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A BSTRACT 

The effects of tempera ture wi th in  the  range 20°C t o  30°C, on rate of passage of material  t hrough the gut were 
s tudied in juveni le  capt ive l oggerhead t u rt l es ( Coretta caret ta). Tota l  gut c learance t ime (TGCT} decreased with 
increas ing temperatu re (Qw = 1 . 6) .  The d i fference in  value of TGCT was greater between 20°C and 25°C, where it  
fel l  by 33  hours ,  t han between 25°C and 30°C. where i t  decreased by 6 hours .  A t  25°C and 30°C the sat ia t ion rat ion 
amounted to 3 .  73 per cent body weight;  a t  20°C the  value was only 0.92 per cent .  I t  was calculated that  appetite 
would ret urn to  sat ia t ion level at  a faster rat e  at  20°C than at 25°C or 30°C. 

Food was retained i n  the  oesophagus of juveni le  loggerhead turt les for up to one hour after feedi ng. 

I NTRODUCTI ON 

Lit t le  is known of the  behaviour and feeding act iv i ty  
of  young marine turt l es a fter  entering the  sea . I t  i s  
thought that t heir passive migrat ion is i nfluenced by 
cu rrents and oceanic gyre system s ,  (Witham 1 980) . 
Hatchl ings have been found associated with sargassum 
rafts where they presu mably feed o n  the associated 
fauna of the raft com m uni ty  (Carr and M eylan  1 980).  
Juveni le  loggerheads ,  l i ke  the hawksbil l  Eretmoche/ys 
imbricata, are thought t o  be omnivorous. Sargassum 
was fou n d  to be the  most  preva lent  i tem in  t h e  
s tomachs of loggerhead hatch l ings washed o n t o  t h e  
Florida coast b y  Hurricane David in  1 979, (Carr and 
Meylan 1 980). This contrast s with the  k nown 
carnivorous nature of a d u l t  Care1 1a. The rates of 
d igest ion in young green turt les were s tud ied by 
Hadjichristophorou and Grove ( 1 983)  and Daven port 
and Oxford ( 1 983) .  Davenport and Oxford also found 
t hat young C. mydas probably possesses a ce l lu lose 
degrading gut microflora, a l though t h is was a l ready 
k n own for adul ts of the species, ( Bjorndal  1 979) .  

Jn this study we compared the gut  act ion of  young 
Carel ta caret ta with that of green turt l es of  s imi lar  age, 
and studied the effect of t emperat u re on the rate of 
d igest ion in  captive loggerheads fed a high protein 
artifi cial diet . 

M A TER I A LS A N D  M ETHODS 

COLL ECTION A N D  M A I NTENANCE 

Six juveni le loggerhead turt les were obtained from 
the  Department of Fisheries, Cyprus.  The turt les were 
kepi in a recircu lat ing sea water system u nder constant  
i l l uminat ion .  During maintenance the temperature of 
the water was k ept a t  25°C ±I and the sa l in i ty  held at  
33-34 °/oo.  The turt les  were fed every 24 hours o n  an  
art ific ia l  diet of Omega trout pel lets  (OTF)  at a ration 
of 1 . 5 per cent body weight per day.  

The art i fic ia l  d i et (OTF) was used t hroughout t hese 
exper iments .  Three temperatures were chosen ;  20°C, 
25°C and 30°C. For each set of experiments the 
temperature in the recircu lat ing system was a l tered 
and the animals a l lowed to accl imat ize for a 4 to 5 day 
period.  N o  studies of physiological accl imat ion appear 
to have been carried out on sea turt les, so the chosen 
accl imat izat ion period was selected rather arbit rari ly.  
H owever, sudden seawater temperature changes of 
s imi lar  magni tude  are very common in  the 
Mediterranean which is genera l ly  rather shal low and 
subject to brief storms al ternating with periods of 
strong sunl ight . 

C H RO M I C  O X IDE M EA L S  

Labelled pel l ets were prepared by grinding OTF in to  
a fi ne powder and add i ng chromi c  oxide (2 per  cent by 
weight ) .  The resul tant  green mixture was made i n t o  a 
paste by adding water, extruded t hrough a hypodermic 
syringe, dried and cut into pel lets .  

Prior to chromic oxide meals the t u rt l es were starved 
for 27 hours, then fed a 1 . 5 per cen t body weight ra t ion 
of t h e  label l ed pel le t s .  The 3 hour extra deprivation 
beyond the  normal feeding in terval ensured that t ota l  
consumption occurred. Normal feed ing procedure was 
maintained before and after feeding  the  labelled mea l .  

To determine the  t i m e  of production of labelled 
faeces accurate ly ,  the turt l es were taken out of t he 
recircu lat ing system I t o  2 days after consuming the  
chromic ox ide  mea l  and placed in  ho ld ing  t anks 
conta in ing sra water kept at the experimental  
t emperature. A system of s lats  mounted 2cm above the  
bot tom of the tanks  ensured that  any faeces produced 
were not broken up or consumed by the turt l es .  The 
experimental  process was repeated ten t imes at each 
temperature, and average values for the fol lowing 
para meter ca lculated:  

Total Gut  Clearance Time (TGCT):  the t ime taken 
for food to pass completely through t he digestive 
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system est imated a s  the t ime elapsed between feeding 
and the appearance of the last green faeces. The 
relat ionship TGCT = a'Wb".ec'T, (where W is the weight 
of the animals ,  T i s  the temperatu re in degrees Celsuis 
and a', b' and c' are constants)  was calculated 
separate ly for each turtle by mu l t i l inear regression 
s ince ind iv idua l  turtles differ in  the ir  rate of digestion . 
These separately calculated values were then averaged . 

B A R I U M S U LPHATE M E A LS 

To st u dy the  progress of food along the gut ,  t he 
turt les were fed a 1 . 5 per cent body weight rat ion of a 
barium sulphate label led meal at a concentrat ion of 
one part BaS04 to four parts OTF by weight .  The 
labelled pellets were prepared in the same fashion as 
those containing chromic oxide. Before feeding, the 
turtles were starved for 27  hours and the normal 
feeding procedure was maintained before and after the 
meal . X-radiography was performed just after feeding 
and at  various time intervals subsequent ly .  

SATIATION M EALS 

The turtles were deprived of food for the length of 
t ime corresponding to the calculated 'gastric  emptying 
t ime ' G ET (the time interval between appearance and 
disappearance of chromic oxide labelled faeces);  
stomach fu ll ness is considered to be one of the main 
controls of appetite. They were then fed a satiat ion 
rat ion.  To do th is, 50g of pel lets was weighed out and 
the pellets offered to each turt l e  u nt i l  t hey had refused 
five pellets in five minutes .  The amount eaten was 
calculated by deduction of the weight of the uneaten 
food from t h e  origina l  50g. 

The rel a t ionsh i p :  
s a t i a t i o n  amount  ( g )  = a " Wb" ' . ec"'T, (where W is  the 
we ight  of t he an ima l s ,  T is t h e  t em pera t u re i n  degrees 
Ce ls u i s  and a",  b" and c" are constants) ,  was 
ca l cu l a t ed for a l l  t h e  a n i m a l s .  

R A TE O F  A PPETITE R ET U R N  

Aft e r  t h e  sa t i a t ion m e a l  descr ibed a bove, e a c h  turt le 
(s t u d i ed in pa i rs )  was given a second s a t i a t i on mea l  a t  
i n t erva l s  of 6, 1 2 , 1 8 , 24 ,  30  and 3 6  h o u rs a ft er the start 
of t h e  fi rst  s a t i a t ion mea l .  To ex p ress t h e  ret urn of 
a ppet i t e  t h e  Von Bert al a n ffy eq u a t i o n  was fi t t ed to  t h e  
d a t a  for each tempera t ure.  The Von Bert a l a n ffy 
eq u a t i o n  ass umes t h a t  da ta  r i se  towards some 
t heore t ica l  max imum and the  c loser  t h ei r  va lue  gets  to  
t he m a x i m u m  t h e  s lower  the  ra t e  of ch a n ge .  The  
eq ua t ion  i s  as fol l ows :  

W t = W( l -exp(-K( t- 1 0 ) ) ) 

Where W t  is t h e % body weight  mea l  i n gested after 
t i m e  t ,  

and W i s  t h e  t heoret ica l  m a x i m u m % body weight  
meal .  
K is  a cons tan t  a t  each temperat u re .  

A n  a lgor i t h m  capable  o f  finding a n  unconstrained 
m i n i m u m  of a sum of squares (through the N A G  
subrou t i ne E04FDF)  was used to  fit t h e  Von 
Bertalanffy equat ion to the data. By  this method 
est i m a t es of W, K and t0  were ob t ained for each 
t emperat ure . 

RESULTS 

TOTA L G UT C L E A R A NCE TlME 

I nit ial ly it  was hoped that gastric emptying t ime 
(GET) could be m easured.  The m ethod of labell ing 
food with chromic oxide to estimate GET assumes t hat 
after the food has left the stomach its rate of passage 
through t he rest of the gut occurs at a cons.tan! rate.  It 
also assumes that the food enters the stomach 
i mmediately after eating. The t ime of feeding affected 
faecal deposi t ion;  turt les defaecated most material just 
after feeding. This  finding suggests that passage of 
food through the latter part of the  gut does not occur at 
a constant rate so G ET cannot be m easured 
accurately. 

A t  20°C t he turtles has to be fed several t imes each 
day to ensure the complete i ngest ion oft  he 1 . 5  per cent 
body weight meal . Therefore, given the observed 
association of feeding and defaecation, it is not 
surprising t hat TGCT values at this temperature tend 
to be rather variable. 

Fig. 1 shows the presence of food in the oesophagus 
for at l east one hour after a meal .  Food retention 
indicates that the oesophagus acts as  a temporary food 
store or crop. This  was observed in a n imals .a t  1 0  
months (weigh ing approximately 500g) and 20 months 
(weighing approxim ately 2500g) of age. Whet her th is 
novel finding also applies t o  adult loggerheads is 
unknown . 

Fig. I I hour after feeding; food in t he oesophagus. 
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The data (Table I )  for TGCT and body weight were 
found to be normally d is tributed in each case,  and 
A NOVA showed that  for each quant i ty the  populat ions 
from 20°C, 25°C and 30°C differ sign ifica nt ly  because 
of  the growth of the a n imals  ( P<0. 00 1 ) . TGCT was 
found to  decrease with i ncreasi ng temperat ure.  The 
increase from 20°C t o  25°C had a greater effect on 
TGCT than the increase from 25°C to  30°C. From 
20°C t o  25°C the value for TGCT fell by 
approx imately 33 hours and fro m  25°C to 30°C it fell 
by a further 6 hours. 

The calculated equat ion for TGCT was found to  be:  
TGCT = 42ow-o.0025. e-0.049T hours 

In t h is equat ion weight (W) had no effect on TGCT 
cw-o.002s) .  The effect of temperat ure (T) on TGCT was 
pronounced. (Q w = 1 . 6)). 

TGCT 

Body Wt 

Temperature °C 
20°c 25°C 30°C 

1 55 .8  1 22 .0 

1 409.9 560. 5 

95 .3  

965 . 2  

* Least significant difference 

L.S .  D. (TYlr)* 

7 .358 

1 44.88 

TA B L E  I :  Mean total  gut clearance t imes (n = 1 0) a nd body 
weights at  20°C, 25°C and 30°C. 

SATIATION A MOUNT 

From the  observed values (Tables 2, 3 and 4) t here 
was no d ifference between sat iat ion amount  at 25°C 
and 30°C. The mean value  at t hese temperatures was 
3.  73 per cent body weigh t ,  but a t  20°C t here was a 
marked drop i n  sat iat ion rat ion (mean = 0.92 per cent 
body weight) .  Sign i ficant l inear relat ionsh ips of log 
tra nsformed body weight o n  log t ra n sformed sat iat ion 
amount were found by regress ion  ( Fig .  2) for 20°C 
( P<0.05, R 2 = 0. 35) and at 30°C ( P<0.00 1 ,  R 2 

= 0.  70).  
A t  25°C sat iat ion amount d id  not vary with body wt . 

Turtle Body Sat iat ion Sat iat ion 
Number Weight Meal  ( I )  Meal  

(gms) 73 (hrs )*  as % B . W .  
(gms) 

3 1 1 83 7 . 2  0 . 6  
4 1 82 1  I 1 2. 0  0 . 6  
5 1 5 1 2 1 6. 6  I .  I 
2 1 482 I ! . 7 0 .8  
5 1 535 20.  I 1 . 3  
4 1 867 1 7. 3  0.9 
3 1 242 9 .0 0 .  7 
2 1 527 1 8. I 1 . 2 
3 1 558  1 4. 6  0.9 
5 1 592 1 5 .9  1 . 0 
4 1 946 1 7. 0  0.9 
2 1 324 1 2. 8  1 .0 

* = 'Gastr ic Empty ing Time· (sec t ex t ) .  

TA B L E  2: Satiat ion and Appetite ret urn a t  20°C. 

This s howed that  body weight had a m ore pronounced 
effect on sat iat ion amount at 20°C a nd 30°C than at 
25°C where t h ere was l i t t l e  re la t ionsh ip between the  
terms. 

a . e  
s .  
a .  

I- ····· ········ 

:z: S . 2  
� s . o  w 
:c: 2 . 11  z 2.8 Q 
I-
< 2 . 4  
I-
< 2 . 2  
IO 2 . 0  
c _, 1 . 8  1 .,  

. 0  8 . 2  11.4 7 . 2  7 . 4  

l n  B O D Y  WEIGHT 

Fig. 2 In Sa t iat ion weight plotted against In body weight .  

o ; I n  Satiation weight at 30°C. 
A ;  In Satiat ion weight at 25°C . 
b. ;  I n  Satiat ion weight at 20°C. 

The calculated equation for sat iat ion amount was 
found to be:  

Satiation amount (g) = 0. 696W0.0567.e0. J 3 1 T 

J n  t h is equation temperature increase was found 1 0  
have a small  effect (Q 1 0  = 0 . 2 7 )  on satiat ion amount .  

R ETl l R N  OF A PPETITE 
There are two main factors which are t h ought to 

control appetite;  stomach fu llness and the previous 
feeding pattern experienced (amount and frequency of 
feeding). After the first sat iat ion meal the stomach was 
assu med to be fu ll  a lth ough the previous mai ntenance 
ra tion would have affected th is  value .  The t ime of 
feeding wi l l  also affect t he ra t ion consumed; turt les fed 
at night took less t han t hose fed during the  day and a te  
most when fed close t o  the ir  regu lar feeding t ime (9. 00-

Deprivation Satiat ion Satiat ion Satiat ion 
Time (hrs )  Meal  (2) Meal as % Meal (2)  

(gms) B . Wt as a percentage 
of Sat Meal ( I )  

6 4.4 0.4 6 1 .  I 
6 8.4 0 .5  7 .5  

1 2  9.9 0.6 59.6 
1 2  7 .5  0 .5  64. I 
1 8  29. 1 I .  9 1 44. 7 
1 8  25.4 1 . 4  1 46 .8  
24 1 6.9  1 . 34 1 8 7. 7 
24 33. 8 2 .2 1 86 .7  
30 20.6 1 . 3  1 4 1 . 1  
30 27 .0 1 . 7  1 69 .8  
36 3 1 .4 I .  6 1 84. 7 
36 24. 5 I .  8 1 9 1 .4 
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Turt le Body Satiation Satiat ion 
N u m ber Weight Meal ( 1 ) M eal 

(gms) 42 (hrs ) *  a s  lfo B . W. 
(gms) 

I 688 3 1 . 2 4 .5  
2 · 637 30. 1 4 .7  
4 832 28.6 3 .4  
5 736 3 1 . 3  4 .2  
1 736 29. 5 4.0 
4 908 34. 3 3 .8  
2 654 28 .3  3 . 3  
5 7 74 28 .2  3 .6  
I 936 32 .6  3 . 3  
3 766 28 .3  3 .  7 
2 832 27 .5  3 . 3  
5 995 29.4 3.0 

* = 'Ga stric Emptying Time' (see text) .  

TA B L E  3 :  Sat iat ion and A ppetite return a t  25°C. 

Turtle Body Sat ia t ion Satiat ion 
N u m ber Weight M eal  ( 1 ) Meal 

(gms) 36 (hrs)* as % B . W. 
(gms) 

I 1 276 54. 5  4 .3  
2 1 1 34 50.0 4 .5  
3 1 0 1 2  35 .6  3 .5  
4 1 444 46. 6 3 .2  
5 1 285 45. 8 3 .6  
6 2250 67.0 3.0 
l 1 409 59. 5 4 .2  
3 1 097 46.4 4.2 
2 1 225 50. 1 4. 1 
5 1 359 50. 1 3 . 7  
4 1 579 53 . 5 3.4 
6 2327 70.0 3 .0 

* = 'Gast ric Em ptying Time'  (see t e x t ). 

TA B L E  4: Satiat ion and A ppeti te return at 30°C. 

l 0.00 h rs ) .  At 20°C the  ra te  at  which pe l le ts  were t aken 
was so s low in some cases t ha t  a n  accu ra te  
determi nat ion of feeding cessat ion was  i mpossible .  

The data (Tables 2 ,  3 and 4) was expressed in  t h e  
form of t h e  Von Berta lanffy equat ion for t h e  ret urn o f  
appeti te .  T h e  calcu lated equations for e a c h  t emperature 
are as fol lows:  

30°C; Wt = 7. 1 8( 1 -exp(-O.O J  77(t+5. 42)))  
25°C; Wt = 4. 34( 1 -exp(-0. 0326(t +5. 65)))  
20°C; Wt = 1 . 86( l -exp(-0.0894(t-3. 79)) )  

The calcu lated values for the to ta l  squares of  the 
abso lu te  and relat ive errors of the fit ted funct ion 
showed that  the  rel iabi l i t y  of the es t i ma t es of  W ,  K and 
t0 was greatest a t  bot h 20°C and 25°C where m ore of  
t he cu rve was expressed by the  sample  points ( Fig .  3 ) .  
The curves i n  F ig .  3 were extended beyond t h e  area  of  
t h e  data to i l l ustrate which  part of  t he curve at  each  

Depri vation Satia t ion  Sat iat ion Sat ia t ion 
Time (hrs) M eal (2) M eal as % Meal (2) 

(gms) B . Wt as a percentage 
of Sat Meal  ( l )  

6 9. 5 1 . 4 30.6 
6 7 . 5  1 . 2 25 .0  

1 2  1 5. 3  I .  8 54. 6 
1 2  1 6. 1  2 .2  5 1 .  9 
1 8  2 1 .9 3.0 7 5 . 5  
1 8  1 6. 5  I .  8 48.5  
24 1 8. 7  2 . 9  66. 8 
24 20.0 2 .6  7 1 . 4 
30  24. 8 2 .6  78 . l 
30 25. 1 3 . 3  89. 3 
36  28. 2 3 .4  1 00.0 
36  35. 1 3 . 5  1 20 .7  

Deprivation Satiation Satiation Satiat. ion 
Time (Im) Meal (2) Meal as % Meal (2) 

(gms) B . Wt as a percentage 
of Sat M eal ( I )  

6 26. 8 2. 1 . 49.2 
6 1 6. 2  1 .4 32 .4  

1 2  1 1 . 0  1 . 1  30.9 
1 2  1 7. 3  1 . 2 3 7 . 3  
1 8  30.6 2.4 6 6. 3 1  
1 8  44.0 2.0 65.  7 
24 40.9 3 . 3  78 .3  
24 40.5 3 . 7  87 .3  
30  49.3 4.0 98.4 
30 48. 0 3 . 5  95 .8  
36  54. 2 3.4 1 0 1 . 3  
36  74. 3 3 . 2  1 06. 1 

t emperature t h e  points  expressed.  A t  30°C t h e  
o bserved va lues l a y  in  t h e  exponent ia l  phase o f  t h e  
curve a n d  consequent l y  t h e  est imate o f  W i s  
q uest ionable. The greatest t heoret ical  body weight 
meal s ize (W) was a t  3 0°C with a value of 7 . 2  per cent 
body weight .  At 25°C i t  was 4.  3 per cent and the lowest 
va lue  was a t  20°C where i t  was I .  9 per cent .  These 
va l u es a l l  exceeded t h e  o bserved va lues for the first 
sat ia t ion meals ,  which were as fol l ows : 30°C mean 
sat ia t ion amount = 3 .  73%; 25°C, 3 .  73%; 20°C, 0.92%. 
The greates t  d ifferen ces between fi rst satiat ion meal 
size and t heoret ical  max imum were a t  20°C and 30°C 
where the  maxima were a pprox imate ly  twice t h e  size of 
t h e  fi rst sat i a t ion mea l .  The ra te  of ach ieving t h e  
t h eoret ica l  m a x i m u m  w a s  greatest at  20°C, 
(K = 0. 0894). At 25°C and 30°C t h e  va lues for K were 
0.0326 and 0. 0 1 77 respect ively .  
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Fig. 3 % body weight eaten (g) after t he first sat ia t ion meal .  

o ; % Sat ia t ion weight at 30°C. 
& ; % Sat iat ion weight a t  25°C. 
D. ;  % Satiat ion weight at  20°C. 

DISCUSSION 

The results of t h is study demonstrate tha t  
t emperature has, over the range between 20°C and 
30°C, a considerable effect on t he rate of passage of 
food through the digest ive system of young loggerhead 
turtles. The differences in sa t iat ion amount and TGCT 
were much greater between 20°C and 25°C t han 
between 25°C and 30°C. The resu l t s  at the two h igher 
tempera t ur es were ident ical for sat iat ion (3 .  73 per cent 
of the body weight },  and there was only a 6 hour  
difference between clearance t imes. I n  contrast, 
between 20°C and 25°C there was a 33  hour difference 
in  clearance t ime and at 20°C, the sat iat ion rat ion was 
only 0.92 per cent of the body weight .  Rather 
surpris ingly, appeti te  ret urned to sat ia t ion level faster 
at 20°C than at 25°C or 30°C, but th is  presu mably 
reflects the much lower sat iat ion rat ion .  

These data  support avai lable fie ld and growth data .  
Observations indicate that ,  in  coasta l  feeding areas, 
marine turtles largely return to  feed or become active 
when the temperature rises in  late spring to  around 20°C 
(Carr er

-
al. , 1 980). Carr et al. , ( 1 980) found tha t  adul t  

C. caret/a hibernated in  the mud of submarine 
canyons off Cape Canaveral in February when water 
temperatures averaged 1 1 °C,  but by mid M arch when 
t he water temperature had r isen to  I 9°C the turt l es 
were res t ing on t he bot tom.  Carr et al. ( 1 980) also 
noted a n  influx at th is  t ime of turt l es from other areas . 

Hughes ( 1 974) studied growth in hatchl ing logger­
heads. At 1 4°C and 1 5°C turt les ate l i t t l e  and Jost 
weight , while t hose at I 7°C and I 8°C ate more but 
grew much more slowly than t urt les kept at 24°C. I t  
appears t h a t  active feeding starts at approximately 
20°C t hough the preferred temperature of Care/ta is  
over 25°C. In  t h is respect loggerhead turt l es appear to 
closely resemble Chelonia mydas. Bjorndal ( 1 980) 
found that  water temperature affected digestive 
efficiency in the green tur t le ,  wit h efficiencies 
becoming more variable during the  winter months 
when the temperature approached 20°C. 

The studies of gut dynamics described here were 
compromised to a certa in extent  by the unavoidably 
smal l  number of turt l es avai lable,  which meant t hat 
the ir  weights had changed somewhat bet ween 
experiments at d ifferent temperatures. Fange and 
Grove ( 1 979) considered the problem of using different 
sized an imals in  d igest ion studies .  If (as in  the present 
study) meals of constant percent body weight are fed to 
experimental  animals,  then the  absolute rate of 
digest ion of food wi l l  be faster in a l a rger animal  
(because the surface area of food bolus exposed to 
enzyme action is greater),  but d igest ion wil l  be 
completed sooner in a smal ler  an imal (because the 
surface area-to-volume ra t io  of the smaller meal is 
greater). 

I t  took 1 22±7 hours for food to pass completely 
through the gut of C. carella but for C. mydas of 
similar size i t  took 1 76± 1 1  hours (Hajichristophorou 
and Grove , 1 983) .  These shorter evacuat ion t imes may 
be indicat ive of the more carn ivorous habit  of Carella. 
Young loggerheads appeared to  be far more voracious 
feeders than young green turtles. The satiat ion ration 
of Carella at 25°C was twice t he size of that of Cheloriia 
and appeti te  return was 25 per cent quick er in 
loggerheads. 

During passive migration the young loggerhead 
turt le presumably rel ies on an opportunist ic feeding 
strategy .  The adaptation of the oesophagus as a 
temporary food store a l lows the an imal  to take 
advantage of occasional overabu ndances of prey. The 
oesophagus possesses soft con ical  pap i l l ae on i t s  
luminal surface. These papi l lae project towards the 
stomach, but it i s  not known whether they act solely to 
prevent food ret urning to the mouth or whether  t hey 
also have a glandular fu nction.  Oesophageal food 
storage has not been reported for other sea turt l es, and 
is certa in ly not characterist i c  of Chelonia mydas in  
which food always reaches the stomach wi th in  5 
minutes (Davenport and Oxford,  1 984). 
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A BSTRACT 

Part ial clearance of the  terrestrial vegetation surrounding a pond in  southern England resulted in  a significant 
decrease in  the size of t he smooth newt ( Triturus vulgaris) populat ion breeding there, relative t o  a n earby, intact 
pond. This finding supports the  suggest ion of Beebee ( 1 98 1 )  t h at the terrestrial  habitat s urrounding a pond is an 
important  determinant  of t hat pond 's suitabil ity for amphibians .  

I N TR O DUCTI O N  

I n  a survey of t h e  s tatus  of Bri t i sh amphibians  i n  
which England,  Scot land and Wales were divided i n t o  
1 2  'survey regions' ,  populat ions of  the  s m o o t h  newt 
( Triturus vulgaris L . )  were reported t o  have suffered 
decl ines in t hree regions .  Over 70 per cent of the  
respondents in  t h is survey blamed t hese decl ines on 
loss of  su itable habitat due to h u man act iv i ty  (Cooke 
and Scorgie ,  1 983) .  

Loss of ponds i s  an  obvious ea use  for concern 
amongst  those involved in  the conservation of 
amphibian populat ions .  However, loss of the 
t e rres t ria l  habitat  surrounding extant ponds can also 
have detrimental  effects on the  amphibians w hich vis i t  
the  ponds i n  order t o  breed and feed .  The importance 
of such habitat was s tressed by Beebee ( 1 98 1  ) , who 
surveyed a large number of ponds in  southern England 
and found that those wi th  margina l  scrub habitat  were 
more l i ke ly  to support amphibian populat ions than  

were those wi thout  (a l l  other requi re ments being 
equ al ) .  

I n  1 986, the author  was  afforded the  opportunity t o  
s tudy the  effect of terrestr ia l  habitat  destruction o n  
smooth newts a t  a local level .  I n  1 985,  as part of an  
invest igation into the  reproductive biology of t hi s  
species,  breeding popu lat ion s ize was assessed at two, 
c losely-situated ponds.  In the  autumn of that  year, 
a bout  one half of the margina l  terrestrial  vegeta tion 
was removed from one pond;  the  other pond was left 
intac t .  I n  1 986, the  two ponds were surveyed once 
more,  and the  influence of habi ta t  destruction on 
smooth newt breeding populat ion s ize was determined . 

M ETHODS 

The two s tudy s i tes are  ponds s i tuated on t he 
Conniburrow hous ing estate  i n  Mi l ton Keynes,  
Buck inghamshire, southern England. They are approxi­
mately 0. 25 mi les from one another.  In 1 985,  both 


