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Terrestrial snails, Cepaea nemoralis, develop tolerance to morphine-induced analgesia, such that after 7-9 days of treat- 
ment with morphine ( 10 mg/kg) their response latencies to an aversive thermal stimuli (38.5°C) are not significantly different 
from those of untreated control animals. In Experiment A snails were rendered tolerant to morphine using either of two 
pre-injection cues (light and dark background brightness or color) and then assessed for morphine-induced alterations in 
thermal nociceptive responses in both environments. In Experiment B snails were made tolerant to morphine in the 
presence of one of two different thermal cues (a stressful temperature of 35°C that is normally avoided or an ambient 
temperature of 22°C) and then tested for morphine-induced alterations in nociceptive responses in both environments. In 
the two experiments tolerance to morphine-induced analgesia was displayed when snails were exposed to the pre-injection 
environmental cue normally associated with the administration of morphine, but not when exposed to the alternative 
pre-injection cue. These results demonstrate that various environmental factors (background colors or brightness as well as 
temperature cues and potentially thermal stress), can function as environmental specific cues for the development of 
tolerance to morphine-induced analgesia in molluscs, in a manner consistent with a behavioral mechanism of tolerance. 
Thus, these results suggest that environmental specificity of tolerance involving either classical (Pavlovian) conditioning or 
habituation may be a general phenomenon having an early evolutionary development and broad phylogenetic continuity. 
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A charac te r i s t i c  effect  of  repea ted  admin i s t r a t ions  of  op ia tes  
is the  d e v e l o p m e n t  of  to le rance .  The  behav io ra l  and  physi-  
ological effects  tha t  are initially p roduced  by subs t ances  
such as morph ine  show a progress ive  decl ine  in in tens i ty  
until  they are indis t inguishable  f rom r e sponses  of  cont ro l  
an imals  [3, 13, 40]. A var ie ty  of  m e c h a n i s m s  have  been  pro- 
posed  to expla in  the d e v e l o p m e n t  of  to le rance ;  the  major i ty  
o f  these  have  dealt  wi th  the  physiological  and  pharmacolog i -  
cal c o n s e q u e n c e s  of  r epea ted  opia te  admin is t ra t ions .  It has  
been  suggested  that  sys temic  changes  ar is ing wi th in  the  or- 
ganism may  modify opioid  r ecep to r  sensi t iv i ty ,  induce  func- 
t ional  neu rochemica l  and /o r  n e u r o t r a n s m i t t e r  changes  and 
a l ter  the  d ispos i t ion  and  me tabo l i sm of  op ia tes  [6, 13, 28, 40]. 

Relat ively  recent ly ,  it has  been  recognized  that  the  display of  
to le rance  is also d e p e n d e n t  on  behav io ra l  f ac to rs  and  en- 
v i ronmen ta l  cues  in a m a n n e r  cons i s t en t  with  e i the r  Pavlo-  
vian condi t ion ing  and /or  hab i tua t ion  [10, 11, 35, 37]. Accord-  
ing to bo th  the c o m p e n s a t o r y  classical  cond i t ion ing  and  
hab i tua t ion  proposa l s ,  t o l e rance  depends  not  only  on  re- 
pea ted  admin i s t r a t ions  of  the  drug,  but  also on expe r i ence  
with specific e n v i r o n m e n t a l  cues  p resen t  at  the  t ime  of  drug 
admin i s t r a t ion  [2, 10, 37]. For  example ,  ra ts  t e s ted  in the 
con tex t  of  the ' u sua l '  p re-drug cues  are more  to le ran t  to the  
analgesic ,  the rmic ,  l o c o m o t o r  and  behav iora l ly  sedat ing  ef- 
fects  of  repea ted  doses  of  morph ine  than  are equal ly  drug-  
expe r i enced  rats  tes ted  in the con t ex t  of  ' a l t e rna t i ve '  cues  
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[12, 33, 34, 37]. According to the habituation account this 
may involve learned and unlearned responses while the al- 
ternative conditioning explanation involves learning experi- 
ence with the cues. Behavioral involvement in tolerance de- 
velopment has now been demonstrated with a variety of 
opiate and non-opiate drugs [11, 21, 26, 27, 371, and this 
environmentally influenced response is hypothesized to be a 
general characteristic of mammalian drug tolerance [37]. 

In invertebrates, and, in particular, molluscs, there is be- 
havioral, biochemical, electrophysiological and phar- 
macological data supporting the existence of regulatory 
opioid systems that resemble those present in mammals 
[15-20, 23, 24]. Endogenous opioid systems are involved in 
the mediation of the thermoregulatory, nociceptive and anal- 
gesic responses of the terrestrial gastropod snail, Cepaea 
nernoralis. Morphine, as well as opioid peptides, enhance, in 
a dose-dependent manner, the aversive thermal response 
latencies of Cepaea to a 'hot-plate" in a manner analogous to 
that associated with the production of analgesia in mammals 
[15, 16, 20]. These 'analgesic" responses display a stereo- 
specific requirement similar to that reported in mammals 
[20]. In addition, the opiate antagonist, naloxone, can sup- 
press and reverse the analgesic effects of morphine in 
Cepaea, as well as reducing response times of control snails 
[15], further supporting a direct role for endogenous opioids 
in the mediation of thermal nociception. As in mammals, 
after 5-7 days of daily administration of morphine, Cepaea 
develop tolerance to the morphine-induced prolongation of 
response time [16]. Moreover, pre-treatment with the protein 
synthesis inhibitor, cycloheximide, disrupts this develop- 
ment of tolerance. 

Learning behavior analogous to vertebrate classical con- 
ditioning and habituation has been demonstrated and is 
under intensive investigation in a number of species of mol- 
luscs [ 1,4, 5, 8, 9, 29, 30]. It has been proposed that at least 
some of the cellular and neuronal mechanisms underlying 
associative learning may be consistent from molluscs 
through to mammals [1, 8, 9]. It was considered of interest, 
therefore, to determine whether or not the development of 
tolerance to morphine in Cepaea is also influenced by en- 
vironmental cues in a manner consistent with the proposed 
behavioral models of tolerance. In the present study we 
show that environmental features (background color or 
brightness cues) as well as an elevated temperature, and po- 
tentially thermal stress, can function as specific environ- 
mental cues for the development and expression of tolerance 
to morphine-induced analgesia in Cepaea. 

METHOD 

A n imals 

Cepaea were collected locally in London, Ontario, and 
maintained as separate color banding morphs [ 14] under a 12 
hr light-12 hr dark cycle (LD 12:12, L 25 #tw/cm 2) at 22°C. 
The snails were fed daily with lettuce supplemented with 
vitamins, with water being freely available. 

Experimental Procedures 

Aversive thermal responses of hydrated snails were de- 
termined using a modified hot-plate technique [39]. Since the 
activity of snails can be modified by their state of hydration 
[38], all snails were allowed to fully hydrate (15 min) before 

being tested. Snails were placed in sealed containers with a 
saturated atmosphere and water in the bottom. After hydra- 
tion, snails were injected with either morphine sulfate (BHD. 
Toronto) in a physiological saline solution ( 1.0 #1 containing 
10 p.g) or the saline vehicle (1.0 >1) [25]. No corrections in 
dose were made for variations in the mass of the individual 
snails (the mass of the snail's body without shell ranged 
from 0.7-1.3 g). The solutions were injected with a micro- 
syringe (5.0 /,1 Hamilton, NVt into the side of the foot in 
either the vicinity of, or directly in. the mantle cavity into the 
haemocoel. Snails were returned to the hydration chambers 
for an additional 15 rain. Individual snails were then placed 
on a hot-plate (Technilab, N J) and the latency of their foot 
lifting response to a 38.5_+0.5°C thermal stimulus was re- 
corded. When placed on a thermally aversive surface, fully 
hydrated Cepaea display a characteristic elevation of the 
anterior portion of their foot (Fig. I in [20]). This response, 
indicative of discomfort or aversion, has not been observed 
in snails exposed to temperatures normally present in their 
natural habitats [20], but becomes evident as the experi- 
mental temperature is raised to 40°C [16]. Previous studies 
had established that maximal responses to morphine by 
Cepaea occurred 15 rain after injection 115.161. All determi- 
nations were carried out in the early light period (1000-1200 
hr). 

Tolerance Acquisition 

Tolerance to morphine-induced analgesia was established 
in snails that were exposed to one of two different specific 
environmental cues. Administration of morphine was asso- 
ciated with exposure to either (A) light or dark background 
colors (high and low brightness, respectively), or (B) am- 
bient or elevated environmental temperatures (22°C and 
35°C, respectively). The latter investigation also encom- 
passes consideration of the possible roles of stress [35°C 
being aversive to some morphological varieties of Cet~aea 
([20] and Kavaliers, in preparation)] as a cue for tolerance 
development. Details followed in experiments A and B are 
given below. 

A. Back~,,rotmd co l t .  cues. Snails were treated as de- 
scribed previously with saline or morphine every day for 10 
days and the latencies of their thermal responses were de- 
termined. Hydration of the snails for 15 min both before and 
after injection occurred in either a bright light colored (white 
opaque chamber with a transparent top) or dark (black, 
closed chamber) environment. Chamber sizes, temperature 
and humidity levels (saturated) were similar. Twenty differ- 
ent snails were used for each of the four groups. 

B. Temperature cues. Snails were treated with saline or 
morphine as above every day for 10 days and the latencies of 
their thermal responses were determined. One group of these 
snails was exposed to a 35_+0.5°C hot-plate for 1 rain before 
being injected with morphine or saline, while another group 
was placed on the hot-plate at an ambient temperature of 
22 + I°C. Although the snails do not show any evidence of an 
aversive response to 35°C after I rain, the majority of morphs 
of Cepaea avoid this temperature and in a number of cases 
show aversive responses after 1.5-2.0 min. This latter 
avoidance is taken as evidence to support the contention 
35°C is a stressful environment to this particular morphologi- 
cal type of Cepaea. All groups were hydrated in similar light 
environments. Twenty different snails were used in each of 
the four groups. 

To test for the possible effects of experience with the 35°C 
hot-plate on the latency of thermal responses, additional 
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groups of 10 snails were injected with morphine or saline for 
10 days and tested on a non-functional 38.5°C hot-plate after 
receiving morphine or saline. Previous studies had shown 
that daily injections and handlings by themselves have no 
significant effects on nociception and response latency of 
snails [16]. 

Tolerance Test Conditions 

A. Background color cues. After ten days of treatment 
with morphine the specificity of the light and dark cues for 
morphine tolerance induction was examined. Ten randomly 
chosen snails that had been exposed to light pre- and post- 
injection cues were now hydrated in the dark, while 10 indi- 
viduals that had received the dark cues were hydrated in the 
light. The other ten individuals in each group were main- 
tained and tested with their original background color condi- 
tions. Similar tests of the specificity of the background 
hydration cues were also carried out with 10 each of the 
saline injected individuals. As before, the other 10 individu- 
als remained under their original conditions fifteen min after 
injection with morphine or saline and hydration. The thermal 
response latencies of the snails were determined as de- 
scribed previously. On the next day, the nociceptive re- 
sponse of all the morphine and saline-treated snails were 
determined under their original light or dark tolerance ac- 
quisition conditions. 

B. Temperature cues. After ten days of treatment with 
morphine and pre-exposure to either 35°C or 22°C the speci- 
ficity of these temperatures as cues for morphine tolerance 
was examined. Ten randomly chosen snails that had been 
exposed to 35°C were now exposed to the hot-plate at 22°C, 
while ten individuals that had been placed on the non- 
functional 22°C hot-plate were exposed to 35°C. The other 10 
individuals in each group were kept under their original cues. 
Similar tests of the specificity of the temperature cues oc- 
curred with 10 each of the saline-treated individuals. Fifteen 
min after injection with morphine and hydration, thermal 
response latencies of the snails were determined. On the 
next day the nociceptive responses of morphine and saline 
injected snails were determined under their original thermal 
tolerance acquisition conditions. 

All data were analysed by analysis of variance for re- 
peated measures. Student-Newman-Keuls multiple range 
test was used for post-hoc comparisons of means. The signif- 
icance level for hypothesis testing was set at 0.05. 

R E S U L T S  

A stereotyped elevation of the anterior portion of the ex- 
tended foot was observed in fully hydrated snails that were 
exposed to 38.5°C for a short period of time. This foot-lifting 
behavior was never observed at ambient temperatures of 
22°C conditions and as indicated previously occurred only 
after 1.5-2.0 min exposure to 35°C in individuals of this par- 
ticular morphological type. 

A. Light and Dark Cues and Tolerance Development 

Administration of morphine resulted in an initial (day 1) 
significant (p<0.001, for the light or dark environment) in- 
crease in the latency of the foot-lifting response as compared 
to saline-treated individuals (Fig. 1). There was a significant 
(p<0.01) decrease in the analgesic effect of morphine be- 
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FIG. I. Thermal response latencies (38.5°C) of snails (n=20) ex- 
posed to either light (L) or dark (D) backgrounds and receiving daily 
injections of morphine (10/~g) or saline (1.0/zl) for 10 days. Saline 
responses over days 7-10 (not shown) are the same as for the first 7 
days. Vertical lines denote two standard errors of the mean. 

tween days 1 and 3. By days 7-10, the response latencies 
were not significantly different from those observed in saline 
treated animals and the Cepaea were considered to have 
become fully tolerant to the analgesic effects of morphine. 
There were no significant changes in the response latencies 
of saline-treated animals. Similar response latencies are 
present for days 1-10, (Fig. 1). For clarity of presentation 
only days 1-7 of the saline treated animals are presented in 
Fig. 1. 

During the tolerance acquisition period there were no 
significant differences between the thermal response laten- 
cies displayed by the morphine-treated snails exposed to 
either the light or dark cues. However, when the responses 
of the light or dark hydrated groups were assessed after ex- 
posure to dark or light environmental cues, respectively, 
there was a significant (p<0.001) elevation of thermal re- 
sponse latencies (Table 1). Neither group of animals held in 
the reversed cue condition displayed tolerance to morphine- 
induced analgesia; their response latencies were not signifi- 
cantly different from one another, or from that obtained on 
the first day of treatment with morphine (Table 1). The ther- 
mal response latencies of the saline-treated snails subjected 
to equivalent treatments were not different. Although not 
shown, the increase in morphine response latencies disap- 
peared upon subsequent re-testing under the original light 
and dark environmental cues. These thermal response 
latencies did not differ significantly from either those found 
on day nine, before imposition of the novel cues, or from the 
response latencies displayed on days 10 and 11 by snails 
maintained under their original acquisition cues. 

B. Temperature Cues and Tolerance Development 

During the tolerance acquisition period there were no 
significant differences between the thermal response laten- 
cies displayed by the morphine-treated snails exposed to 
either 35°C, or the non-functional 22°C hot-plate, prior to 
injection (Table 2). The initial levels of morphine-induced 
analgesia and patterns of tolerance development were 
equivalent to those obtained for the snails exposed to the 
light and dark cues in Experiment ! (Fig. 1, Table 1). Addi- 
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tionally, there were no evident differences between the basal 
nociceptive responses of all the groups of saline-treated 
snails. 

Snails that had been treated with morphine and tested 
with a non-functional hot-plate did not significantly differ in 
their response to the hot-plate from individuals that were 
tested daily with the hot-plate (Table 3). A similar pattern of 
response was also observed for the saline-treated individu- 
als. This indicates that the increased responsiveness to the 
hot-plate observed during the development of tolerance can- 
not be attributed to an acquired proficiency in responding to 
aversive stimulation. Whether or not,just exposure to a non- 
functional hot-plate can serve as environmental cue for the 
development of tolerance was not, however, examined. 
When the responses of the 35°C and 22°C exposed groups 
were assessed after pre-injection exposure to either a non- 
functional 22°C hot-plate or a 35°C temperature, respec- 
tively, there was a marked elevation (p<0.001) in thermal 
response latencies (Table 2). Both groups showed no evi- 
dence of tolerance to morphine-induced analgesia, their 
thermal response latencies being similar to those obtained 
during the initial treatments with morphine. There were no 
significant differences in response latencies between the 
stressed and non-stressed groups. No significant differences 
were evident in saline-treated snails exposed to novel pre- 
injection cues (Table 3). Although not shown, in the subse- 
quent re-test with the original pre-injection temperature 
cues, there was no evidence of tolerance to morphine- 
induced analgesia: the thermal response latencies being simi- 
lar to those of  the saline-treated individuals as well as to that 
of the morphine-injected animals that were continuously ex- 
posed to the same pre-injection cues. 

DISCUSSION 

The present results demonstrate that environmental 
specificity of tolerance development to morphine-induced 
analgesia occurs in invertebrates as well as in vertebrates. 
Snails were significantly more tolerant to the analgesic ef- 
fects of morphine when the drug was administered in the 
context of  cues previously associated with the drug, than in 
the context of alternative cues. These responses are analo- 
gous to the environmental specificity of tolerance to 
morphine-induced analgesia that has been observed in ro- 
dents [10, 11, 33, 34]. Furthermore, and as in mammals, 
different stimuli were shown to be effective environmental 
cues for tolerance development [10,37]. The present results 
showed that background color or brightness and tempera- 
tures, and potentially the presence or absence of an elevated 
and potentially aversive thermal stimulus or stress can func- 
tion as specific environmental cues for the expression of 
tolerance to morphine-induced analgesia in Cepaea. These 
similarities to mammalian systems provide further support 
for the generality and fundamental nature of environmental 
specificity of tolerance. 

Previous investigations had revealed that the phar- 
macological aspects of  opiate tolerance and withdrawal in 
Cepaea were analogous to those reported in mammals [16]. 
This study provides further evidence of this similarity, dem- 
onstrating that, as in mammals, morphine tolerance in snails 
is dependent on the environmental context in which the drug 
affect is assessed. This environmental specificity of 
tolerance in mammals has been explained by a classical 
conditioning model [12, 33, 34, 37, 40], though a modified 

TABLE 1 

SPECIFICITY O F " I H E  LIGHT AND DARK BACKGROUNDS AS CUES 
FOR THE DISPLAY OF TOI .ERANCE TO MORPHINE- INDUCED 

ANALGESIA BY S N A I l . S I n  ll), FOR EACH CATEGORY) 

L a t e n c y  o f  R e s p o n s e  Isec} 

Tolerance l,ight Dark 
Acquisition 
Condition Morphine Saline Morphine Saline 

L i g h t  11.8+~ 1.7 I 1.4 + 1.8 29.8  + 2 .7  1 2 . 6  +` 1.9 

D a r k  3 2 . 7 ± 2 . 4  1 4 . 6 + 1 . 6  12.5+-1.8 1 5 . 4 - 1 . 7  

Saline responses are given for comparison. All thermal response 
latencies are + lwo standard errors. 

TABLE 2 

SPECIFICITY OF THE T H E R M A L  STIMULUS 135, STRESS) AND 
AMBIENT CONDITIONS (22 ° , NON-STRESS) AS CUES FOR THE 

DISPLAY OF T O L E R A N C E  TO MORPHINE-INDUCED ANALGESIA 
BY S N A I L S ( n  10, FOR EACH CATEGORYI 

l,atency of Response Isec) 

Tolerance Sness Non-Stress 
Acquisition 
Condition Morphine Saline Morphine Saline 

S t r e s s  9.8_+1.6 1 2 . 7 + 6 . 9  2 3 . 7 * 2 . 4  1 4 . 4 + 1 . 6  

N o n - S t r e s s  2 9 . 6 + 2 . 4  13.9_+2.1 1 0 . 6 + 1 . 8  1 3 . 2 ~ 1 . 7  

Sa l ine  r e s p o n s e s  a re  g i v e n  fo r  c o m p a r i s o n .  All t h e r m a l  r e s p o n s e  
l a t e n c i e s  a r e  + t w o  s t a n d a r d  e r r o r s .  

TABLE 3 
MEAN RESPONSITIVITY DURING HOT-PLATE TEST SESSIONS 

Tolerance Latency of Response I sec) 
Acquisition 
Condition Morphine Saline 

F u n c t i o n a l  ho t -p l a t e  

N o n - F u n c t i o n a l  ho t -p l a t e  

I I  . 7+  .3 

1 3 , 9 + 2 . 4  

I 1.4 ~ 1.7 

1~.2+ 1.9 

All thermal response latencies are + two s t a n d a r d  errors. 

homeostatic-conditioning model 1271, as well as habituation 
have also been proposed [2, 7, 10, 221. According to the 
Pavlovian associative conditioning model, environmental 
stimuli accompanying drug administration serve as the con- 
ditional stimulus, with the drug effect constituting the 
unconditional stimulus. In the habituation proposal both 
learned and unlearned processes are postulated to be in- 
volved in the determination of  the environmental specific 
responses 12]. The conditioning and habituation models both 
agree with the growing number of reports which show that 
conditioning procedures, as well as habituation related learn- 
ing, can significantly affect the behavior of molluscs 14, 5, 8, 
9, 29, 30]. Simple associative learning in molluscs has been 
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s h o w n  to be in m o s t  r e spec t s  s imilar  to tha t  o b s e r v e d  in 
m a m m a l s  [9], and  could  a c c o u n t  for  the  o b s e r v e d  env i ron-  
menta l  specif ici ty of  to l e rance  to m o r p h i n e - i n d u c e d  
analgesia .  W h e t h e r  or  no t  mol luscs  display e n v i r o n m e n t a l  
specific to le rance  to o the r  opia te  or  non-op ia te  med ia ted  be- 
hav iors  remains  to be de t e rmined .  H o w e v e r ,  the p re sen t  re- 
sults  do suggest  tha t  the  inves t iga t ions  of  the  neu rona l  mech-  
an i sms  of  assoc ia t ive  learning,  which  are being car r ied  out  
with  several  species  of  mol luscs  [1, 8, 9], may prov ide  in- 
sights into the  basic  m e c h a n i s m s  under ly ing  the  impact  of  
e n v i r o n m e n t a l  cues  on  op ia te - induced  to le rance .  

E n v i r o n m e n t a l  specif ici ty of  op ia te -based  to le rance  
necess i t a t e s  a t ho rough  a c c o u n t  of  and  u n d e r s t a n d i n g  of  the  
effects  o f  the var ious  e n v i r o n m e n t a l  st imuli  p re sen t  at  the 
t ime of  drug admin is t ra t ion .  Inves t iga t ions  wi th  m a m m a l s  
have  revea led  tha t  a var ie ty  of  fac tors  may se rve  as d is t inct  
cues  [21, 37, 38, 40]. The  p re sen t  resul ts  indicate  tha t  this  is 
also t rue for Cepaea ,  with  d is t inc t ive  b a c k g r o u n d  and  ther -  
mal e n v i r o n m e n t  serving as effect ive  cues.  W h e t h e r  or not  it 
is the  d i f ferences  in t e m p e r a t u r e s  and/or  the  s t ress  associ-  
a ted with exposure  to 35°C tha t  serves  as the  effect ive  en- 
v i ronmen ta l  cue r emains  to be de t e rmined .  It has  been  
suggested,  howeve r ,  tha t  to le rance  may be e n h a n c e d  w h e n  
the drug is expe r i enced  in con junc t ion  wi th  s t ress  induced  by 
exposu re  to d is t inc t ive  cues  assoc ia ted  wi th  drug adminis-  
t ra t ion  and  a s s e s s m e n t  [12]. In the  p re sen t  s tudy the  resul ts  
of the  cont ro l  p rocedure s  indica ted  tha t  the  dec reas ing  anal- 
gesic e f fec t iveness  of  morph ine  was not  due to exper i ence  
with the avers ive  tes t  surface.  This  is s imilar  to the  resul ts  
ob ta ined  f rom contro l  s tudies  by Siegel [33] us ing the 'ho t -  

p la te '  t es t  wi th  rats.  F 4 ~ o s u r e  to s t ress  has  b e e n  s h o w n  to 
e n h a n c e  m o r p h i n e - i n d u c e d  ana lges ia  in ra ts  [31,32]. How-  
ever ,  the  in tens i ty  of  s t ress  imposed  in those  s tudies  ac- 
t iva ted  e n d o g e n o u s  opioid sys t ems  and was ,  by  itself, capa-  
ble of  inducing  analgesia .  A l though  mol luscs  can  also display 
s t r e s s - induced  ana lges ia  [ 18], the  dura t ion  and /o r  in tens i ty  of  
the  t he rma l  s t ress  or  in the  p re sen t  s tudy  was  not  suff icient  
to induce  analges ia  or  po ten t i a t e  the  effects  of  morph ine .  In 
this  regard,  it would  be  of  in te res t  to d e t e r m i n e  w h e t h e r  a 
p re -exposure  to a low level  the rmal  or  o the r  type  of  appar -  
ent ly  non-ana lges ic  s t ress  could  serve as an ef fec t ive  en- 
v i ronmen ta l  cue for to le rance  to m o r p h i n e - i n d u c e d  ana lges ia  
in mammals .  

In summary ,  the  p re sen t  resul t s  suggest  tha t  env i ron-  
menta l  specifici ty o f  to le rance ,  cons i s t en t  wi th  a c lass ical  
condi t ion ing  or  hab i tua t ion  model ,  may be a bas ic  and  gen- 
eral charac te r i s t ic .  M o r e o v e r ,  the  resul ts  also suggest  tha t  
bo th  the assoc ia t ive  ( learning)  and  non-assoc ia t ive  (phar-  
macological)  m e c h a n i s m s  tha t  con t r ibu te  to the  d e v e l o p m e n t  
of  to le rance  may  have  had  an  early evo lu t iona ry  develop-  
men t  and  b road  phy logene t i c  d is t r ibut ion .  
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