1 t o o c c u r· 1 owe r 

a m b i e n t t em p e r· a t u r· e s a n cl h i g h e r· r· e 1 a t i v e h u m i cl i t i e s n e e cl t o b e 

exper·i enced. 

DISCUSSION 

\1-Jater 1 oss 

T h e r· a t e of w a t e r· 1 o s s b y T r· ·i '3 on e p IH' u s s p • - 1 
is low (5.95 mg.clay ) 

r· e 1 a t i· v e t o t h e me s i c H e 1 i x a s p e r· s a ( 2 9 • 9 1 m '3 • cl a y - 1 
) · , · .. . i m i 1 a r· t o 

t h e me s i c s n a i 1 0 t a 1 a 1 a c t e a ( 5 • 6 5 m g • d a y - 1 ) , b u t m u c h h i g h e r· 

t h a n t ha t of t he d e s e r· t s n a i 1 S p h i T1 c t e r· o c h i 1 a b o i s e r· r· i 

(1.56 mg.day- 1)(Machin 1967). The estimated period of survival 

of T r i g o n e p h r· u s s p . w i t h o u t w a t e r· i s a 1 s o h i g h e r· t h a n t:G._ a s p e r· s a 

a n d m u c h 1 owe r t h a n t h a t of S • b o i s s e r· i . T h u s , T r· i q o n e p h r· u s s p . 

is not considered to be particularly xeric in its physiological 

adaptations to control water loss. The estimated period of 

survival of Trigonephrus sp. without water (400 days) is 

particular1y insignificant when compared with the records for the 

d e s e r· t s n a i 1 s E r· e m i n a ( H e 1 i x ) cl e s e r· t o r· u m ( 4 y e a r· s - 8 a i r· d 1 8 5 0 ) 

Xeranianta veatchii (6 years- Stearns 1877). However, 

extreme water loss conditions are unlil<ely to be experienced by 

Trigonephrus sp. for long periods in the field because they can 

b u r· y i n t h e s a n d w h e r· e h u m ;· d i t y i s r· e 1 a t i v e 1 y h i g h . T h ;· s s p e c ;· e s 

may also become active on mornings when there is fog in order to 

r· e g a i n m o i s t u r· e ( p e r· s . ob s . ) , a s d o t e n e b r· i o n ;· d b e e t 1 e s ;· n t he 

N a m i b d e se r· t ( S e e 1 y 1 9 7 9 ) • A 1 s o , '"'a t e r· u p t a k e b y T r· i g o n e p h r· u s 
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s p • i s e f f i c i e n t ; t h e w a t e r· u p t a k e i n a s i n •J 1 e d a y i s s u f f i c i e n t 

, t o · s u s t a i n a s n a i 1 f o r· p r· o 1 o n g e d p e r· i' o d s of d e p r· i v a t i o n . . 

T he w a t e r' 1 o s s e s t i m a t e f o r . T r- ·i g o n e p h r· u s s p • rn a y h owe v e r' b e 

c o n s e r· v a t i v e b e c a u s e s n a i ·1 s \AJ e r· e e i t h e r· i n a c t i v e o r· i n t h e 

initial stages of dormancy. Riddle (1975) that water loss 

d e c r' e a s e s a s e x p o s u r- e t o d r· y a i r· i n c r· e a s e s . T h u s , w a t e r· 1 os s 

r-ates of snails that have been dor-mant for a long per-iod of time 

rn a y b e c o n s i d e r' a b ., y 1 owe r· t h a n t h o s e of s n a i ·1 s s t u d i e d h e r· e • 

Mechanisms affecting water loss may be: 

( 1 ) rn o r· p h o ·1 o •J i c a ·1 , ·1 • e • r e ·1 a t e d t o s h e ·1 ·1 t h 1 c k ""' e s s , a p e r· t u r· e 

s i z e , e p i p h r· a g m t h i c k n e s s a n d p e r· me a b ·i 1 i t y , 

( 2 ) p h y s i o 1 o •::J i c a 1 , ·i' • e . r' e g u ., a t e d b y t h e m a n t ·1 e c o 1 ·1 a r· a n d 

fr·equency of pneumostorne opening, or· 

( 3 ) b e h a v i o u r· a 1 ( a c h ;· n 1 9 6 7 ) , e . ·J • b y a v o ·i' d a n c e of h i g h 

t e rn p e r· a t u r· e s b y b u r· r· o w i n g ·i n t o rn o i s t s a n d • 

0 f t h e s e p o t e n t i a 1 f a c t o r· s , we \hJ e r· e a b 1 e t o e x a m i n e on ·1 y 

s h e 1 1 t h i c k n e s s , a p e r· t u r· e s ·1 z e a n d b e h a v i o u r· . 

Shell thickness has been shown to r-etar-d water loss in 

t e r· r· e s t r· i a 1 s n a i 1 s b y p r' o v i d ·i n •J a b a r· r· i e r· to e v a p or· at i on 

(Gebhardt-Dunkel 1953). The shells of Tr-igonephrus sp. are 

t h i c k e r· t h a n t h o s e of t h e s i m i ·1 a r· 1 y - s i' z e d me s i c s n a i 1 s , H e 1 i x 

a s p e r· s a a n d 0 t a 1 a 1 a c t e a , b u t a p p r· o x i m a t e 1 y e q u a ., t o t h o s e of t h e 

m u c h s m a 1 1 e r· d e s e r· t s n a i 1 S • b o i s s i e r· ·i • I t m i g h t , t h u s , b e 

e x p e c t e d t h a t T r' i go n e p h r u s s p . a n d S . . b o i s e r· r· i h a v e s i m i 1 a r· w a t e r· 

loss rates (Machin 1967). However, S. boissieri had a much 

lower water loss rate than Trigonephrus sp .. This large 

d i f f e r' e n c e i n \A/ a t e r· ·1 o s s r· a t e b e t ""' e e n t h e s e t w o s p e c i e s c o u 1 d b e 
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d u e p a r' t 1 y t o b o i s s i e r- i b e i n g i n a s t a t e of t o t a 1 d o r m a n c y 

during Machin 1 s (1967) experiments. During activity, water loss 

r' ate s b y t e r re s t r' i a 1 s n a i 1 s a r' e h i g h , e • g • S c h m i d t - N i e 1 se n 

(1971) measured a daily water loss of 50-150 mg.day- 1 for active 

S • b o i s s i e r' r i . 

Mac h i n ( 1 9 6 7 ) h a s s h own t h a t m u c h of t h e w a t e r' 1 o s s b y t!_:_ 

aspersa, 1 actea and S. boi sser'i is vi a the exposed sur'face in 

t h e r e g i o n of t h e a p e r' t u r e . T h e a p e r' t u r e a r' e a of T r' i g o n e p h r' u s 

s p . ( 2 • 0 7 !_ 0 • 3 3 c m 2 
) i s 5 m a 1 1 e r' t h a n t h a t of t h e s i m i 1 a r' - 5 i . z e d tL.... 

,., 
a s p e r' s a ( 2 • 6 2 :_ 0 • 2 4 c m .:.. ) , a n d 1 a r g e r' t h a n t h a t of Q_.:_ 1 a c t e a ( 1 • 2 5 

2::_0 • 0 8 cm 2 ) ( a c h i n 1 9 6 7 ) • R a t e of w a t e r' 1 o s s b y T r i g o n e p h r' u s s p . 

i s 1 owe r' t ha n i n H . a s p e r' s a a n cl s i m i 1 a r' t o t h a t of l a c t e a • 

Thus, aperture area is not the major source of water loss in 

Trigonephrus sp. because it would be expected to have a higher 

water' 1 oss rate than 0. ·1 actea. 

Oxygen consumption 

Trigonephrus sp. has a considerably lower oxygen consumption than 

t h e 5 i m i 1 a t'' - s i z e d H e 1 i x a s p e r' s a a n d 0 t a 1 a 1 a c t e a 
-1 -1 -1 -1 

( 7 4 • 1 3 fJ 1 0 2 • g . h , a c t i v e ; 1 o • 7 2 fl l 0 2 • g . h , do r' m a n t 

Herreid 1977). Thus, oxygen consumption is the single 

p h y s i o 1 o g i c a 1 f a c t o r' e x a m i n e d t h a t s h o w 5 t h a t T r' ·i g o n e p h r' u s s p . ; s 

m o r' e s u ·i t e d t o 1 i f e i n x e r' ;· c c o n d ;· t i o n s t h a n t h e me s i c s n a i 1 0 . 

1actea. 

T h e 1 a r' g e a m o u n t of v a r· i a t i on i n o x y g e n c o n s u m p t i o n i n bot h 

T r' i go n e p h r' u s s p • a n d a s p e r' s a i s i n cl i c a t i v e of v a r· i a t i o n i n 
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snail activity, frequency of pneumostome opening and, possibly, 

intermittency of C02 release (Barnhart 1986). 

Body temper·atur·es 

B e ha v i o u r· a 1 ob se Y' v a t i on s of s n a i 1 a c t i v i t y a t d i f f e r· e n t a m b i e n t 

t em p e r· a t u r· e s ( F i g . 1 ) s how e d t h a t T r· ·i g o n e p h r· u s s p • we r e m o r· e 

a c t i v e a t 1 owe r· a m b i e n t t e m p e r· a t u r· e s . H owe v e r· , a t 3 0 ° C , , s n a i 1 s 

became active during the initial stages of the experiment. The 

r· a p i d e me r· g e n c e a n d s u b s e q u e n t r· e t r a c t i o n of s n a i ., s a t r· e 1 a t i v e 1 y · 

h i g h t e m p e r· a t u r· e s ( i n 0 . 1 a c t e a ) h a s b e e n t e r· me d a n e s c a p e 

r· e s p o n s e b y H e r· r e i d & R o k i t k a ( 1 9 7 7 ) , a n d i s p r· ob a b 1 y n o t a 

second preferred period of activity. I n f i e 1 d ob s e r· v a t i o n s ( F i •:J • 

3 ) , s n a i 1 s \AJ e r· e ab 1 e t o t o ., e r· a t e h i g h t e m p e r· a t u r· e s ( 4 0 - 4 5 ° C ) . 

H owe v e r· , i t s e e m s u n 1 i k e 1 y t h a t u n d e r· n a t u r· a l c i r· c u m s t a n c e s t h e y 

would allow themselves to be exposed to such high temperatures 

f o r· a n y 1 e n g t h of t i me , b e c a u s e of t h e p r· ob 1 e m s of h i g h w a t e r 

1 o s s a n d me t ab o 1 i c r a t e s • T r· i g o n e p h r· u s s p • a 1 1 owe d · b o d y 

temperature to track sand temperature, thereby minimizing the use 

of energetically-expensive mechanisms to heat or cool themselves. 

The a m b i e n t temp e rat u r· e s a t w h i c h T r· i gone p IH' u s s p . we re most 

a c t i v e \AJ e r· e s i m i 1 a r t o t h o s e of o t h e r· d e s e r· t s n a i 1 s , w h i c h a r· e 

c o m m o n 1 y a c t i v e a t t e m p e r· a t u r· e s < 2 0 ° C a n d h u m i d i t i e s > 5 0 % ( Y o m -

Tov· 1971b, Schmidt-Nie1sen et al. 1971). Despite the low air 

t e m p e r· a t u r· e s a n d h i g h h u m ;· d i t ;· e s a t n ;· g h t i n J a n u a r· y ( F i g • 3 ) , n o 

Trigonephrus sp. were active on the surface. At 10-15 cm below 

the surface, where snails were presumably buried for their summer 
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dormancy, temperatures were still relatively high (22.9 -33.2°C). 

Thus, arousal of these snails may require rainfall or lower 

subsurface temperatures, which will facilitate moisture 

penetration and cooling to the depth at which the snails occur. 

CONCLUSIONS 

The behavioural characteristics (temporal activity patterns and 

a c t i v i t y s t a t e s ) of T r i go n e P h r' u s s p . a p p ea r' t o 1 i rn i t t h e i r' 

exposure to conditions of high ambient temperature and relative 

h u m i eH t y w h i c h 1 e a d t o i n c r' e a s e d w a t e r' 1 o s s a n d r' e a t e r' o x y g e n 

consumption. Trigonephrus sp. have lower water loss and oxygen 

consumption rates than mesic snails, but are not as xerically-

adapted as other desert snails studied to date. They are, 

however, capable of tolerating more extreme conditions when 

artificially exposed to them. 
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FIGURE CAPTIONS 

F i g . 1 . 8 o x - a n d - w h i s k e r- s p 1 o t of % w a t e r· 1 o s s . g- 1 • d a y- 1 d u r· i n g 

t h r' e e 1 0 - d a y de s i c c a t i o n t r' i a 'I s ( n = 1 2 s n a i 1 s f o r' e a c h t r i a 1 ) 

for Trigonephrus sp. 

Fig. 2. The number of active Trigonephrus sp. with time at five 

different temperatures. 

Fig. 3. Deep-body T r· i gone ph r- us s p . ( sol i d 1 i ne) and sand 

t e m p e r· a t u r· e s ( s u r' f a c e . . . . .. , 5 c m _ .. -J 0 c m _ _ _ _ _ d e p t h ) e a c h h o u r· 

for 48 h, when snails wer e exposed on the surfac e , buried at 0 to 

5 c m d e p t h , a n d b u r' i' e d a t 1 0 c m d e p t h . 
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